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November 10, 1995
.Document Control Desk

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

ATTENTION: MR. T. R. QUAY

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

SUBJECT: WESTINGHOUSE RESPONSES TO NRC REQUESTS FOR ADDITIONAL
INFORMATION ON THE AP600

Dear Mr. Quay:

The application for withholding is submitted by Westinghouse Electric Corporation ("Westinghouse™)
pursuant to the provisions of paragraph (b)(1) of Section 2.790 of the Commission’s regulaiions. It
contains commercial strategic information proprietary to Westinghouse and customarily held n
confidence.

The proprietary material for which withholding is being requested 1s identified in the proprietary
version of the subject report. In conformance with 10CFR Section 2.790, Affidavit AW-95-901
accompanies this application for withholding setting forth the basis on which the identified propnietary
information may be withheld from public disclosure.

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

Correspondence with respect to this applicatiorn for withholding or the accompanying affidavit should
reference AW-95-901 and should be addressed to the undersigned.

Very truly yours,

O 1

Brian A. Mclntyfe, Manager
Advanced Plant Safety and Licensing

/nja

cc:  Kevin Bohrer NRC 12HS
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AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:
88

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared Brian A. McIntyre, who, being by
me duly sworn according to law, deposes and says that he is authorized to execute this Affidavit on
behalf of Westinghouse Electric 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:

0. 2248

Brian A. McIntyre, Manager

Advanced Plant Safety and Licensing

Sworn to and subscribed
before me this 0 day
of , 1995

A Ppe

Notary Public

Notarial Seal
Rose Mare Pay T ixtary Public
2620A Morvoease Bovy, /00 Ly Co

My Cormmissio? Exgures Nov. 4, 1
Mo, Porrisyhan Assocabor of Nones
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I am Manager, Advanced Plant Safety And Licensing, in the Advanced Technology Business
Area, of the Westinghouse Electric Corporation and as such, 1 have been specifically delegated
the function of reviewing the proprietary information sought to be withheld from public
disclosure in connection with nuclear power plant licensing and rulemaking proceedings, and
am authorized to apply for its withholding on behalf of the Westinghouse Energy Systems

Business Unit.

I am making this Affidavit in conformance with the provisions of 10CFR Section 2.790 of the
Commission’s regulations and in conjunction with the Westinghouse application for

withholding accompanying this Affidavit.

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

confidential commercial or financial information.

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

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

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

held in confidence by Westinghouse.

(1) The information 1s 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 s 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:
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(d)

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

competitive economic advantage over other companies.

It consists of supporting data, inclading test data, relative to a process (or
component, structure, tool, method, etc.), the application of which data secures
a competitive economic advantage, e.g., by optimization or improved
marketability.

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

assurance of quality, or licensing a similar product.

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

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

Westinghouse.

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

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

following:

(a)

(b)

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.

It is information which is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to
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sell products and services involving the use of the information.

(¢) 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 advintage is potentially as valuable as the total competitive
advantage. If crmpetitors acquire components of proprietary information, any
one compones« may be the key to the entire puzzle, thereby depriving
Westinghouse of a competitive advantage.

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

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

competitive advantage.

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

Commussion.

The information sought to be protected 1s 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.

Enclosed is Letter NTD-NRC-95-4594, November 10, 1995 being transmitted by
Westinghouse Electric Corporation (W) letter and Application for Withholding
Proprietary Information from Public Disclosure, Brian A. Mclntyre (W), to

Mr. T. R. Quay, Office of NRR. The proprietary information as submitted for use by
Westinghouse Electric Corporation is in response to questions concerning the AP600

plant and the associated design certification application and is expected to be
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applicable in other licensee submittals in response to certain NRC requirements for

justification of licensing advanced nuclear power plant designs.

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

(a)

(b)

()

(d)

(e)

Demonstrate the des. o and safety of the AP600 Passive Safety Systems.

Establish applicable verification testing methods.

Design Advanced Nuclear Power Plants that meet NRC requirements.

Establish technical and licensing approaches for the APG(O0 that will ultimately

result in a certified desigan.

Assist customers in obtaining NRC approval for futur. plants.

Further this information has substantial commercial value as follows:

(a)

(b)

Westinghouse plans to sell the use of similar information to its customers for
purposes of meeting NRC requirements for advanced plant hcenses.

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.
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The development of the technology described in part by the information is the result of
applying the results of many years of experience in an intensive Westinghouse effort

and the expenditure of a considerable sum of money.

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



Attachment A to NTD-NRC-95-4594
Enclosed Responses to NRC Requests for Additional Information

Re: WCOBRA/TRAC Computer Code
440353
440356

Re: NOTRUMP Computer Code

440325

440435 (contains Westinghouse proprietary information)
440437

440465

440469

440472

440484

440505 (contains Westinghouse proprietary information)

Re: AP600 OSU Test Facility
480214
480215
480222
480244
480245
480252
480253
480254
480255
480256
480257
480259
480263
480264
480265
480266
480271



Enclosure 2 to Westinghouse Letter NTD-NRC-95-4594

(Non proprietary copy of Enclosure 1)



NRC REQUEST FOR ADDITIONAL INFORMATION

AP&0O

Question 440.325

Re: WCAP-14206 (NOTRUMP CAD)

On page -8, the PIRT for AP600 is identified in Table 1-1. This PIRT omits several key component phenomena
Please see the attached Table for a more thorough listing of the PIRT for APS00 Key components that are missing
include

Component
o Downcomer/lower plenum
Makeup/letdown
Upper head/upper plenum
Cold legs
Sump
Containment (Intenor and Exterior)

In addition to very limited PIRT listing, key phenomenological behavior are also missing for the majority of the
components given in Table 1-1. Please see the attached Table for further identification of key pheromenological
behaviors

la. Please include these additional PIRT items or explain and justify why they were omitted from Table 1-1

Ib. Also, please explain why the time phase in Table |-1 omits the long term phase after [IRWST injection when
the sump is of particular importance. Again, see the attached Tabie for PIRT information regarding the
long-term sump recirculation.

A thorough explanation for each of the PIRT items is also desired. For example, a very short discussion of
noncondensible gas effects from the accumulators is given on Page |-10, where it is stated that a noncondensible
gas model is being considered for APS00. As noted in the attached Tabie, noncondensible gas phenomena affect
many of the components in AP600, particularly in regard 10 heat transfer degradation and disruption of natural
circulanon which was not discussed. The lack of a noncoondensible gas model is considered » major shortcoming
of the NOTRUMP code since it is considered essential for prediction of AP600 performance following small breaks

lc. If a noncondensible gas model is not included in NOTRUMP, plesse provide assessments with an alternate
methodology cootaning & noncondensible gas model o either 1) justify an alternate means 10 capture
noncondensible effects. or 2) show noncoadensible effects are not importaat.

Mult-dimensional effects can ocowr in the downcomer, core, plenums, CMTs, and IRWST  Without s
mult-dimensional model, simulation of mult-dimensional effects with & one-D mode! may not be adequately
simulated with specualized nodalizations.

Id. If a mulu-dimensional mode! is not inciuded in NOTRUMP, please expilain and justify its omission for the above
components.

@W




NRC REQUEST FOR ADDITIONAL INFORMATION

Response:

The small-break LOCA PIRT has been evolving from the initial PIRT which was included in the NOTRUMP CAD
to the PIRT given in the NOTRUMP OSU and SPES preliminary validaton reports. The addiuonal PIRT
components that were identified in the RAI which were applicable. were included in the NOTRUMP preliminary
validation reports. Westinghouse has separated the transient into a small-break ransient and the long term cooling
portion of the transient. The small-break LOCA transient ends with stable IRWST injection. After that period. the
transient becomes a long term cooling transient. Therefore, the containment and sump components are not included
in a small-break LOCA PIRT since the containment acts as a boundar; condition for the calculation, and the small-
break portion of the calculation is over before the sump becomes an active component.

The PIRT table artached to RAI 440 325 also included severa! different phenomena for consideration as requested
in the RAI. This PIRT, designated as the NRC PIRT, is attached as Table | from the RAI. The table includes
several different transients in addition to the small-break LOCA transient which was the focus of the CAD. In
addition, the transients which are listed across the top of the table such as " MSLB with ADS" and others are
beyond design basis accidents, or are accidents which are not classified as smali-break LOCA wensients. The
inclusion of these additonal transients increases the number of phenomena and the number of components that would
have 10 be examined if the table was only focused on the small-break LOCA. Table | from the RAI has been
retyped as Table 2 with only the small-break LOCA portion of the table retained. Also, since the containment acts
only as a boundary condition, those phenomena which were containment related were not included in the revised
tabie (Table 2). Tabie 2 can now be compared io the PIRT presented in the SPES-2 preliminary validation report
(1) which is given as Table 3. Companng these two tables indicates that there are more similarities then differences,
however, the NRC PIRT wble (Table 2) lists additional phenomena as compared w the Westinghouse PIRT.

One phenomenon which appears on the NRC PIRT (Table 2) is the effects of non-condensible gases on the thermal-
hydraulic performance of the different components. Non-condensible gases did appear on the Westinghouse PIRT
as part of the ACCUMULATOR component since this was the source of the non-condensible gases rather than each
individual component. The effects of the presence of non-condensible gases has been assessed in the SPES-2
(Reference 440.325-2) and OSU (Reference 440.325-3) Test Analysis (TAR) reports for the small-break LOCA
ransients which were simulated in these facilites. The accumulator nitroges discharge at the end of accumulator
injecuon was simulated in these experiments, and the nitrogen was discharged into the simulated reactor vessel
through the DV1 lines.

The ume period when the Nitrogea discharge occurs is of importance in the APS00 design. For the small-break
LOCA vansient, the initial depressurization is caused by the break. then as the CMTs drain, the ADS is activated
and the reactor sysem depressurizes below the accumulator set-point pressure of 700 psis. The accumulators are
typically empty and discharge nitrogen at pressures in the range of 100 psia as seen in the SPES wsts. At the ume
that the nirogen (air in SPES-2) is injecting, the stages of ADS 1-3 either have opened or are in the process of
operung. The ADS |-3 then becomes the main energy release path and the PRHR becomes less important. The
SPES-2 TAR. Reference 440.325-2, Pages 44-1 10443  discusses the PRHR heat transfer and indicates that
once the larger ADS 1-3 valves open, the heat removal from the PRHR significantly decreases. This PRHR energy
removal decrease occurs before the air from the accumulators is injected. There is evidence from some of the SPES
lests that the ar does reach the cold leg balance line and is collected in the CMTs. This poses no problem since

e @m



NRC REQUEST FOR ADDITIONAL INFORMATION

the presence of air would reduce any condensation in the CMTs and would allow them to drain more freely Aur
is also believed to reach the PRHR, but it appears to only have a secondary effect on the PRHR performance
Again, this occurs at a ime when the energy removal from the PRHR is small relative 10 the larger break caused
by the ADS stages 1-3. The analysis of the OSU tests indicate that the effects of the nitrogen from the accumulators
can not be detected in the experiment, see Reference (3), pages 6.1.4-1 10 6.1.4-2. The levels in the vessel were
higher in the OSU tests such that the majority of the nitrogen was believed to be forced out the break. There was
no evidence of the nitroyen in th CMTs or affecting the PRHR.

Therefore, since the experimentai evidence indicates that the effects of non-condensible gases had little to no effect
on the component thermal-hydraulic behavior, the non-condensible phenomena was dropped from the final PIRT

In the NRC PIRT (Table 2) there are also phenomena which wouid be of interest if » coupled primary system
calculauon and a containment calculation were being performed simultaneously. These include the energy relcase
phenomena as listed under the ADS and break components, as well as the containment and sump response. There
are also phenomena which 4u not refer specifically to the small-break LOCA and are left blank in the small-break
LOCA portion of the table. These phenomena can be deleted for the small-break LOCA portion of the transient.
These include boron reactivity feedback and moderator feedback for the fuel rod component, condensation in the
pressunzer, steam generator asymmetnc behavior, and steam generator energy reiease and mnass “ow.

There are also areas where the Westinghouse PIRT is more complete then the NRC PIRT, particularly in the steam
generator area.  Also, the Westinghouse PIRT has four time peniods while the NRC PIRT has five. The NRC
“passive decay heat removal and the CMT draining to ADS actuation” period is the same as the Westunghouse PIRT
ume period called “natural circulation” during which the primary system is in singie phase and two-phase natural
circulation as the system drains. The natural circulation of the CMT and the PRHR is also considered during this
tume period. Therefore, combining these two time periods and the remaining NRC phenomena and the Westinghouse
PIRT, a final PIRT can be developed for the APS00 small-break LOCA which contains the key aspects of both
original PIRTS. The final PIRT is given in Table 4. Also included in the final PIRT are the specific
thermal/hydraulic phenomena identified in the CMT separate effects tests and the ADS tests. The phenomena in the
PIRT capture both the NRC and the Westinghouse identified phenomens. The rankings of the phenomena done by
Westinghouse ars not significantly different then the rankings used by the NRC.

Those specific items which pertain to the APS00 Small-break LOCA have bees added 1o the final Westinghouse
small-break LOCA PIRT as gives in Table 4. The long term cooling portion of the NRC PIRT has been dropped
since it does not directly pertain o the small-break LOCA portion of the transient and the review of the NOTRUMP
Code Applicability Document since NOTRUMP is not used for the long werm cooling calculations.

NOTRUMP does not have & non-condensible gas model, withough the heat transfer could be degraded 10 account
for the non-condensible effects if needed. The above discussion indicated that the effects of non-condensible gases
were not observed in the SPES and OSU experiments. Also, the timing of the gas release from the accumulators
is important since the gas is relessed after the Lrger ADS 1-3 valves open and the more rapid depressunzation has
begun. Once the larger ADS valves open, the main energy release path is from the ADS and the energy release from
the PRHR decreases. This was observed in the SPES and OSU experiments. Therefore, the effects of noo-

@ 440.328-3
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condensibles are not significant for the AP600 system performance and do not nced to be modeled in the NOTRUMP
code

The small-break LOCA transient is a quasi-steady state transient which occurs over hundreds 1o thousands of seconds
as compared t0 a large break LOCA transient which lasts only 100 to 200 seconds. The dynamic effects in a small-
break are significantly reduced from the large break since the reactor system is slowly draining out the break while
the flows are circulating due to natural circulation and the core is a boiling pot. Therefore, since strong flows and
pressure forces do not exist, and since the majority of the system is at the saturation temperature there is no need
for three-dimensional modeling in the primary system. For areas where strong temperature gradients can exist such
as in the CMTs and IRWST, one-dimensional modeling is adequate. The CMT test data (4) shows that the CMT
will axially straufy. The PRHR tests also indicate that the IRWST will also axially stratify such that one-dimensional
modeling is adequate.

SSAR Revision: NONE
Reterences

440.325-1 Meyer, P. E.. Graziosi, G., Gonzalas, J., Kester, D. A, Saunders, S. E., and L. E. Hochreiter,
"NOTRUMP Preliminary Validation Report for SPES-2 Tests,” PXS-GSR-002, (July 1995)

440.325-2 Cunningham, J. P., Friend, M. T., Hochreiter, L. E.. Hundal, R., Merit, V., Ogrinsh, M, and R. F
Wright, "AP600 SPES-2 Test Analysis Report,” WCAP-14254, (May 1995)

440325-3  Andreychek. T. S., Chismar, S. A., Delose, F., Fanwo, S. V., Fitante, R. L., Frepoli, C., Friend M. T,
Habersooh, R. C., Hochreiter L. E., Mormison, W. R., Ogrinsh, M., Peters, F E., Wright R. F_and H.
C. Yeh, "AP600 Low Pressure Integral Systems Tests at Oregon State University Test Analysis Report.”
WCAP-14292, (September 1995)

44032544 Cunningham. J. P, Haberstroh, R. C., Hochreiter, L. E., and R. F. Wright, "AP600 Core Makeup Tank
Test Analysis,” WCAP-14215 (December 1994)

4RN.500-4 @ Westinghouse
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NRC REQUEST FOR ADDITIONAL INFORMATION

Question 440.353

Re: WCAP-14171 (WCOBRA/TRAC CAD)

Once the accumulator empties, AP600 will depend on hydrostatic forces for further ECC makeup flow There may
be problems with core makeup tank (CMT) draining due to interference by condensation-related effects. Condensation
of steam flowing in from the cold leg/CMT pressure balance line (PBL) will occur on the cold CMT water. This
condensation may affect CMT draining; therefore, accurate modeling of interphase heat and mass transfer is crucial
to the successful prediction of CMT injection. Describe the tests that will be or were used to assess this phenomena
as it applies to CMT draining. Provide comparisons between the test data and WCOBRA/TRAC calculations to
demonstrate the code is capable of correctly modeling CMT draining in the presence of condensation.

Response:

The condensation of balance line steam is a significant factor in determining the rate of flow of water out of the
CMTs. For this reason, testing was performed at the Core Makeup Tank test facility as reported in Reference
440.353-1. In the 300 series tests, a |/6th diameter scale CMT was tested for large break LOCA conditions in which
water was allowed to drain from the bottom of the tank while steam flowed into the top of the tank. The steam
replaced the volume of the draining water; some steam condensed on the cold surface of the water, and some
condensed on the cold wall. The 300 series tests have been modelled by WCOBRA/TRAC, as reported in Reference
440.353-2, and the comparisons to the test data are provided in that document.. Acceptable agreement for drain rates
from the CMT were obtained for the 300 series tests by the appropriate selection of the noding sizes in the CMT.
This noding approach has been applied when performing the APS00 Preliminary SSAR large break LOCA and long-
term cooling calculations with WCOBRA/TRAC (Refereuce 440.353-3). Additional justification for the CMT
modelling is provided by the modelling of the Oregon State University tests (Reference 440.353-4), in which the
same approach to noding the CMT was used and acceptable agreement was obtained for small break LOCA
simulations extending into Long Term Cooling. Reference 440.353- 2 assesses the CMT drain rate sensitivity to the
heat transfer coefficient assumed at CMT wall surfaces. Together, Refereaces 440.353-2 and 4 demonstrate that
WCOBRA/TRAC adequately models the siesm/water condensation and mixing which occur in the core makeup tanks
during the various phases of postulated LOCAs in the APS00.

References:

440.353-1 Leounelli K, "Core Makeup Tank Test Data Report™, WCAP-14217 (proprietary ), November, 1994,

440.353-2 Haberstroh R C, Hochweiter L E and Moashan E M, "WCOBRA/TRAC Core Makeup Tank Preliminary
Validetion Report” MT-01-GSR003, February, 1995.

440.353-3  Letwer NTD-NRC-95-4480, "Preliminary Marked Up Sections of SSAR Chapter 15, Revision 5, June 2,
1995

4403534 Chow S K et al. “"WCOBRA/TRAC OSU Loag Term Cooling Preliminary Validation Report” LTCT-
GSR-003, September 1995.

SSAR Revision: NONE

@ 440.353-1
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APHOO

Question 440.356

Re: WCAP-14171 (WCOBRA/TRAC CAD)

Long term cooling results from gravity drained systems with low driving heads in the presence of competing forces
Long term cooling was not addressed in the WCOBRA/TRAC CQD: therefore, describe the LTC methodology (if
it uses WCOBRA/TRAC), describe how the LTC methodology will be verified. and compare WCOBRA/TRAC
results with the assessment data to demonstrate code performance in this area.

Response:

The Long Term Cooling (LTC) phase of the transient begins at the start of the [IRWST injection and continues to
the end of the ransient. The WCOBRA/TRAC methodology for LTC takes into account that the AP600 small break
LOCA and LTC transients can extend for very long time periods (typically S to 24 hours), by which time there is
sustained, stable injection from the sump into the reactor vessel. While long simulations are possible with
WCOBRA/TRAC, they are not practical due to the extreme computer running times that are necessary. The
approach used for the SSAR analysis is to perform the LTC calculations in 2 "window" mode. This means that the
WCOBRA/TRAC long term cooling calculation is started at a given point during the long term transient with
conditions that either come from a previous WCOBRA/TRAC large-break LOCA calculation or from a NOTRUMP
small-break LOCA calculation, or are reasonable estimates of the primary system inventory at the time of the
calculation. The long term cooling calculation proceeds for approximately 1000 seconds to verify that the passive
safety injection system is providing sufficient flow into the reactor vessel, and to show positive liquid flow through
the core which precludes boron precipitation.

The OSU experiments were used to validate WCOBRA/TRAC for long term cooling for both the initial portion of
the small break LOCA transient and the window mode of the loag term phase of LOCA transients. The approach
used in modelling the OSU tests to validate the WCOBRA/TRAC LTC methodology (Reference 440.356-1) was two-
fold:

The small break LOCA period is modelied with WCOBRA/TRAC so that the initial blowdown, natural circulation,
ADS blowdown and carly [RWST injection phenomena of the test are calculated.

The simulation of the IRWST early injection phase provides the representative initial conditions o be used in &
window mode simulation for later phases of the RWST injection as well as the transition to sump injection. The
window mode simulstion is & series of quasi-equilibrium caiculations, using WCOBRA/TRAC, over a selected time
interval during e overall transient.

data, are the temperatures and water levels of the sump and [RWST and the core decay power. More details of the
LTC methodology and its verification may be found in Reference 440.356-1.

The objective of the window mode simulation in Reference 440.356-2 is 10 show that the core remains covered

during RWST injection. The philosophy of the window mode approach is that during the early part of the window
mode simulation, the impact of the assumed initial conditions decay so that they po longer influence the predicied
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results when the quasi- equilibrium condition for that window s achieved. The “window " mode calculauons examine
times when the passive safety systems are most challenged in terms of maintaining sutiicient inventory in the reactor
vessel such that the core does not heat-up. The first cases examined are the long term cooling behavior following
a large-break LOCA. This transient was chosen since the core decay power is the largest when the reactor system
wansitions into long term cooling. The first window examines the cooling mode of the core with IRWST injecuon
after the CMTs have ended injection, which occurs when the decay power is large. The single failure assumption
is one fourth stage ADS valve fails to open. The second window examines the switch-over from [RWST injecuon
10 sump injection. The sump injection has a reduced head of water to drive the flow into the vessel. and the sump
liquid is at an elevated temperature. The window calculation for the sump injection following the large-break LOCA
maximizes the decay power in the core that the sump injection must cool. These two calculatons bound most of
the small break and large break transients. A third calculation performed in Reference 440.356-2 is initiated based
on the NOTRUMP conditions following a small-break LOCA (2-inch coid leg break) in which the IRWST will have
heated to a very high (saturated) temperature due to the heat transfer from the PRHR and the ADS. The window
mode calculation bounds the sump injection initiation time of this transient and consitutes a bounding case for LTC
following a small break LOCA by analyzing non-coincident worst conditions.

To validate the WCOBRA/TRAC code for the LTC transient, four different OSU tests were simulated and examined:
SBO! - 2 inch CL break test. This is the reference test

SBI0O - double-ended balance line break test. This is a small break test similar to but larger than SBO1. There
is also asymmetric CMT behavior.

SB12 - double-ended DVI line break test. Sump injection begins early in time when the core decay power is
still high and steaming rates are large.

SB21 - simulated 4 inch breaks at the wp and bottom of the CL-3. Rapid blowdown is achieved with early
IRWST and sump injection at high core decay powers. The breaks on the top and bottom of the broken
CL are similar to a circumferential split.

These tests capture the thermal hydraulic phenomens of interest for smail breaks and LTC and validate the
performance of WCOBRA/TRAC. This work is reported in Refereace 440.356-1. The window modes selected
include the start of sump injection; this period has a low flow rate and a high temperature in the DV1 lines and the
hughest core power of the sump injection penod. The window mode simulations for tests SBOI, SB10 and SB21
start 200 seconds before the start of sump injection and run for (typically) 1000 seconds. In the case of test SB12,
the window selected is the final 1000 seconds of IRWST injection. The first 400 seconds of each simulation are
considered 10 be the period over which the WCOBRA/TRAC solution is approaching & quasi-equilibnum state.
Avwvmubmnuuunmmmmmmmumdm
window until the end of the window being simulated. A PIRT for Long Term Cooling is given in Reference
440 156-1 and is used as the basis for the assessment of the OSU predictions. The predictions are shown (o be
acceptable.

440.386-2 @m -
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The containment pressure used in the Reference 440.354-2 analysis 1s obtained from AP600 WGOTHIC caiculations
WGOTHIC is a state-of-the-art containment analysis tool which has been equipped with special models of the passive
cooling mechanisms applicable to the AP600.

The OSU test program results (Reference 440.356-3), the WCOBRA/TRAC simulations of the OSU tests (Reference

440.356-1) and the SSAR LTC analyses provide confidence that the AP600 passive safety injection systems provide
sufficient flow that the core will be safe!:' cooled for an indefinite period following any postulated LOCA event

References
440.356-1 Chow S K et al, "WCOBRA/TRAC OSU Long Term Cooling Preliminary Validation Report” LTCT-
GSR-003

440.356-2 Letter NTD-NRC-95-4503, "Preliminary Marked Up Sections of SSAR Chepter |5, Revision 5°,
July 10, 1995

440.356-3 Dumsday C L et al, "APS00 Low Pressure Integral Systems Test at Oregon State University, Final Das
report’, WCAP-14252, May, 1995,

SSAR revision. NONE
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Question 440.435

Re: NOTRUMP ADS PVR (RCS-GSR-003)

The flow quality data show an increase in quality within the first six seconds for all of the tests while NOTRUMP
displays a decreasing trend. While the flow quality at the sparger discharge will establish the depressunzation rate
for the system, the miscalculated flow quality, particularly in the beginning of each test, suggests that NOTRUMP
is lacking dynamic effects. As such, explain how the two-region fluid mode! void distribution in the liquid regions
is computed, and how this lower region void fraction affects the quality exiting a velume. Also, does the assumption
that steam regions form above liquid regions affect the fluid void distribution in the ADS lines? That is, explain the
conditions where separation occurs versus highly dispersed liquid-steam mixture conditons with void gradients and
how NOTRUMP treats these conditions in the ADS lines. Are void gradients computed in the liquid regions? How
1s the release of steam from the liquid region computed; is it based on the average void fraction in the region or is
a surface void fraction computed for release calculations”? In vertical sections, during depressurization transients or
vertical regions with high heat addition, large void gradients can develop where the surface void fractions can be
two to three times greater than the average. Please explain how NOTRUMP treats the void distribution and release
of steam from the two-phase regions under these conditions”?

Response:

The large difference between the NOTRUMP calculated flow quality and the quality caiculated from data in the first
six seconds is due to the fact that there was a time delay in opening the VLI-1 valve. When the time is adjusted
50 that the comparison is based on a consistent VLI-1 valve opening time, the agreement is much better as discussed
below.

Figures 440.435-1 and 440.435-2 show that in ADS Test 240 both the pressure and the mass in the supply tank are
constant in the first 3.5 seconds, then decrease after 3.5 seconds. This mesns that VLI-1 gate valve did not open
at ime zero, rather it actually opened at 3.5 seconds. There are many reason: for this. First, the valve was initially
very ughtly closed. Therefore, when the power was applied 10 the gate val've, it ok a period of ume before the
valve began 0 move. Afier the valve began 1o move, it took additional tiine 10 clear the seat and actually open
sufficiently to allow flow o pass. Because of the shape of the gate valve, tae valve opening ares did not increase
linearly at first, but increased very siowly, then gradually increases linearly ircrease as can be seen in figure 440.435-
3. Ths is reflected in the pressure plot (Figure 440 435-1) and mass plot (Figure 440.435-2), where the curves
change gradually, instead of sharply changing, at 3.5 seconds whea the viive is open.

In the NOTRUMP simulation, the valve is assumed 10 open linearly from the time zero. To have a comparison
betweer the NOTRUMP calculations and the data, it is necessary to find the effective opening time o the valve in
the test. This is accomplished by intersecting the linear portion of the pressure curve (Figure 440.435-1) with the
initial horzontal line, which is 3.5 seconds. Therefore, the comparisos of Test 240 in reference 440 435-1 should
be corrected by shifting the dats curves 1o the left by 3.5 seconds so rast the actual VLI-1 valve opening ume is at
ume zero. The results are shown in Figures 440.435-4 through 440.475-13 (The original unshifted plots in reference
440 435-1 are shown following each shified plot). it is seen that the agreement between the NOTRUMP calculated
quality and the quality calculsted from the data is much better. A similar time shift is applicable to other tests.
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In the NOTRUMP model of the ADS tests, the homogeneous fluid model is used for all pipes. The two-region fluid
mode! is used only for the supply tank, and not for pipes.

REFERENCE

440435-1  Yeh, H. C and L. E. Hochreiter, AP600 NOTRUMP Automatic Depressurization System Preliminary
Validation Report, Westinghouse Electric Corporation, RCS-GSR-003, 1995

440435-2  Final Data Report for ADS Phase B Tests, WCAP-14324, April, 1995.

SSAR Revision: NONE
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Figure 440.435-1 Supply Tank Pressure.
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Figure 440.435-2 Supply Tank Mass (Reference 440.435-2)
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Figure 440.435.3  Valve opening Ares As s Function of the Stem Travel for VLI-1
(Reference 440.438-2)
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Comparison of the Quality Calculated by NOTRUMP and the Data
Upstream of VLI-2 (A & M) Valve (Test 240). The time for the data
curve has been shifted to the left for 3.5 seconds so that the time zero

is the actual opening time of the valve VLI-1.
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Figure 440.435-5 The Original Unshifted Plot of Figure 440.4354. (Figure 4-27 of
Reference 440.418-1)
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Comparison of the Quality Calculated by NOTRUMP and the Data
Upstream of the ADS Valves (PT6W)(Test 240). The time for the dsta
curve has been shifted to the left for 3.5 seconds so that the time zero

440 435-8

is the actual opening time of the valve VLI-1.
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Figure 440.435-7 The Original Unshifted Plot of Figure 440.435-6. (Figure 4-28 of
Reference 440.435-1)
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Figure 440.435-8 Comparison of the Quality Calculated by NOTRUMP and the Data
Downstream of the ADS Valves (PT16W)(Test 240). The time for the
dats curve has been shifted to the left for 3.5 seconds so that the time
zero is the actual opening time of the valve VLI-1.
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Figure 440.435-9 The Original Unshifted Plot of Figure 440.435-8. (Figure 4-29 of
Reference 440.435-1)
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Figure 440.435-10 Comparison of the Quality Caiculated by NOTRUMP and the Data at
the Sparger Body (Test 240). The time for the data curve has been
shifted to the left for 3.5 seconds so that the time zero is the actual
opening time of the valve VLI-1.
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Figure 440.435-11 Tbhe Original Unshifted Plot of Figure 440.435-10. (Figure 4-30 of
Reference 440.435-1)
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-
Figure 440.435-12

y Q)

Comparison of the Quality Caiculsted by NOTRUMP and the Data at
the Sparger Arms (Test 240). The tine for the data curve has been
shifted to the left for 3.5 seconds so that the time zero is the actual

440.435-14

opening time of the valve VLI-1.
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Figure 440.435-13 The Original Unshifted Plot of Figure 440.435-12. (Figure 4-31 of
Reference 440.438-1)
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Question 440.437

Re: NOTRUMP ADS PVR (RCS-GSR-003)

NOTRUMP overpredicts the depressurization rate in the pressunzer for several tests while the fluid qualities in the
ADS lines for these tests were underpredicted. Since lower quality should lead to a reduced depressunizauon rate,
please explain this inconsistency. See for example Figs. 4-13, and 4-33, 4-53. Also, these tests are only displayed
for 30 seconds and only capture the very initial short period of the depressurization. Please explain why the
comparisons were not carried out beyond 30 seconds or until atmospheric pressures are approached. Some of the
tests show a marked deviaton betwien the data and the NOTRUMP prediction suggesting the long term
depressurization may be grossly overpredicted as in Figs. 4-53, while the flows show a growing discrepancy with
the data as in Figs. 4-32 and 4-12 at 30 seconds. Since the ultimate judge of the ADS is its ability to depressurize
the system to very low pressure, displaying the test comparisons for only the first 30 seconds where the system
remains at elevated pressures does not demonstrate the NOTRUMP code ability to predict ADS depressurization over
the full range of system pressures. Please provide the NOTRUMP comparisons to the data until the system has
completely depressurized.

Response:

The depressurization of the pressunzer (steam/water supply tank) depends only the flow rate as analyzed and verified
with the data below. The higher the flow rate, the higher the depressurization rate. NOTRUMP overpredicts the
flow, therefore, it overpredicts the depressurization rate no matter the fluid qualities are underpredicted. There is
no INCoNSIstency .

To show that the depressunization of the pressurizer depends only on the flow rate but not on the fluid quality,
consider the control volume enclosing the pressurizer volume as shown in Figure 440 437-1. The conservations of
mass, energy, and pressurizer volume are:

(Myo * Mg o) = (Mg * Mp,) » ANy » f;,mdc (440.437-1)
o

(Mg 0@y 0 * My 0@ o) - (Mg €, * M, € )

"AMprs (Heq * Hy o) (440.437-2)

440.437-1
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(Mg Vg ¢ * Mg oV o) = Vgp = (My Voo * My oVy o) (440.437-3)

= masses, |bm,
= specific volume, fr'/lbm,

where: M
v
e = internal energy, Buw/lbm,
H
v

= enthalpy. Brw/lbm,
= volume, ft’,

= mass flow rate, Ibm/sec,

K.E = kinetic energy, Buw/lbm.

Subscripts: g = vapor,
f = liquid,
0 = time Zero,
t = ume t,
ST = pressurizer (steam/water supply tank).

In equation 440.437-2, the K.E. is neglected. Suppose that the initial mass and pressure in the pressurizer at time
zero is given. Assume that the fluid is at saturation conditions initially and also later while flashing. That is, all
the quantities with subscript 0 in the above three equations are known and the quantities with subscript t are
unknown. Although there are many quantities with subscript ¢, in fact there are only three unknowns: M, M, and
P. The pressure P, is not explicitly in the three equations, however, all internal energies and enthalpies depend on
P, That is, once P, is found, the iniernal energies and enthalpies can be found from the steam table. Therefore, the

three equations (1), (2), and (3) can be solved for the three unknowns M_,, M, and P, if the flow rate |

s
Moye

known. That is, the pressure P, depends only on the flow rate "m and is independent of the flud quality

downsteam. This can be verified by two methods: (a) substituting the tune zero values and flow rate (or AMg,)
from test data in the above three equations, and solve the three equations for masses and pressure ai time t which
involves iteration since the pressure does not explicitly appesr in the equations, and showing that the calculated
pressure at time t agrees with data; or alternatively, (b) substituting the time zero values and flow rate (or AMg,) in
the above three equations, and showing that the test data &t tme t satisfy the three equations. In the following
calculations, the sscond method is used, since it is more straght forward and does not involve iteration.

440.437-2 @ Westings
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ADS Test 240 is arbitraily chosen for verification of the above argument. The time zerc values can be obtained from
Table B.1-2 (p.B-9) of reference 440 437-1 as follows:

P, = 1202 psia, - vip = 002233 f'Abm . v, = 0.3617 f'/lbm
e = 5671 Brubm . e, = 1104.2 Bru/lbm
H, = 572.1 Baw/lbm |, P = 44.79 Ibovft’

Ve = 1412 f

M,, = 1818 Ibm

(M,o), = 26,476 lbm (see Figure 440.437-1)
AM,; = 12055 lbm

What is needed in Equations 440 437-1, 440.437-2 and 440.437-3 is M, but not (M), The M,, can be calculated
as follows: (Note, Vg = 1412 ', but we do not know V,. We only know that V, is approximately a hemispherical
volume of (4n/3X6.9872) = 178 fr')

Vo= Myv,, = 1818 (3617) = 658 '

Vio® Vg - Vp = 1412 - 658 = 754 £

My = Vip Pip = 754 (44.79) = 33,772 Ibm

Vem [ Mg - M), 17 pro = (33,772 - 26,476) / 44.79 = 163 f°
Substututing these titne zero values in equations (1), (2), and (3) with the neglect of the kinetic energy yields

M, + M, = (Mg, + M) - AMgy = (1818 + 33,772) - 12055 = 23,535 lbm (440.4374)

M e, +M,e, = (Mo, + Mygtyp) - AMy, = [1818 (1104.2) + 33,772 (567.1))

-12085 (%) (S72.1 + 556.7)
= 144 x 10" Bu (440 437-5)

M, v, +Myv, = Vp= 1412 Ibm (440 437-6)

@ 440.437-3
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Since the data of M, . M,, AMy,, and P, at the end of test (35 seconds) are given in Table B 1-2 (page B-9) of
reference 440.437-1, these data are used for ume t (35 seconds) values. These data are

t =35 sec.

P, = 1094 psia - v, = 002193 f'Abm , v, =04031 f'/lbm .
e, = 5523 Bubm . e, = 11077 Bibm .
H,, = $56.7 Bau/lbm

Substitute these data for time t values in equations (4) and (5), giving
M, + M, = 23535 (440 .437-T)

11077 M, + 5523 M, = 144x 10 (440.437-8)

Equations (7) and (8) can be solved for M,, and M,
M, = 2,444 (440 437-9)

M, = 21091 (440.437-10)
Subsututing equanions (9) and (10) in the left-hand side of equation (6) gives

My, v+ M, v, = 2,444 (04031) + 21,091 (0.02193) = 1448 f’

which is almost identical to the value on the right-hand side of equation (6), 1412 f°, with the error of only 2.5
percent. Thus, it is seen that the pressurizer pressure depends only on the ttal mass out of the pressurizer, AM,,,

and the depressurization rate depends oaly on the flow rate, “'m . The lerger the flow rate, '."m , the larger

the depressurization rme. Since NOTRUMP overpredicts the flow rute. it also overpredicts the depressurization rate,
whuch is correct no matier what flow quality downstresm is predicted.

[n the six tests analyzad, the VILI-2 valve was closed at around 30 seconds because of the capacity of the steam/water
supply tank (pressurizer) of the west facility. Therefore, the data after 30 seconds are meaningiess and all figures in
the report are displayed for 30 seconds. The NOTRUMP comparisons after 30 seconds are not valid since the test
valve closure was not modeled with NOTRUMP.

440 437-4 @
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APHOO

Reference

440.437-1 WCAP-14324, "Final Data Report For ADS Phase Bl Tests," April 1995

SSAR Revision: NONE
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Figure 440.437-1 Steasn/Water Supply tank (Presvurtser)
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Question 440 465

Re: NOTRUMP PVR FOR OSU TESTS. LTCT-GSR-001, JULY 1995

Fig. 2-2 shows the wall heat noding. Wall heat effects can represent a major source of heat for small break LOCAs
which can subsequently affect depressurization. especially for the slow depressurization transients characterizing
AP600 small break LOCA response. Please jusufy the omission of wall heat transfer from all of the external loop

piping and the secondary system components.

Response:

Although the depressurization in the OSU facility small break LOCAs is slow, it is much more rapid than a standard
PWR due to the ADS valves. In the OSU noding, the intent was to remain as faithful to the standard plant noding
as possible, whenever it was reasonable to do so. In the OSU facility, the total metal mass of all hot and cold legs
is only 340 Ib. This accounts for only about 3% of the metal mass in the RCS. The more rapid APS00
depressurization, which is controlled by the ADS and not the break, places less importance on the metal heat
contributions of the loop piping than in a standard PWR. The level of detail in the metal neat nodalization for
standard PWRs was therefore deemed adequate for modelling the OSU facility.

SSAR Revision: NONE

@ 440 465-
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APLOO

Question 440.469

Re: NOTRUMP PVR FOR OSU TESTS. LTCT-GSR-001, JULY 1995

In expressing the momentum equations from a mass flow (o a volumetnic flow basis, linearizations of the equations
are performed. Provide the volumetnic flow based momentum equations and the lineanzations that were performed
to change the equations to a volumetric flow base. Provide the validations that were performed to venfy that the
changes were made correctly. Also, provide the code benchmark for this model change.

Response:

Following is the requested description. This description is in the form of a revision to Section 4 4 which will be
included in the NOTRUMP Final V&V Report. Work is currently underway to respond to the request for validations
and benchmark analyses. The schedule and scope of this work will be provided on or before 12/31/95.

4.4 Net Volumetric Flow-Based Momentum Equaticn

An option has been added o NOTRUMP o cast the momentum equation and dnft flux equations for a given flow
link in terms of net volumetric flow rate rather than net mass flow rate. The advantage of this modification is
two-fold. First, having volumetric flow rate as the independent variable in a flow link allows the mass flow rate ©
change instantaneously as densities in the two adjacent nodes change. This improves the behavior of the node
stacking and mixture-level tracking mode!, as wel! as the behavior of other flow links that experience large density
gradients in ume and space. [t yields significant reductions in pressure oscillations, particulmly at low pressures
where the deasity differences between liquid and gas are the greatest. Second, drift flux models, in general, work
better when cast in terms of net volumetric flow rate, since drift flux is a volumetnc flow concept. The mass and
energy equations are not directly impacted, since the dnft flux model still gives, as its outputs, the phasic mass flow
rates. Only the linearizations of these equations, with respect 1o the volumetnc fiow rate are changed and they are
generally simpier than the current lincanzations with respect 10 mass flow rates.

The mass flow-based momentum equation used in NOTRUMP is given by equation (2-33) of Reference 1. It is aiso
written in @ more genzral form as equation (2-38). Both of these equations are differential equations writien in terms
of the temporal derivative of the mass flow rate W. It is also possible 10 write these equations in terms of the
temporal derivative of the volumetric flow rate Q. To do this refer to the drift flux equations in Appendix G of
Reference |. The equations for the phasic volumetric fluxes <j> and <j> in terms of the net (or total) mass flux
G are

(1-<@C,) G- <<V, >>

<jp> = '-V: (G-24)
Pa
and
(<>C,) Go S <<V, >>
<jy> ® -,“T (G-29)
Pe
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where

- (G-26)

Adding equations (G-24) and (G-25) gives the following equation for the net volumetric flux <j> in terms of the net
mass flux G.

<)> =

2.4 (44-1)

Multiplying by the flow area A gives the following equation for the net volumetric flow rate Q in terms of the net
mass flow rate W.

(1-1 > <<V_>>»A
‘g:'“: )

Pe

W

Qe (4.4-2)

Differentiating equation (4.4-2) with respect to time t and neglecting the temporal derivatives of p, and the second
term in the numerator gives

Q= l'. (4.4-3)

It is this relationship that is used to change equations (2-33) and 2-38) from differential equations for W
differential equations for Q.

Since the state vanable for volumetric flow-based momentum equations is now Q rather than W, the lineanizations
in the central oumenics must be with respect o Q for any flow link with a volumetric flow-based momentum
equation.

The details are now presented. In Appendix E (Detailed Numerical Equations and Solution Technique) of
Reference 1. all occurrences of AW's and subscript W's are replaced by AQ's and subscript Q's, respectively, for
those flow links thet use & volumetric flow-based momentum equation rather than a mass flow-based momentum
equanon. [n other words, the state variable for these Links is Q and thus the linearizations are with respect w Q for
these links. Two pownts should be noted about the equations of Appendix E: (1) the quantities Q* and Q" refer 10
heat rates, not volumetric flow rates, but there should be no coafusion with the volumetric flowrate Q since the heat
rates always appear as superscripted variables; (2) oaly non-critical flow links (k=1, .., K) have momentum equations
(volumetnic or mass based) so the critical flow links (kwK+1, ... K*) are in no way impacted. There are two
categonies of changes in these equations. First, from equation (4 4-3), it is seen that the volumetric flow-based

440 .469-2 @ ot
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momentum equation is obtained from the mass flow rate-based momentum equation by dividing by p.. In Appendix
E of Reference 1. the vector and matrix form of the mass-flow-based momentum equation is given by By, Ay,
Aw, Ay, Aw, and A, . Thus the matrix coefficients By, Ay, Ay, . Ay . Ay and A, . are obtained by
dividing

By, A Aw Aa: Aw, and A, . respectively, by p.. This potentially impacts equations (E-$), (E-53) -
(E-56), (E-60) - (E-64), and (E-148) - (E-150). Second, linearizations fc: flow links with volumetnic flow-based
momentum equations must be with respect to the state variable Q. This includes A, A, . A, A, . and A,
The potentially impacted equations are (E-S), (E-12), (E-19), (E-26), (E-33), (E-15) - (E-38), (E-40), (E-43), (E-46),
(E-49), (E-53), (E-54), (E-57), (E-60), (E-65), (E-71), (E-76), (E-82), and (E-148) - (E-151). Agy, involves the
linearization of the volumetric flow-based momentum equation with respect o Q and will be covered shortly. First,
however, the linearization of the mass and energy equations will be discussed, ie, the calculation of

Mog: Mg Augr and Ay,

The derivatives ?a: (wh) ¥ .. 4 wrk.. d (Wh)} .. and 3 W', are replaced by 7%. (wn) ¥ .,

a“l a“l a"l 1
a " a v a v 2 P N -
o Wi T (Wh){ ., and W Q. x, respectively, for those non-critical links k (k = |, ., K) that have &

volumetric flow-based momentum equation. Since (Wh)Y , W', , (Wh){ , and W', are given by equations (2-7) -
(2-8) of Reference |,

* (“h):. L C“. ' a("). * (hgdis * (of P a("). . (h-)".. (4.4-4)
® L ] L3
a 3 f a('.). “ a(' ).

. ce. - (ML (4.4-5)
w. Wie = Cln —".— * i —w‘—

d(w,)
wa: (Hh)'(. . [1“Ctl,|} . —":—. * (hg)yn *
3.3 (4.4-6)
[1-cl..l - -r.‘. ) (h')‘..'
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¢ (1Cla] gt (4.4-7)

The analogous derivatives with respect to Q are

a(W,), 9(W,), .

3%: )Ty = Cly v St - (Rgliy * Cfa: gt (g)iy  (4.4-8)
3g..w.",.-c.‘. 3 (W), el i;!l: (4.4-9)
1 1 3 =
d(W,)
d (Wh){ .= [1-Cf.) - e * haldss
% o (4.4-10)
(1-ctyl - 20N )L
13
and
N d(wW,) d(W,)
A v t v 8 o'n (4.4-11)
= (1-C ¢ [1-C
W [ l.l] —w ( Lll —w.-—

It can be seen that the only difference between equations (4.4-4) - (4.4-7) and (4.4-8) - (4.4-1]) wre thatd (W), / IW,
and 9 (W,),/ 0w, are replaced by 9 (W,),/3Q, and 9 (W,),/3Q,, respectively. These are the derivatives of the
phasic mass flow rates with respect ©© the net flow rate (mass or volumetric). They are calculated as

a(wW,), 1 9 (<ip>),
« . J (4.4-12)
a“l ul’l
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a(W'). " 1 .0 (€3>,

- U - (4.4-13)
OW,), = 1 . 0 (<)), T
and
d(W,) 9 (<3.>)
B o e Al (4.4-15)

The derivatives of <j> and <j,> with respect to G are derived from equations (G-24) and (G-25) of Reference | and
are given in Appendix G as

4 . <> d i aco
dagp PSS g [W R w] (G-18)
% Pe
and
. <> é + a4 ko
a<j.> ) <x>C, -~ [w <<V >> + <j> _x] (G-139)
% Pe

The derivatives of <> and <> with respact 10 | are derived from equation (G-16) and (G-17) of Reference | and
are

440 .469-5
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a<1'> d<<V._>> gC ] : 1
4 2 {]e c ) - '3 . 4.4-16)
FT<3> L T R <> N s WJ

and

9<j > o ammt d<<V, >> . etk ac, (4
- . - P s

The drift flux routines already return the derivatives of <<V >> and C, with respect 1o both G and < j > 50 all the
information necessary to calculate A, ., A, .. A, and A, is available.

Agq involves the lineanzation of the volumetric flow-based momentum equation with respect (0 the state variable
Q and will be discussed now. Consider now the frictional pressure drop term in equation (2-33) of Reference 1.
Itis - C,| W, | W, where W is the state variable for mass flow-based momentum equations and where C, (call itC)'
for clarity) is the friction coefficient calculated as described in Section § of Reference |. For volumetric flow-based
momentum equations one can define the frictional pressure drop term as - CJ | Q, | Q, where ( is the state variable
and where CF is related o C) by

U, 15 the specific volume in flow link k. For the new volumetrnic flow-based momentum equation option in
NOTRUMP, there are actually two friction options available. For an input of ITYPEFL = |1, the frictonal term
is based on (he state variable Q, and on C. For an input of ITYPEFL = 21, the form of the frictional term is the
original mass flow-based form using W, and C.’. Here it is important 10 remember that W, is 5o longer the state
variable 30 that in the lincarizatios this frictonal tevm must be linearized with respect o Q.

In equation (E-60) of Referesce | for A, the quantty of dF, / oW, (i.e., v = k) includes the fricLonal term which
1$

(ar.‘ . léd g,

ietiom

zc: |'.|
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For Agq. the quantity of dF, / dQ, includes the frictional term which for ITYPEFL = |1 is

QO

F2) , ldd g,

{\?UT o .61.:- 2: ¢ |Ql (4.4-20)
and for ITYPEFL = 21 is
(%;.‘;lmm - 7;_;‘7%‘_.- .biz- 2:c W g;z (4.4-21)
and where
W, (W), (W), ‘& S

o, en T U

d(W,),/0Q, and 9 (W,),/dQ, are given by equations (4.4-14) and (4.4-15), respectively.

The decision o cast the NOTRUMP momentum squation and the drift flux equations in terms of net volumetnc flow
rate rather than mass flow rate is based on the following. Most state-of -the-art codes such as TRAC and RELAPS
use velocity-based momentum equations. [t is generally accepted that drift flux is more easily applied and more
successful in a volumetric-flow context because drift flux is basically & volumetric-flow or velocity concept.
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Note: The
will
A =
g ire
G =
h =
) =
Q =
'o =
Vn =
w =
'H =
X =
p -
v =
(44 =
Subscnipts
f =
' =
Reference
440 .469- 1

final NOTRUMP V&V report will contain a list of vanable nomenclature. The following nomenclature
be included in the list.

flow area (ft’)

drift flux distnibution parameter
total mass flux (Ibm / sec / ft®)
specific enthalpy (Btu / Ibm)
volumetric flux (ft’ / sec / ft)
volumetric flow rate (ft’ / sec)

time rate of change of Q (ft' / se?)

dnift velocity of vapor relative to the total volumetric flux (ft / sec)
net mass flow rate (lbm / sec)

time rate of change of W (Ibm / sec?)

quality ( - )

density (Ibm / f')

specific volume (ft’ / Ibm)

void fraction

liquid phase
vapor (gas) phase

P E. Meyer, et al, "NOTRUMP - A Nodal Transient Small Break and General Network Code,”
WCAP-11079-P-A (Proprietary), WCAP-10080-A (Noo-proprietary), August 1985,

SSAR Revision: NONE
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Question 440.472

Re. NOTRUMP PVR FOR OSU TESTS. LTCT-GSR-001, JULY 1995

In Section 4.7, liquid reflux flow links were added to prevent the nonphysical depressurization of nodes with no
mixture regions when subcooled liquid enters. Adding subcooled liquid from the hot legs to a lower core node. for
example, could result in artificially cooling the fuel. Please demonstrate that aruficially adding the subcooled liquid
to the mixture region below the upper steam regions in the core does not artificially cool the fuel. Also. how does
this methodology affect level swell, bubble rise, and steam production in the mixture region to which the subcooled
liquid is added? Please explain in detail.

Response:

As stated in Section 4.7 of LTCT-GSR-001 and PXS-GSR-002, the new internally calculated liquid reflux flow links
are a generalization of the NOTRUMP model for hot leg to reactor vessel reflux which is described in Sections 3-1-
10 through 3-1-12 of Reference 440.472-1. This model which was approved in the NOTRUMP SER is stll used
for the reactor vessel. For APS00 applications, the new generalized model is used for the steam generators primary
sides, for the CMT"s, and for the multi-node downcomer of the SPES-2 facility. Even though the model for hot leg
to reactor vessel reflux has not been changed, its impact will be discussed.

The RAI asks for an explanation of why adding the subcooled liquid to the mixture region beiow the upper steam
regions in the core does not aruficially cool the fuel. This request assumes that the core is uncovered since it refers
to “steam regions in the core.” The core does not actually uncover for AP600 during small break LOCAs. If the
core were to uncover however, then the steam above the core mixture level would be superheaied and at least some
of the core region below the mixture level would likely contain 8 two-phase saturated mixture. In this situation, most
of the liquid entering at the top of active core region would be expected to fall to the mixture level while slighty
de-superheating the steam above the mixture level and reducing the quality of the two-phase muixture just below the
mixture level. The NOTRUMP model for hot leg to reactor vessel reflux would, in this situation, put the reflux
liquid into the mixture region just below the mixture level (i.e., into the mixture region of the stacked mode
containirg the single stack mixwre elevation). This mixture region would most likely be two-phase. In this case,
the reflux liquid, whether saturated or subcooled, would reduce the quality of the mixture region but not alter its
emperature. In the unlikely case that the mixture region were subcooled, thes the reflux Liquid would alter the
temperature of the region in a manner depending oo the temperature of the reflux liquid to the emperature of the
subcooled region. (The tempersture could increase or decrease.) For this ualikely case, however, the fuel would
be wellcooled amyway, so that this altering of the mixture region temperature would have litle impact The
NOTRUMP mode! does not account for the slight de-superbeating of the superheated vapor above the core mixture
level as the reflux is directed to the mixture level. This is conservative during core uncovery because: (1) by
keeping the superbested vapor hotier, it keepe the exposed fuel (i.c.. the fuel above the mixture level) hotter; and
(2) by not de-superbeating (or even saturating and condensing) the vapor, it keeps the level depressed.

If thus 1s contrasted (0 the nonconservative and physically less realistic case of 00 reflux links, the reflux Liquid would
desuperheat and possibly condense all the vapor as the reflux Liquid instantly comes o thermal equilibrium with the
steam above the core. This wouid not only unrealistically depressurize the regions sbove the core muxture level but
also nonconservatively cool any exposed fuel and cause the mixture level w rise.

@ 440.472-1
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In the NOTRUMP SER, the NRC found the NOTRUMP core model, of which the hot leg to reactor vessel reflux
model is an integral part, to be acceptable. Based on this assessment. it was feit to be unnecessary to change the
model for hot leg to reactor vessel reflux for AP600 calculations. It was decided, however, 10 generalize the model
for use in other components of the AP600 (e.g., steam gene~ator tubes, CMT's, and multi-node downcomers). It is
the generalization that is described in Section 4.7 of LTCT-GSR-001 and PXS-GSR-002.

Reference
440472-1 N. Lee, et. al., "Westinghouse Small Break ECCS Evaluation Model Using the NOTRUMP Code,”

WCAP-10054-P-A (Proprietary), WCAP-10081-A (Nonproprietary), August 1985

SSAR Revision: NONE
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Question 440 484

Re: NOTRUMP PVR FOR OSU TESTS, LTCT-GSR-001, JULY 199§
Please provide a clad temperature calculation to show the effect of the changes to the transition boiling correlation
calculation on peak clad temperature for a heatup transient that experiences transition boiling heat transfer

Response:

Secuon 4.19 of LTCT-GSR-001 and PXS-GSR-002 describes the changes implemented to the numerical solution
technigue employed in NOTRUMP heat links when the Westinghouse Transition Boiling Correlation is used. The
details of the calculations for NOTRUMP heat links are given in Section 6 of Reference 440.484-1. It must be
pointed out that NOTRUMP heat links are not used to model core heat transfer, The core fuel rod model and its
associated heat transfer correlations, described in Appendix T of Reference 440.484-1, are used to model core heat
transfer. No changes have been made to this model for AP600 applications. As such. the request for a clad
temperature calculation to show the effect of the changes described in Section 4.19 on peak ciad temperature is not
applicable. Also, since the core does not uncover, it does not experience transition boiling.

Reference
440484-1 P. E. Meyer, et. al., "NOTRUMP - A Nodal Transient Small Break and General Network Code,”
WCAP-10079-P-A (Proprietary), WCAP-10080-A (Nonproprietary ), August 1985

SSAR Revision: NONE
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Question 440.505

Re: NOTRUMP PVR FOR OSU TESTS, LTCT-GSR-001, JULY 1995

Please explain the source of the oscillations in break flow from about 150 to 240 seconds and 340 1o 430 seconds
in Fig. 5.4-24. Please explain why the NOTRUMP code does not simulate the data nor trends and underpredicts the
break flow from 120 seconds until the end of the transient at 500 seconds.

Response:

In the NOTRUMP simulations, the oscillations seen between 150 and 210 seconds are due to water from
Accumulator | injection periodically recovering the break link. leading to alternating vapor and liquid flow out of
the break. Similarly, the oscillations between 340 and 430 seconds are due to IRWST injection into the broken DV1
line periodically recovering the break. This effect is a direct result of the discretization implicit in NOTRUMP.
Such effects are typical of what has been seen qualitatively in other computer simulations when modeling the break
and the cold leg refilling behavior. As was stated in the OSU preliminary validation report, final test data was not
available when these comparisons were made. When one calculates the break flow rate in the test by adding the
CMT flow (determined from the rate of change of the mass in the C..{T) to the accumulator flow, and compares it
to the same quantties in the NOTRUMP calculation as shown in Figures 440.505- 1, the agreement is much better.
Note that this comparison has been adjusted to eliminate the flow component from the IRWST injection line in the
NOTRUMP simulation to maintain consistency with the quantity plotted in the new test data curve. At
approximately 130 seconds, both the test data and the NOTRUMP simulation predict a short period of predominantly
vapor flow untl Accumulator | resumes flow. During the following accumulator injection period, the flows again
are similar, except for the oscillations expluned above.

SSAR Revision. NONE
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i ~ (a,p)

Figure 440.505-1 CMT and Accumuistor Mass Flow Rate for OSU Test SB12
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Question 480.214

Re: Questions on OSU/APEX Sump Behavior:
Review of the tests in the OSU/APEX facility has resulted in uncertainty about (1) the modeling of the containment

sump in the facility, and (2) how the “primary" sump communicates with both the “secondary” sump and the reactor
cooling system.

In the Test Specification for APEX. Section 6.0, p. 16, it is stated, "A vessel shall be provided to simulate the
flooded volumes in the lower containment. This vessel shall be sized to contain all water from the reactor coolant
system (RCS), ACCS, CMTs, and in-containment refueling water storage tank (IRWST)." There is no differentiation
in this statemeni between the primary and secondary sumps, nor how the volume of the two sump tanks is
apportioned to represent the AP600 sump. However in the APEX scaling report, Section 7.3, p. 7-11, it is stated,
“The containment sump will accommodate all of the [RWST, CMT, and accumulator liquid volumes.” (Note that
the RCS does not appear) The APEX scaling report goes on (o relate the primary sump tank and the secondary
sump tank to lower containment volumes available for recirculation to the RCS (referred to as the sump) and those
that are not availeble for recirculation (referred to as “normally non-flooded”), respectively. The “curb” or “spillover”
elevation is denoted as that point at which fluid filling the non-flooded volumes would spill over into the sump. Part
of the question about sump tank volumes relates to the total liquid volumes and accommodation thereof in the sump.
It is also stated in the scaling report that the relalive elevations, volumes, and the “spillover” elevation of the primary
and secondary sumps are properly scaled in APEX.

a.  The total volume of the containment sump, up to the "curd” elevation, is given in the APEX Scaling Report as
58,263 ft3. However, the total liquid volume in the CMTs, accumulators, and IRWST is: 2000 ft3 per CMT,
1700 fi3 per accumuiator; and, as given in Section 6.5.3.1, p. 6-93 of the Scaling Report, the IRWST volume
is 70,798 A3, The total of these volumes is thus 78,198 ft3. Reconcile the mismatch between the total volume
and the sump volume, in light of the quoted statement on p. 7-11 regarding the capability of the sump to
accommodate these volumes. Note: Also address the statement in the APEX Test Specification regarding
accommodation of these volumes plus that of the RCS, given that the RCS volume adds another 7280 i3 to the
wtal volume. (Volume of RCS taken from APS00 standard safety analysis report (SSAR), Table 5.1-2.)

b How much liquid volume must exist in the sump to flood to an cievation adequate to permit recirculation from
the sump to the RCS?

¢ The 'normslly noo-flooded” comtainment volume is given on p. 7-11 of the scaling report as 35403 3.
Demonstrate that, if # bresk were W occur such that these comparuments were the first w flood, enough water
would flow over the "curd” into the sump o flood the sump o a level permutting recirculaory cooling.

Response:

a The primary and secondary sumps at the OSIJ west facility were scaled to represent the normally flooded and
unflooded containment comparunents respectively. The total “sump” volume, both primary and secondary, 13
equivalent 1o the sum of ali the comparunents and is sufficient 10 accomodate the volumes of the [IRWST,
CMTs, accumulators, and RCS.

@ 480.214-1
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b. The plant design has the direc’ vessel injection centerline at the 99° 7° elevation. In order to permut
recirculation, the sump (containment compartments) must flood to this elevation. pius the RCS pressure. The
design floodup elevation (including flooding of one of the normally non-flooded compartments) is 107 feet

¢.  For the AP600 design. as presented in the OSU scaling report, should a loss of coolant occur in one of the
"normally non-flooded" compartments of containment, this compartment would be the first o fill. The water
would then overflow into the normally flooded areas. Using the numbers provided in Table 8-9 of the scaling
report, the normally non-flooded volume (two non-flooded compartments) was 35,403 ft’ and the sump volume
below the DV was 37,063 ft’. Using 85.478 ft’ as the volume for the IRWST, CMTs, accumulators, and RCS,
and subtracting the non-flooded containment volume and the sump volume below the DV1, the volume available
for flooding above the DV1 elevation was 13012 f'. Table 8-9 provides a cross sectional area for the sump
above the DVI elevation as 2793 f*. This results in 4.7 feet of watsr elevation above the DV line.

Note however that the OSU secondary sump is representative of several normally non-flooded containment
compartments. If such a break were to occur, only one of the normally non-flooded compartments would fill
with water. Also, these compartments now have drain connections to the normally flooded area (OSU primary
sump). The normally non-flooded compartment would nse concurrently with the normaily flooded area.

SSAR Revision: NONE
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Question 480.215

Re: Questions on OSU/APEX Sump Behavior:

As the [IRWST drains and the sump fills, recirculatory cooling will eventually switch over from the IRWST to the
sump. If there is no overlap between the water level in the sump and that in the IRWST when [RWST injection
ceases, there may be a delay in sump injection, or a reduction in recirculation flow into the RCS. Show that for the
scenano postulated in !.c. above, ei her that (a) there is an adequate overlap between sump and [IRWET levels to
prevent cessation or reduction in RS flow, or (b) that any such effects would be of sufficiently brief duration so
as not to result in unacceptable co e cooling conditions.

Response:

The OSU secondary sump is representative of several normally non-flooded containment compartments. These
compartments have drain connections  the normally flooded area (OSU primary sump). If a break were to occur
in one of these compartments, this compartment, which is 2 portion of the non-flooded area, would fill with water
concurrently with the normally flooded area. The floodup ievel with one normally non-flooded compartment and
the normally flooded area together is 107 feet. The bottom of the IRWST is 103 fi, therefore, sufficient overlap
exists o prevent cessation of RCS flow.

SSAR Revision: NONE
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Question 480.244

Re: Test OSU-F-01:
The data on ADS lines is not usable, because the lines did not stay full as planned. Westinghouse should explain
how these lines will be characterized for use of the information in analysis codes.

Response:

During the course of tesung. the field engineer opened RCS-620, located at the top of the separator, and came to
the conclusion that, because there was no water issuing from the vent line, the lines leading to the separtor were noi
full. The Quick Look Report (LTCT-T2R-002) reported this conclusion. However, as the test data was analyzed
more fully, there was evidence that the ADS separator iniet lines were compietely filled with water and that pressure
in the separator forced the water through the liquid drain line. A complete discussion of the test, including estimated
line resistances and pressure drops is presented in Section 4.2.9.3 of Reference 480.244-1.

Reference

480.244-1 WCAP-14252, "APS00 Low Pressure Integral System Test at Oregon State University: Final Data
Report,” Proprietary [LTCT-T2R-100], May 1995.

SSAR Revision: NONE
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Question 480.245

Re: Test OSU-HS-01:

The staff notes that the data for ambient heat losses at 100 F is unusable Westinghouse indicates that the test is
acceptable even though this part of the test was not completed. Westinghouse should justify the acceptability of the
test in light of its failure to achieve one of its objectives

Response:

The purpose of the HS-01 hot functional test was to obtain data under a vanety of conditions to determine OSU
facility characteristics. It was virtually impossible to maintain stable conditions at the low steam and feedwater rates
necessary to maintain !00°F. However, usable dats was obtained for the facility at 200°F, 300°F, and 400°F. This
data provided an adequate characterization of the facility heat loss, therefore the test was acceptable.

SSAR Revision: NONE
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Question 480.252

Re: Test OSU SB1:
There appear to be some instruments that are not properly zeroed. For instance, see Plots 26, 27, and 28, for the
accumulator ievel and pressure. These errors should be accounted for in Westinghouse's analysis.

Response:

As noted in the Quick Look Report for SB1, the Bourdon pressure tube indicator PI-401 (P1-402) was tubed to the
lower portion of the reference leg for differential pressure ransmitier LDP-401 (LDP-402). As pressure in the
accumulator was increased, the air inside the Bourdon tube was compressed, thereby lowering the reference leg liquid
level. This resuited in a false indication of measured level which was reported in Reference 480.252-1 and corrected,
when used, in the analyses performed in Reference 480 252-2.

Reference

480.252-1 WCAP-14252, "APS00 Low Pressure Integral System Test at Oregon State University: Final Data
Report.” Proprietary [LTCT-T2R-100], May 1995.

480.252-2 WCAP-14292, Revision |, “AP600 Low-Pressure Integral Systems Test st Oregon State University Test
Analysis Report,” Proprietary (LTCT-T2R-600)], Sepiember 1995,

SSAR Revision: NONE
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Question 480.253

Re: Test OSU SB1:

The description of events in the beginning of the report (p. 6-2) leaves out a great deal of informaton. For example.
the tuming for various features descnibed for instruments LDP-115 and LDP-127 appears to be different from that
seen on the plots; in addition, the description of the behavior of LDP-140 leaves out a number of dynamic features
(e.g., the shar) <pikes at about 4000 and 5000 seconds that have been shown by the staff to be associated with CMT
refill). The staff expects that a much more thorough analysis of the dynamic systems interactions noted in this and
other similar tests will be undertaken in future reports on the APEX testing.

Response:

The Quick Look Report was used as a mechanism to provide data to reviewers in a timely manner. Therefore, an
evaluation of all test phenomens was not provided. The Quick Look Reports have been superseded by References
480.253-1 and 480.253-2. For discussions of SBO1, a 2-inch break in the bottom of the cold leg, see section 5.1.1
of Reference 480.253-1 and section 5.1 of Reference 480.253-2.

Reference

480.253-1 WCAP-14252, "AP600 Low Pressure Integral System Test at Oregon State University. Final Data
Report,” Proprietary [LTCT-T2R-100), May 1995.

480.253-2 WCAP-14292, Revision |, "AP600 Low-Pressure integral Systems Test at Oregon State University Test
Anniysis Report.” Proprietary (LTCT-T2R-600], September 1995,

SSAR Revision: NONE
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Question 480.254

Re: Test OSU SB1:

Negative gage pressures are shown for several instruments, including pressunzer pressure (Plot 18) and ADS 1-3
separator pressure (Plot 53). These need to be explained.

Response:

As described in section S.1.1 of Reference 480.254, the negative pressures seen on the pressurizer and ADS 1-3
separator pressure were due to the lack of a vacuum breaker on the sparger line inside the IRWST. At approximately
2000 seconds, the pressurizer surge line began to refill. At approximately 3200 seconds, the pressurizer began to
reflood. Also at this ume, the sparger nozzles were still submerged. As the piping and components cooled between
the pressurizer and the sparger, the steam condensed inside and the pressure fell, resulting in a slight vacuum in thus
line. A vacuum breaker was installed following this test.

Reference

480.254-1 WCAP-14252, "AP600 Low Pressure Integral System Test at Oregon State University: Final Data
Report,” Proprietary [LTCT-T2R-100), May 1995.

SSAR Revision: NONE
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Question 480.255

Re: Test OSU SB1:
What effect, if any, resuits from the top of the CMT being heated tu approximately 150°F prior to the beginning of

the test?

Response:

As indicated in section 5.1.1 of Reference 480.255-1, CMT-2 temperature indicated by TF-532 was 154 7°F
However, further data provided in Reference 480.255-1 indicates that less than 15 percent of the CMT volume was

at a temperaure greater than 80°F. Although this elevated temperature wili affect CMT performance (slightly less
mass in the CMT resultng in a slower recirculation rate), analysis of the test using the elevated initial temperature
is still possible.

Reference

480.255-1 WCAP-14252, "AP600 Low Pressure Integral System Test at Oregon State University: Final Data
Report,” Proprietary [LTCT-T2R-100), May 1995.

SSAR Revision: NONE
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Question 480.256
Re: Test OSU SB3:

The staff notes that the CMT temperature again was significantly elevated near the top. This is not specifically
attributed to the PBL warmup prior to the test, but it is assumed that this is the explanation. It would be valuable,
however, to include such notes either in initial conditions list or, even better, in the Test Procedure section, rather
than simply staung that the test was performed according to an established procedure. This type of informaton helps
the staff differentiate true anomalous indications from those that are easily explainable by virtue of facility operation
procedures.

Resporise:

As noted, the elevated CMT temperature was due to pressure balance line warmup prior to the test. Section 2.7 of
the Reference 480 256-1 provides a discussion of the pre-test operations that were performed prior to each of the
matrix tests. In addition, a discussion of the system configuration and initial conditions is provided for each matrix
test discussed in Section § of Reference 480.256-1.

Feferance

480.256-1 WCAP-14252, "APS00 Low Pressure Integral System Test at Oregon State University: Final Data

Report,” Proprietary [LTCT-T2R-100], May 1995,

SSAR Revision: NONE
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Question 480.257

Re: Test OSU SB3:
The erratic response on the PRHR HX outlet flow (Plot 44) is somewhat puzzling to the staff, since it would be

expected that this would be in single phase flow, unless these is ingress of non-condensible gas. Please explain.

Response:

As is the case with many of the tests, during accumulator injection the PRHR flow decreased o near zero and the
PRHR level decreased. The PRHR HX inlet fluid temperature became subcooled and began to decrease. This was
an indication that there was no flow through the PRHR heat exchanger. The erratic response of the PRHR HX outlet
flow may have been due to either the outlet line which was not completely full or to oscillations of the liquid in the
loop seal between the bottom of the heat exchanger and the steamn generator.

SSAR Revision: NONE
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Question 480.259

Re: Test OSU SB3:

Explain why power is not listed as a specified initial condition. Also, at the end of the test, the power meters go
negauve. Is this an expected response, or does it raise questions about the accuracy of the power measurements
during the test” Finally, the staff notes that the power is increased in 2 step fashion just before the test begins.
Presumably this is a planned event; however, it is not described in the Test Procedure section nor in the list of initial
conditions. This type of action needs to be flagged and explained.

Response.

The AP600 Low Pressure Integral Test at Oregon State University Final Data Report, May 1995, section 2.6.12
describes the control algorithm used to simulate the decay power expected in the AP600 plant scaled to the OSU
Test Facility. For all matnx tests except SB21, the control algorithm was:

For 0 < ume s 140 seconds; power (KW-101 or KW-102) = 300 kW
For time > 140 seconds. power (KW-101 or KW-102) = 30071 + B(1-140)F

The Matrix Test SB21 decay power algorithm was:

For 0 < time s 140 seconds; power (KW-101 or KW-102) = 300 kW
For ume > 140 seconds; power (KW-101 or KW-102) = 3001 + B(t-140)]

where: B = 0.0102! and C = 0.2848
Prior 1o time zero, the test facility was controlled to maintain the bot leg temperature specified and not to a specific
power level. At time zero, the power would change to 300 kW. Power is therefore not specified as an initial

Al the end of the test, the indicated power is negative. This is an expected response on the DAS (0 opening of the
reactor breakers. It does not raise questions about the accuracy of the power measurements during the test.

SSAR Revigion: NONE
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Question 480.260

Re: Test OSU SB3

The BAMS discharge line thermocouples (Plots 75, 76) show considerably different behavior. TF-916 shows that
the discharge is largely saturated during the long term portion of the test. However, TF-917 (signal conditioned
output) shows significant subcooling in the exhaust flow. Explain this apparent discrepancy.

Response:

Hot leg temperatures (plots 13, 14, 15, 16) indicate that the hot legs are subcooled from about 3800 seconds to about
8000 seconds. This would indicate that no steam is leaving the vessel and exiting the BAMS during this ume.
Thermocouple TF-917 was on the line used for steam flow during this test. Thermocouple TF-516 was on a closed
line. When steam flow dropped, TF-917 expenienced a gradual cooidown. When steam flow began again at about
8000 seconds, the cooldown ended and the temperature again began o rise to saturation. Also, it should be noted
that the two thermocouples of in two different heat traced zones which are operated by independent controliers. The
differences in temperatures are due to a combination of the heat tracing, the open vs. closed pipe, and the steam flow.

SSAR Revision. NONE




NRC REQUEST FOR ADDITIONAL INFORMATION

APGOO

Question 480.263

Re: Test OSU SBY:

There appears to be a significant number of failed and/or erratic instrumentation in this test, and here is an admission
that not all instruments met specified acceptance criteria. There is no “critical instrument” list provided. no specific
indication as to whether any of the failed instruments would have been considered “critical.” and no indication how
missing critical instrumentation was compensated for Since this is a “blind” test, with no data presented in the QLR
for review, there is no way to confirm at this time that Westinghouse 's judgement regarding the acceptability of this
test is reasonable. The staff will review the data from this test when it is provided.

Hesponse:

The Quick Look Report was used as a mechanism to provide data w reviewers in a timely manner. Therefore, an
evaluation of all phenomena was not provided. The Quick Look Reports have been superseded by References
480.263-1 and 480.263-2. The performance of any failed instruments on the critical instrument list is assessed for
each test in Reference 480.263-1 as 1o the test acceptability. For discussions of SB09, a 2-inch break in the bottom
of the cold leg, see section 5.3.2 of the Reference 480.263-1 and section 5.4 of Reference 480.263-2.

Reference

480.263-1 WCAP-14252, "APS00 Low Pressure Integral System Test at Oregon State University: Final Data
Report,” Proprietary (LTCT-T2R-100), May 1995.

480.263-2 'WCAP-14292, Revision 1, "AP600 Low-Pressure Integral Systems Test at Oregon State University Test
Analysis Report,” Proprietary (LTCT-T2R-600), September 1995,

SSAR Revision. NONE
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Question 480.264

Re: Test OSU SB12:

Thermocouples in CL1 and CL3 (TF-107 and TF-103, Plots 5 and 9, respectively) show step decreases in
temperature at about 6600 seconds. These do not appear to be associated with any liquid level changes in the cold
legs (see Plots 103, 104). Explain this behavior.

Response:

As indicated in Table $.4.1-2, Matrix Test SB12 Inoperable Instruments/Invalid Data Channels, of the OSU TDR,
the data from LDP-201 through LDP-206 was invalid due to the effect of the vertical portion of the sense line which
was attach to the top of the pipe. However, if the downcomer level compared with the ‘emperature drop, it can be
seen that the temperature decrease is associated with downcomer level approaching the cold leg elevation.

SSAR Revision: NONE
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APLOO

Question 480.265

Re: Test OSU SB12:
Why do CL2 and CLA4 (Plots 105, 106) partially refill between about 2500 and 5000 seconds” They then appear

to empty, even though the vessel and downcomer levels continue 10 rise.

Response:

As indicated in Table 54.1-2, Matrix Test SB12 Inoperable Instruments/Invalid Data Channels, of Reference
480.265-1, the data from LDP-20! through LDP-206 was invalid due to the effect of the vertical portion of the sense
line which was attach to the top of the pipe. Once the pipe began to drain, this portion of the sense line drained
resulting in invalid level indications.

Reference

480.265-1 WCAP-14252, "AP600 Low Pressure Integral System Test at Oregon State University: Final Data
Report.” Proprietary (LTCT-T2R-100], May 1995.

SSAR Revision. NONE
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APHOO

Question 480.266

Re: Test OSU SB12:
Why to the hot legs (Plots 101, 102) appear to refill to a level above their initial values?

Response:

As indicated in Table 5.4.1-2, Matrix Test SB12 Inoperable Instruments/Invalid Data Channels, of the OSU TDR,
the data from LDP-201 through LDP-206 was invalid due to the effect of the vertical portion of the sense line which
was attach to the top of the pipe. Once the pipe began to drain, this portion of the sense line drained resultng in
invalid level indications.

SSAR Revision: NONE
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Question 480.271

Re: Test OSU SB14:
Why are the initial levels different on Plot 110 (comparison of LDP-115 from tests SB14 and HS-03)?

Response:

As stated in section 2.4.3.1 of Reference 480.271-1, LDPs measure fluid level between the upper reference leg tap
and the lower vanabie leg tap of a component. Flow in a component creates a dynamic differential pressure due
to the pressure loss beween the component LDP taps as fluid flows through the component. When this dynamic
component of differential pressure is superimposed on the static differential pressure, the resulting transmitter signal
produce invalid data. Therefore, the LDPs in the vesse! during flowing conditions should not be used directly.

Reference

480.271-1  WCAP-14252, "AP600 Low Pressure Integral System Test at Oregon State University: Final Data
Report.” Proprietary [LTCT-T2R-100], May 1995.

SSAR Revision: NONE
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