
June 28, 2001
Mr. Michael M. Corletti
Advanced Plant Safety & Licensing
Westinghouse Electric Company
P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355

SUBJECT: AP1000 PRE-APPLICATION REVIEW - REQUEST FOR ADDITIONAL
INFORMATION

Dear Mr. Corletti:

As a followup to your submission of WCAPs 15612, 15613, and 15644 for assessment as part
of the AP1000 pre-application review, and the agreements reached at our meeting of June 6,
2001, (notes of meeting dated June 22, 2001, NRC ADAMS reference ML011730329), I
enclose the initial Request for Additional Information in respect of the WCOBRA/TRAC,
LOFTRAN and NOTRUMP code applications.

If you have any questions please contact me at 301-415-1102.  

Sincerely,

/RA/

Alan C Rae, AP1000 Project Manager
Future Licensing Organization
Office of Nuclear Reactor Regulation

Project No. 711

Enclosure: Request for Additional Information

cc w/encl:  See next page
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Request for Additional Information

Initial Requests for WCOBRA/TRAC, NOTRUMP and LOFTRAN Code Reviews

P16. WCAP-15612 states that long term cooling calculations are performed using
WCOBRA/TRAC code initiated at the time of stable In-Containment Refueling Water
Storage Tank (IRWST) injection using NOTRUMP code input for the reactor system
conditions and WGOTHIC code for containment pressure.  Justify that WGOTHIC
predictions for containment pressure of AP1000 are conservative for the long term
cooling evaluation.  Compare WGOTHIC assumptions with the recommendations of
Standard Review Plan 6.2.1.5 (NUREG-0800), �Minimum Containment Pressure
Analysis for Emergency Core Cooling Performance Capability Studies� including Branch
Technical Position CSB 6-1.  Justify any deviations.   

P17. WCAP-15612 states that a constant containment pressure value of 29.5 psia will be
used for long term cooling evaluations based on WGOTHIC calculations.  Describe how
the mass and energy inputs to WGOTHIC calculations for long term cooling were
obtained.  Describe the computer codes and methods that were used to obtain the mass
and energy inputs.  Discuss how these codes and methods have been made
conservative for long term cooling analysis.

P18. The assumption of a low containment pressure during recovery from a small break
LOCA may be conservative for predicting steam flow resistance within the reactor
system during the time when the reactor system is being refilled by the passive
emergency core cooling systems.  A higher containment pressure may be conservative
if this assumption leads to the prediction of a higher IRWST pool temperature when this
water is calculated to flow into the reactor system.  Provide a sensitivity study for
AP1000 comparing assumptions for containment pressure during small break Loss of
Coolant Accidents (LOCA) to demonstrate which assumptions are conservative.

P19. Similarly it is stated that WGOTHIC will be used to estimate the containment pressure
during long term cooling (LTC).  If the estimated pressure is much higher than a realistic
value, the core steaming rate will be underestimated.  Is it possible that at the end of the
LTC, the steaming will be inadequate to support slug flow in the Automatic
Depressurization System (ADS) Stage 4 (ADS-4)?  If the containment pressure
estimated using WGOTHIC for LTC is low, the steaming rate at the initiation of the LTC
will be overestimated.  What confirmation is there that the code will function properly for
ADS-4 performance?

P20. WCAP-14601, Rev. 2 Figure 5-6 states that for AP600, IRWST draining rates for LTC
analysis are to be calculated using WGOTHIC or NOTRUMP.  WCAP-15612 states that
the MAAP code will be used to calculate IRWST draining rates for AP1000.  Please
submit the MAAP code for staff review with complete documentation.  Include code
manuals describing all equations with appropriate justification and assessment, user
input instructions and guidelines.  Include qualification of the code for AP1000 analysis
by comparison with appropriate test data.
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P21. The Rig of Safety Assessment (ROSA) test facility provided data of a different scale
from that of the Simulatore per Experienze di Sicurezza (SPES) and Oregon State
University (OSU) facilities.  In particular, the ROSA facility provides additional data for
ADS-4 discharge.  The prediction of ADS-4 discharge has become more significant for
AP1000 than for AP600 because of the higher power of the plant and the relative larger
size of ADS-4 in relation to ADS Stages 1,2, and 3.  Accordingly please provide
comparisons of NOTRUMP predictions to test data from ROSA tests AP-CL-03, AP-PB-
01, and AP-DV-01.  Please provide plots showing comparisons with test data for reactor
system pressure, core make-up tank (CMT) level, pressurizer level, accumulator level,
ADS-4 mass flow rate, IRWST flow rate, and core collapsed level.  Include fluid
predictions in the ADS-4 lines upstream and downstream of the ADS-4.

P22. Please provide a scaling assessment of the ROSA facility as modified for AP600 with
the AP1000 design.

P23. The PRHR for AP1000 will be 22% larger than for AP600, but the average heat flux is
expected to be 42% greater.  Justify that the expected heat flux is bounded by test
conditions.  Justify that the heat transfer correlations in NOTRUMP and LOFTRAN
codes are adequate to model the greater heat flux.

P24. Page 2-25 of WCAP-15613 describes Dr. Hochreiter�s suggestion that the Phenomena
Identification and Ranking Table (PIRT) ranking for Direct Vessel Injection (DVI)
pressure drop be raised from �Medium� for all phases of Small Break LOCA (SBLOCA). 
It is still ranked �Medium� by Westinghouse.  Justify that the DVI pressure drop is
adequately scaled in the integral system test data so that its effect on SBLOCA can be
determined.

P25. Page 2-25 of WCAP-15613 describes Dr. Bajorek�s suggestion that the PIRT ranking for
pressurizer inventory be �High� during the ADS blowdown and IRWST injection phase. 
It is currently ranked �Medium� by Westinghouse.  Justify that pressurizer inventory is
adequately scaled in the integral system test data so that its effect on SBLOCA can be
determined.

P26. Please provide all comments from the committee of experts that reviewed the PIRT for
AP1000 and discuss how these comments were resolved.

P27. Reactor vessel mixing is highly ranked in safety significance in the PIRT for feedwater
malfunction, main steam line break (MSLB), inadvertent Passive Residual Heat
Removal (PRHR), and startup of an inactive loop (SUIL).  In evaluating these events for
operating plants, Westinghouse has utilized data from scale mixing tests for the Indian
Point Unit 2, vessel and data from a 3-loop European experiment.  The loop and vessel
design for AP1000 will be different from that of these tests.  Provide and justify values
for reactor vessel mixing that will be used for AP1000.

P28. Flashing in the upper head is listed with medium or low safety significance in the PIRT. 
For (MSLB) analysis, especially with the larger steam generators of AP1000, flashing
might occur in other portions of the reactor system including the intact steam generator
U-tubes and the CMT pressure balance lines which might affect natural circulation. 
Justify that test data used in qualifying LOFTRAN for AP1000 analysis is adequate to
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evaluate reactor system flashing following a MSLB considering the relatively larger
steam generators that will be part of the AP1000 design.

P29. LOFTRAN was benchmarked against SPES main steam line break test SO1512 . 
Justify that SPES properly scales the larger steam generators for AP1000.

P30. Reactor coolant pump performance is listed as �High� in the PIRT for transient and
accident evaluation.  Discuss the source and quality of reactor coolant pump data that
will be utilized in analysis of transients and accidents for AP1000.  Consider the four
quadrant homologous relationships, pump coastdown, two phase degradation and the
loss coefficients for locked rotor and sheared shaft evaluations.  Please provide this
data for use in NRC audit calculations using RELAP5 code.

P31. Westinghouse proposes to use the VIPRE computer code for AP1000 DNBR
evaluations.  The NRC staff approval for the use of VIPRE is contained in a letter from
Thomas Essig, NRC, to Hank Sepp, Westinghouse, January 19, 1999.  In the safety
evaluation attached to that letter the NRC staff listed 4 conditions for Westinghouse use
of VIPRE.  Discuss how  these conditions will be met for AP1000.

P32. Provide analyses of main steam line break accidents for AP1000 using conservative
assumptions for evaluation of the reactor core.  Provide analyses for full power and hot
standby.  Assume that the most reactive control rod is stuck out and that the most
severe single failure of safeguards systems occurs.  Provide all assumptions so that the
staff can perform audit calculations with RELAP5.  Provide inputs used for reactor
vessel mixing, reactivity feedback parameters and control rod reactivity insertion. 
Provide tables showing the timing of significant events.  Provide plots of secondary and
reactor system pressure, core power, reactor system temperatures and reactor system
void formation.

P33. Describe the decay heat model that will be used in LOFTRAN for AP1000 analysis. 
Justify that this model is conservative for transient and accident analysis.  Provide
comparisons of the model with the American Nuclear Society Standard 5.1.

P34. WCAP-15612 contains analyses of design basis transients and accidents for AP1000. 
Since WCAP-15612 was issued, the design of AP1000 has changed, principally by the
addition of steam generators of a new and larger design.  Please provide re-analyses of
the transients and accidents including SBLOCA in WCAP-15612.  These results will be
utilized in comparisons to audit calculations by the NRC staff using RELAP5.  The
redesigned steam generators will be a part of the RELAP5 model.

P35. The PIRT for AP1000 has increased the importance of the following phenomena to high:

ADS-4 two phase flow pressure drop during IRWST injection

Upper plenum/hot leg entrainment during the post-ADS period

Pressurizer surge line countercurrent flow/flooding during the ADS-IRWST period
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Provide reference to past review of the phenomena for AP600.  What additional data
confirmation will be used to justify NOTRUMP and WCOBRA/TRAC models describing
these phenomena?

P36. Westinghouse proposes to use an increased resistance model in NOTRUMP by which
the ADS-4 subsonic flow resistence is increased by 42 percent.  This model was
benchmarked against OSU data for a 2 inch small break LOCA.  Provide primary
system pressure comparisons for the OSU test.  We understand that the 42% increase
in ADS-4 resistance are based on extrapolation of the OSU comparisons to the AP600
configuration.  Please provide a similar evaluation of the effective ADS-4 resistance for
AP1000.  So that the effect of ADS-4 scale can be assessed, please provide evaluations
of the effective ADS-4 resistance for the ROSA test comparisons requested under
RAI P21.

P37. On page 3-30 of WCAP-15644 it is stated that: �Among the phenomena which are
important to AP1000 performance during the ADS-4 IRWST initiation phase are those
that deal with flow pattens in the hot legs and removal of liquid and vapor from the hot
legs into the ADS-4 flow paths.  The models and correlations that have been added to
the large break LOCA (LBLOCA) version of WCOBRA/TRAC to calculate these
phenomena for horizontal pipe flow are presented in Appendix A.�  These additions are
revisions to the large break LOCA version of WCOBRA/TRAC  that was approved by
the NRC staff for AP600.  Please describe all applications of these models in LBLOCA
and other safety analyses for AP1000.  Provide the appropriate justifications and
verifications for staff review for all applications of these models.

P38. To better address entrainment in the hot leg during the transition from ADS to IRWST
injection and the importance of momentum flux, use of WCOBRA/TRAC is proposed for
comparison with NOTRUMP results.  Will any of this work be performed to support the
Phase 2 code review?  Describe the code verification program that will be used to
qualify WCOBRA/TRAC for SBLOCA analyses including integral system test
benchmarks such as SPES, OSU, and ROSA.

P39. WCOBRA/TRAC methodology for small break LOCA is described on Page 3-25 of
WCAP-15644 and is stated to involve starting the WCOBRA/TRAC calculation at the
time of ADS-4 actuation.  Discuss how this initiation process will be performed in the
middle of an accident scenario.  Justify that conservative inputs will be selected.  In
particular, describe the means of assuring the reactor vessel water mass used to
initialize the WCOBRA/TRAC analysis will be conservative.

P40. Please provide current user input manuals for LOFTRAN, NOTRUMP, WCOBRA/TRAC,
and WGOTHIC.  We understand that Westinghouse has prepared �Safety Engineering
Standards� and calculational notes describing input preparation for AP1000.  Please
provide these documents.

P41. NOTRUMP permits various user input options that can effect analytical results.  Among
these are drift flux model selection in the fluid nodes, void distribution parameter in the
fluid nodes, flooding model, accumulator isentropic exponent, special flow link type, flow
composition type for each flow link, drift flux model selection for the flow links, void
distribution parameter for the flow links, flooding model selection for the flow links,
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internally-calculated friction loss model for each non-critical flow link, heat link type
selection, and user supplied externals.  Please provide the option used to describe each
major reactor system component for AP1000 and justify that the option used is
appropriate.

P42. Provide a comparison of user options described in response to RAI P41 for AP1000
modeling with the NOTRUMP models for SPES, OSU, and ROSA (RAI P21).  Provide a
comparison of system noding between the AP1000 model and the NOTRUMP input
models used to describe the 3 integral system tests.

P43. For each user input option used to describe AP1000 for LOFTRAN analysis, please
provide the option used for each reactor system component and justify that the option
used is appropriate.

P44. Provide a comparison of user options described in RAI P43 for AP1000 with the
LOFTRAN analyses of SPES described in WCAP-14307, Rev. 1.  Provide a comparison
of system noding between the LOFTRAN AP1000 input model and the SPES input
models.

P45. In AP1000 the power density (and the decay heat) is higher than that of AP600.  It was
also indicated in your presentations that the actual AP1000 power may be 1080 MWe or
may be even higher.  Please indicate the upper limit of the decay power (and the
corresponding reactor power level) which can be supported with natural circulation
during the LTC phase.   

P46. We understand that the design of AP1000 may be modified between the review of the
analytical codes and methods for AP1000 (Phase 2) and the review of the safety
analysis report for design certification (Phase 3).   Calculational limits must be placed on
use of the codes so that they will not be used outside of the range for which they have
been qualified.  One method for setting these limits is to compare the tested range of
the phenomena given a high importance in the PIRT with the values calculated in future
plant analyses.  To aid in setting these limits, please compile a chart providing the
tested range for each of the highly ranked phenomena in the PIRTs for SBLOCA and
non-LOCA events.  The phenomena ranked as high are summarized below:

For Small Break LOCA
ADS-1,2,3 and 4 flow
Break flow
Accumulator flow
Core decay heat
Cold leg phase separation
Two-phase frothing in the core
CMT stratification and steam condensation
CMT circulation
CMT balance line flow and pressure drop
Downcomer and lower plenum level 
Hot leg entrainment
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IRWST pool level and draining
Pressurizer flashing
Upper reactor vessel mixture level and entrainment
Sump gravity drain, level and temperature

For Non-LOCA and Steam Generator Tube Rupture
Critical flow
Reactor vessel mixing
Reactivity feedback
Reactor trip
Decay heat
Forced convection in the reactor core
Natural circulation and heat transfer in the reactor core
Reactor coolant pump coastdown
Pressurizer fluid level
Surge line pressure drop
Steam generator heat transfer and secondary conditions
CMT recirculation
Balance line pressure drop
Balance line initial temperature distribution


