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Westinghouse Electric Company

‘ wes“nghouse Nuclear Power Plants

P.O Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Directtel. 412-374-5355

Document Control Desk Direct fax 412-374-5456

Washington, D.C. 20555 e-mail: corletmm@westinghouse.com

Yourref: Docket No. 52-006
Ourref: DCP/NRCI1585

May 6, 2003

SUBJECT: Transmittal of Westinghouse Responses to US NRC Requests for Additional
Information on the AP1000 Application for Design Certification

This letter transmits the Westinghouse responses to NRC Requests for Additional Information
(RAJ) regarding our application for Design Certification of the AP1000 Standard Plant. A list of
the RAI responses that are transmitted with this letter is provided in Attachment 1. Attachment 2
provides the RAI responses.

Please contact me if you have questions regarding this submittal.

Very truly yours,

illa

M. M. Corletti
Passive Plant Projects & Development
AP600 & AP1000 Projects
/Attachments
1. Table 1, “List of Westinghouse’s Responses to RAIs Transmitted in DCP/NRC1585”

2. Westinghouse Non-Proprietary Response to US Nuclear Regulatory Commission
Requests for Additional Information dated May 2003
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information

RA! Number:  720.009 (Response Revision 2)

Question:

Section A3.3.1 discusses success paths involving manual ADS4 leading to IRWST gravity
injection. Analyses by both MAAP4 and NOTRUMP are referenced. Successful operation of
the following equipment is credited in these success paths for hot leg break sizes of 3.5 to 8.75
inches: the PRHR HX, 1 of 2 accumulators, 3 of 4 ADS4 valves and, 1 of 2 IRWST injection
paths. Containment isolation failure is assumed so that the containment remains at a low
pressure throughout the event.

A. These success paths do not appear to be bounded by any of the analyses in Section
A5.1 “T/H Uncertainty Cases for AP1000.” Both Case No. 1 and Case No. 2 assume
manual actuation of ADS4; however both Case No. 1 and Case No. 2 assume credit for
4 of 4 ADS4 valves and take credit for elevated containment pressure. Furthermore,
Case No. 2 assumes credit for 2 of 2 accumulators. Please provide T/H uncertainty
evaluation for the success paths in Section A3.3.1.

B. Credit for the PRHR HX is stated to be required for some of these breaks, mainly
between approximately 3 inches and 4 inches. In evaluating experimental data from the
PRHR test facility, the nucleate boiling heat transfer correlation used in NOTRUMP was
evaluated and found to produce heat fluxes that were too high in comparison to the data
as the PRHR heat load increased. See Section 1.11 of WCAP-14807, “NOTRUMP Final
Validation Report for AP600.” Please provide analysis for the equipment operability
assumptions listed in Section A.3.3.1 and Cases No. 1 and No. 2 in Section A5.1
showing that success will still be obtained if a PRHR HX correlation is used that matches
experimental data.

Additional Question:

1. P. 1 last line: It states that “Figure 720.009-1shows that MAAP4 PRHR HX removes a
similar, but small amount of heat from the RCS as a function of pressure.” Should “as a
function of pressure” be “as a function of time?”

2. P. 2: The 3rd and 4th paragraphs, respectively, reference Attachment A and response to
RAI 440.107. Should RAI 440.107 be RAI 440.0547?

3. In RA! 720.009A the staff requested verification for the success paths identified in
Section A3. These success paths list minimum sets of equipment necessary to maintain
core cooling following postulated reactor system breaks. The minimum sets of
equipment were identified using the MAAP4 computer code which has not been
submitted by Westinghouse for NRC staff review. We therefore requested that
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information

Westinghouse include the minimum equipment success paths identified using the
MAAP4 code in the thermal-hydraulic (T/H) uncertainty analyses in section A5. The
analyses in Section A5 were performed using the NOTRUMP code which the NRC staff
is now reviewing for application to AP1000 safety analysis. We require that long term
core cooling be verified for the minimum sets of equipment listed in Section A.3.3.1.
Long term cooling was analyzed using WCOBRA/TRAC for 4 of 4 ADS4 valves but not
for 3 of 4 ADS4 valves with containment isolation failure. See the response to RAl
720.31 dated December 2, 2002. (This was discussed with Westinghouse in a
telephone conference call on November 20, 2002, see call summary dated December
12, 2002, ADAMS Accession No. ML023370461.)

Westinghouse Response: < Response to additional questions. >

1. We agree that the correct phrase should be “as a function of time”. We have corrected
the original response as shown below.

2, We agree that the correct reference should be “440.054”. We have corrected the original
response as shown below.

3. As discussed in PRA Appendix A, the approach to the determination of AP1000 PRA
success criteria was performed in the same manner as it was for the AP600. This
process used MAAP to analyze many different break sizes, locations and failures. It also
determined the low margin (based on MAAP results), risk important sequences for
further analysis to bound their T&H uncertainty. Neither AP1000 or AP600 bounded the
T&H uncertainty for high margin, low risk sequences; these sequences only account for
a few percent of the CDF / LRF. The T&H uncertainty was bounded for the low margin,
high risk sequences by performing conservative T&H analysis using safety analysis
computer codes used to perform DCD Chapter 15 analysis.

The PRA Appendix A contains T&H analysis of two LTC T&H uncertainty cases. In order
to provide increased T&H margin for the success criteria case, the LTC success criteria
has been adjusted. The original AP1000 LTC success criteria allowed for the failure of a
containment penetration and failure of PCS water drain. This combination leads to an
extended duration of containment leakage which will eventually require some recovery
action. There are several recovery actions that would be allow continued core cooling
including:

¢ operators locally crank open one of the PCS drain valves,
e operators initiate water cooling on the outside of containment from another supply,
¢ operators add water to the containment via the RNS or CVS pumps.

One of these recovery actions would have to be performed within a day. Instead of
requiring such recovery actions, the LTC success criteria has been changed to require
either successful containment isolation or successful PCS water drain. The possible
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information

impact on CDF and LRF has been evaluated. In the AP1000 PRA event trees, the
probability of the containment being cooled by air only is calculated in end state LCF.
These end states are counted as successful core cooling in the baseline AP1000 PRA.
There are 81 event tree sequences where LCF occurs together with failure of
containment isolation. These sequences were collected and the total frequency
summed. The resulting frequency is 1.05E-10/yr. With the revised LTC success criteria
these sequences may result in core damage and containment release. The impact on
CDF and LRF are bounded by the following:

Base Delta % increase
CDF 2.41E-07 1.05E-10 0.04%
LRF 1.95E-08 1.05E-10 0.54%

The LTC success criteria was then analyzed using nominal assumptions (decay heat,
line resistances, etc). The DVI B break location was selected because it results in the
largest containment flood volume, which minimizes the floodup level. RAl response
720.021R1 provides additional justification for this assumption.

The following describes the case:
Initiating event DVI LOCA in PXS room B

Available equipment 3/4 ADS stage 4, 1 CMT, 2/2 IRWST injection lines each with 1/2
valves, 1/2 containment recirc lines with 2/2 valves, 1/3 PCS water
drain valves

Failed equipment ADS stages 1,2,3, PRHR HX, 1 CMT, 2 accum, largest
containment penetration

Note that the failed CMT and the 2 failed accum are assumed to remain full of water in
order to minimize the containment flood up level.

The containment conditions were calculated using MAAP. With PCS water cooling
available the leak from the containment was quickly terminated and a constant
containment water level was attained.

These conditions were input to the WCOBRA-TRAC LTC model used for the DCD.
Because this analysis supports success criteria, the assumptions were changed to
nominal. WCOBRA-TRAC analysis showing adequate long-term core cooling will be
included in revision 2 of the PRA Appendix A.
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information

Westinghouse Response: < Original response with small changes to respond to additional
questions 1 and 2. >

(A) During the licensing of the AP600, Westinghouse and the NRC discussed the approach that
Westinghouse would use to address T&H uncertainty in the PRA. AP1000 uses the same
approach as was used for the AP600. The cases selected for T&H uncertainty analysis
(section A5) were determined to be the risk important, low margin sequences. It is not
necessary or appropriate for the T&H uncertainty cases to have the same number of
failures as in success criteria. In AP600 and AP1000 the success criteria cases tend not to
be risk important because so many failures are included. The response to RAI 720.017
provides additional discussion of the risk important, low margin sequences in the AP1000.

(B) The analysis reported in PRA section 3.3.1 was performed with MAAP4. For the medium
LOCA success criteria analysis the MAAP4 PRHR HX performance was compared with the
NOTRUMP PRHR HX performance for a 3" HL LOCA. Figure 720.009-1 shows that the
MAAP4 PRHR HX removes a similar, but smaller amount of heat from the RCS as a
function of timepressure. Figure 720.009-2, -3, -4 show the resulting RCS pressure,
accumulator mass and core mixture level calculated by MAAP4 and NOTRUMP. These
parameters are very similar between the two.

The analysis reported in PRA section A.5.1 was performed with NOTRUMP. As stated in
section 15.6 of the AP1000 DCD, the small break LOCA analysis performed for AP1000 that are
presented in Chapter 15 of the DCD use the heat transfer penalty PRHR heat transfer that was
identified for the AP600, for cases when the velocity in the PRHR tubes is greater than 1.5
ft/sec. For AP1000 DCD and PRA analysis, this penalty was applied for the entire transient,
regardless of the velocity in the PRHR tubes. The following provides our justification for this
penalty.

To evaluate the effect of the heat transfer correlation in NOTRUMP, a simple heat transfer
model of the PRHR heat exchanger tube was constructed. This model was used to compare
the Thom correlation which is used in NOTRUMP to the modified Rosenhow correlation which
was developed from the AP600 PRHR component tests. These evaluations are shown in
Attachment A to RAI 440.054407. The results show that the Thom correlation slightly
overpredicts the heat transfer relative to the modified Rosenhow correlation (~6% to 8%)
depending on primary fluid inlet conditions. Reducing the heat transfer area by 50% and using
the Thom correlation results in a reduction in the heat transfer relative to the modified
Rosenhow correlation of 11% to 13% for the same conditions.

Therefore, as can be seen, the penalty on heat transfer for the PRHR as applied to the AP1000
small break LOCA analysis Cases No. 1 and No. 2 in PRA section A.5.1 is conservative. The
Westinghouse response to RAI 440.107 contains additional information on the NOTRUMP
PRHR HX model.
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information

Figure 720.009-1
MAAP4 vs. NOTRUMP PRHR Heat Removal (AP1000)
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Figure 720.009-2
MAAP4 vs. NOTRUMP RCS Pressure with PRHR (AP1000)
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information

Figure 720.009-3
MAAP4 vs. NOTRUMP Accumulator Water Mass with PRHR (AP1000)
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Figure 720.009-4
MAAP4 vs. NOTRUMP Core Mixture Level with PRHR (AP1000)
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information

Design Control Document (DCD) Revision:

None

PRA Revision:
PRA Appendix A, Section A3.5

The following discussion will replace the current section A3.5.

RAI Number 720.009 R2 -7
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information

A3.5 Success Criteria Analysis for Long-Term Cooling

This analysis considers the AP1000 long-term core cooling (LTCC) behavior following a guillotine
double-ended direct vessel injection (DEDVI) line break to support the PRA success criteria
evaluations. In order to perform a bounding case, the limiting success criteria scenario is analyzed.
This analysis is performed with WCOBRA/TRAC using the long-term cooling code version with
realistic inputs.

The DEDVI line break LTCC scenario analyzed conservatively assumes that the break occurs in
the PXS-B room. Since the size of this room is bigger than PXS-A, the containment water level
during the transient is reduced. A short summary follows of the boundary conditions for the case
analyzed herein:

DEDVI LOCA in line B

e Available equipment — 1/1 CMT (A), both IRWST injection lines open with 1/2 valves
open in each, 1/2 recirculation lines available with both valves open in the line attached
to DVI-B, 3/4 ADS-4, PCS water drain with 1/3 valves open

e Unavailable equipment — no ADS 1/2/3, PRHR, RNS injection/spill, IRWST gutter

e Containment isolation is assumed to have failed (16 inch HVAC line remains open)

A35.1 WCOBRA/TRAC LTCC Modecling Methodology

The simulation methodology used in the current analysis is essentially the same as the one used for
the AP600 design certification process (Reference A-4).

e The T/H analysis is performed using the WCOBRA/TRAC thermal hydraulic computer
code (Reference A-27).

¢ The WCOBRA/TRAC AP1000 model is the same as the one used in the AP1000
Post-LOCA Long-Term Cooling analysis (Reference A-26)

e The AP1000 LTCC simulations are performed using WCOBRA/TRAC in a transient
mode. The transient mode approach has been validated by the Oregon State University
Tests and was used in the AP600 Design Certification (Reference A-4).

e For each case, the AP1000 initial and boundary conditions are provided by a MAAP4
calculation. MAAP4 is capable of simulating the behavior and the interaction between

R RAI Number 720.009 R2 -1
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information

the AP1000 primary system, the passive safety systems, the containment, and the
containment systems — a feature that is not available with WCOBRA/TRAC.

¢ Like the corresponding MAAP4 case, the following WCOBRA/TRAC success criteria
simulation is performed with the following general assumptions:

- 100-percent core power
- ANS 1979 standard best-estimate decay heat
- Nominal hydraulic resistance of the passive safety systems

A3.5.2 Methodology Implementation

The transient mode calculation using WCOBRA/TRAC allows simulation of long transients with
rcasonable computer resources. As was shown in the validation of methods used in the DCD
analysis (Reference A-26), the calculation may be initiated from an arbitrary set of initial
conditions. After an initial period of 500 to 1000 seconds, the plant reaches a quasi-steady-state
that depends only on the system boundary conditions. During this “steady-state™ period, the
boundary conditions are kept constant. After that, they are set as a function of time depending on
the time window being simulated.

For the AP1000 Success Criteria analysis, a transient mode calculation was performed for a
segment of the time period covered by the MAAP4 calculation for the same case. It was observed
that WCOBRA/TRAC predicts higher ADS Stage 4 flows resulting in better depressurization of the
primary system. Consequently, the predicted IRWST injection rates were higher when using
WCOBRA/TRAC. Because of the faster IRWST drain prediction, it is estimated that the IRWST
would reach its lowest level about 1.6 hours earlier than is predicted by MAAP4. Therefore, the
IRWST level calculated by MAAP4 was adjusted to account for the more rapid draining predicted
by WCOBRA/TRAC. The adjusted IRWST level was then used as a boundary conditions for the
case.

The containment pressure, PXS-B level, IRWST, and PXS-B temperatures calculated by MAAP4,
together with the adjusted IRWST level, were used to define the limiting boundary conditions for
the WCOBRA/TRAC assessment of the performance of the AP1000 passive safety systems. The
following section documents the results of the WCOBRA/TRAC simulation.

A3.5.3 Predictions for a DEDVI Line Break in the PXS-B Room with Three of Four ADS Stage
4, Containment Isolation Failed

This subsection presents the simulation results of the Success Criteria Case — a DEDVI line break
located in the PXS-B room with three out of four ADS Stage 4 valves open and failure of the
containment to isolate. The initial conditions are based on the MAAP4 calculation results of the
same accident scenario. They are selected such that the WCOBRA/TRAC simulation begins 4096
seconds (approximately 1 hour, 8 minutes) after the break — after IRWST injection has been fully
established.

o RAl Number 720.009 R2 -2
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AP1000 DESIGN CERTIFICATION REVIEW

Response to Request For Additional Information

For the WCOBRA/TRAC transient, the initial IRWST level is 126 feet and the liquid temperature
is 120°F. The level in the PXS-B room at this time is 96.95 feet. The available ADS Stage 4 paths
are open and the containment pressure is set to the MAAP value of [#&{psia. With these
conditions, a 1000-second calculation is performed to ensure that a proper initial condition is
achieved in the system. After that, the transient calculation is initiated with time-dependent
boundary conditions taken from the MAAP4 calculation, but using an adjusted IRWST Ievel

function, as discussed earlier.

Initially, the only injection comes from the IRWST into the reactor vessel through the intact DVI
injection line (Figure A3.5-14). At the beginning of the analysis the liquid Ievel in the PXS-B room
is below the DVI injection nozzle elevation, and steam from the downcomer is vented out through
the break (Figure A3.5-13). Water starts to flow back into the downcomer through the broken DVI
line during the transient when the liquid level in the PXS-B room becomes high enough to provide
sufficient driving head. With the onset of this flow, additional water supplied into the downcomer
through the DVI break supplements the IRWST injection. As this flow path becomes established,
the levels in the downcomer (Figure A3.5-1), the reactor core (Figure A3.5-2), and the upper
plenum (Figure A3.5-8) increase. The effect of this injection flow increase can also be seen on
Figure A3.5-4, which shows a void fraction decrease in the upper half of the core.

The three available ADS Stage 4 valves provide enough venting capacity that adequate
depressurization capability exists to achieve successful performance of the passive safety systems
(Figures A3.5-9 and A3.5-10). The fuel remains covered throughout the transient, and adequate
core cooling is provided to remove the decay heat. The hot rod cladding temperature is slightly
above saturation temperature (Figure A3.5-12) throughout the transient.

As the transient proceeds, the IRWST drains to a minimum level slightly above 107 feet. After that
time, the level continues to decreasce slightly due to loss of fluid from the containment, as predicted
by MAAP4. The transient is terminated at about 4.2 hours after the break occurs with no
additional leakage from the containment, system pressure is constant, stable DVI injection flows,
and decreasing decay heat.

RAI Number 720.009 R2 -3
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AP1000 LTCC DEDVI Break Success Criteria Case: Figure A3.5-1
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Collapsed Level of Liquid in the Downcomer
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AP1000 LTCC DEDVI Break Success Criteria Case: Figure A3.5-2

Core Collopsed Liquid Level
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Collapsed Level of Liquid Over the Heated Length of the Fuel
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AP1000 LTCC DEDVI Break Success Criteria Case: Figure A3.5-3
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AP1000 LTCC DEDVI Break Success Criteria Case: Figure A3.5-4
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AP1000 LTCC DEDVI Break Success Criteria Case: Figure A3.5-5

Collopsed Liquid Level in Pressurizer Loop Hotl Leg
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Collapsed Liquid Level in the Hot Leg of Pressurizer Loop
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Response to Request For Additional Information

AP1000 LTCC DEDVI Break Success Criteria Case: Figure A3.5-6
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AP1000 LTCC DEDVI Break Success Criteria Case: Figure A3.5-7
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AP1000 LTCC DEDVI Break Success Criteria Case: Figure A3.5-8

Upper Plenum Collapsed Liquid Level
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Collapsed Liquid Level in the Upper Plenum
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AP1000 LTCC DEDVI Break Success Criteria Case: Figure A3.5-9

Mixture Flow Rate through ADS4 Stcge 4A Volves
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Mixture Flowrate Through ADS Stage 4A Valves
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AP1000 LTCC DEDVI Break Success Criteria Case: Figure A3.5-10

Mixture Flow Rate through ADS4 Stage 4B Valves
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Mixture Flowrate Through ADS Stage 4B Valves
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AP1000 LTCC DEDVI Break Success Criteria Case: Figure A3.5-11

Upper Plenum Pressure
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Upper Plenum Pressure

RAI Number 720.009 R2 -14

05/04/2003




AP1000 DESIGN CERTIFICATION REVIEW
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AP1000 LTCC DEDVI Break Success Criteria Case: Figure A3.5-12

Peok Clodding Temperature
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PCT of the Hot Rod
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AP1000 LTCC DEDVI Break Success Criteria Case: Figure A3.5-13

DVI-B Mixture Flow Rote
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DVI-B Mixture Flow Rate
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AP1000 LTCC DEDVI Break Success Criteria Case: Figure A3.5-14

DVI-A Mixture Flow Rate
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DVI-A Mixture Flow Rate
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