
W estin ho Westinghouse Electric Company
Nuclear Power Plants
P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: 412-374-6206
ATTENTION: Document Control Desk Direct fax: 412-374-5005

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

Your ref: Docket No. 52-006
Our ref: DCP/NRC2324

December 17, 2008

Subject: AP1000 Responses to Requests for Additional Information (SRP15)

Westinghouse is submitting responses to the NRC request for additional information (RAI) on SRP
Section 15. These RAI responses are submitted in support of the AP 1000 Design Certification
Amendment Application (Docket No. 52-006). The information included in the responses is generic and
is expected to apply to all COL applications referencing the AP 1000 Design Certification and the AP 1000
Design Certification Amendment Application.

Enclosure 1 provides the response for the following RAIs:

RAI-SRP 15.6.5-SRSB-07
RAI-SRP 1 5.6.5-SRSB- 14
RAI-SRP 15.6:5-SRSB- 17
RAI-SRP 15 6.5-SRSB- 19

Questions or requests for additional information related to the content and preparation of this response
should be directed to Westinghouse. Please send copies of such questions or requests to the prospective
applicants for combined licenses referencing the AP 1000 Design Certification. A representative for each
applicant is included on the cc: list of this letter.

Very truly yours,

X47z C

Robert Sisk, Manager
Licensing and Customer Interface
Regulatory Affairs and Standardization
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information- (RAI)

RAI Response Number: RAI-SRP15.6.5-SRSB-07
Revision: 0

Question:

Describe the procedure and modeling changes to the AP1000 RPV model to account for the
flow skirt. Include a discussion for the flow path(s) model (gaps(s)), including the area, forward
and reverse losses and inertia terms. Confirm that the steady-state flow and pressure drop for
the region are consistent with the CFD analysis.

Westinghouse Response:

The identified WCOBRAITRAC VESSEL Channels are as shown in APP-GW-GLE-026 Figure
C-1. In this response, the impact of the additional metal mass on the lower plenum fluid volume
calculation is described, and the lateral flow area, gap length, and user-specified loss
coefficients applied in modeling the radial Gaps 7 through 12 are described. The methodology
for calibration of the steady state pressure drop in the reactor vessel is referenced. See
response to RAI-SRP-15.6.5-SRSB-06 for discussion of the inertial terms in WCOBRA/TRAC.

The metal volume occupied by the flow skirt is accounted for in the Channel 8 Cell 2 fluid
volume between 22.5 inches and 55.29 inches above the bottom inside of vessel. The radial
flow area through the flowskirt holes and between the top of the flow skirt and the bottom of the
lower core support plate is reflected in Gaps 7 through 12 which connect the downcomer
Channels 2 through 7 to the lower plenum Channel 8. The flow areas applied for Gaps 7
through 12 reflect the physical flow area through the flow skirt, allocated for the azimuthal span
of each downcomer channel. The length of Gaps 7 through 12 reflects the distance from the
center of the downcomer channels to the center of the lower plenum. No user-specified form
loss is applied; WCOBRA/TRAC does not have the capability for the user to specify separate
forward and reverse loss coefficients.

The AP1 000 ASTRUM analysis steady state calculation was demonstrated to meet the steady
state acceptance criteria specified in WCAP-16009-P-A Table 12-6. The vessel pressure drop
and the Vessel inlet nozzle to mid-core pressure drop were benchmarked against hydraulic
calculations to be within the acceptance criteria. The steady state flow through the flow skirt
was also checked for symmetry at the end of the steady state initialization period. These
checks are sufficient for the purposes of best estimate large break LOCA analysis; therefore no
further, detailed comparison of the WCOBRA/TRAC predicted pressure drop directly against
CFD analysis predictions is performed.

Design Control Document (DCD) Revision:

None

RAI-SRP1 5.6.5-SRSB-07
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

PRA Revision:

None

Technical Report (TR) Revision:

None

* Westinghouse
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP15.6.5-SRSB-14
Revision: 0

Question:

Revision 17 of DCD Section 15.6.5.4A.5 states that the limiting PCT/MLO case in the AP1000
ASTRUM analysis was a split break.

(a) Explain why the break type changes from the double-ended guillotine break to the split
break and discuss the implication on determining the reference conditions for the plant
parameters.

(b) Verify that the availability of offsite power remains limiting and that the reference case
used to determine this limiting case remains appropriate.

(c) Verify that the PCT for all cases occurs during reflood and does not move to the blowdown
phase as a result of the AP1000 design changes. Provide a graph, similar to Figure 6-4 in
Westinghouse's "AP1000 COL Response to Request for Additional Information (TR29),"
DCP/NRC2128 dated April 29, 2008, which only shows the PCT without the changes,
comparing the PCT with and without the changes as part of this confirmation.

Westinghouse Response:

(a) The combination of uncertainty parameters sampled in the ASTRUM analysis limiting
PCT/MLO calculation was such that a split break was limiting. The reference transient
configuration, determined through simulation of nominal double-ended guillotine breaks,
remains valid. The important thermal-hydraulic behaviors of the AP1000 during a large
break LOCA is consistent with that observed in conventional three-loop plant analyses.
The AP600 large break LOCA PIRT indicated that the only high ranking area of difference
between the AP600 and a standard three-loop plant with respect to large break LOCA was
the delivery of emergency core cooling water through the AP600 direct vessel injection
lines (WCAP-14171 Revision 2) and this conclusion was also applied to the AP1 000
(WCAP-1 5644 Revision 2). Westinghouse experience of best estimate large break LOCA
analysis shows that for three-loop plants, either a split break or a double ended guillotine
break may be limiting. Regardless, the reference transient configuration is determined by
simulation of nominal double ended guillotine breaks. Therefore, the determination of the
AP1 000 reference transient configuration was performed consistent with the approved
methodology for conventional three-loop plants.

(b) Availability of offsite power is limiting in the AP1 000 ASTRUM analysis, as determined in
the confirmatory study performed per WCAP-16009-P-A Section 11-3-1. In the AP1000
ASTRUM analysis, available offsite power is limiting due to the impact of the reactor
coolant pump operation on the fluid available for downflow cooling during blowdown.

RAI-SRP 15.6&5-SRSB-14
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

With loss of offsite power (LOOP) assumed, the reactor coolant pumps trip coincident with
the break and begin to coast down. However, with offsite power available, the reactor
coolant pumps continue to run until they are automatically tripped, which occurs 8.2
seconds after break. While the reactor coolant pumps operate in the initial 8.2 seconds
after break, more fluid flows from the upper plenum into the hot leg of the broken loop, and
less fluid reverse flows from the hot leg of the intact loop into the upper plenum; therefore,
with offsite power available there is less fluid in the upper plenum available for blowdown
cooling. These mass flow rates between the upper plenum and hot legs are shown in
Figure 1 for the reference transient configuration. The difference in fluid volume in the
upper plenum results in increased blowdown cooling in the LOOP case. Figure 2 shows
the liquid flow at the upper core plate into the hot assembly. With loss of offsite power,
liquid downflow into the hot assembly is observed; with offsite power available there is no
observed downflow of liquid into the hot assembly at the upper core plate during blowdown.
The downflow cooling available in the loss of offsite power case results in increased
blowdown cooling, as shown in Figure 3. Therefore, it is concluded that offsite power
available is limiting for the AP1 000. The reference transient configuration determined from
the confirmatory study remains appropriate.

O Westinghouse

RAI-SRP1 5.6.5-SRSB-14
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

AP1000 ASTRUM BELOCA Confirmatory Study
Offsite Power Availability Comparison

Pressurizer Side, Offsite Power Available
Pressurizer Side, Loss of Offeite Power
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Figure 1. AP1000 LOOP Study: Total Fluid Flow from the Upper Plenum to the Hot Legs

I)Westinghouse
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

AP1000 ASTRUM BELOCA Confirmatory Study
Offsite Power Availability Comparison
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Figure 2. AP1000 LOOP Study: Total Liquid Flow into Hot Assembly at Upper Core Plate

*Westinghouse
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APIs000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

AP1000 ASTRUM BELOCA Confirmatory Study
Offsite Power Availability Comparison
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Figure 3. AP1 000 LOOP Study: Comparison of Hot Rod WCOBRA/TRAC Peak Cladding
Temperature
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

(c) The 124 ASTRUM calculations were inspected. In 100 runs the peak cladding temperature
(PCT) occurring during reflood. The characteristics of the 24 runs where the PCT occurred
during blowdown were inspected. These 24 runs were significantly non-limiting, with
WCOBRA/TRAC PCT less than 1200TF. The effective break areas sampled for 21 of
these calculations were less than 1.0 times the cold leg area, and one was a split break
with effective break area greater than 2.0. The peaking factor and power shape
parameters sampled in the. remaining two cases contributed to the low PCTs in these
calculations. Overall, the early PCT peak in these 24 runs is attributed to the run-specific
combinations of sampled parameters, particularly the sampled break areas for the majority
of the runs. Therefore, the ASTRUM runs where the calculated PCT peaks occurred early
in the transient were due to the combination of sampled parameters for those runs, and not
the AP1000 design changes. It is confirmed that the AP1000 remains reflood-limited and
the design changes did not result in the PCT moving to the blowdown time period.

Due to the change in AP1000 large break LOCA methodology from the bounding best
estimate analysis presented in DCD Revision 15 and Revision 16, to the ASTRUM
methodology, and consequent revision to the best estimate large break LOCA analysis, a
direct comparison of the PCT with and without the design changes is not available.
Westinghouse letter DCP/NRC2128 discusses the impact of the flow skirt and other design
changes on the DCD Revision 15/Revision 16 large break LOCA analysis. Inspection of
the 124 ASTRUM calculations is sufficient to show that the AP1000 PCT continues to
occur during reflood for the limiting cases.

Design Control Document (DCD) Revision:

None

PRA Revision:

None

Technical Report (TR) Revision:

None

9 Westinghouse

RAI-SRP1 5.6.5-SRSB-14
Page 6 of 6



I AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number:
Revision: 0

RAI-SRPI 5.6.5-SRSB-1 7

Question:

In Revision 17 of DCD Table 15.6.5-4, "Major Plant parameters Assumptions Used in the Best-
Estimate Large Break LOCA Analysis," the hot rod assembly power (FAH) has been increased
to 1.75 from 1.65, which was stated to be bounding for DCD Revision 15. It also appears that
the hot assembly power, PHA, has also been increased to 1.683 from 1.586, which was labeled
in Revision 15 of Table 15.6.5-4 as hot assembly (FAH). It is also not clear if the previous Table
15.6.5-4 was in error using FAH for both the hot rod assembly power and the hot assembly, or if
the table should have identified this as "hot assembly power (PHA)".

Clarify and explain the increases in both hot rod assembly power and hot assembly power for

Revision 17.

Westinghouse Response:

The designation of the hot assembly integrated power as PHA is the desired terminology. The
hot rod integrated power (FAH) was increased from 1.65 to 1.75 in the AP1000 ASTRUM
analysis to provide increased margin for the core design. The hot assembly average integrated
power (PHA) was correspondingly increased to 1.683. The hot assembly average integrated
power is 4% lower than the hot rod integrated power in accordance with the standard value
applied in the ASTRUM methodology (see WCAP-1 6009-P-A Section 12-3-2).

Design Control Document (DCD) Revision:

None

PRA Revision:

None

Technical Report (TR) Revision:

None

* Westinghouse
RAI-SRP1 5.6.5-SRSB-1 7
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP15.6.5-SRSB-1 9
Revision: 0

Question:

Documentation discrepancies:

(a) APP-GW-GLE-026 makes reference to CCTF Test 58 (page 95, Section B.2), however the
stated reference is for Test 78 Run 058 and the following text and comparison curves are
identified as Run 58

(b) On page 18 of APP-GW-GLE-026, the text refers to Appendix 3. It is understood that the

text is referring to Appendix C.

(c) On page 173 of APP-GW-GLE-026, line 5, the word "containment" should be "containing."

(d) Even though it may be considered to be a caricature, the lower left side Figure on page
150 of APP-GW-GLE-026 is misleading and needs to be corrected; the cold leg nozzle
locations are disingenuous.

These should be corrected when the document is revised.

Westinghouse Response:

Westinghouse will revise APP-GW-GLE-026 to correct these discrepancies.

Design Control Document (DCD) Revision:

None

PRA Revision:

None

Technical Report (TR) Revision:

(a) Six references to 'Test 58' in APP-GW-GLE-026 will be revised to 'Run 58':

Section B.2 page 95:

RAI-SRP1 5.6.5-SRSB-19
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

"The validation presented herein was performed to demonstrate performance of
WCOBRA/TRAC M7AR7_AP to predict cladding temperature for CCTF Run 58 similar to
previous test simulation (Reference B-4).

The CCTF facility description and CCTF Run 58 description can be found

Section B.2.1 page 96:
" In conclusion, the calculations provide a reasonable prediction of the thermal-hydraulic
behavior in CCTF Run 58 with WCOBRA/TRAC M7AR7_AP."

Section B.2.2 page 112:
"The calculations documented herein provide a reasonable prediction of the thermal-
hydraulic behavior of CCTF Run 58 with WCOBRA/TRAC M7AR7_AP."

Section B.4 page 139:
"Based on the CCTF Run 58 and' UPTF Test 21 validation calculations presented herein,
WCOBRA/TRAC M7AR7_AP performs similarly to WCOBRAITRAC M7AR4_AP. It is
concluded from the simulation of CCTF Run 58 that WCOBRA/TRAC over-predicts

(b) The reference to 'Appendix 3' in APP-GW-GLE-026 page 18 will be revised to
'Appendix C':

"The WCOBRA/TRAC vessel model nodalization for the ASTRUM analysis is presented
in Appendix C."

(c) The word 'containment' in APP-GW-GLE-026 page 173 line 5 will be revised to
'containing':

"The break was modeled to occur in one of the cold legs in the loop containing the core
makeup tanks."

(d) APP-GW-GLE-026 Figure C-2 Sheet 2 will be updated as shown:

RAI-SRP15.6.5-SRSB-19
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

SECTION 5: CCFL REGION SECTION 6: UPPER PLENUM
BELOW NOZZLES

SECTION 7: NOZZLE REGION SECTION 8: UPPER DOWNCOMER / HEAD
ABOVE NOZZLES F] Channel

O Gap

Figure C-2. AP1000 WCOBRA/TRAC Vessel Plan Views (Sheet 2/3)

( Westinghouse
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