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Westinghouse is submitting a response to the NRC request for additional information (RAI) on SRP
Section TR54. This RAI response is submitted in support of the AP1000 Design Certification
Amendment Application (Docket No. 52-006). The information included in this response is generic and
is expected to apply to all COL applications referencing the AP1000 Design Certification and the AP1000
Design Certification Amendment Application.

Enclosure 1 provides the response for the following RAI(s):

RAI-TR54-17 R2

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

Robert Sisk, Manager j
Licensing and Customer Interfac
Regulatory Affairs and Strategy
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Inforrnation (RAI)

RAI Response Number: RAI-TR54-17
Revision: 2

Question: (Revision 0)

Insufficient data is provided regarding the input loads used for the seismic analysis of the spent
fuel racks. The following information is requested:

a. Floor response spectra (X, Y, and Z - vertical directions) at or the near the elevation of the
top of the fuel racks and near the bottom of the fuel rack or pool floor corresponding to the
damping value used for the analysis.

b. Explain why the envelope of these two sets of spectra was not used.

c. The current DCD is applicable for the hard rock site. Therefore, provide further explanation
for the range of soil and rock properties used in enveloping the seismic floor spectra. Where
are these range of soil/rock properties specified for confirmation by future combined license
applicant?

d. For the synthetic time histories, provide plots of the three time histories, the cross correlation
coefficients, the comparisons of the spectra from the synthetic time histories to the
enveloped target response spectra, and the comparisons of the power spectral density plots
to the target power spectral density function associated with the target response spectra.

e. Which time history was used (displacement, velocity, or acceleration)? Were all three
directions input simultaneously? Was gravity included in the time history analysis?

Question: (Revision 1)

October 8-12 Audit Item C-Are the spectra used for the input to the fuel rack analyses
appropriate since they are based on the separate W report APP-GW-GLR-01 5 (typo?), rev. 1
Extension to NI Structures Seismic Analysis to Soil Sites". W needs to finalize the
envelope/bounding spectra and check whether report no. is a typo.

Question: (Revision 2)

Leading into the June 2010 audit, NRC requested feedback on updated seismic spectra inputs.
Please provide the information for the updated seismic input equivalent that which was
previously requested in the initial question of this RAI. Also, please summarize responses to
the following three questions:

(1) present comparisons of the old design-basis spectra to the new design-basis spectra, at
the bottom of the Spent Fuel Pool;

RAI-TR54-17 R2

Is Westinghouse 
Page 1 of 29



AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

(1) present comparisons of the old design-basis spectra to the new design-basis spectra, at
the bottom of the Spent Fuel Pool;

(2) explain why the spectra have changed or why they have not changed; and
(3) compare the old loads to the new loads used in the HOLTEC spent fuel rack analysis.

Westinghouse Response:

Response: (Revision 0)

a. Floor response spectra (X, Y, and Z - vertical directions) near the elevation of the bottom of
the spent fuel pool floor corresponding to the damping value used for the analysis are
provided in the PDF attachment RAI TR54-17a. No floor response spectra are provided
near or at the elevation of the top of the spent fuel racks (See response to TR54-17b).

The ASB99 floor response spectra (FRS) represents the enveloping response spectra for
the auxiliary and shield building (ASB) at elevation 99 feet for a range of soil/rock condition.
FRS of various soil/rock analyses were first enveloped for various locations of the ASB. All
of the ASB locations at elevation 99 were then grouped and enveloped to develop the
ASB99 floor response spectra. The spent fuel pool is at a lower elevation but the dynamic
response is essentially the same as at elevation 99 feet.

b. The spent fuel racks are free-standing in the spent fuel pool. They are not anchored to the
spent fuel pool walls. The spent fuel racks are excited in a seismic event by the floor
response spectra representing the spent fuel pool floor (ASB99). There is no need to
envelope multiple sets of floor response spectra.

c. The range of soil and rock conditions for which the seismic floor spectra applies is described
in Westinghouse Technical Report APP-GW- GLR-01 5 Rev. 1, "Extension of NI Structures
Seismic Analysis to Soil Sites"

d. The synthetic time histories, the response spectrum curves, and the power spectral density
plots for the Auxiliary and Shielding Building (ASB) at Elevation 99 feet are provided in
Figures TR54-17.1 through TR54-17.9. The cross correlation coefficients for the three
orthogonal components (East-West, North-South, and Vertical) of the ASB99 synthetic time
histories are summarized in the table below.

Description Cross Correlation Coefficient

East-West to North-South -0.0414

East-West to Vertical 0.0088

North-South to Vertical 0.0536

RAI-TR54-17 R2
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Response to Request For Additional Information (RAI)

AP1000 - ASB99- Acceleration Time Histories- 4%Damping - East West Direction
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Figure TR54-17.1 ASB99 Acceleration Time History for EW Direction
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API1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

AP1000 - ASB99 - Acceleration Time Histories- 4%Damping - North South Direction
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Response to Request For Additional Information (RAI)

AP1000 - ASB99 - Acceleration Time Histories- 4%Damping - Vertical Direction
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

AP 1000 - ASB99 Response Spectrum- 4%Damplng- East West Direction
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

AP 1000- ASB99 Response Spectrum - 4%Damping - North South Direction
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

AP 1000 - ASB99 Response Spectrum - 4%Damping - Vertical Direction
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

AP 1000 - ASB09 Power Spectral Density - 4%Damping - East West Direction
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Response to Request For Additional Information (RAI)

AP 1000 - ASB99 Power Spectral Density - 4%Damping - North South Direction
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API1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

AP 1000 - ASB99 Power Spectral Density - 4%Damping - Vertical Direction
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Figure TR54-17.9 ASB99 Power Spectral Density for VT Direction

e. Acceleration time histories are used as the input motion for the seismic analysis of the spent
fuel racks. The acceleration input is defined by three orthogonal components, which are
input and solved simultaneously. Gravity is also included in the time history analysis.

Response: (Revision 1)

c. The wrong Technical Report number was referenced. The range of soil and rock conditions
for which the seismic floor spectra applies is described in Westinghouse Technical Report
APP-GW- $2R-01 0 Rev. 0, "Extension of Nuclear Island Structures Seismic Analysis to Soil
Sites."

Response: (Revision 2)

The technical information provided in the Revision 0 response to this RAI is still out dated.
Following are the updated responses to account for those changes:

( Westinghouse
RAI-TR54-17 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

a) The "Spent Fuel" floor response spectra (FRS) represents the enveloping response spectra
for the spent fuel pool inside the Auxiliary and Shield Building (ASB) at an elevation close to
the bottom of the spent fuel pool for a range of soil/rock condition.

d) The synthetic time histories, the response spectrum curves, and the power spectral density
plots for the spent fuel pool inside the Auxiliary and Shielding Building (ASB) at Elevation 99'
(the bottom of the spent fuel pool is at Elevation 92' - 8.5") are provided in the following
figures. The cross correlation coefficients for the three orthogonal components (East-West,
North-South, and Vertical) of the "Spent Fuel" synthetic time histories are summarized in the
table below.

Description Cross Correlation Coefficient

East-West to North-South -0.012

East-West to Vertical -0.052

North-South to Vertical -0.047
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Figure 2 - Acceleration Time History', "Spent Fuel" - E-W• direction
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Response to Request For Additional Information (RAI)
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Response to Request For Additional Information (RAI)
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Response to Request For Additional Information (RAI)

Acceleration vs Frequency (Log) Cumve - East West ASB99
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API1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Acceleration (Log) vs Frequency Curve - North South AS899
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Acceleration (Log) vs Frequency Curve - Vertical ASB99
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Target PSD vs Regeneratd PSO - East West AS899
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Response to Request For Additional Information (RAI)

Taroet PSID vs Regenerated PSD - North South ASB99
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Response to Request For Additional Information (RAI)

Target PSD vs Regenerated PSD - Vertical ASB99
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Figure 9 - PSD, "Spent Fuel" - Vertical direction

d) (continued) In addition to this updated seismic input, newer seismic input was made available
in May 2010 and has been evaluated in Revision 4 of TR54 (in addition to the existing seismic
input that was discussed above in this RAI response).

The technical input for the new seismic input is as follows:

Description Cross Correlation Coefficient (@ 0 lag)

East-West to North-South 0.067

East-West to Vertical 0.047

North-South to Vertical 0.104

(9 Westinghouse
RAI-TR54-17 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Spent Fuel Rack Acceleration Time History North-South
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Figure 2-7: Spent Fuel Storage Rack Artificial Acceleration Time History North-South Direction

Spent Fuel Rack Acceleration Time History East-West
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Figure 2-8: Spent Fuel Storage Rack Artificial Acceleration Time History East-IVest Direction

Spent Fuel Rack Acceleration Time History Vertical
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Figure 2-9: Spent Fuel Storage Rack Artificial Acceleration Time Historý Vertical Direction
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API1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Final Factored Acceleration Response Spectrum Comparison

5

100

Frequency [Hz]

Actual Spectnm
-Target Spectmn

Title - "Spewt Fuel Storage Racks AmplifiedEarthquake - Hofizontal.X, 4% Damping"

North-South

(Westinghouse
RAI-TR54-17 R2

Page 22 of 29



API 000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Final Factored Acceleration Response Spectrum Comparison
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API 000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Final Factored Acceleration Response Spectrum Comparison

C)

I-
C)
C)
C)
C)

100

Frequency [Hz]

- Actual Spectrum
- Target Spectrum

Title = "Spent Fuel Storage Racks Amplfied Earthquake - Vertical Z. 4% Damping"

Vertical

* Westinghouse
RAI-TR54-17 R2

Page 24 of 29



AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Spent Fuel Rack - Actual Raw and 20% Average PSD vs AP1000 Target PSD - NS
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Figure 5-14: Comparison of Raw, Average, and AP100 Target PSD for Spent Fuel Rack, NS Direction

Spent Fuel Rack - Actual Raw and 20% Average PSD vs AP1000 Target PSD - EW
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Figure 5-15: Comparison of Raw, Average, and AP100 Target PSD for Spent Fuel Rack, EW Direction
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Spent Fuel Rack - Actual Raw and 20% Average PSD vs AP1000 Target PSD - VT
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Figure 5-16: Comparison of Raw, Average, and AP100 Target PSD for Spent Fuel Rack, VT Direction

(1) present comparisons of the old design-basis spectra to the new design-basis spectra, at
the bottom of the Spent Fuel Pool;

A comparison of the FRS for the existing seismic input provided in the first half of the
Revision 2 response to this RAI with the FRS for the new seismic input discussed in the
second half of the Revision 2 of this RAI response is as follows. The existing input is
shown as the blue line labeled "-056 RI", and the new input is shown as the red line
labeled "-056 R2".

( Westinghouse
RAI-TR54-17 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Figure 4-6: Spent Fuel Storage Racks - Comparison of Design FRS North-South Direction

Figure 4-7: Spent Fuel Storage Racks - Comparison of Design FRS East-West Direction

( )Westinghouse
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Z - FRS Comparison of Group 'Spent Fuel' 056 R1 against 056 R2 4%/6 Damping
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Figure 4-8: Spent Fuel Storage Racks - Comparison of Design FRS Vertical Direction

(2) explain why the spectra have changed or why they have not changed; and

The seismic input has changed due to the shield building enhancement and the
correction of the SASSI model.

(3) compare the old loads to the new loads used in the HOLTEC Spent fuel rack analysis.

A comparison of the resulting loads from the new vs. existing seismic input is provided in
Table 2-9 of TR54 Revision 4.
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Analysis to Soil Sites," (Technical Report Number 3, TR03)
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Analysis," (Technical Report Number 54, TR54)
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Design Control Document (DCD) Revision:
None

PRA Revision:
None

Technical Report (TR) Revision: (Revision 0 and 1)
None

TR Revision (Revision 2)

The evaluation of the new seismic input has been incorporated into Revision 4 of TR54.
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