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RAI 03.07.02-24, Supplement 2

QUESTION:

Follow-up Question to RAI 03.07.02-15 (STP-NRC-100036)

UHS Basin and RSW Pump House:

1.

10CFR50, Appendix S requires that evaluation for SSE must take into account soil-structure
interaction (SSI) effects and the expected duration of vibratory motion. In the response to
Item 6 of RAI 03.07.01-15, the applicant has provided a table summarizing the frequencies at
which transfer functions are calculated as well as the cut-off frequency used in the SSI
analysis for various analysis cases including the lower bound (LB), best estimate (BE) and
upper bound (UB) in-situ soil cases; LB, BE and UB backfill soil cases; the cracked concrete
and de-bonded soil case. The selected cut-off frequency for the different analysis cases varies
from a low of about 16 Hz to a high of 25 Hz. The applicant has stated that the lowest cut-off
frequency of 16 Hz meets the ASCE 4-98 Section C3.3.3.4 recommended values.

With respect to the selected frequency cut-off and frequencies of analysis, the staff needs the
following information:

a) Staff has not endorsed ASCE 4-98 Section C3.3.3.4 as acceptable criteria for selecting
the cutoff frequency for the SSI analysis for detailed finite element model such as UHS
Basin with cooling tower enclosure and RSW Pump House. The applicant is requested to
provide comparisons of in-structure response spectra at some selected locations by
increasing the frequency cut-off to a minimum of 33 Hz and using a SSI model capable
of transmitting a frequency up to 33 Hz (refer to Follow-up Question to RAI 03.07.02-17)
for all analysis cases considered demonstrating that cut-off frequencies used in the SSI
analysis are acceptable. The staff needs this information to ensure that the selected cut off
frequencies less than 33 Hz in SSI analysis will accurately or conservatively account for
the expected frequency content of the SSE in the SSI analysis.

b) In reviewing the tabulated SSI analysis frequencies, it is observed that some frequencies
are excluded from the calculation of un-interpolated transfer functions in certain
directions. For example, the frequency 14.16 Hz is not included in the z-response analysis
for the mean soil case and 9.521 Hz is not included in the z-response analysis for the
upper bound soil case. The applicant is requested to provide the basis for selecting the
frequencies of analysis for calculating the un-interpolated transfer functions and
excluding any frequencies from such calculations. The staff requires this information to
ensure that the SSI analysis results are not adversely affected by any numerical instability
that may be caused by large numbers of soil layers used in SASSI to model deep
non-uniform soil site at the UHS/RSW Pump House.



RAI 03.07.02-24, Supplement 2 U7-C-STP-NRC-100268
Attachment 1
Page 2 of 194

RSW Piping Tunnel:

10CFR50, Appendix S requires that evaluation for SSE must take into account soil-structure
interaction (SSI) effects and the expected duration of vibratory motion. In order to ensure that
evaluation of RSW Piping Tunnel for SSE has appropriately taken into account SSI effects, the
staff needs the following information:

1. In the response to Item 1 of RAI 03.07.02-15, the applicant has stated that a 2D SSI analysis
of the RSW tunnel has been performed to quantify the in-structure response of the tunnel. No
details of this analysis have been provided. As such, the applicant is requested to describe in
sufficient detail in the FSAR how the SSI analysis of the RSW tunnel has been performed.
The description shall include the SSI methodology, figures showing the SSI model and
boundary conditions, summary of the soil and structure properties, the input motion, etc. so
the review can be completed.

2. In the response to Item 2 of RAI 03.07.02-15, the applicant has stated that simple manual
calculations were used for the analysis and design of individual components of the RSW
piping tunnel. For this analysis, the tunnel walls, slabs and base mat are considered as rigid
elements, and seismic loads are calculated based on a ZPA of 0.21g. The applicant further
states that the analysis did not include any model or soil springs; the seismic loads are
applied in terms of dynamic soil pressures on the exterior walls, calculated as per ASCE 4-98
recommendations. Staff has not endorsed ASCE 4-98 recommended dynamic soil pressures
for design of tunnel walls. As such, the applicant is requested to provide comparisons of the
dynamic soil pressures on the RSW tunnel walls calculated using 2D SSI model versus those
of ASCE 4-98 to demonstrate that the design pressures are still bounding when the effects of
kinematic interaction between tunnel structures and surrounding soils as well as the effects of
structure-soil-structure interaction (SSSI) due to nearby heavy structures are considered.

SUPPLEMENTAL RESPONSE:

The response to Ultimate Heat Sink (UHS) Basin/Reactor Service Water (RSW) Pump House
Part 1b of this RAI was submitted with STPNOC letter U7-C-STP-NRC-100208, dated
September 15, 2010. The response to Parts 1 and 2 of the RSW Piping Tunnel was submitted
with STPNOC letter U7-C-STP-NRC-100253, dated November 29, 2010. This supplemental
response provides the response to Part 1a of the UHS Basin/RSW Pump House.

UHS Basin and RSW Pump House (Part 1a):
The original soil-structure interaction (SSI) analysis of the UHS/RSW Pump House was

performed considering full UHS basin. The SSI analysis of the UHS/RSW Pump House has
been expanded to also consider empty UHS basin as described below.

Following a Loss of Coolant Accident (LOCA), the UHS/RSW Pump House will need to
perform its safety-related cooling function for a period of 30 days without any make-up water.
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During this period, the UHS basin water inventory will reduce and the water height within the
basin may get as low as 3 ft above the top of UHS basin foundation, which is nearly an empty
UHS basin.

In order to assess the impact of reduced UHS basin water inventory on the SSI analysis, the
original SSI model was modified by removing the hydrodynamic mass and the SSI analysis was
repeated. This SSI analysis was performed for six cases (i.e. in-situ lower bound soil, in-situ
mean soil, in-situ upper bound soil, backfill upper bound soil, in-situ mean soil with separation in
top 20 feet, and cracked case with in-situ mean soil). The results of this analysis show
significant impact on the resulting in-structure response spectra as well as seismic forces.

Figures 03.07.02-24.3 through 03.07.02-24.16 provide comparison of resulting response spectra
for full and empty UHS basin for selected nodes of the UHS/RSW Pump House. Based on the
analysis results for the empty UHS basin, modifications in the existing in-structure response
spectra of the UHS/RSW Pump House are warranted.

Based on discussions during the August 4, 2010 NRC public meeting in Rockville, MD., two
additional UHS/RSW Pump House SSI analyses have been performed for the upper bound soil
profile case (UB soil case) considering both full and empty UHS basin, with a refined model
which has the following passing frequency capability (passing frequency, f= Vs / 5 h, where Vi
is the shear wave velocity of the soil layer and h is the vertical or horizontal distance between the
adjacent interaction nodes). :

Vertical direction: 40.4 Hz
Horizontal direction: 23.5 Hz

The original SSI model and the refined SSI model are shown in Figures 03.07.02-24.1 and
03.07.02-24.2, respectively. A cut-off frequency of 33 Hz was used in these analyses for transfer
function calculation. For soil layers below groundwater level, the Poisson’s ratio was capped at
0.495 for determining the compression wave velocity. In the original model the Poisson’s ratio
was capped at 0.48.

The mesh refinement needed to meet the passing frequency requirement made the model so large
that it exceeded the capability of the SASSI2000, Version 3, which has been used in all the SSI
analyses. To analyze this larger model, the SASSI2000 Version 3 was modified to allow
handling of larger file sizes and to reduce the run time by using a more efficient solver. The
modified SASSI2000 program has been verified and validated for analyzing this specific case.

The passing frequency of about 24 Hz was selected since the site has a deep soil profile; the SSI
frequencies are below 6 Hz. Also, as noted in Standard Review Plan Section 3.7.1, Revision 3,
Appendix A, the energy content of earthquake motions above 24 Hz is inconsequential.

To further assess the adequacy of the passing frequency of 23.5 Hz, the refined SSI model for the
full basin case was also analyzed with a cut-off frequency of 23.5 Hz, instead of 33 Hz. The
un-widened 5% damped in-structure response spectra from this analysis are compared with the
refined SSI analysis where 33 HZ cut-off frequency was used. Figures 03.07.02-24.17 through
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03.07.02-24.36 show this comparison for the Y (as representative of the horizontal) and Z
(vertical) directions. Also shown on these figures are the corresponding spectra from the original
SSI analysis which had a passing frequency capability of 15.6 Hz and a cutoff frequency of

25.4 Hz. The comparison of the spectra shows that:

e Comparison of the spectra from the original SSI analysis which had passing frequency
of 15.6 Hz with the refined model SSI analysis with 23.5 Hz passing frequency shows
that the responses in the original model were adequately captured for frequencies
significantly beyond 15.6 Hz.

e Note that the increase in the spectra from refined SSI analysis at the four locations
discussed in the following section is mainly due to the structural mesh refinement rather

than the SSI model refinement for passing frequency.

Based on the above, passing frequency of 23.5 Hz is adequate.

Impact of Refined SSI analysis on In-Structure Response Spectra:

To assess the effect of refined model on the resulting in-structure response spectra, the resulting
un-widened 5% damping response spectra for the UB soil case from the refined SSI model, for
both the full and empty UHS basin cases, are compared to the corresponding spectra from the
original SSI model at key locations of the structure (i.e. Pump House walls, Pump House
Operating Floor, Pump House roof, UHS Basin Walls, and UHS Cooling Tower walls). Note
that these locations include locations for comparison of results for structural mesh sensitivity
discussed in the response to RAI 03.07.02-25 which is being submitted concurrently with this
response. The following summary is based on the examination of these spectra comparison plots
shown in Figures 03.07.02-24.37 through 03.07.02-24.87 for the full UHS basin and

Figures 03.07.02-24.88 through 03.07.02-24.138 for the empty UHS basin:

There is good agreement between the spectra from the refined and the original SSI models in
all three X, Y, and Z directions, with the exception of the following cases where the spectra
from the refined model are significantly higher than the respective spectra from the original
SSI model:

e Vertical direction spectra at the center of the Pump House Roof (see Figures
03.07.02-24.48 and 03.07.02-24.99)

e Vertical direction spectra at the center of the Pump House Operating Floor (see Figure
03.07.02-24.54)

e Vertical direction spectra of the Cooling Tower Walls (see Figures 03.07.02-24.69 and
03.07.02-24.120)

e Out-of-plane horizontal spectra of the UHS Basin Walls (see Figures 03.07.02-24.65 and
03.07.02-24.116)
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There are small differences in some other locations also, but those differences are within an
acceptable range of uncertainty in seismic analysis and at locations not critical to design of
subsystems.

Based on the above, modifications are warranted for the existing UHS/RSW Pump House
response spectra for the above 4 cases.

Additionally, in RAI 03.07.02-25, the NRC requested that a structural mesh sensitivity study be
performed. The details of this mesh sensitivity study are provided in the response to

RAI 03.07.02-25, which is being submitted concurrently with this response. Based on the results
of this structural mesh sensitivity study, the following was concluded:

There was good agreement between the in-structure response spectra and maximum
accelerations generated from the original SSI model and refined structural model in all three
X, Y, and Z directions with the exception of the following cases:

Vertical direction spectra at the center of the Pump House Roof

Vertical direction spectra at the center of the Pump House Operating Floor
Vertical direction spectra of the Cooling Tower Walls

Out-of-plane horizontal spectra of the Basin Walls

As can be seen from the conclusions for the refined SSI analysis and the mesh sensitivity study,
the cases from the refined SSI analysis requiring modifications in the existing in-structure
response spectra match those from the mesh sensitivity study.

Impact of Refined SSI analysis on Maximum Accelerations:

Tables 03.07.02-24.1 and 03.07.02-24.2 show the comparison between the maximum
accelerations from the original and refined SSI analyses for the full and empty UHS basin cases,

respectively. These comparisons are also shown in the contour plots provided in Figures
03.07.02-24.140 through 03.07.02-24.145.

Design of UHS/RSW Pump House envelopes the maximum accelerations from the original and
refined SSI analyses for both full and empty UHS basin cases. For further details, see
Supplement 1 response to RAI 03.08.04-30 currently scheduled to be submitted in January 2011.

Resolution of Items Observed in Various Sensitivity Analyses

Based on the results presented above, modifications in the existing in-structure response spectra
are required to address the 1) local increases in response spectra due to structural mesh
refinement and the SSI model refinement, and 2) the impact of the empty basin. The following
process is used to conservatively account for these effects:
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Based on the envelope of the ratios of the in-structure response spectra comparisons
from the structural mesh sensitivity study described in the response to

RAI 03.07.02-25, and spectra comparisons from the SSI model refinement
described in this response for both empty and full basin, determine the envelope
modification factors for the following in-structure response spectra:

e Vertical response spectra at the center of Pump House Roof

e Vertical response spectra at the center of Pump House Operating Floor
e Vertical response spectra for Cooling Tower Walls

e Out-of-plane response spectra for the Basin Walls

The resulting modification factors for the above response spectra are shown in
Table 03.07.02-24.3.

Adjust the applicable spectra in the four locations listed above by multiplying them
with the modification factors determined in Step 1 above. This step is performed
for results from each of the eight analysis cases for the full basin and each of the six
analysis cases for the empty basin using the original SSI mesh.

For all locations and all x, y, and z directions, determine the envelope un-widened
response spectra from all the eight cases of the full basin SSI analysis using the
original SSI mesh and the upper bound refined SSI mesh full basin analysis.

For all locations and all x, y, and z directions, determine the envelope un-widened
response spectra from all the six cases of the empty basin SSI analysis using the
original SSI mesh and the upper bound refined SSI mesh empty basin analysis.

For all locations and all x, y, and z directions, determine the envelope of spectra
from steps 3 and 4 above.

Increase the results of Step 5 to include interpolation between the results of Step 3
and Step 4 to account for a potential frequency shift observed between the empty or
full basin cases. The result is a single envelope data set which envelopes the empty
and full basin analysis sets and includes the interpolated values between the empty
and full basin envelopes. The results of this step are visible in the “C” regions of
Figures 03.07.02-24.139a and 03.07.02-24.139b.

Widen the spectra produced in Step 6 by + 15% on frequency scale. The results of
this step are seen in the “A” and “D” regions of Figures 03.07.02-24.139a and
03.07.02-24.139b.

To produce the final in-structure response spectra for UHS/RSW Pump House, fill
in all valleys of the spectra obtained in Step 7 to remove local minima. The results
of step 8 are seen in the “B” regions of Figures 03.07.02-24.139a and
03.07.02-24.1390.



RAI 03.07.02-24, Supplement 2 U7-C-STP-NRC-100268
Attachment 1
Page 7 of 194

The revised in-structure response spectra per the above criteria are shown in the revised COLA
Part 2, Tier 2 Figures 3H.6-16 through 3H.6-39 (see Enclosure 1).

In-Structure Response Spectra Generation for Site-specific Seismic Category I structures

In-structure response spectra for all site-specific seismic category I structures are determined
based on SSI analysis, using the Operating Basis Earthquake level structural damping values as
given in Regulatory Guide 1.61, except for cracked concrete cases where SSE level structural
damping is used.
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Figure 03.07.02-24.1 - SSI Original Mesh Model Node Numbers
Note that nodes 10025 at center of operating floor and 16765 on south basin wall opposite
16869 are not visible)
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Figure 03.07.02-24.2 - SSI Refined Mesh Model Node Numbers
Note that node 21610 at center of operating floor and 34769 on south basin wall opposite
34930 not visible)
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Broadened X-Direction Response Spectra - Mid-Level of PH Walls (group2) - 5% Damping
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Figure 03.07.02-24.3: Comparison of Envelope Raw X-Direction Response Spectra at Mid-Level of
PH Walls (group2) at 5% Damping.
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Broadened X-Direction Response Spectra - PH Roof (group3) - 5% Damping
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Figure 03.07.02-24.4: Comparison of Envelope Raw X-Direction Response Spectra at PH Roof

(group3) at 5% Damping.
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Broadened X-Direction Response Spectra - Mid Level of Basin Walls (group6) - 5%
Damping
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Figure 03.07.02-24.5: Comparison of Envelope Raw X-Direction Response Spectra at Mid Level of
Basin Walls (group6) at 5% Damping.
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Figure 03.07.02-24.6: Comparison of Envelope Raw X-Direction Response Spectra at Top of Basin

Walls (group7) at 5% Damping.
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Broadened Y-Direction Response Spectra - Bottom of PH Walls (groupl) - 5% Damping

0.40

0.35

0.30

0.25

0.20

Spectral Acceleration (g)

015

0.10

0.05

0.00
0.1

1 10 100

Frequency (Hz)

= Fyll Basin Envelope  —— Empty Basin Envelope

Figure 03.07.02-24.7: Comparison of Envelope Raw Y-Direction Response Spectra at Bottom of PH

Walls (group1) at 5% Damping.
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Broadened Y-Direction Response Spectra - Mid-Level of PH Walls (group2) - 5% Damping
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Figure 03.07.02-24.8: Comparison of Envelope Raw Y-Direction Response Spectra at Mid-Level of
PH Walls (group2) at 5% Damping.
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Broadened Y-Direction Response Spectra - PH Roof (group3) - 5% Damping
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Figure 03.07.02-24.9: Comparison of Envelope Raw Y-Direction Response Spectra at PH Roof
(group3) at 5% Damping.
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Broadened Y-Direction Response Spectra - Mid Level of Basin Walls (group6) - 5%
Damping
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Figure 03.07.02-24.10: Comparison of Envelope Raw Y-Direction Response Spectra at Mid Level of
Basin Walls (group6) at 5% Damping.
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Figure 03.07.02-24.11: Comparison of Envelope Raw Y-Direction Response Spectra at Top of

Basin Walls (group7) at 5% Damping.
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Figure 03.07.02-24.12: Comparison of Envelope Raw Y-Direction Response Spectra at Top of

Cooling Tower Walls (group10) at 5% Damping.




RAI 03.07.02-24, Supplement 2 U7-C-STP-NRC-100268
Attachment 1

Page 30 of 194

Broadened Z-Direction Response Spectra - Bottom of PH Walls (groupl) - 5% Damping
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Figure 03.07.02-24.13: Comparison of Envelope Raw Z-Direction Response Spectra at Bottom of
PH Walls (group1) at 5% Damping.
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Broadened Z-Direction Response Spectra - PH Operating Floor (group4) - 5% Damping
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Figure 03.07.02-24.14: Comparison of Envelope Raw Z-Direction Response Spectra at PH
Operating Floor (group4) at 5% Damping.
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Broadened Z-Direction Response Spectra - Mid Level of Basin Walls (group6) - 5% Damping
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Figure 03.07.02-24.15: Comparison of Envelope Raw Z-Direction Response Spectra at Mid Level of
Basin Walls (group6) at 5% Damping.




RAI 03.07.02-24, Supplement 2 U7-C-STP-NRC-100268
Attachment 1
Page 33 of 194

Broadened Z-Direction Response Spectra - Mid-Level of Cooling Tower Walls (group9) - 5%
Damping
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Figure 03.07.02-24.16: Comparison of Envelope Raw Z-Direction Response Spectra at Mid-Level of
Cooling Tower Walls (group9) at 5% Damping.



RAI 03.07.

02-24, Supplement 2 U7-C-STP-NRC-100268
Attachment 1
Page 34 of 194

0.40

0.35

0.30

0.25

0.20

0.15

0.10

Spectral Acceleration (g)

0.05

0.00

=== Refined, 23.5 Hz Passing, 23.5 Hz Cutoff
= == QOriginal, 15.6 Hz Passing, 25.4 Hz Cutoff

Raw Response Spectra Comparisons for Full Basin Upper Bound Soil at
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Figure 03.07.02-24.17: Comparison of Y - Direction Raw Response Spectra, Full Basin, Upper

Bound Soil at Bottom of PH Walls (Node group1), 5% Damping
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Raw Response Spectra Comparisons for Full Basin Upper Bound Soil at
Mid-Level of PH Walls (Node group2) at 5% Damping
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Figure 03.07.02-24.18 Comparison of Y - Direction Raw Response Spectra, Full Basin, Upper

Bound Soil at Mid-Level of PH Walls (Node group2), 5% Damping
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Raw Response Spectra Comparisons for Full Basin Upper Bound Soil at
PH Roof (Node group3) at 5% Damping
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Figure 03.07.02-24.19: Comparison of Y - Direction Raw Response Spectra, Full Basin, Upper
Bound Soil at PH Roof (Node group3), 5% Damping
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Figure 03.07.02-24.20: Comparison of Y - Direction Raw Response Spectra, Full Basin, Upper

Bound Soil at PH Operating Floor (Node group4), 5% Damping
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Figure 03.07.02-24.21: Comparison of Y - Direction Raw Response Spectra, Full Basin, Upper

Bound Soil at Bottom of Basin Walls (Node group5), 5% Damping
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Raw Response Spectra Comparisons for Full Basin Upper Bound Soil at
Mid Level of Basin Walls (Node group6) at 5% Damping
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Figure 03.07.02-24.22: Comparison of Y - Direction Raw Response Spectra, Full Basin, Upper

Bound Soil at Mid Level of Basin Walls (Node group6), 5% Damping
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Raw Response Spectra Comparisons for Full Basin Upper Bound Soil at
Top of Basin Walls (Node group7) at 5% Damping
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Figure 03.07.02-24.23: Comparison of Y - Direction Raw Response Spectra, Full Basin, Upper
Bound Soil at Top of Basin Walls (Node group7), 5% Damping
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Raw Response Spectra Comparisons for Full Basin Upper Bound Soil at
Bottom of Cooling Tower Walls (Node group8) at 5% Damping
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Figure 03.07.02-24.24: Comparison of Y - Direction Raw Response Spectra, Full Basin, Upper
Bound Soil at Bottom of Cooling Tower Walls (Node group8), 5% Damping
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Raw Response Spectra Comparisons for Full Basin Upper Bound Soil at
Mid-Level of Cooling Tower Walls (Node group9) at 5% Damping
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Figure 03.07.02-24.25: Comparison of Y - Direction Raw Response Spectra, Full Basin, Upper
Bound Soil at Mid-Level of Cooling Tower Walls (Node group9), 5% Damping
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Raw Response Spectra Comparisons for Full Basin Upper Bound Soil at
Top of Cooling Tower Walls (Node group10) at 5% Damping
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Figure 03.07.02-24.26: Comparison of Y - Direction Raw Response Spectra, Full Basin, Upper
Bound Soil at Top of Cooling Tower Walls (Node group10), 5% Damping
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Figure 03.07.02-24.27: Comparison of Z - Direction Raw Response Spectra, Full Basin, Upper

Bound Soil at Bottom of PH Walls (Node group1), 5% Damping
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Raw Response Spectra Comparisons for Full Basin Upper Bound Soil at
Mid-Level of PH Walls (Node group2) at 5% Damping
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Figure 03.07.02-24.28: Comparison of Z - Direction Raw Response Spectra, Full Basin, Upper

Bound Soil at Mid-Level of PH Walls (Node group2), 5% Damping
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Raw Response Spectra Comparisons for Full Basin Upper Bound Soil at
PH Roof (Node group3) at 5% Damping
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Figure 03.07.02-24.29: Comparison of Z - Direction Raw Response Spectra, Full Basin, Upper
Bound Soil at PH Roof (Node group3), 5% Damping
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Raw Response Spectra Comparisons for Full Basin Upper Bound Soil at
PH Operating Floor (Node group4) at 5% Damping
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Figure 03.07.02-24.30: Comparison of Z - Direction Raw Response Spectra, Full Basin, Upper
Bound Soil at PH Operating Floor (Node group4), 5% Damping
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Raw Response Spectra Comparisons for Full Basin Upper Bound Soil at
Bottom of Basin Walls (Node group5) at 5% Damping

0.50
0.45

0.40

0.35 M

0.30

0.25 /

0.20

0.15 / \M‘___

0.10 [

0.00 T T |
0.1 1 10 100

Spectral Acceleration (g)

Frequency (Hz)

=== Refined, 23.5 Hz Passing, 23.5 Hz Cutoff Refined, 23.5 Hz Passing, 33 Hz Cutoff

= == Original, 15.6 Hz Passing, 25.4 Hz Cutoff

Figure 03.07.02-24.31: Comparison of Z - Direction Raw Response Spectra, Full Basin, Upper
Bound Soil at Bottom of Basin Walls (Node group5), 5% Damping
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Raw Response Spectra Comparisons for Full Basin Upper Bound Soil at
Mid Level of Basin Walls (Node group6) at 5% Damping
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Figure 03.07.02-24.32: Comparison of Z - Direction Raw Response Spectra, Full Basin, Upper

Bound Soil at Mid Level of Basin Walls (Node group6), 5% Damping
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Raw Response Spectra Comparisons for Full Basin Upper Bound Soil at
Top of Basin Walls (Node group7) at 5% Damping
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Figure 03.07.02-24.33: Comparison of Z - Direction Raw Response Spectra, Full Basin, Upper

Bound Soil at Top of Basin Walls (Node group7), 5% Damping
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Raw Response Spectra Comparisons for Full Basin Upper Bound Soil at
Bottom of Cooling Tower Walls (Node group8) at 5% Damping
1.20
1.00
C
c
2 0.80 ,“
© c4
o ' "
3 0.60
9
<
©
5 0.40
] \"\
Q.
wv r—
0.20 Sl
0.00 - T T 1
0.1 1 10 100
Frequency (Hz)
=== Refined, 23.5 Hz Passing, 23.5 Hz Cutoff Refined, 23.5 Hz Passing, 33 Hz Cutoff
= == Original, 15.6 Hz Passing, 25.4 Hz Cutoff

Figure 03.07.02-24.34: Comparison of Z - Direction Raw Response Spectra, Full Basin, Upper
Bound Soil at Bottom of Cooling Tower Walls (Node group8), 5% Damping
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Raw Response Spectra Comparisons for Full Basin Upper Bound Soil at
Mid-Level of Cooling Tower Walls (Node group9) at 5% Damping
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Figure 03.07.02-24.35: Comparison of Z - Direction Raw Response Spectra, Full Basin, Upper
Bound Soil at Mid-Level of Cooling Tower Walls (Node group9), 5% Damping
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Raw Response Spectra Comparisons, Full Basin, Upper Bound Soil at Top
of Cooling Tower Walls (Node group10) at 5% Damping
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Figure 03.07.02-24.36: Comparison of Z - Direction Raw Response Spectra, Full Basin, Upper
Bound Soil at Top of Cooling Tower Walls (Node group10), 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 18449, Full Basin Upper Bound Soil - Top of Cooling Tower Walls -
5% Damping
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Figure 03.07.02-24.37: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
18449, Full Basin Upper Bound Soil - Top of Cooling Tower Walls - 5% Damping
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Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 18449, Full Basin Upper Bound Soil - Top of Cooling Tower Walls -
5% Damping
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Figure 03.07.02-24.38: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node
18449, Full Basin Upper Bound Soil - Top of Cooling Tower Walls - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 18449, Full Basin Upper Bound Soil - Top of Cooling Tower Walls -
5% Damping
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Figure 03.07.02-24.39: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
18449, Full Basin Upper Bound Soil - Top of Cooling Tower Walls - 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 17263, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5%
Damping
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Figure 03.07.02-24.40: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
17263, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5% Damping
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Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 17263, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5%
Damping
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Figure 03.07.02-24.41: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node
17263, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 17263, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5%
Damping
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Figure 03.07.02-24.42: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
17263, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5% Damping
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Figure 03.07.02-24.43: Comparison of X - Direction Raw Response Spectra for Original Mesh Node

16608, Full Basin Upper Bound Soil - PH Roof - 5% Damping
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Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 16608, Full Basin Upper Bound Soil - PH Roof - 5% Damping
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Figure 03.07.02-24.44: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node
16608, Full Basin Upper Bound Soil - PH Roof - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh

Node 16608, Full Basin Upper Bound Soil - PH Roof - 5% Damping
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Figure 03.07.02-24.45: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node

16608, Full Basin Upper Bound Soil - PH Roof - 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 16544, Full Basin Upper Bound Soil - PH Roof - 5% Damping
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Figure 03.07.02-24.46: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
16544, Full Basin Upper Bound Soil - PH Roof - 5% Damping
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Comparison of Y - Direction Raw Response Spectra for Original Mesh
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Figure 03.07.02-24.47: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node

16544, Full Basin Upper Bound Soil - PH Roof - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 16544, Full Basin Upper Bound Soil - PH Roof - 5% Damping
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Figure 03.07.02-24.48: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
16544, Full Basin Upper Bound Soil - PH Roof - 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 10155, Full Basin Upper Bound Soil - PH Operating Floor - 5%
Damping

0.35

0.3
C

e 0.25
2
w

@ 0.2
[ 1]
o

a4 0.15
o

T
o
(%3]

0.05

0 T T 1
0.1 1 10 100
Frequency [Hz)
=== Original Mesh Refined Mesh

Figure 03.07.02-24.49: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
10155, Full Basin Upper Bound Soil - PH Operating Floor - 5% Damping
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Figure 03.07.02-24.50: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node
10155, Full Basin Upper Bound Soil - PH Operating Floor - 5% Damping




RAI 03.07.02-24, Supplement 2 U7-C-STP-NRC-100268
Attachment 1

Page 68 of 194
Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 10155, Full Basin Upper Bound Soil - PH Operating Floor - 5%
Damping
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Figure 03.07.02-24.51: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
10155, Full Basin Upper Bound Soil - PH Operating Floor - 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 10025, Full Basin Upper Bound Soil - PH Operating Floor - 5%
Damping
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Figure 03.07.02-24.52: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
10025, Full Basin Upper Bound Soil - PH Operating Floor - 5% Damping
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Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 10025, Full Basin Upper Bound Soil - PH Operating Floor - 5%
Damping
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Figure 03.07.02-24.53: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node
10025, Full Basin Upper Bound Soil - PH Operating Floor - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 10025, Full Basin Upper Bound Soil - PH Operating Floor - 5%
Damping
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Figure 03.07.02-24.54: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
10025, Full Basin Upper Bound Soil - PH Operating Floor - 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 17956, Full Basin Upper Bound Soil - Mid-Level of Cooling Tower
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Figure 03.07.02-24.55: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
17956, Full Basin Upper Bound Soil - Mid-Level of Cooling Tower Walls - 5% Damping
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Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 17956, Full Basin Upper Bound Soil - Mid-Level of Cooling Tower
Walls - 5% Damping
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Figure 03.07.02-24.56: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node
17956, Full Basin Upper Bound Soil - Mid-Level of Cooling Tower Walls - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 17956, Full Basin Upper Bound Soil - Mid-Level of Cooling Tower
Walls - 5% Damping
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Figure 03.07.02-24.57: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
17956, Full Basin Upper Bound Soil - Mid-Level of Cooling Tower Walls - 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 16815, Full Basin Upper Bound Soil - Mid-Level of Basin Walls - 5%
Damping
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Figure 03.07.02-24.58: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
16815, Full Basin Upper Bound Soil - Mid-Level of Basin Walls - 5% Damping
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Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 16815, Full Basin Upper Bound Soil - Mid-Level of Basin Walls - 5%
Damping
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Figure 03.07.02-24.59: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node
16815, Full Basin Upper Bound Soil - Mid-Level of Basin Walls - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 16815, Full Basin Upper Bound Soil - Mid-Level of Basin Walls - 5%
Damping
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Figure 03.07.02-24.60: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
16815, Full Basin Upper Bound Soil - Mid-Level of Basin Walls - 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 16869, Full Basin Upper Bound Soil - Mid-Level of Basin Walls - 5%
Damping
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Figure 03.07.02-24.61: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
16869, Full Basin Upper Bound Soil - Mid-Level of Basin Walls - 5% Damping
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Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 16869, Full Basin Upper Bound Soil - Mid-Level of Basin Walls - 5%
Damping
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Figure 03.07.02-24.62: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node

16869, Full Basin Upper Bound Soil - Mid-Level of Basin Walls - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 16869, Full Basin Upper Bound Soil - Mid-Level of Basin Walls - 5%
Damping
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Figure 03.07.02-24.63: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
16869, Full Basin Upper Bound Soil - Mid-Level of Basin Walls - 5% Damping
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Figure 03.07.02-24.64: Comparison of X - Direction Raw Response Spectra for Original Mesh Node

16765, Full Basin Upper Bound Soil - Mid-Level of Basin Walls - 5% Damping
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Figure 03.07.02-24.65: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node
16765, Full Basin Upper Bound Soil - Mid-Level of Basin Walls - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 16765, Full Basin Upper Bound Soil - Mid-Level of Basin Walls - 5%
Damping
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Figure 03.07.02-24.66: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
16765, Full Basin Upper Bound Soil - Mid-Level of Basin Walls - 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 18431, Full Basin Upper Bound Soil - Top of Cooling Tower Walls -
5% Damping
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Figure 03.07.02-24.67: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
18431, Full Basin Upper Bound Soil - Top of Cooling Tower Walls - 5% Damping
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Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 18431, Full Basin Upper Bound Soil - Top of Cooling Tower Walls -

5% Damping
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Figure 03.07.02-24.68: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node
18431, Full Basin Upper Bound Soil - Top of Cooling Tower Walls - 5% Damping
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Figure 03.07.02-24.69: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
18431, Full Basin Upper Bound Soil - Top of Cooling Tower Walls - 5% Damping
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Figure 03.07.02-24.70: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
17431, Full Basin Upper Bound Soil - Bottom of Cooling Tower Walls - 5% Damping
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Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 17431, Full Basin Upper Bound Soil - Bottom of Cooling Tower Walls
- 5% Damping
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Figure 03.07.02-24.71: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node
17431, Full Basin Upper Bound Soil - Bottom of Cooling Tower Walls - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 17431, Full Basin Upper Bound Soil - Bottom of Cooling Tower Walls
- 5% Damping

1.2

Spectral Acceleration (g)
=
o

0.2

0.1 1 10 100

Frequency (Hz)

Refined Mesh

= Original Mesh

Figure 03.07.02-24.72: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
17431, Full Basin Upper Bound Soil - Bottom of Cooling Tower Walls - 5% Damping
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Figure 03.07.02-24.73: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
14995, Full Basin Upper Bound Soil - Mid-Level of PH Walls - 5% Damping
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Figure 03.07.02-24.74: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node

14995, Full Basin Upper Bound Soil - Mid-Level of PH Walls - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 14995, Full Basin Upper Bound Soil - Mid-Level of PH Walls - 5%
Damping
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Figure 03.07.02-24.75: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
14995, Full Basin Upper Bound Soil - Mid-Level of PH Walls - 5% Damping
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Figure 03.07.02-24.76; Comparison of X - Direction Raw Response Spectra for Original Mesh Node
16625, Full Basin Upper Bound Soil - PH Roof - 5% Damping
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Figure 03.07.02-24.77: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node
16625, Full Basin Upper Bound Soil - PH Roof - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 16625, Full Basin Upper Bound Soil - PH Roof - 5% Damping
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Figure 03.07.02-24.78: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
16625, Full Basin Upper Bound Soil - PH Roof - 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 17527, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5%
Damping
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Figure 03.07.02-24.79: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
17527, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5% Damping
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Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 17527, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5%
Damping
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Figure 03.07.02-24.80: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node

17527, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 17527, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5%
Damping
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Figure 03.07.02-24.81: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
17527, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 17493, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5%
Damping
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Figure 03.07.02-24.82: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
17493, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5% Damping
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Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 17493, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5%
Damping
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Figure 03.07.02-24.83: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node
17493, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 17493, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5%
Damping
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Figure 03.07.02-24.84: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
17493, Full Basin Upper Bound Soil - Top of UHS Basin Walls - 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 18341, Full Basin Upper Bound Soil - Top of Cooling Tower Walls -
5% Damping
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Figure 03.07.02-24.85: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
18341, Full Basin Upper Bound Soil - Top of Cooling Tower Walls - 5% Damping
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Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 18341, Full Basin Upper Bound Soil - Top of Cooling Tower Walls -
5% Damping
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Figure 03.07.02-24.86: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node
18341, Full Basin Upper Bound Soil - Top of Cooling Tower Walls - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 18341, Full Basin Upper Bound Soil - Top of Cooling Tower Walls -
5% Damping
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Figure 03.07.02-24.87: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
18341, Full Basin Upper Bound Soil - Top of Cooling Tower Walls - 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 18449, Empty Basin Upper Bound Soil - Top of Cooling Tower Walls
- 5% Damping

2.5

1.5

1 L

1 10 100

Spectral Acceleration (g)

0.1
Frequency (Hz)

Refined Mesh

= Original Mesh

Figure 03.07.02-24.88: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
18449, Empty Basin Upper Bound Soil - Top of Cooling Tower Walls - 5% Damping
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Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 18449, Empty Basin Upper Bound Soil - Top of Cooling Tower Walls
- 5% Damping
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Figure 03.07.02-24.89: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node
18449, Empty Basin Upper Bound Soil - Top of Cooling Tower Walls - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 18449, Empty Basin Upper Bound Soil - Top of Cooling Tower Walls
- 5% Damping
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Figure 03.07.02-24.90: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
18449, Empty Basin Upper Bound Soil - Top of Cooling Tower Walls - 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 17263, Empty Basin Upper Bound Soil - Top of UHS Basin Walls - 5%
Damping
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Figure 03.07.02-24.91: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
17263, Empty Basin Upper Bound Soil - Top of UHS Basin Walls - 5% Damping



RAI 03.07.02-24, Supplement 2 U7-C-STP-NRC-100268

Attachment 1
Page 109 of 194

Spectral Acceleration (g)

0.45

o /h\

o]

£

\

o}

b Y
= n

Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 17263, Empty Basin Upper Bound Soil - Top of UHS Basin Walls - 5%
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Figure 03.07.02-24.92: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node

17263, Empty Basin Upper Bound Soil - Top of UHS Basin Walls - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh

Damping

Node 17263, Empty Basin Upper Bound Soil - Top of UHS Basin Walls - 5%
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Figure 03.07.02-24.93: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
17263, Empty Basin Upper Bound Soil - Top of UHS Basin Walls - 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 16608, Empty Basin Upper Bound Soil - PH Roof - 5% Damping
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Figure 03.07.02-24.94: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
16608, Empty Basin Upper Bound Soil - PH Roof - 5% Damping
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Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 16608, Empty Basin Upper Bound Soil - PH Roof - 5% Damping
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Figure 03.07.02-24.95: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node
16608, Empty Basin Upper Bound Soil - PH Roof - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 16608, Empty Basin Upper Bound Soil - PH Roof - 5% Damping
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Figure 03.07.02-24.96: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node

16608, Empty Basin Upper Bound Soil - PH Roof - 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 16544, Empty Basin Upper Bound Soil - PH Roof - 5% Damping
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Figure 03.07.02-24.97: Comparison of X - Direction Raw Response Spectra for Original Mesh Node
16544, Empty Basin Upper Bound Soil - PH Roof - 5% Damping
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Figure 03.07.02-24.98: Comparison of Y - Direction Raw Response Spectra for Original Mesh Node

16544, Empty Basin Upper Bound Soil - PH Roof - 5% Damping
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Comparison of Z - Direction Raw Response Spectra for Original Mesh
Node 16544, Empty Basin Upper Bound Soil - PH Roof - 5% Damping
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Figure 03.07.02-24.99: Comparison of Z - Direction Raw Response Spectra for Original Mesh Node
16544, Empty Basin Upper Bound Soil - PH Roof - 5% Damping
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Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 10155, Empty Basin Upper Bound Soil - PH Operating Floor - 5%
Damping
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Figure 03.07.02-24.100: Comparison of X - Direction Raw Response Spectra for Original Mesh
Node 10155, Empty Basin Upper Bound Soil - PH Operating Floor - 5% Damping
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Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 10155, Empty Basin Upper Bound Soil - PH Operating Floor - 5%
Damping
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Figure 03.07.02-24.101: Comparison of Y - Direction Raw Response Spectra for Original Mesh
Node 10155, Empty Basin Upper Bound Soil - PH Operating Floor - 5% Damping
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