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Chapter 3 Design of Structures, Components, Equipment, and

STD CDI

STD CDI

NAPS CDI

NAPS CDI

NAPS SUP 3.3

Systems

3.1 Conformance with NRC General Design Criteria

This section of the referenced DCD is incorporated by reference with no
departures or supplements.

3.2 Classification of Structures, Systems and Components

This section of the referenced DCD is incorporated by reference with the
following departures and/or supplements.

Add the following sentence at the end of Section 3.2.

There are no site-specific safety related or non-safety related RTNSS
systems beyond the scope of the DCD.

Table 3.2-1 Classification Summary

Replace the note for System P73 with the following.

The site-specific plant design includes the HWCS. See Section 9.3.9 for
further details

Replace the note for System P74 with the following.

The site-specific plant design includes the Zinc Injection System. See
Section 9.3.11 for further details.

Replace the note for System U78 with the following.
The site-specific plant design does not include the cold machine shop.

3.3 Wind and Tornado Loadings

This section of the referenced DCD is incorporated by reference with the
following departures and/or supplements.

3.3.24  Extreme Hurricane Winds

Section 2.3 defines the site-specific extreme hurricane wind speed in
accordance with RG 1.221, “Design-Basis Hurricane and Hurricane
Missiles for Nuclear Power Plants.” The site-specific extreme hurricane
wind speed is less than the maximum tornado wind speed listed in
Table 2.0-201.
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NAPS SUP 3.5-3

STD SUP 3.5-1

STD SUP 3.5-2

3.4 Water Level (Flood) Design

This section of the referenced DCD is incorporated by reference with no
departures or supplements.

3.5 Missile Protection

This section of the referenced DCD is incorporated by reference with the
following departures and/or supplements.

3.5.1.4 Missiles Generated by Natural Phenomena

Add the following paragraph after the fourth paragraph.

Section 2.3 defines the site-specific extreme hurricane winds in
accordance with RG 1.221, “Design-Basis Hurricane and Hurricane
Missiles for Nuclear Power Plants.” The site-specific extreme hurricane
wind speed is less than the maximum tornado wind speed listed in
Table 2.0-201. Potential missiles generated by the extreme hurricane
wind are not considered to be more severe than the missiles generated
by a tornado.

3.5.1.5 Site Proximity Missiles (Except Aircraft)

Add the following sentence after the first sentence in the first paragraph.
Site-specific missile sources are addressed in Section 2.2.

3.5.1.6  Aircraft Hazards

Add the following at the end of the first paragraph.

Site-specific aircraft hazard analysis and the site-specific critical areas
are addressed in Section 2.2.

3.6 Protection Against Dynamic Effects Associated with the
Postulated Rupture of Piping

This section of the referenced DCD is incorporated by reference with no
departures or supplements.
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NAPS DEP 3.7-1

3.7 Seismic Design

This section of the referenced DCD is incorporated by reference with the
following departures and/or supplements.

3.7.1 Seismic Design Parameters

Replace the last four sentences of this section with following.

SSE design ground motion for purposes of seismic design, analysis, and
qualification of Unit 3 plant structures, systems, and components, is
defined by two sets of ground motion acceleration response spectra:

+ the single envelope design ground motion response spectra or
Certified Seismic Design Response Spectra (CSDRS) described in
Section 3.7.1.1.3 that defines the SSE design motion for seismic
design of ESBWR Standard Plant, and

« the site-specific FIRS described in Section 3.7.1.1.4.2, representative
of the Unit 3 site specific seismological and geological conditions.

Figures 2.0-201 through 2.0-204 present these 5 percent damped
acceleration response spectra that define the site-specific design ground
motion as a free-field outcrop motion at the foundation bottom of each
Seismic Category | structure. DCD Figures 2.0-1 and 2.0-2 present the
standard design CSDRS.

For each structure and each equipment location within the buildings,
in-structure response spectra (ISRS) are developed. The site-specific
ISRS that exceed the standard design ISRS, are used in conjunction with
the standard design ISRS for seismic design and qualification of
equipment and components.

This approach applies to SSCs that are required to withstand SSE loads.
Similarly, other SSCs that are specifically required to meet SSE seismic
demands are designed, analyzed, and qualified using the process in
Sections 3.7.1 and 3.7.2 for applying the CSDRS and site-specific FIRS.
The same approach is applied for the Seismic Category Il and Radwaste
Building structures.

The plant shutdown OBE is defined as 1/3 of the SSE. The following two
sets of horizontal and vertical OBE response spectra at grade serve as

3-3 Revision 7
December 2013




BASIS: ESBWR COLA

North Anna 3
Combined License Application
Part 2: Final Safety Analysis Report

NAPS SUP 3.7-7

the reference against which OBE exceedance checks are performed for
the purpose of plant shutdown:

(@) 1/3 of the CSDRS presented in Figures 2.0-201 and 2.0-202 that
define the free field ground motion at bottom of the RB/FB and CB
foundations;

(b) 1/3 of the performance-based surface response spectra (PBSRS)
presented in Figure 2.5.2-311 that define the Unit 3 site specific free
field ground motion at grade.

The use of CSDRS in (a) above as the basis for defining the OBE at
grade for the purpose of plant shutdown is conservative since it neglects
to consider the amplifications of the standard design ground motion as it
propagates from the bottom of the RB/FB and CB foundations to the
plant grade. Plant shutdown is required only if there is an exceedance of
both OBE spectra. See Section 3.7.4.4 for discussion on seismic
monitoring instrumentation.

3.7.1.1  Design Ground Motion

Add the following at the end of this section.

As shown in Figures 2.0-201 through 2.0-204, the site-specific FIRS
calculated for Seismic Category | structures of Unit 3 exceed the
CSDRS. Therefore, site-specific SSI analyses of these structures are
carried out using the site-specific seismic design parameters described in
this section. The site-specific seismic design parameters are developed
as described in detail in Sections 3.7.1.1.4 and 3.7.1.1.5. These design
parameters include the SSI input strain compatible soil profiles, SSI input
response spectra, and SSI input acceleration time histories for the
following Seismic Category | structures:

» Reactor Building/Fuel Building
» Control Building
» Fire Water Service Complex

The development of the site-dependent SSE at-grade and the OBE
at-grade spectra are described in Section 3.7.1.1.6.
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NAPS DEP 3.7-1

NAPS SUP 3.7-1

3.7.1.1.3 Single Envelope Ground Motion

Add the following at the beginning of this section.

This section provides information regarding the single envelope ground
response spectra used for seismic design of the ESBWR Standard Plant.
The comparisons in Figures 2.0-201 through 2.0-204 show that Unit 3
sites-specific FIRS exceed these single envelope ground response
spectra, thus indicating that it is necessary to perform the site-specific
SSl analysis presented in Section 3.7.2.4.1, using the site-specific design
parameters described in Sections 3.7.1.1.4 and 3.7.1.1.5. Structures,
systems, and components are seismically designed, analyzed, and
qualified to multiple response spectra for both generic and site-specific
seismic and subgrade conditions, as described in Section 3.7.2, and for
equipment seismic qualification as described in Section 3.10. The
CSDRS is one of two spectra used for ensuring that SSCs meet the
requirements for seismic design adequacy.

DCD Table 3.7-2 provides the single envelope design ground motion at
foundation level for the structures that are designed to meet Seismic
Category | requirements and which is referred to as the CSDRS for the
ESBWR Standard Plant. The site-specific SSI analyses indicate that
additional ground motion response spectra apply, as described in
Section 3.7.2.

The information below relates to the CSDRS used for seismic design of
the ESBWR Standard Plant. These design ground motion response
spectra are used in conjunction with the site-specific ground motion
response spectra, as described in Section 3.7.1.1.4.2.

3.7.1.1.4  Site-Specific Design Ground Motion Response Spectra

3.7.1.1.41 SSI Strain-Compatible Soil Profiles

Best estimate (BE), lower bound (LB), and upper bound (UB) soil
properties are calculated consistent with the FIRS for each Seismic
Category | structure from their corresponding probabilistic full column site
response analysis results and are presented in the following sections.
The details of the site response analysis are described in Section 2.5.2.5.

3.7.1.1.41.1 S8l Strain-Compatible Soil Profiles for the RB/FB

From the probabilistic full column site response analyses of the RB/FB
soil column set (presented in Section 2.5.2.5), a set of 60
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strain-compatible soil properties is obtained for each of the 4 input rock
cases (10'4 and 10°° annual-frequency-of-exceedance (1E-4 and 1E-5
hazard level) low frequency (LF) and high frequency (HF) as described in
Section 2.5.2.4). The log-mean (u,,) and log-standard deviation (log-SD,
W) for each of the 4 sets of shear wave velocity (Vg) and damping ratios
are calculated. These values are used to establish the log-mean and
log-SD of the strain compatible properties that are consistent to FIRS
motions using Ag and DF factors (described in Section 2.5.2.6),
calculated for the acceleration response spectra (ARS) at the ground
surface.

The simulated (randomized) profiles described in Section 2.5.2.5 include
a variation in the thickness of different strata (a stratum is defined as a
thickness of rock or soil having the same initial dynamic and static
properties). For deterministic SSI analysis, the strain-compatible soil
profiles are obtained from the strain-compatible soil properties of the
simulated profiles using the data for each soil layer type within the profile.
The stratum log-mean and log-standard deviation strain compatible
properties are used with the BE thicknesses for each stratum to obtain
the LB, BE, and UB SSI input strain-compatible soil profiles.

The log-mean values of the FIRS-consistent strain-compatible damping
ratios are used to determine the BE damping ratio profile. The LB and UB
values for the strain compatible damping ratios are calculated as
plus/minus one log-standard deviation from the log-mean values by
applying Equations 3.7.1.1-1 and 3.7.1.1-2.

Lower bound and upper bound Vg corresponding to FIRS are calculated
by applying Equations 3.7.1.1-1 and 3.7.1.1-2 in conjunction with the
FIRS-consistent log-mean and log-standard deviation as described
above. However, lower bound shear wave velocity profiles are calculated
as the minimum resulting from Equation 3.7.1.1-1 and (VS)FIRS/(JE),
and upper bound shear wave velocity profiles are calculated as the
maximum resulting from Equation 3.7.1.1-2 and (VS)FIRSX J1.5 to
satisfy the minimum variation requirements of ASCE 4-98.
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Primary (P- or compression) wave velocity Vp is calculated using
Equation 3.7.1.1-3 (Reference 3.7-201), where Poisson’s ratio v values,
at different depths, are provided in Section 2.5.4.

2-2v
Vo = Ve | 3.7.1.1-3
P SN1-2v ( )

For soil layers below water table, a minimum shear wave velocity of
4800 ft/sec is maintained and, as needed, the Poisson’s ratio is adjusted
to obtain the minimum P-wave velocity. The maximum value of Poisson’s
ratio used is 0.48 to avoid numerical instability.

Figure 3.7.1-201 presents the SSI shear wave velocity profiles for the
RB/FB. SSI damping and P-wave velocity profiles for this structure are
presented in Figures 3.7.1-202 and 3.7.1-203, respectively. The lower
shear wave and P-wave velocities are used in conjunction with the higher
damping values to form the LB profile, and vice versa for the UB profile.
Table 3.7.1-201 presents the digital values for the RB/FB SSI input
strain-compatible soil profiles. The provided soil profiles correspond to
the fully embedded SSI analysis of the RB/FB. The top 17 ft of this profile
(the top 7 layers in Table 3.7.1-201) correspond to saprolite and are
removed in the partially embedded SSI analysis of the RB/FB.

As described in Section 2.5.4, adjacent to the structure, the in-situ
saprolite is replaced by structural fill and Zone lll rock is replaced by
concrete fill. These features are explicitly included in the SSI model of the
RB/FB. The strain-compatible properties for the structural fill for the
RB/FB are obtained following the steps described above for the in-situ
profile and applied to a companion fill profile for the RB/FB. The
companion RB/FB profile is identical to the in-situ profile except that
randomized saprolite and Zone Ill rock properties are replaced with
randomized structural fill and concrete fill properties, respectively.

Finally, the lower bound and upper bound shear wave velocities, P-wave
velocities, and damping ratios for the structural fill compatible with FIRS
are calculated following the methodology described above and presented
in Table 3.7.1-202. The same table provides the LB, BE, and UB values
for the concrete fill to be used in the SSI analysis model. The concrete fill
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is considered as linear material for the purpose of site response and SSI
analyses.

3.7.1.1.41.2 S8l Strain-Compatible Soil Profiles for the CB

The SSI strain-compatible soil profiles for the CB are calculated from the
probabilistic full column site response analyses of the CB soil column set
(presented in Section 2.5.2.5) following the same approach as described
above for the RB/FB structure.

Figure 3.7.1-204 presents the SSI shear wave velocity profiles for the
CB. SSI damping and P-wave velocity profiles for this structure are
presented in Figures 3.7.1-205 and 3.7.1-206, respectively. The lower
shear wave and P-wave velocities are used in conjunction with the higher
damping values to form the LB profile, and vice versa for the UB profile.
Table 3.7.1-203 presents the digital values for the CB SSI input
strain-compatible soil profiles.

As described in Section 2.5.4, adjacent to the structure, the in-situ
saprolite is replaced by structural fill and Zone Il rock is replaced by
concrete fill. These features are explicitly included in the SSI model of the
CB. The strain compatible properties for the structural fill for the CB are
similarly obtained as those for the RB/FB and presented in
Table 3.7.1-204. The same table provides the LB, BE, and UB values for
the concrete fill to be used in the SSI analysis model. The concrete fill is
considered as linear material for the purpose of site response and SSI
analyses.

3.7.1.1.41.3 S8l Strain-Compatible Soil Profiles for the FWSC

The SSI strain-compatible soil profiles for the FWSC are calculated from
the probabilistic full column site response analyses of the FWSC soil
column set (presented in Section 2.5.2.5) following the same approach
as described above for the RB/FB structure.

Figure 3.7.1-207 presents the SSI shear wave velocity profiles for the
FWSC. SSI damping and P-wave velocity profiles for this structure are
presented in Figures 3.7.1-208 and 3.7.1-209, respectively. The lower
shear wave and P-wave velocities are used in conjunction with the higher
damping values to form the LB profile, and vice versa for the UB profile.
Table 3.7.1-205 presents the digital values for the FWSC SSI input
strain-compatible soil profiles.
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As described in Section 2.5.4, for the FWSC, the foundation of the
structure is supported by concrete fill situated on Zone IlI-1V rock.
Adjacent to the structure, the in-situ saprolite is replaced by structural fill
and Zone Il rock is replaced by concrete fill. These features are explicitly
included in the SSI model of the FWSC. The strain compatible properties
for the structural fill for the FWSC are similarly obtained as those for the
RB/FB and presented in Table 3.7.1-206. The same table provides the
LB, BE, and UB values for the concrete fill to be used in the SSI analysis
model. The concrete fill is considered as linear material for the purpose of
site response and SSI analyses.

3.71.1.4.2 Site-Specific SSI Input Response Spectra

The FIRS for all Seismic Category | structures are presented in
Section 2.5.2.6. For each Seismic Category | structure, the site-specific
SSI input response spectra are obtained from its corresponding FIRS by
ensuring that the requirements of ISG-17 (Reference 3.7-202) with
regards to the adequacy of the input motion for embedded SSI analyses
are met. This verification is referred to as the NEI check in reference to
the Nuclear Energy Institute (NEI) white paper (Reference 3.7-203).
Once the NEI check is done for a given FIRS and any necessary
adjustments are made, the resulting spectra is termed the “SSI input
response spectra.”

In addition, the site-specific SSI input response spectra are augmented
by the broadband horizontal and vertical response spectra defined in
RG 1.60 anchored at 0.1g to satisfy the minimum design ground motion
requirements of 10 CFR 50, Appendix S. The resulting ARS are labeled
as “Final SSI Input Response Spectra.” The development of these
spectra for all Seismic Category | structures is described in the following
sections.

3.7.1.1.4.2.1 SSI Input Response Spectra for the RB/FB

The site-specific SSI input response spectra are calculated for SSI
analysis of the RB/FB structure as partially embedded (only considering
embedment in rock) and as fully embedded. The corresponding partial
column outcrop FIRS and full column outcrop FIRS for this structure as
well as the performance-based surface response spectra (PBSRS) are
presented in Section 2.5.2.6.

The NEI check is conducted for the RB/FB by convolving the full column
and partial column outcrop FIRS (at the foundation level, Elevation 224 ft
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NAVD88) through the LB, BE, and UB strain compatible soil profiles of
the RB/FB (Section 3.7.1.1.4.1), and comparing the envelope of the
resulting top-of-the-column ARS with the PBSRS. The horizontal FIRS
are convolved to the top of the soil column using vertically propagating
shear waves and the vertical FIRS are convolved to the surface through
vertically propagating P-waves. Shear wave damping is used for both
horizontal and vertical analyses. The analyses are carried out linearly
with no further degradation of the strain-compatible profiles. The
horizontal and vertical 5 percent damped ARS at the top of the saoil
columns corresponding to each SSI input soil profile are determined and
the horizontal and vertical envelope resulting from the LB, BE, and UB
soil columns for the structure is compared to the horizontal and vertical
PBSRS.

For each direction (horizontal or vertical) and each embedment
configuration (fully or partially embedded FIRS), if the envelope of the LB,
BE, and UB ARS (at the top of the SSI input soil column) does not
envelope the corresponding PBSRS, the FIRS must be adjusted. The
frequency dependent adjustment factor is either unity or the ratio of
PBSRS to the envelope of LB, BE, and UB ARS, whichever is greater. In
order to satisfy the NEI check, this adjustment factor is applied to the
computed FIRS at the foundation level to yield the full column and partial
column horizontal and vertical SSI input response spectra for the RB/FB.

Figures 3.7.1-210 and 3.7.1-211 present the envelope of the ground
surface ARS for the horizontal and vertical full column FIRS, respectively.
Figures 3.7.1-212 and 3.7.1-213 present the horizontal and vertical
envelope ARS at surface as well as their corresponding FIRS and
PBSRS. For the RB/FB full column FIRS, the adjustment occurs for the
horizontal FIRS below 6.6 Hz with the largest adjustment factor being
1.27. For the vertical FIRS, the adjustment is much more significant,
especially between frequencies of 1 Hz and 20 Hz with the maximum
adjustment factor being 1.73. The adjusted full column FIRS for RB/FB
are referred to as the SSI input response spectra for RB/FB and are also
presented in Figures 3.7.1-212 and 3.7.1-213.

The NEI check for the partial column FIRS for RB/FB are carried out in a
similar manner. The corresponding figures are provided in
Figures 3.7.1-214 through 3.7.1-217. The necessary adjustment factors
for RB/FB partial column FIRS are less than 1.01 for both horizontal and
vertical directions. The adjusted partial column FIRS are referred to as
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the partial column SSI input response spectra for RB/FB and are
presented in Figures 3.7.1-216 and 3.7.1-217.

For the full column analyses (applicable to fully embedded SSI analyses),
the final horizontal and vertical SSI input response spectra are calculated
as the envelope of the full column SSI input response spectra and the
minimum required response spectra which are adopted from the
horizontal and vertical broadband spectra defined in RG 1.60 and
anchored at 0.1g. Similarly, for the partial soil column analyses
(applicable to SSI analyses of the structures as partially embedded), the
final horizontal and vertical SSI input motions are calculated as the
envelope of the partial column SSI input response spectra and the
minimum required response spectra. These final SSI input response
spectra are presented in Figures 3.7.1-218 through 3.7.1-220 and
tabulated in Table 3.7.1-207. These spectra are used as target ARS for
development of SSI input time histories in subsequent analyses.

3.7.1.1.4.2.2 SSI Input Response Spectra for the CB

The site-specific SSI input response spectra are calculated for SSI
analysis of the CB structure as partially embedded (only considering
embedment in rock) and as fully embedded. The corresponding partial
column outcrop FIRS and full column outcrop FIRS for this structure as
well as the PBSRS are presented in Section 2.5.2.6.

The SSI input response spectra for the CB are obtained after adjusting
the FIRS as necessary for the NEI check following the same approach as
described for RB/FB. For the CB, Figures 3.7.1-221 and 3.7.1-222
present the envelope of the ground surface ARS for the horizontal and
vertical full column FIRS, respectively. Figures 3.7.1-223 and 3.7.1-224
present the horizontal and vertical envelope ARS at surface as well as
their corresponding FIRS and PBSRS. Where the PBSRS exceed the
envelope of surface ARS, the FIRS is adjusted (upward adjustment only,
i.e., adjustment factor is always larger than one) by the ratio of the
PBSRS to the envelope of surface ARS at each frequency. For the CB
full column FIRS, the adjustment occurs for the horizontal FIRS below
3.7 Hz with the largest adjustment factor being 1.03. For the vertical full
column FIRS, the adjustment is much more significant, especially
between frequencies of 2 Hz and 13 Hz with the maximum adjustment
factor being 1.37. The adjusted full column FIRS for CB are referred to as
the SSI input response spectra for CB and are presented in
Figures 3.7.1-223 and 3.7.1-224.
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The NEI check for the partial column FIRS for the CB is carried out in a
similar manner. The corresponding figures are provided in
Figures 3.7.1-225 through 3.7.1-228. The necessary adjustment factors
for the CB partial column FIRS are less than 1.08 for horizontal and less
than 1.16 for vertical directions. The adjusted partial column FIRS are
referred to as the partial column SSI input response spectra for CB and
are presented in Figures 3.7.1-227 and 3.7.1-228.

For the full column analyses (applicable to fully embedded SSI analyses),
the final horizontal and vertical SSI input response spectra are calculated
as the envelope of the full column SSI input response spectra and the
minimum required response spectra which are adopted from the
horizontal and vertical broadband spectra defined in RG 1.60 and
anchored at 0.1g. Similarly, for the partial soil column analyses
(applicable to SSI analyses of the structures as partially embedded), the
final horizontal and vertical SSI input motions are calculated as the
envelope of the partial column SSI input response spectra and the
minimum required response spectra. These final SSI input response
spectra are presented in Figures 3.7.1-229 through 3.7.1-231 and
tabulated in Table 3.7.1-208. These spectra are used as target ARS for
development of SSI input time histories in subsequent analyses.

3.7.1.1.4.2.3 SSl Input Response Spectra for the FWSC

The site-specific SSI input response spectra are calculated for SSI
analysis of the FWSC structure as a surface structure. Since embedment
of the structure is not considered, the NEI check is not applicable for the
development of the SSI input response spectra for this structure.
Accordingly, the geologic outcrop FIRS for the FWSC are determined at
its foundation level (Elevation 282 ft NAVD88) and presented in
Section 2.5.2.6.

The final horizontal and vertical SSI input response spectra for FWSC are
calculated as the envelope of the geologic outcrop FIRS and the
minimum required response spectra which are adopted from the
horizontal and vertical broadband spectra defined in RG 1.60 and
anchored at 0.1g. These final SSI input response spectra are presented
in Figures 3.7.1-232 through 3.7.1-234 and tabulated in Table 3.7.1-209.
These spectra are used as target ARS for development of SSI input time
histories in subsequent analyses.
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NAPS SUP 3.7-2

3.7.1.1.5 Site-Specific Design Ground Motion Time History

3.7.1.1.51 SSI Input Acceleration Time Histories

Corresponding to each set of horizontal and vertical final SSI input
response spectra, described in Section 3.7.1.1.4.2, a three component
set (two horizontal and one vertical) of spectrum compatible acceleration
time histories is developed for use as input time histories for SSI
analysis. The starting seed time histories are selected from the database
of acceleration time histories in NUREG/CR-6728 (Reference 3.7-204).
The candidate time histories were considered from the CEUS rock
database bin with magnitudes between moment magnitude (M)6 and M7
and distances between 10 km and 50 km. This magnitude-distance bin
was selected based on the high frequency deaggregation of the PSHA
having mean magnitude and distance values of M5.9 and 21 km for the
1074 hazard level, and M6.2 and 15 km for the 10°° hazard level
(Section 2.5.2.4). For the low frequency hazard deaggregation, the
results are a magnitude of M7.4 and a distance of 540 km for the 10
and M7.5 and a distance of 480 km for the 10°° hazard levels
(Section 2.5.2.4). Based on the large distance associated with the low
frequency controlling event, the selected seed input acceleration time
history for the spectral matching procedure was governed by the high
frequency controlling events.

In selecting a candidate acceleration time history set from the applicable
magnitude-distance bin from NUREG/CR-6728, the following aspects of
a given time history set were considered:

 Similarity between the spectral shape of the candidate acceleration
time history and the target spectrum

 Total time history duration of at least 20 seconds

» Zero-lag cross-correlation coefficient between any two components of
acceleration time histories should be less than 0.16

» Appropriate magnitude and distance values relative to the controlling
event values

» Non-stationary phasing consistent with seismological principals.
» Uniform normalized Arias intensity curves

Following these selection guidelines, the strong ground motion time
history from the 1984 M6.2 Morgan Hill earthquake recorded at the
station Gilroy—Gavilan College was selected as the seed input time
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history set for the spectral matching presented here. This selected time
history from the CEUS magnitude-distance database bin of
NUREG/CR-6728 is based on the original empirical recording from the
Morgan Hill earthquake at the Gilroy—Gavilan College station with the
additional modification of the empirical time history to adjust for more
CEUS hard rock conditions.

3.7.1.1.5.1.1 S8l Input Acceleration Time Histories for the RB/FB

Two sets of three statistically independent acceleration time histories of
motions (i.e., two horizontal and one vertical component) are developed
for the full column and partial column final SSI input motion spectra.
These time histories are modified to be spectrum compatible following
Option 1, Approach 2 of SRP 3.7.1. Additionally, the power spectrum
density (PSD) of the spectrum matched time histories are compared to
reference PSDs developed consistent with the target response spectra
using the site response analysis, the methodology and data provided in
Appendix B of SRP 3.7.1, and the deaggregation information from the
probabilistic seismic hazard analysis for the site. For each spectrum
matched time history, it is confirmed that its PSD does not fall below
80 percent of its corresponding reference PSD.

The input seed time histories are modified to be spectrum compatible
using the computer program RSPM. The baseline correction program
BLINE, a component program of RSPM, is also used in the process after
each iteration of RSPM.

For each time history, the average ratio between the acceleration time
history response spectrum and the corresponding target acceleration
response spectrum (both at a spectral damping of 5 percent) was greater
than 1.0. In addition, the spectral matching criteria given in SRP 3.7.1 for
Option 1, Approach 2 were satisfied in each spectral matching case.

For the RB/FB partial column spectrally matched time histories, the
comparisons between the scaled spectrum compatible acceleration
response spectra and the target spectra and boundary range are plotted
in Figures 3.7.1-235 through 3.7.1-237 for the first horizontal direction
(H1), second horizontal direction (H2) and the vertical direction (UP),
respectively. Similar plots for the RB/FB full column spectrally matched
time histories are presented in Figures 3.7.1-238 through 3.7.1-240.

The zero-lag cross-correlation for each three component sets of
spectrum compatible acceleration time histories are computed to verify
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the acceptability of the acceleration time histories. The zero-lag
cross-correlations for the partial column and full column RB/FB cases are
listed in Table 3.7.1-210. These computed values are all less than the
required minimum value of 0.16.

In addition to the cross-correlation values, the peak ground motion
parameters and associated ratios are listed in Table 3.7.1-211. Based on
the target spectra used in the spectral matching procedure being a
composite of both the high frequency and low frequency cases (i.e., the
deaggregation values are bi-modal), the resulting PGV/PGA and
PGA*PGD/PGV? ratios do not fall within the bin values reported in
NUREG/CR-6728. The PGA, PGV, and PGD refer to the peak ground
acceleration, peak ground velocity, and peak ground displacement,
respectively. This observed deviation from the reported bin values is
caused by the relatively large PGA value from the high frequency case
(i.e., small magnitude event at relative close distances) compared to the
intermediate and longer spectral period range PGV and PGD which is
controlled by the low frequency case (i.e., large magnitude event at a
relatively large distance). Given this understanding of the composite
nature of the target spectra used in the spectral matching procedure, the
peak ground motion parameter values and associated ratios are
acceptable.

The total duration of the time histories is approximately 30 seconds,
which is greater than the required minimum of 20 seconds. In addition,
the Arias durations (5-75% Duration) given in Table 3.7.1-211, are longer
than the minimum value of 6 seconds defined in SRP 3.7.1.

The acceleration, velocity, and displacement time histories for the H1,
H2, and UP spectrally matched to the RB/FB partial column final SSI
input response spectra are respectively provided in Figures 3.7.1-241
through 3.7.1-243. Similar figures for the RB/FB full column case are
presented in Figures 3.7.1-244 through 3.7.1-246.

The input time histories needed for SSI analysis of the RB/FB with
embedded foundation (for both partially embedded and fully embedded
cases) are in-column (within) motions corresponding to each of the SSI
strain-compatible soil profiles. As such, for each case (partially
embedded or fully embedded), each of the outcrop acceleration time
histories (H1, H2, and UP), is used as input at the foundation level of the
RB/FB to a SHAKE2000 soil column model of the SSI strain compatible
soil profiles (LB, BE and UB), and their corresponding in-column time
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histories are obtained at the same horizon. The horizontal acceleration
time histories are applied using strain compatible shear wave velocities
and the vertical acceleration time history is applied using corresponding
P-wave velocities. The strain-compatible shear wave damping is used for
both vertical and horizontal analyses. The analyses are carried out
linearly with no further degradation of the strain-compatible shear
modulus and damping profiles. These analyses result in a total of 18
in-column SSI input time histories corresponding to the three SSI strain
compatible profiles (LB, BE, and UB), the three time history components
(H1, H2, and UP), and two embedment cases (full column or partial
column). These time histories are used as input in the subsequent SSI
analyses of the structure.

3.7.1.1.5.1.2 SSI Input Acceleration Time Histories for the CB

Two sets of three statistically independent acceleration time histories of
motions (i.e., two horizontal and one vertical component) are developed
for the full column and partial column final SSI input motion spectra for
the CB. The same methodology described in Section 3.7.1.1.5.1.1 for the
RB/FB is used to develop these time histories.

For the CB partial column spectrally matched time histories, the
comparisons between the scaled spectrum compatible acceleration
response spectra and the target spectra and boundary range are plotted
in Figures 3.7.1-247 through 3.7.1-249 for the H1, H2 and UP directions,
respectively. Similar plots for the CB full column spectrally matched time
histories are presented in Figures 3.7.1-250 through 3.7.1-252.

The zero-lag cross-correlations for the partial column and full column CB
cases are listed in Table 3.7.1-212. These computed values are all less
than the required minimum value of 0.16.

In addition to the cross-correlation values, the peak ground motion
parameters and associated ratios are listed in Table 3.7.1-213. Since the
discussion provided for the RB/FB in Section 3.7.1.1.5.1.1 regarding the
composite nature of the target spectra used in the spectral matching
procedure is also applicable to the CB, the peak ground motion
parameter values and associated ratios are acceptable.

The total duration of the time histories is approximately 30 seconds,
which is greater than the required minimum of 20 seconds. In addition,
the Arias durations (5-75% Duration), given in Table 3.7.1-213 are longer
than the minimum value of 6 seconds defined in SRP 3.7.1.
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The acceleration, velocity and displacement time histories for the H1, H2,
and UP spectrally matched to the CB partial column final SSI input
response spectra are respectively provided in Figures 3.7.1-253
through 3.7.1-255. Similar figures for the CB full column case are
presented in Figures 3.7.1-256 through 3.7.1-258.

The input time histories needed for SSI analysis of the CB with
embedded foundation (for both partially embedded and fully embedded
cases) are in-column (within) motions corresponding to each of the SSI
strain-compatible soil profiles. As such, for each case (partially
embedded or fully embedded), each of the outcrop acceleration time
histories (H1, H2, and UP), is used as input at the foundation level of the
CB to a SHAKE2000 soil column model of the SSI strain-compatible soil
profiles (LB, BE and UB), and their corresponding in-column time
histories are obtained at the same horizon. The horizontal acceleration
time histories are applied using strain-compatible shear wave velocities
and the vertical acceleration time history is applied using corresponding
P-wave velocities. The strain-compatible shear wave damping is used for
both vertical and horizontal analyses. The analyses are carried out
linearly with no further degradation of the strain-compatible shear
modulus and damping profiles. These analyses result in a total of 18
in-column SSI input time histories corresponding to the three SSI strain
compatible profiles (LB, BE, and UB), the three time history components
(H1, H2, and UP), and two embedment cases (full column or partial
column). These time histories are used as input in the subsequent SSI
analyses of the structure.

3.7.1.1.5.1.3 S8l Input Acceleration Time Histories for the FWSC
One set of three statistically independent acceleration time histories of
motions (i.e., two horizontal and one vertical component) is developed for
the final SSI input motion spectra for the FWSC. The same methodology
described in Section 3.7.1.1.5.1.1 for the RB/FB is used to develop these
time histories.

For the FWSC spectrally matched time histories, the comparisons
between the scaled spectrum compatible acceleration response spectra
and the target spectra and boundary range are plotted in
Figures 3.7.1-259 through 3.7.1-261 for the H1, H2 and UP directions,
respectively.
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The zero-lag cross-correlations for the FWSC spectrally matched time
histories are listed in Table 3.7.1-214. These computed values are all
less than the required minimum value of 0.16.

In addition to the cross-correlation values, the peak ground motion
parameters and associated ratios are listed in Table 3.7.1-215. Since the
discussion provided for the RB/FB in Section 3.7.1.1.5.1.1 regarding the
composite nature of the target spectra used in the spectral matching
procedure is also applicable to the FWSC, the peak ground motion
parameter values and associated ratios are acceptable.

The total duration of the time histories is approximately 30 seconds,
which is greater than the required minimum of 20 seconds. In addition,
the Arias durations (5-75% Duration), given in Table 3.7.1-215 are longer
than the minimum value of 6 seconds defined in SRP 3.7.1.

The acceleration, velocity and displacement time histories for the H1, H2,
and UP spectrally matched to the FWSC final SSI input response spectra
are provided in Figures 3.7.1-262 through 3.7.1-264, respectively. These
time histories are used as the SSl input time histories for the SSI analysis
of the FWSC as a surface structure.

3.7.1.1.6 Site-Dependent At-Grade SSE and OBE Response
Spectra

The site-dependent SSE at grade is defined by enveloping the following
two spectra:

1. PBSRS calculated at grade (Elevation 290 ft) from full soil column
analyses for RB/FB and CB and,

2. The minimum required response spectra defined as the RG 1.60
broadband horizontal and vertical response spectra at 5 percent
damping anchored to 0.1g at PGA to satisfy the requirements of
SRP 3.7.1.

The site-dependent OBE at grade is defined as one-third of the
site-dependent SSE at grade. The site-dependent OBE response spectra
at grade will serve as one reference against which OBE exceedance
checks are to be performed for the purpose of plant shutdown.
Section 3.7.4.4 includes the criteria that are used to determine whether a
plant shutdown is required following a seismic event.

The horizontal and vertical PBSRS at grade is presented in
Section 2.5.2.6. The horizontal and vertical 5 percent damped
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NAPS DEP 3.7-1

NAPS SUP 3.7-3

site-dependent SSE spectra at grade are presented in Figures 3.7.1-265
and 3.7.1-266, respectively.

The horizontal and vertical free-field site-dependent OBE at grade are
calculated as one-third of the site-dependent SSE at grade and
presented in Figure 3.7.1-267.

The 5 percent damped pseudo velocity response spectra (VRS) for
site-dependent OBE at grade is determined by dividing the ARS values at
each frequency point (f) by 2rnf. The digital values for the site-dependent
SSE and OBE at grade are presented in Tables 3.7.1-216 and 3.7.1-217,
respectively.

3.7.1.2  Percentage of Critical Damping Values
Add the following at the end of the first paragraph.

OBE structural damping values consistent with RG 1.61 Revision 1 are
used in the Unit 3 site-specific SSI analyses unless SSE damping in DCD
Table 3.7-1 is justified by stress demand.

3.7.1.3  Supporting Media for Seismic Category | Structures
Add the following at the end of the first paragraph.

The Seismic Category | structures for Unit 3 have concrete mat
foundations founded on rock or concrete fill on rock.
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Table 3.7.1-201 Strain-Compatible SSI Input Properties for RB/FB (In-situ Material)

Top- Unit BE-RB/FB LB-RB/FB UB-RB/FB
Layer Thickness Depth Weight Vs Vp D Vs Vp D Vs Vp D

# (ft) (ft) (kcf) | (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%)

1 2.00 0 0.125 900 2203 2.21 604 1480 3.84 1339 3280 1.27
2 2.50 2 0.125 850 2427 3.74 505 1441 7.90 1432 4085 1.77
3 2.50 45 0.125 850 2427 3.74 505 1441 7.90 1432 4085 1.77
4 2.50 7 0.13 1273 5352 3.20 779 3973 6.26 2081 8747 1.63
5 2.50 95 0.13 1273 5352 3.20 779 3973 6.26 2081 8747 1.63
6 2.50 12 0.13 1857 4999 2.76 1219 4800 5.00 2828 7616 1.52
7 2.50 145 0.13 1857 4999 2.76 1219 4800 5.00 2828 7616 1.52
8 3.00 17 0.145 4321 10584 0.58 3207 7856 1.02 5821 14260 0.33
9 3.00 20 0.145 4321 10584 0.58 3207 7856 1.02 5821 14260 0.33
10 3.00 23 0.145 4321 10584 0.58 3207 7856 1.02 5821 14260 0.33
11 3.00 26 0.145 4321 10584 0.58 3207 7856 1.02 5821 14260 0.33
12 3.00 29 0.145 4321 10584 0.58 3207 7856 1.02 5821 14260 0.33
13 3.00 32 0.145 4321 10584 0.58 3207 7856 1.02 5821 14260 0.33
14 3.00 35 0.145 4321 10584 0.58 3207 7856 1.02 5821 14260 0.33
15 2.00 38 0.145 4321 10584 0.58 3207 7856 1.02 5821 14260 0.33
16 3.00 40 0.145 4321 10584 0.58 3207 7856 1.02 5821 14260 0.33
17 3.00 43 0.145 4321 10584 0.58 3207 7856 1.02 5821 14260 0.33
18 3.00 46 0.145 4321 10584 0.58 3207 7856 1.02 5821 14260 0.33
19 4.00 49 0.145 4321 10584 0.58 3207 7856 1.02 5821 14260 0.33
20 3.00 53 0.145 4321 10584 0.58 3207 7856 1.02 5821 14260 0.33

North Anna 3 Revision 7
Combined License Application 3-20 December 2013




BASIS: ESBWR COLA

NAPS SUP 3.7-1

Table 3.7.1-201 Strain-Compatible SSI Input Properties for RB/FB (In-situ Material)

Top- Unit BE-RB/FB LB-RB/FB UB-RB/FB
Layer Thickness Depth Weight Vs Vp D Vs Vp D Vs Vp D

# (ft) (ft) (kcf) | (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%)

21 3.00 56 0.145 4321 10584 0.58 3207 7856 1.02 5821 14260 0.33
22 3.00 59 0.145 4321 10584 0.58 3207 7856 1.02 5821 14260 0.33
23 4.00 62 0.145 4321 10584 0.58 3207 7856 1.02 5821 14260 0.33
24 3.00 66 0.163 5449 13347 1.00 4037 9888 1.82 7355 18017 0.55
25 4.00 69 0.163 5449 13347 1.00 4037 9888 1.82 7355 18017 0.55
26 4.00 73 0.163 5449 13347 1.00 4037 9888 1.82 7355 18017 0.55
27 4.00 77 0.163 5449 13347 1.00 4037 9888 1.82 7355 18017 0.55
28 4.00 81 0.163 5449 13347 1.00 4037 9888 1.82 7355 18017 0.55
29 4.00 85 0.163 5178 12682 1.00 3471 8501 1.82 7724 18920 0.55
30 4.00 89 0.163 5178 12682 1.00 3471 8501 1.82 7724 18920 0.55
31 4.00 93 0.163 5178 12682 1.00 3471 8501 1.82 7724 18920 0.55
32 4.00 97 0.163 5178 12682 1.00 3471 8501 1.82 7724 18920 0.55
33 5.00 101 0.163 5178 12682 1.00 3471 8501 1.82 7724 18920 0.55
34 4.00 106 0.164 8800 15678 1.00 7185 12801 1.82 10778 19201 0.55
35 5.00 110 0.164 8800 15678 1.00 7185 12801 1.82 10778 19201 0.55
36 5.00 115 0.164 8800 15678 1.00 7185 12801 1.82 10778 19201 0.55
37 5.00 120 0.164 8800 15678 1.00 7185 12801 1.82 10778 19201 0.55
38 5.00 125 0.164 8800 15678 1.00 7185 12801 1.82 10778 19201 0.55
39 5.00 130 0.164 8800 15678 1.00 7185 12801 1.82 10778 19201 0.55
40 5.00 135 0.164 8800 15678 1.00 7185 12801 1.82 10778 19201 0.55
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Table 3.7.1-201 Strain-Compatible SSI Input Properties for RB/FB (In-situ Material)

. BE-RB/FB LB-RB/FB UB-RB/FB
Top- Unit
Layer Thickness Depth Weight Vs Vp D Vs Vp D Vs Vp D
# (ft) (ft) (kcf) | (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%)
41 5.00 140 0.164 8800 15678 1.00 7185 12801 1.82 10778 19201 0.55
42 5.00 145 0.164 8800 15678 1.00 7185 12801 1.82 10778 19201 0.55
43 5.00 150 0.164 8800 15678 1.00 7185 12801 1.82 10778 19201 0.55
44 155 0.164 9200 16390 1.00 7512 13383 1.82 11268 20074 0.55
The top 7 layers correspond to saprolite and are removed in the partially embedded SSI analysis of the RB/FB.
North Anna 3 Revision 7
Combined License Application 3-22 December 2013




BASIS: ESBWR COLA

NAPS SUP 3.7-1

Table 3.7.1-202 Strain-Compatible SSI Input Properties for RB/FB (Structural Fill and Concrete Fill)

. BE-RB/FB LB-RB/FB UB-RB/FB
Top- Unit
Layer Thickness Depth Weight Vs Vp D Vs Vp D Vs Vp D
# (ft) (ft) (kcf) | (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%)
1 2.00 0 0.130 720 1347 2.36 517 967 3.43 1003 1876 1.63
2 2.50 2 0.130 620 1160 4.86 391 732 8.00 982 1836 2.95
3 2.50 45 0.130 620 1160 4.86 391 732 8.00 982 1836 2.95
4 2.50 7 0.130 671 3423 5.95 410 2089 9.65 1100 4800 3.67
5 2.50 9.5 0.130 671 3423 5.95 410 2089 9.65 1100 4800 3.67
6 2.50 12 0.130 692 3530 6.72 431 2196 10.67 1113 4800 4.23
7 2.50 145 0.130 692 3530 6.72 431 2196 10.67 1113 4800 4.23
Concrete Fill 17 0.145 7000 10909 1.00 6000 9350 1.80 8000 12467 0.55
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Table 3.7.1-203 Strain-Compatible SSI Input Properties for CB (In-situ Material)

Top- Unit BE-CB LB-CB UB-CB
Layer Thickness Depth Weight Vs Vp D Vs Vp D Vs Vp D

# (ft) (ft) (kcf) | (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%)

1 2.50 0 0.125 858 1743 3.05 570 1158 5.42 1292 2623 1.71
2 2.50 25 0.125 858 1743 3.05 570 1158 5.42 1292 2623 1.71
3 2.50 5 0.125 968 4067 4.48 570 2395 8.59 1643 6906 2.34
4 2.50 7.5 0.125 968 4800 4.48 570 2906 8.59 1643 6906 2.34
5 2.50 10 0.125 968 4800 4.48 570 2906 8.59 1643 6906 2.34
6 2.50 125 0.125 968 4800 4.48 570 2906 8.59 1643 6906 2.34
7 2.50 15 0.13 1378 5793 4.32 938 4785 7.51 2024 8508 2.48
8 2.50 175 0.13 1378 5793 4.32 938 4785 7.51 2024 8508 2.48
9 2.50 20 0.13 1378 5793 4.32 938 4785 7.51 2024 8508 2.48
10 2.50 225 0.13 1378 5793 4.32 938 4785 7.51 2024 8508 2.48
11 2.50 25 0.145 2021 6175 0.62 1540 4800 1.06 2652 8101 0.36
12 2.50 275 0.145 2021 6175 0.62 1540 4800 1.06 2652 8101 0.36
13 2.50 30 0.145 2021 6175 0.62 1540 4800 1.06 2652 8101 0.36
14 2.50 325 0.145 2021 6175 0.62 1540 4800 1.06 2652 8101 0.36
15 2.50 35 0.145 2471 7548 0.63 1835 5607 1.14 3326 10160 0.35
16 2.50 375 0.145 2471 7548 0.63 1835 5607 1.14 3326 10160 0.35
17 2.50 40 0.145 2471 7548 0.63 1835 5607 1.14 3326 10160 0.35
18 2.50 425 0.145 2471 7548 0.63 1835 5607 1.14 3326 10160 0.35
19 2.50 45 0.145 2471 7548 0.63 1835 5607 1.14 3326 10160 0.35
20 1.50 475 0.145 2471 7548 0.63 1835 5607 1.14 3326 10160 0.35
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Table 3.7.1-203 Strain-Compatible SSI Input Properties for CB (In-situ Material)

Top- Unit BE-CB LB-CB UB-CB
Layer Thickness Depth Weight Vs Vp D Vs Vp D Vs Vp D

# (ft) (ft) (kcf) | (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%)

21 3.50 49 0.145 2471 7548 0.63 1835 5607 1.14 3326 10160 0.35
22 2.50 52.5 0.145 2471 7548 0.63 1835 5607 1.14 3326 10160 0.35
23 2.50 55 0.145 2657 8118 0.53 2170 6628 0.96 3254 9942 0.29
24 2.50 57.5 0.145 2657 8118 0.53 2170 6628 0.96 3254 9942 0.29
25 2.50 60 0.145 2657 8118 0.53 2170 6628 0.96 3254 9942 0.29
26 2.50 62.5 0.145 2657 8118 0.53 2170 6628 0.96 3254 9942 0.29
27 1.00 65 0.163 6483 13861 1.00 5293 11318 1.82 7940 16976 0.55
28 3.00 66 0.163 6483 13861 1.00 5293 11318 1.82 7940 16976 0.55
29 3.00 69 0.163 6483 13861 1.00 5293 11318 1.82 7940 16976 0.55
30 3.00 72 0.163 6483 13861 1.00 5293 11318 1.82 7940 16976 0.55
31 3.00 75 0.163 6983 14018 1.00 5701 11445 1.82 8552 17168 0.55
32 2.00 78 0.163 6983 14018 1.00 5701 11445 1.82 8552 17168 0.55
33 5.00 80 0.163 6983 14018 1.00 5701 11445 1.82 8552 17168 0.55
34 5.00 85 0.163 6983 14018 1.00 5701 11445 1.82 8552 17168 0.55
35 5.00 90 0.163 6983 14018 1.00 5701 11445 1.82 8552 17168 0.55
36 5.00 95 0.163 7942 15135 1.00 6485 12358 1.82 9727 18536 0.55
37 5.00 100 0.163 7942 15135 1.00 6485 12358 1.82 9727 18536 0.55
38 5.00 105 0.164 8655 15657 1.00 7067 12784 1.82 10600 19176 0.55
39 5.00 110 0.164 8655 15657 1.00 7067 12784 1.82 10600 19176 0.55
40 5.00 115 0.164 8242 15707 1.00 6730 12824 1.82 10094 19236 0.55

North Anna 3 Revision 7
Combined License Application 3-25 December 2013




BASIS: ESBWR COLA

NAPS SUP 3.7-1

Table 3.7.1-203 Strain-Compatible SSI Input Properties for CB (In-situ Material)

Top- Unit BE-CB LB-CB UB-CB
Layer Thickness Depth Weight Vs Vp D Vs Vp D Vs Vp D
# (ft) (ft) (kcf) | (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%)
41 5.00 120 0.164 8242 15707 1.00 6730 12824 1.82 10094 19236 0.55
42 5.00 125 0.164 8658 16198 1.00 7069 13225 1.82 10604 19838 0.55
43 5.00 130 0.164 8658 16198 1.00 7069 13225 1.82 10604 19838 0.55
44 5.00 135 0.164 8822 15491 1.00 7203 12648 1.82 10805 18972 0.55
45 5.00 140 0.164 8822 15491 1.00 7203 12648 1.82 10805 18972 0.55
46 5.00 145 0.164 9340 16897 1.00 7626 13796 1.82 11439 20694 0.55
47 5.00 150 0.164 9340 16897 1.00 7626 13796 1.82 11439 20694 0.55
48 5.00 155 0.164 9198 17208 1.00 7510 14050 1.82 11265 21075 0.55
49 5.00 160 0.164 9198 17208 1.00 7510 14050 1.82 11265 21075 0.55
50 165 0.164 9200 15729 1.00 7512 12843 1.82 11268 19264 0.55
The top 10 layers correspond to saprolite and are removed in the partially embedded SSI analysis of the CB.
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Table 3.7.1-204 Strain-Compatible SSI Input Properties for CB (Structural Fill and Concrete Fill)

Top- Unit BE-CB LB-CB UB-CB
Layer Thickness Depth Weight Vs Vp D Vs Vp D Vs Vp D
# (ft) (ft) (kcf) | (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%)
1 2.50 0 0.130 628 1174 3.50 419 784 5.58 939 1758 2.19
2 2.50 25 0.130 628 1174 3.50 419 784 5.58 939 1758 2.19
3 2.50 5 0.130 714 1336 5.09 455 851 8.25 1121 2096 3.14
4 2.50 75 0.130 714 3641 5.09 455 2320 8.25 1121 4800 3.14
5 2.50 10 0.130 710 3623 6.04 441 2249 9.63 1144 4800 3.79
6 2.50 125 0.130 710 3623 6.04 441 2249 9.63 1144 4800 3.79
7 2.50 15 0.130 712 3631 6.88 449 2292 10.48 1128 4800 4.52
8 2.50 17.5 0.130 712 3631 6.88 449 2292 10.48 1128 4800 4.52
9 2.50 20 0.130 762 3888 6.63 470 2396 10.38 1237 4800 4.24
10 2.50 225 0.130 762 3888 6.63 470 2396 10.38 1237 4800 4.24
Concrete Fill 25 0.145 7000 10909 1.00 6000 9350 1.80 8000 12467 0.55
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Table 3.7.1-205 Strain-Compatible SSI Input Properties for FWSC (In-situ Material)

Top- Unit BE-FWSC LB-FWSC UB-FWSC
Layer Thickness Depth Weight Vs Vp D Vs Vp D Vs Vp D

# (ft) (ft) [kef] | (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%)

1 3.00 0 0.125 711 3625 4.68 450 2293 7.44 1124 4800 2.95
2 3.00 3 0.125 711 3625 4.68 450 2293 7.44 1124 4800 2.95
3 3.00 6 0.125 71 3625 4.68 450 2293 7.44 1124 4800 2.95
4 3.00 9 0.125 711 3625 4.68 450 2293 7.44 1124 4800 2.95
5 3.00 12 0.125 927 4725 5.81 553 2819 9.62 1553 6529 3.51
6 3.00 15 0.125 927 4725 5.81 553 2819 9.62 1553 6529 3.51
7 3.00 18 0.125 927 4725 5.81 553 2819 9.62 1553 6529 3.51
8 4.00 21 0.125 927 4725 5.81 553 2819 9.62 1553 6529 3.51
9 4.00 25 0.125 927 4725 5.81 553 2819 9.62 1553 6529 3.51
10 4.00 29 0.13 1370 5758 4.61 965 4800 7.14 1945 8175 2.97
1 3.00 33 0.13 1911 5839 3.31 1375 4800 5.14 2657 8118 2.14
12 2.00 36 0.13 1911 5839 3.31 1375 4800 5.14 2657 8118 2.14
13 4.00 38 0.145 2499 7635 0.64 1901 5808 1.14 3285 10036 0.36
14 4.00 42 0.145 2499 7635 0.64 1901 5808 1.14 3285 10036 0.36
15 4.00 46 0.145 2499 7635 0.64 1901 5808 1.14 3285 10036 0.36
16 4.00 50 0.145 2499 7635 0.64 1901 5808 1.14 3285 10036 0.36
17 4.00 54 0.145 2690 8219 0.53 2145 6554 0.94 3373 10306 0.30
18 4.00 58 0.145 2690 8219 0.53 2145 6554 0.94 3373 10306 0.30
19 3.00 62 0.163 6483 13861 1.00 4803 10269 1.82 8751 18711 0.55
20 3.00 65 0.163 6483 13861 1.00 4803 10269 1.82 8751 18711 0.55
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BASIS: ESBWR COLA

NAPS SUP 3.7-1

Table 3.7.1-205 Strain-Compatible SSI Input Properties for FWSC (In-situ Material)

Top- Unit BE-FWSC LB-FWSC UB-FWSC
Layer Thickness Depth Weight Vs Vp D Vs Vp D Vs Vp D

# (ft) (ft) [kef] | (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%)

21 3.00 68 0.163 6983 14018 1.00 5701 11445 1.82 8552 17168 0.55
22 4.00 71 0.163 6983 14018 1.00 5701 11445 1.82 8552 17168 0.55
23 4.00 75 0.163 6983 14018 1.00 5701 11445 1.82 8552 17168 0.55
24 3.00 79 0.164 7942 15135 1.00 6485 12358 1.82 9727 18536 0.55
25 4.00 82 0.164 7942 15135 1.00 6485 12358 1.82 9727 18536 0.55
26 4.00 86 0.164 7942 15135 1.00 6485 12358 1.82 9727 18536 0.55
27 3.00 90 0.164 8655 15657 1.00 7067 12784 1.82 10600 19176 0.55
28 4.00 93 0.164 8655 15657 1.00 7067 12784 1.82 10600 19176 0.55
29 4.00 97 0.164 8655 15657 1.00 7067 12784 1.82 10600 19176 0.55
30 3.00 101 0.164 8242 15707 1.00 6730 12824 1.82 10094 19236 0.55
31 4.00 104 0.164 8242 15707 1.00 6730 12824 1.82 10094 19236 0.55
32 4.00 108 0.164 8242 15707 1.00 6730 12824 1.82 10094 19236 0.55
33 3.00 112 0.164 8658 16198 1.00 7069 13225 1.82 10604 19838 0.55
34 4.00 115 0.164 8658 16198 1.00 7069 13225 1.82 10604 19838 0.55
35 4.00 119 0.164 8658 16198 1.00 7069 13225 1.82 10604 19838 0.55
36 3.00 123 0.164 8822 15491 1.00 7203 12648 1.82 10805 18972 0.55
37 4.00 126 0.164 8822 15491 1.00 7203 12648 1.82 10805 18972 0.55
38 4.00 130 0.164 8822 15491 1.00 7203 12648 1.82 10805 18972 0.55
39 3.00 134 0.164 9340 16897 1.00 7626 13796 1.82 11439 20694 0.55
40 4.00 137 0.164 9340 16897 1.00 7626 13796 1.82 11439 20694 0.55
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BASIS: ESBWR COLA

NAPS SUP 3.7-1

Table 3.7.1-205 Strain-Compatible SSI Input Properties for FWSC (In-situ Material)

. BE-FWSC LB-FWSC UB-FWSC
Top- Unit
Layer Thickness Depth Weight Vs Vp D Vs Vp D Vs Vp D
# (ft) (ft) [kef] | (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%)
41 4.00 141 0.164 9340 16897 1.00 7626 13796 1.82 11439 20694 0.55
42 3.00 145 0.164 9198 17208 1.00 7510 14050 1.82 11265 21075 0.55
43 4.00 148 0.164 9198 17208 1.00 7510 14050 1.82 11265 21075 0.55
44 4.00 152 0.164 9198 17208 1.00 7510 14050 1.82 11265 21075 0.55
45 156 0.164 9200 15729 1.00 7512 12843 1.82 11268 19264 0.55
Depth is measured with respect to the bottom of the foundation at Elevation 282 ft.
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BASIS: ESBWR COLA

NAPS SUP 3.7-1

Table 3.7.1-206 Strain-Compatible SSI Input Properties for FWSC (Structural Fill and Concrete Fill)

Top- Unit BE-FWSC LB-FWSC UB-FWSC
Layer Thickness Depth Weight Vs Vp D Vs Vp D Vs Vp D
# (ft) (ft) [kef] | (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%)
1 3.00 0 0.130 712 3630 5.42 448 2283 8.36 1132 4800 3.51
2 3.00 3 0.130 722 3680 5.60 456 2327 8.67 1142 4800 3.62
3 3.00 6 0.130 741 3779 5.80 464 2365 9.16 1184 4800 3.68
4 3.00 9 0.130 736 3755 6.24 466 2375 9.71 1165 4800 4.02
5 3.00 12 0.130 798 4069 6.06 484 2468 9.37 1315 4800 3.92
6 3.00 15 0.130 780 3977 6.42 465 2371 9.95 1308 4800 4.15
7 3.00 18 0.130 777 3959 6.67 472 2407 10.04 1277 4800 4.43
8 4.00 21 0.130 797 4066 6.69 474 2419 10.36 1341 4800 4.32
9 4.00 25 0.130 789 4023 7.07 464 2368 10.77 1340 4800 4.64
10 4.00 29 0.130 833 4249 6.82 498 2541 10.32 1393 4800 4.51
11 3.00 33 0.130 828 4223 7.03 479 2443 10.93 1432 4800 4.52
12 2.00 36 0.130 828 4223 7.03 479 2443 10.93 1432 4800 4.52
Concrete Fill 38 0.145 7000 10909 1.00 6000 9350 1.82 8000 12467 0.55
Depth is measured with respect to the bottom of the foundation at Elevation 282 ft.
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BASIS: ESBWR COLA

North Anna 3

Combined License Application
Part 2: Final Safety Analysis Report

NAPS SUP 3.7-1

Table 3.7.1-207 5% Damped Final SSI Input Response Spectra for
RB/FB

Final Full Column SSI
Input Response Spectra

Final Partial Column SSI
Input Response Spectra

Frequency Horizontal Vertical Horizontal Vertical
(H2) (9) (9) (9) (9)

100 0.671 0.671 0.699 0.699
90 0.702 0.729 0.732 0.760
80 0.774 0.844 0.808 0.880
70 0.920 1.037 0.952 1.074
60 1.135 1.291 1.181 1.343
50 1.348 1.515 1.393 1.566
45 1.425 1.571 1.492 1.644
40 1.506 1.570 1.555 1.621
35 1.563 1.533 1.615 1.584
30 1.641 1.537 1.634 1.530
25 1.636 1.440 1.641 1.444
20 1.530 1.263 1.575 1.301
15 1.428 1.386 1.535 1.210

12.5 1.367 1.462 1.471 1.134
10 1.226 1.425 1.279 0.959

9 1.159 1.400 1.169 0.877
8 1.076 1.326 1.046 0.785

7 0.967 1.214 0.902 0.676
6 0.906 1.062 0.756 0.567
5 0.851 0.887 0.624 0.468
4 0.676 0.642 0.490 0.367
3 0.457 0.403 0.363 0.272
25 0.351 0.301 0.312 0.224
2 0.261 0.217 0.261 0.185
1.5 0.206 0.153 0.206 0.145
1.25 0.177 0.124 0.177 0.124
1 0.147 0.103 0.147 0.103

3-32 Revision 7

December 2013




BASIS: ESBWR COLA

North Anna 3

Combined License Application
Part 2: Final Safety Analysis Report

NAPS SUP 3.7-1

Table 3.7.1-207 5% Damped Final SSI Input Response Spectra for
RB/FB

Final Full Column SSI
Input Response Spectra

Final Partial Column SSI
Input Response Spectra

Frequency Horizontal Vertical Horizontal Vertical
(H2) (9) (9) (9) (9)
0.9 0.135 0.0938 0.135 0.0938
0.8 0.123 0.0848 0.123 0.0848
0.7 0.110 0.0757 0.110 0.0757
0.6 0.0969 0.0664 0.0969 0.0664
0.5 0.0834 0.0578 0.0834 0.0569
0.4 0.0694 0.0470 0.0694 0.0470
0.3 0.0548 0.0368 0.0548 0.0368
0.2 0.0306 0.0229 0.0302 0.0220
0.167 0.0255 0.0191 0.0245 0.0184
0.125 0.0191 0.0143 0.0183 0.0138
0.1 0.0154 0.0116 0.0147 0.0110
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BASIS: ESBWR COLA

North Anna 3

Combined License Application
Part 2: Final Safety Analysis Report

NAPS SUP 3.7-1

Table 3.7.1-208 5% Damped Final SSI Input Response Spectra for CB

Final Full Column SSI
Input Response Spectra

Final Partial Column SSI
Input Response Spectra

Frequency Horizontal Vertical Horizontal Vertical

(Hz) (9) (9) (9) (9)

100 0.895 0.895 0.957 1.011
90 0.936 0.972 0.992 1.091
80 1.027 1.119 1.082 1.254
70 1.210 1.365 1.260 1.498
60 1.498 1.704 1.586 1.903
50 1.756 1.975 1.863 2.274
45 1.862 2.052 1.975 2.349
40 1.947 2.030 2.096 2.404
35 2.054 2.014 2.203 2.386
30 2.158 2.021 2.208 2.264
25 2.143 1.887 2.249 2.133
20 1.990 1.643 2.295 1.999
15 1.867 1.488 2.315 1.887
12.5 1.803 1.542 2179 1.721
10 1.621 1.481 1.750 1.334

9 1.544 1.447 1.499 1.140
8 1.430 1.365 1.230 0.933
7 1.280 1.243 0.993 0.752
6 1.087 1.083 0.807 0.609
5 0.885 0.903 0.656 0.494
4 0.638 0.652 0.510 0.384
3 0.441 0.408 0.376 0.283
25 0.346 0.304 0.312 0.232
2 0.270 0.220 0.261 0.186
1.5 0.206 0.154 0.206 0.145
1.25 0.177 0.124 0.177 0.124
1 0.147 0.103 0.147 0.103
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BASIS: ESBWR COLA

North Anna 3

Combined License Application
Part 2: Final Safety Analysis Report

NAPS SUP 3.7-1

Table 3.7.1-208 5% Damped Final SSI Input Response Spectra for CB

Final Partial Column SSI
Input Response Spectra

Final Full Column SSI
Input Response Spectra

Frequency Horizontal Vertical Horizontal Vertical
(Hz) (9) (9) (9) (9)
0.9 0.135 0.0938 0.135 0.0938
0.8 0.123 0.0848 0.123 0.0848
0.7 0.110 0.0757 0.110 0.0757
0.6 0.0969 0.0664 0.0969 0.0664
0.5 0.0834 0.0578 0.0834 0.0569
0.4 0.0694 0.0470 0.0694 0.0470
0.3 0.0548 0.0368 0.0548 0.0368
0.2 0.0306 0.0229 0.0302 0.0222
0.167 0.0255 0.0192 0.0246 0.0185
0.125 0.0191 0.0143 0.0185 0.0138
0.1 0.0154 0.0115 0.0148 0.0111
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North Anna 3
Combined License Application

BASIS: ESBWR COLA Part 2: Final Safety Analysis Report
NAPS SUP 3.7-1 Table 3.7.1-209 5% Damped Final SSI Input Response Spectra for
FWSC
Final SSI Input
Response Spectra
Frequency Horizontal Vertical
(Hz) (9) (9)

100 0.800 0.772
90 0.811 0.819
80 0.834 0.895
70 0.879 0.986
60 0.955 1.091
50 1.078 1.231
45 1.168 1.288
40 1.284 1.330
35 1.418 1.391
30 1.593 1.493
25 1.787 1.573
20 1.914 1.580
15 1.924 1.516
12.5 1.846 1.423
10 1.751 1.313
9 1.753 1.315

8 1.725 1.293

7 1.628 1.221

6 1.459 1.094

5 1.249 0.936

4 0.973 0.730

3 0.670 0.502
25 0.512 0.384

2 0.377 0.283
1.5 0.244 0.183
1.25 0.184 0.138

1 0.147 0.103
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BASIS: ESBWR COLA

North Anna 3
Combined License Application
Part 2: Final Safety Analysis Report

NAPS SUP 3.7-1

Table 3.7.1-209 5% Damped Final SSI Input Response Spectra for

FWSC
Final SSI Input
Response Spectra
Frequency Horizontal Vertical

(Hz) (9) (9)
0.9 0.135 0.0938
0.8 0.123 0.0848
0.7 0.110 0.0767
0.6 0.0969 0.0682
0.5 0.0834 0.0589
0.4 0.0694 0.0470
0.3 0.0548 0.0368
0.2 0.0309 0.0232
0.167 0.0258 0.0194
0.125 0.0194 0.0145
0.1 0.0156 0.0117
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North Anna 3
Combined License Application
BASIS: ESBWR COLA Part 2: Final Safety Analysis Report

NAPS SUP 3.7-2 Table 3.7.1-210 Zero-Lag Cross Correlation Coefficients for the Final
Scaled Spectrum Compatible Acceleration
Time-Histories for the RB/FB

RB/FB Full Profile

Zero-Lag
Cross-Correlation
Coefficient of Final

Matched Time

Components Histories
H1-H2 0.018
H1-UP 0.015
H2 - UP -0.014

RB/FB Partial Profile

Zero-Lag
Cross-Correlation
Coefficient of Final

Matched Time

Components Histories
H1-H2 0.023
H1-UP 0.036
H2 - UP -0.019
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BASIS: ESBWR COLA

North Anna 3
Combined License Application
Part 2: Final Safety Analysis Report

NAPS SUP 3.7-2 Table 3.7.1-211

Peak Ground Motion Parameters, Associated Ratios,
and Strong Motion Duration Values for the Final
Scaled Spectrum Compatible Acceleration
Time-Histories for the RB/FB

Parameter H1 H2 upP
RB/FB Full Profile
PGA (g) 0.690 0.700 0.699
PGV (cm/sec) 23.264 16.347 15.839
PGD (cm) 10.982 10.285 8.375
PGV/PGA (cm/sec/g) 33.710 23.351 22.659
PGA*PGD/PGV? 13.731 26.418 22.879
5-75% Duration (sec) 7.610 11.780 6.345
5% Duration Time (sec) 1.050 1.260 0.955
75% Duration Time (sec) 8.660 13.040 7.300
0% Extrapolated Duration Time (sec) 0.506 0.419 0.502
100% Extrapolated Duration Time (sec) 11.378 17.247 9.566
0-100% Extrapolated Duration Time (sec) 10.871 16.829 9.064
RB/FB Partial Profile
PGA (9) 0.708 0.715 0.714
PGV (cm/sec) 23.115 15.078 13.577
PGD (cm) 11.387 9.972 8.076
PGV/PGA (cm/sec/g) 32.656 21.082 19.022
PGA*PGD/PGV? 14.791 30.761 30.662
5-75% Duration (sec) 7.620 11.915 7.335
5% Duration Time (sec) 1.045 1.240 0.940
75% Duration Time (sec) 8.665 13.155 8.275
0% Extrapolated Duration Time (sec) 0.501 0.389 0.416
100% Extrapolated Duration Time (sec) 11.386 17.410 10.895
0-100% Extrapolated Duration Time (sec) 10.886 17.021 10.479
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North Anna 3
Combined License Application
BASIS: ESBWR COLA Part 2: Final Safety Analysis Report

NAPS SUP 3.7-2 Table 3.7.1-212 Zero-Lag Cross Correlation Coefficients for the Final
Scaled Spectrum Compatible Acceleration
Time-Histories for the CB

CB Full Profile

Zero-Lag
Cross-Correlation
Coefficient of Final

Matched Time

Components Histories
H1 - H2 0.020
H1-UP 0.015
H2 - UP -0.013

CB Partial Profile

Zero-Lag
Cross-Correlation
Coefficient of Final

Matched Time

Components Histories
H1-H2 0.025
H1-UP 0.012
H2 - UP -0.021
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BASIS: ESBWR COLA

North Anna 3

Combined License Application
Part 2: Final Safety Analysis Report

NAPS SUP 3.7-2 Table 3.7.1-213 Peak Ground Motion Parameters, Associated Ratios,
and Strong Motion Duration Values for the Final
Scaled Spectrum Compatible Acceleration
Time-Histories for the CB

Parameter H1 H2 upP
CB Full Profile
PGA (g) 0.916 0.907 0.932
PGV (cm/sec) 22.920 16.838 15.622
PGD (cm) 10.907 8.043 7.279
PGV/PGA (cm/sec/g) 25.021 18.557 16.768
PGA*PGD/PGV? 18.647 25.239 27.246
5-75% Duration (sec) 7.030 10.645 6.055
5% Duration Time (sec) 1.040 1.220 0.940
75% Duration Time (sec) 8.070 11.865 6.995
0% Extrapolated Duration Time (sec) 0.538 0.460 0.508
100% Extrapolated Duration Time (sec) 10.581 15.667 9.158
0-100% Extrapolated Duration Time (sec) 10.043 15.207 8.650
CB Partial Profile
PGA (9) 0.955 0.960 1.028
PGV (cm/sec) 24107 14.954 13.594
PGD (cm) 11.100 7.950 6.611
PGV/PGA (cm/sec/g) 25.232 15.569 13.224
PGA*PGD/PGV? 17.893 33.485 36.056
5-75% Duration (sec) 6.880 10.555 6.060
5% Duration Time (sec) 1.025 1.175 0.930
75% Duration Time (sec) 7.905 11.730 6.990
0% Extrapolated Duration Time (sec) 0.534 0.421 0.497
100% Extrapolated Duration Time (sec) 10.362 15.500 9.154
0-100% Extrapolated Duration Time (sec) 9.829 15.079 8.657
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North Anna 3
Combined License Application
BASIS: ESBWR COLA Part 2: Final Safety Analysis Report

NAPS SUP 3.7-2 Table 3.7.1-214 Zero-Lag Cross Correlation Coefficients for the Final
Scaled Spectrum Compatible Acceleration Time-
Histories for the FWSC

FWSC

Zero-Lag
Cross-Correlation
Coefficient of Final

Matched Time

Components Histories
H1-H2 0.006
H1-UP -0.017
H2 - UP 0.014
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BASIS: ESBWR COLA

North Anna 3
Combined License Application
Part 2: Final Safety Analysis Report

NAPS SUP 3.7-2 Table 3.7.1-215 Peak Ground Motion Parameters, Associated Ratios,

and Strong Motion Duration Values for the Final
Scaled Spectrum Compatible Acceleration
Time-Histories for the FWSC

FWSC
Parameter H1 H2 UpP

PGA (g9) 0.823 0.786 0.775

PGV (cm/sec) 23.088 20.676 18.511

PGD (cm) 8.950 8.961 6.302

PGV/PGA (cm/sec/g) 28.068 26.302 23.898

PGA*PGD/PGV? 13.542 16.157 13.969

5-75% Duration (sec) 6.720 8.850 6.045

5% Duration Time (sec) 1.095 1.365 0.955

75% Duration Time (sec) 7.815 10.215 7.000

0% Extrapolated Duration Time (sec) 0.615 0.733 0.523

100% Extrapolated Duration Time (sec) 10.215 13.376 9.159

0-100% Extrapolated Duration Time (sec) 9.600 12.643 8.636
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North Anna 3
Combined License Application

BASIS: ESBWR COLA Part 2: Final Safety Analysis Report
NAPS SUP 3.7-2 Table 3.7.1-216 Site-Dependent SSE and OBE 5% Damping
Acceleration Response Spectra at Grade
Horizontal Vertical Horizontal Vertical
SSE at SSE at OBE at OBE at
Frequency Grade Grade Grade Grade
(Hz) (9) (9) (9) (9)

100 1.044 1.008 0.348 0.336
90 1.083 1.093 0.361 0.364
80 1.168 1.254 0.389 0.418
70 1.332 1.495 0.444 0.498
60 1.578 1.803 0.526 0.601
50 1.831 2.090 0.610 0.697
45 2.016 2.224 0.672 0.741
40 2.232 2.312 0.744 0.771
35 2.333 2.288 0.778 0.763
30 2.421 2.268 0.807 0.756
25 2.443 2.150 0.814 0.717
20 2.378 1.964 0.793 0.655
15 2.376 1.872 0.792 0.624
12.5 2.375 1.831 0.792 0.610
10 2.235 1.676 0.745 0.559

9 2.147 1.610 0.716 0.537
8 1.996 1.497 0.665 0.499
7 1.794 1.346 0.598 0.449
6 1.544 1.158 0.515 0.386
5 1.272 0.954 0.424 0.318
4 0.909 0.682 0.303 0.227
3 0.564 0.423 0.188 0.141
25 0.419 0.314 0.140 0.105
2 0.302 0.226 0.101 0.0755
1.5 0.212 0.159 0.0705 0.0529
1.25 0.177 0.126 0.0590 0.0419
1 0.147 0.103 0.0491 0.0342
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North Anna 3
Combined License Application

BASIS: ESBWR COLA Part 2: Final Safety Analysis Report
NAPS SUP 3.7-2 Table 3.7.1-216 Site-Dependent SSE and OBE 5% Damping
Acceleration Response Spectra at Grade
Horizontal Vertical Horizontal Vertical
SSE at SSE at OBE at OBE at
Frequency Grade Grade Grade Grade
(Hz) (9) (9) (9) (9)
0.9 0.135 0.0938 0.0451 0.0313
0.8 0.123 0.0848 0.0409 0.0283
0.7 0.110 0.0757 0.0367 0.0252
0.6 0.0969 0.0665 0.0323 0.0222
0.5 0.0834 0.0578 0.0278 0.0193
0.4 0.0694 0.0470 0.0231 0.0157
0.3 0.0548 0.0368 0.0183 0.0123
0.2 0.0306 0.0229 0.0102 0.00764
0.167 0.0255 0.0191 0.00851 0.00638
0.125 0.0191 0.0144 0.00638 0.00478
0.1 0.0154 0.0115 0.00513 0.00385
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North Anna 3
Combined License Application

BASIS: ESBWR COLA Part 2: Final Safety Analysis Report
NAPS SUP 3.7-2 Table 3.7.1-217 Site-Dependent SSE and OBE 5% Damping Pseudo
Velocity Response Spectra at Grade
Horizontal Vertical Horizontal Vertical
SSE at SSE at OBE at OBE at
Frequency Grade Grade Grade Grade
(Hz) (in/sec) (in/sec) (in/sec) (in/sec)
100 0.642 0.620 0.214 0.207
90 0.740 0.747 0.247 0.249
80 0.898 0.964 0.299 0.321
70 1.17 1.31 0.390 0.438
60 1.62 1.85 0.539 0.616
50 2.25 2.57 0.751 0.857
45 2.76 3.04 0.918 1.01
40 3.43 3.55 1.14 1.18
35 4.10 4.02 1.37 1.34
30 4.96 4.65 1.65 1.55
25 6.01 5.29 2.00 1.76
20 7.31 6.04 2.44 2.01
15 9.74 7.68 3.25 2.56
12.5 1.7 9.01 3.90 3.00
10 13.7 10.3 4.58 3.44
9 14.7 11.0 4.89 3.67
8 15.3 11.5 5.11 3.84
7 15.8 11.8 5.25 3.94
6 15.8 11.9 5.27 3.96
5 15.6 11.7 5.22 3.91
4 14.0 10.5 4.66 3.49
3 11.6 8.67 3.85 2.89
25 10.3 7.73 3.43 2.58
2 9.28 6.96 3.09 2.32
1.5 8.68 6.51 2.89 217
1.25 8.71 6.18 2.90 2.06
1 9.06 6.31 3.02 2.10
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North Anna 3
Combined License Application

BASIS: ESBWR COLA Part 2: Final Safety Analysis Report
NAPS SUP 3.7-2 Table 3.7.1-217 Site-Dependent SSE and OBE 5% Damping Pseudo
Velocity Response Spectra at Grade
Horizontal Vertical Horizontal Vertical
SSE at SSE at OBE at OBE at
Frequency Grade Grade Grade Grade
(Hz) (in/sec) (in/sec) (in/sec) (in/sec)
0.9 9.24 6.41 3.08 2.14
0.8 9.43 6.52 3.14 2.17
0.7 9.66 6.65 3.22 2.22
0.6 9.93 6.82 3.31 2.27
0.5 10.3 7.1 3.42 2.37
0.4 10.7 7.23 3.56 2.41
0.3 11.2 7.55 3.74 2.52
0.2 9.41 7.05 3.14 2.35
0.167 9.40 7.05 3.13 2.35
0.125 9.42 7.06 3.14 2.35
0.1 9.46 7.10 3.15 2.37
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BASIS: ESBWR COLA

North Anna 3

Combined License Application
Part 2: Final Safety Analysis Report

NAPS SUP 3.7-1

Figure 3.7.1-201

Profiles — RB/FB

SSI Input Strain Compatible Shear-Wave Velocity
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NAPS SUP 3.7-1 Figure 3.7.1-210 Envelope of Horizontal FIRS Propagated to the Ground Surface through Full Column SSI Input
Profiles — RB/FB
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Figure 3.7.1-211 Envelope of Vertical FIRS Propagated to the Ground Surface through Full Column SSI Input Profiles
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Figure 3.7.1-213 NEI Check and SSI Input Response Spectra for Vertical Full Column FIRS — RB/FB
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NAPS SUP 3.7-1 Figure 3.7.1-215 Envelope of Vertical FIRS Propagated to the Ground Surface through Partial Column SSI Input
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Figure 3.7.1-216 NEI Check and SSI Input Response Spectra for Horizontal Partial Column FIRS — RB/FB
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Figure 3.7.1-217 NEI Check and SSI Input Response Spectra for Vertical Partial Column FIRS — RB/FB
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NAPS SUP 3.7-1 Figure 3.7.1-218 Development of 5% Damped Final Horizontal SSI Input Response Spectra for RB/FB
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NAPS SUP 3.7-1 Figure 3.7.1-219 Development of 5% Damped Final Vertical SSI Input Response Spectra for RB/FB
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NAPS SUP 3.7-1 Figure 3.7.1-220 5% Damped Final SSI Input Response Spectra for RB/FB
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Figure 3.7.1-221

Profiles — CB

Envelope of Horizontal FIRS Propagated to the Ground Surface through Full Column SSI Input

4.0

——LB_ARS
———BE_ARS

——— UB_ARS

- = Envelope of LB, BE, and UB at Surface

TAWAN

\

A

3.0

ISAN
/

<\
§

2.5

/

2.0

ARS [g]

N T

1.5

1.0

/7

0.5

0.0
0.1

Frequency [Hz]

10

100

North Anna 3
Combined License Application

3-68

Revision 7
December 2013




BASIS: ESBWR COLA

NAPS SUP 3.7-1 Figure 3.7.1-222 Envelope of Vertical FIRS Propagated to the Ground Surface through Full Column SSI Input Profiles
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NAPS SUP 3.7-1 Figure 3.7.1-223 NEI Check and SSI Input Response Spectra for Horizontal Full Column FIRS — CB
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Figure 3.7.1-224 NEI Check and SSI Input Response Spectra for Vertical Full Column FIRS — CB

5.0

4.5

4.0

3.5

3.0

25

ARS [g]

20

15

1.0

0.5

0.0

Vertical FIRS

Vertical PBSRS at Surface

—— SSI Input Response Spectra

- = Envelope of LB, BE, and UB at Surface

- _d

-

-

/
/
/
/
'/
ivd
4

-

SO\

ANAIAY
N

N
\n\

/,{

e

0.1

Frequency [Hz]

10

100

North Anna 3

Combined License Application

3-71

Revision 7
December 2013




BASIS: ESBWR COLA

NAPS SUP 3.7-1 Figure 3.7.1-225 Envelope of Horizontal FIRS Propagated to the Ground Surface through Partial Column SSI Input
Profiles - CB
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NAPS SUP 3.7-1 Figure 3.7.1-226 Envelope of Vertical FIRS Propagated to the Ground Surface through Partial Column SSI Input
Profiles - CB
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NAPS SUP 3.7-1 Figure 3.7.1-227 NEI Check and SSI Input Response Spectra for Horizontal Partial Column FIRS — CB
3.0 ‘ ‘ ‘
Horizontal FIRS
e Horizontal PBSRS
25 4+ = =Envelope of LB, BE, and UB at Surface
—— SSI Input Response Spectra
2.0
G
on 15
(14
<
1.0 \\
0.5
0.1 1 10 100
Frequency [Hz]
North Anna 3 Revision 7
3-74 December 2013

Combined License Application




BASIS: ESBWR COLA

NAPS SUP 3.7-1

Figure 3.7.1-228 NEI Check and SSI Input Response Spectra for Vertical Partial Column FIRS — CB
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Figure 3.7.1-230 Development of 5% Damped Final Vertical SSI Input Response Spectra for CB
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Figure 3.7.1-231 5% Damped Final SSI Input Response Spectra for CB
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NAPS SUP 3.7-1 Figure 3.7.1-232 Development of 5% Damped Final Horizontal SSI Input Response Spectrum for FWSC
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NAPS SUP 3.7-1 Figure 3.7.1-233 Development of 5% Damped Final Vertical SSI Input Response Spectrum for FWSC
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Figure 3.7.1-234 5% Damped Final SSI Input Response Spectra for FWSC
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NAPS SUP 3.7-2 Figure 3.7.1-239 Comparison between the Final Scaled Spectrum
Compatible Response Spectrum, the Target
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Figure 3.7.1-241

Acceleration, Velocity, and Displacement Spectrally Matched Partial Column Outcrop
Time-Histories for RB/FB, H1 Component
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NAPS SUP 3.7-2

Figure 3.7.1-242 Acceleration, Velocity, and Displacement Spectrally Matched Partial Column Outcrop
Time-Histories for RB/FB, H2 Component
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Figure 3.7.1-243 Acceleration, Velocity, and Displacement Spectrally Matched Partial Column Outcrop
Time-Histories for RB/FB, UP Component
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Figure 3.7.1-244 Acceleration, Velocity, and Displacement Spectrally Matched Full Column Outcrop Time-Histories

for RB/FB, H1 Component
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Figure 3.7.1-245 Acceleration, Velocity, and Displacement Spectrally Matched Full Column Outcrop Time-Histories

for RB/FB, H2 Component
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Figure 3.7.1-246 Acceleration, Velocity, and Displacement Spectrally Matched Full Column Outcrop Time-Histories

for RB/FB, UP Component
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NAPS SUP 3.7-2 Figure 3.7.1-247 Comparison between the Final Scaled Spectrum
Compatible Response Spectrum, the Target
Spectrum, and Upper and Lower Target Spectrum
Bounds for the Partial Column CB case, H1

Component
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NAPS SUP 3.7-2

Figure 3.7.1-248 Comparison between the Final Scaled Spectrum

Compatible Response Spectrum, the Target
Spectrum, and Upper and Lower Target Spectrum
Bounds for the Partial Column CB case, H2
Component
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NAPS SUP 3.7-2 Figure 3.7.1-249 Comparison between the Final Scaled Spectrum
Compatible Response Spectrum, the Target
Spectrum, and Upper and Lower Target Spectrum
Bounds for the Partial Column CB case, UP

Component
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NAPS SUP 3.7-2 Figure 3.7.1-250 Comparison between the Final Scaled Spectrum
Compatible Response Spectrum, the Target
Spectrum, and Upper and Lower Target Spectrum
Bounds for the Full Column CB case, H1 Component
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NAPS SUP 3.7-2 Figure 3.7.1-251 Comparison between the Final Scaled Spectrum
Compatible Response Spectrum, the Target
Spectrum, and Upper and Lower Target Spectrum
Bounds for the Full Column CB case, H2 Component
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NAPS SUP 3.7-2

Figure 3.7.1-252 Comparison between the Final Scaled Spectrum

Compatible Response Spectrum, the Target
Spectrum, and Upper and Lower Target Spectrum
Bounds for the Full Column CB case, UP Component
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Figure 3.7.1-253 Acceleration, Velocity, and Displacement Spectrally Matched Partial Column Outcrop
Time-Histories for CB, H1 Component
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Figure 3.7.1-254 Acceleration, Velocity, and Displacement Spectrally Matched Partial Column Outcrop
Time-Histories for CB, H2 Component

1000.0
;VT L
% 500.0
~
§ 0.0 -
Q
2 -500.0 [ Acc r
-1000.0 e
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Time (sec)
30.0
E 15.0
E 0.0 | 'w ‘H W hWVA v‘w m\ AP, - PIESI Ps i Po
E -15.0 w
-30.0 R
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Time (sec)
10.00
~ 5.00 f /\ ~
S oo | AN / \
< 0.00 += TN
p ~ N/ / ~
8 500 + M
. n 7 o
+
-10.00
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Time (sec)
North Anna 3 Revision 7
Combined License Application 3-101 December 2013




BASIS: ESBWR COLA

NAPS SUP 3.7-2

Figure 3.7.1-255 Acceleration, Velocity, and Displacement Spectrally Matched Partial Column Outcrop

Time-Histories for CB, UP Component
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Figure 3.7.1-256 Acceleration, Velocity, and Displacement Spectrally Matched Full Column Outcrop Time-Histories

for CB, H1 Component
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Figure 3.7.1-257 Acceleration, Velocity, and Displacement Spectrally Matched Full Column Outcrop Time-Histories
for CB, H2 Component
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Figure 3.7.1-258

Acceleration, Velocity, and Displacement Spectrally Matched Full Column Outcrop Time-Histories

for CB, UP Component
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NAPS SUP 3.7-2

Figure 3.7.1-259 Comparison between the Final Scaled Spectrum

Compatible Response Spectrum, the Target
Spectrum, and Upper and Lower Target Spectrum
Bounds for the FWSC, H1 Component
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NAPS SUP 3.7-2

Figure 3.7.1-260 Comparison between the Final Scaled Spectrum

Compatible Response Spectrum, the Target
Spectrum, and Upper and Lower Target Spectrum
Bounds for the FWSC, H2 Component
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NAPS SUP 3.7-2 Figure 3.7.1-261 Comparison between the Final Scaled Spectrum
Compatible Response Spectrum, the Target
Spectrum, and Upper and Lower Target Spectrum
Bounds for the FWSC, UP Component
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Figure 3.7.1-262 Acceleration, Velocity, and Displacement Spectrally Matched Partial Column Outcrop
Time-Histories for the FWSC, H1 Component
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Figure 3.7.1-263 Acceleration, Velocity, and Displacement Spectrally Matched Partial Column Outcrop

Time-Histories for the FWSC, H2 Component
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Figure 3.7.1-264 Acceleration, Velocity, and Displacement Spectrally Matched Partial Column Outcrop

Time-Histories for the FWSC, UP Component
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Figure 3.7.1-265 Development of Horizontal Site-Dependent SSE and OBE at Grade
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NAPS SUP 3.7-2 Figure 3.7.1-266 Development of Vertical Site-Dependent SSE and OBE at Grade
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NAPS SUP 3.7-2 Figure 3.7.1-267 Site-Dependent SSE and OBE at Grade
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NAPS DEP 3.7-1

3.7.2 Seismic System Analysis
3.7.2.2 Natural Frequencies and Responses

Replace the first sentence in this paragraph with the following.

Natural frequencies and SSI responses of Seismic Category | buildings
obtained from the seismic response analyses forming the basis for
seismic design of ESBWR Standard Plant are presented in DCD
Appendix 3A. The site-specific SSI responses specific for Unit 3
site-specific conditions are provided in Section 3.7.2.4.

3724 Soil-Structure Interaction

Add the following at the end of the first paragraph.

This section of the DCD, including associated DCD Appendix 3A in its
entirety, is incorporated by reference with the following supplemental
information for the Unit 3 site-specific soil-structure interaction (SSI)
analyses for the RB/FB, CB, and FWSC. DCD Appendix 3A provides the
SSI analysis approach and results for the standard design based on the
CSDRS and generic soil conditions described in Section 3.7.1.

The site-specific SSI analysis considers SSI effects by following an
approach that is consistent with those used for standard design. The
structural models used for the site-specific SSI analyses have the same
configuration and the mass inertia properties as the standard design
basis structural models presented in DCD Appendix 3A. Only the
stiffness properties and the meshing of the building basements are
adjusted for Unit 3 site-specific conditions as discussed below.

As described in Section 2.0, the site-specific horizontal and vertical FIRS
have been compared to the corresponding CSDRS used for design of
ESBWR standard plant. These comparisons show that there are ranges
of frequencies where both the horizontal and vertical site-specific FIRS
exceed the CSDRS. In accordance with the requirements of DCD Tier 1,
Section 5.1, to address these exceedances, site-specific SSI analyses
are performed for Unit 3 Seismic Category | RB/FB, CB, and FWSC
structures using the Unit 3 site-specific ground motion and strain
compatible soil properties.

The results of these analyses serve to demonstrate the applicability of
the seismic design of the ESBWR Standard Plant for the Unit 3
site-specific conditions. The responses obtained from the site-specific
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NAPS DEP 3.7-1

SSI analyses serve as basis for development of Unit 3 site-specific ISRS
for all locations in the Seismic Category | buildings.

This section presents the approach and methodology used for the
site-specific SSI analyses and the reconciliation of the ESBWR standard
plant design for the Unit 3 site-specific conditions. Site-specific ISRS are
also presented in this section for representative locations.

Add the following at the end of Section 3.7.2.4.

3.7.24.1  Site-Specific Soil-Structure Interaction Analysis

This section presents the site-specific SSI analyses of the Seismic
Category | RB/FB, CB, and FWSC. The site-specific SSI analyses are
performed to address the Unit 3 site-specific conditions.

The methodology used for site-specific SSI analyses is consistent with
the methodology used for the SSI analyses for the ESBWR Standard
Plant design. The site-specific SSI analysis is performed using the
SASSI2010 computer program that is an updated version of the
SASSI2000 computer program used for the standard plant SSI analysis.
The structural dynamic models used for the site-specific SSI analyses
are developed based on the standard design basis models described in
DCD Appendix 3A and are coupled with the Unit 3 site-specific strain
compatible dynamic subsurface properties developed in Section 3.7.1.

The site-specific SSI analyses consider the RB/FB embedded into the
Zone lll rock and include the surrounding concrete fill. The effect of the
structural fill above the top of the Zone Il rock at DCD Elevation -0.68 m
(273 ft NAVD88) on the seismic response of RB/FB is neglected as of
minor importance (the DCD Elevation value is relative to the standard
plant finished ground level grade EL 4.5 m per DCD Table 3.4-1, while
the value following in parentheses is the corresponding elevation at the
NA3 site for which EL 289.5 ft NAVD88 is the finished ground level
grade). Concrete fill used to fill the gap between the RB/FB and adjacent
buildings and excavated in-situ rock up to the top of Zone Ill rock is
included in the SASSI structural model.

The site-specific SSI analyses of the CB consider the building embedded
into the Zone Ill rock and include the surrounding concrete fill in the
SASSI structural model. The CB is founded on concrete fill layer resting
on the surface of the Zone IIl/IV rock. The effect of the structural fill above
the top of the Zone Il rock at DCD Elevation -3.12 m (265 ft NAVD88) on
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the seismic response of CB is neglected as of minor importance.
Concrete fill is used to fill the gap between the CB and adjacent buildings
and excavated in-situ rock up to the top of Zone lll rock. The input control
motion is applied to the SSI model at the bottom of the CB foundation
resting on the concrete fill layer.

The site-specific SSI analyses consider the FWSC as a surface founded
structure at DCD Elevation 2.15 m (282 ft NAVD88) where the input
control motion is applied. The SASSI structural model also includes the
concrete fill layer placed on the surface of the Zone IlI/IV rock up to the
bottom of the FWSC basemat. The concrete fill has the same width of the
basemat and is surrounded by structural fill with properties similar to the
properties of the excavated in-situ soil material.

The site-specific SSI analyses results are presented and compared with
the seismic responses obtained from the standard design SSI analysis
presented in DCD Appendix 3A in the following subsections. These
comparisons serve as basis for validation of the applicability of the
ESBWR Standard Plant for the Unit 3 site-specific conditions as shown in
Section 3.7.2.4.1.6. The responses obtained from the site-specific SSI
analyses serve as basis for development of Unit 3 site-specific ISRS. In
addition, the foundation stability and the dynamic bearing pressure
demands are evaluated in Section 3.8.5 for the RB/FB, CB and FWSC
based on the site-specific SSI analyses results.

3.7.2411 Strain Compatible Dynamic Subsurface Material
Properties

The geology of the Unit 3 site is discussed in detail in Section 2.5.1. The

subsurface materials encountered at the Unit 3 and the engineering

properties of these subsurface materials site are discussed in detail in

Section 2.5.4.

Three subsurface material profiles, a best estimate (BE) profile, a lower
bound (LB) profile, and an upper bound (UB) profile, are used in the SSI
analyses to account for variability in the subsurface materials properties
at the Unit 3 site. The development of the site-specific strain compatible
dynamic subsurface material properties associated with the BE, LB, and
UB profiles are discussed in Section 3.7.1.1.4 and are in accordance with
requirements of ISG-017. The strain compatible dynamic properties used
for the BE, LB, and UB subsurface profiles used in the site-specific SSI
analyses are provided in Table 3.7.1-201 for RB/FB, Table 3.7.1-203 for
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CB, and Table 3.7.1-205 for FWSC. The concrete fill is included in the
SSI analyses structural model as 3-D solid elements as shown in
Figures 3.7.2-202 and 3.7.2-203 for RB/FB, in Figures 3.7.2-205
and 3.7.2-206 for CB, and in Figures 3.7.2-208 and 3.7.2-209 for FWSC.

3.7.241.2 SSI Input Response Spectra Compatible Ground
Motion Time Histories

Section 3.7.1.1.5 describes development of the site-specific ground
motion time histories used as input control motion in the site-specific SSI
analyses. Each site-specific SSI analysis is performed using a single set
of three ground motion time histories for the three orthogonal
components (two horizontal and one vertical) that are applied to the SSI
model as free field ground motion at the corresponding foundation
bottom elevations. In accordance with ISG-017, the NEI method serves
as basis for the development of in-column motion acceleration time
histories used as input control motion for the site-specific SSI analyses of
RB/FB and CB. The in-column motion time histories at the basemat
bottom elevation are developed for each subsurface profile. The
site-specific SSI analysis of the FWSC surface mounted model uses a
single set of time histories for the three components of the out-crop
motion at plant grade. The duration of time history is 29.98 seconds and
the time step is 0.005 seconds.

3.7.2413 Soil-Structure Interaction Analysis Method

The SSI analysis is performed using the SASSI2010 computer program,
an updated version of SASSI2000 computer program used for the
standard design SSI analysis described in DCD Appendix 3A. The
explicit direct (excavated volume) method is used for the computation of
the foundation impedance of the embedded RB/FB and CB models. The
same method is also used for the surface founded FWSC including
concrete fill underneath. The effects of the ground motion incoherency
that reduce the responses at higher frequencies are conservatively
neglected by considering coherent input ground motion. As shown in
Table 3.7.2-201, the cut-off frequency of 50 Hz is used for all site-specific
SSI analyses except for the SSI analysis of FWSC with LB profile that
uses cut-off frequency of 29 Hz. This LB cutoff frequency is sufficient to
capture low and intermediate frequency range of significance that is
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typically associated with softer subsurface profiles. The number of FFT
points is 8192.

3.7.2.4.1.4  SSI Analysis Structural Models

The site-specific SSI structural models for the RB/FB, CB and FWSC are
constructed from the building stick models coupled with the foundation
finite element model following the methodology described in DCD
Section 3A.7.3. The RB/FB, CB and FWSC stick models are shown in
DCD Figures 3A.7-4, 3A.7-6, and 3A.7-7, respectively. The plate
elements for basemat and basement exterior walls, and overall
site-specific SSI structural models are shown in Figures 3.7.2-201
through 3.7.2-203 for the RB/FB, Figures 3.7.2-204 through 3.7.2-206 for
the CB, and Figures 3.7.2-207 through 3.7.2-209 for the FWSC. These
figures also present the excavated soil volume elements that are part of
the SASSI structural models. The excavated soil volumes have mesh
that is consistent with the FE mesh of the basemats and basement
exterior walls finite elements. The excavated soil elements are assigned
with in-situ strain compatible soil properties as the ones used in the site
profile models.

SASSI2010 criteria that the size of the elements shall be at least one fifth
of the wave length to be able to accurately pass the seismic wave is used
to determine the mesh size of the site and excavated volume models.
The passing and cut-off frequencies are shown in Table 3.7.2-201. The
meshes of the foundation finite element models used for site-specific SSI
analyses of the RB/FB and CB are refined enough to ensure passage of
seismic waves with 50 Hz frequency in all directions for all subsurface
profiles. The mesh of the FWSC foundation model is sized to pass waves
with 50 Hz frequency in all directions for the UB subsurface profile.
Based on the SASSI2010 criteria, the FWSC models used for the SSI
analyses of LB and BE soil profiles are capable of transmitting
frequencies up to 19 Hz and 33 Hz, respectively. The SSI analyses for
these two soil profiles are performed for frequencies up to 50 Hz and
29 Hz that are 50 percent higher than the SASSI2010 criteria. The review
of the transfer function results from these two analyses indicate that the
use of frequencies of analysis beyond those specified in the SASSI2010
manual does not compromise the accuracy of the results. The in-situ
subgrade in the SSI models is represented by horizontally infinite layers
resting on surface of elastic half space. The site models used for the SSI
analyses of the RB/FB, CB and FWSC model consist of 13, 17 and
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22 layers, respectively. These layers are developed to match the original
site profile using the equivalent wave travel time procedure for adjusted
shear and compression wave velocities as shown below.

H H
:T ave
j
Z Vs.
/ /

>

i I/p,.
where: H is the thickness of the adjusted layer, d;, Vs; and Vp; are the
thickness, shear wave and compression wave velocities of the layers in
the original site profiles. The unit weight and damping ratios of the
adjusted layers are determined as weighted averages with respect to the
layer thickness.

The top of the half space in the RB/FB, CB and FWSC models is
established at DCD elevation -42.7 m (135 ft NAVD88), -45.8 m (125 ft
NAVD88) and -45.5 m (126 ft NAVD88), respectively. Consistent with
SASSI manual recommendations, the half-space simulation consists of
additional ten layers with viscous dashpots added at the base of the site
finite element model to account for the dissipation of energy at the model
lower boundary. The half-space model has a thickness of 1.5 Vg/ f, where
Vs is the shear wave velocity of the halfspace and f is the frequency of
the analysis. The total depth of the site model used for SSI analyses of
RB/FB, CB and FWSC is more than 95.9 m, 104.1 m and 116.3 m,
respectively, which is close or exceeds two times the footprint dimension
of the analyzed structure.

Vs

ave

Reduced cracked concrete stiffness properties are assigned to the
lumped mass stick model elements based on the SASSI stress results for
in-plane shear and out-of-plane bending moment. The shear stiffness of
the stick elements is reduced based on the cracking criteria (shear stress
of rupture of concrete: 3 x fC'O'5 psi, where f;' is specified compressive
strength of concrete, psi). The cracking criteria defined in ACI 349-01,
Section 9.5.2.3, is used as basis for reduction of the out-of-plane bending
stiffness based on comparison with the bending moment results. The
stress check to determine the state of cracking is performed for the
response corresponding to the BE profile. This is to maintain consistency
with best estimate properties considered in structural models.

Figure 3.7.2-210 shows in red the elements of the RB/FB lumped mass
stick model that are assigned with reduced cracked concrete stiffness
properties and SSE damping. The RB/FB SDOF oscillators that are
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shown in red are also assigned with reduced cracked concrete stiffness
properties and SSE damping. Reduced cracked concrete stiffness
properties and SSE damping are assigned to all stick elements of the CB
lumped mass stick. The FWSC model is assigned full (uncracked
concrete) stiffness properties and OBE damping.

The concrete fill surrounding the RB/FB, CB and FWSC is included in the
structural models. In the site-specific SSI analyses, the concrete fill
surrounding the RB/FB, CB, and FWSC is modeled consistent with the
mesh size of plate elements for basemat and exterior walls. 3-D spring
elements are established at the interface between the concrete fill solid
elements and the building shell elements. These spring elements are
assigned global stiffness properties high enough to ensure they do not
affect the dynamic properties of the analyzed SSI system. The interface
spring elements provide spring force results that serve as input for
calculation of the site-specific wall lateral pressure and foundation
bearing pressure demands in Sections 3.8.4.5.6 and 3.8.5.5.2,
respectively. The spring forces results also serve as input for calculation
of seismic driving forces for the site-specific stability evaluations in
Section 3.8.5.5.1.

The SASSI2010 model X-direction and Y-direction represent plant
north-south (NS) and east-west (EW) directions, respectively. The
positive X-axis is oriented to the south. The positive Y-axis is oriented to
the east. The positive Z- axis is oriented upward.

3.7.2415 Soil-Structure Interaction Analysis Cases

The site-specific SSI analyses cases are summarized in Table 3.7.2-202
for the RB/FB, Table 3.7.2-203 for the CB, and Table 3.7.2-204 for the
FWSC. To account for variability in the subsurface material properties,
BE, LB, and UB profiles are considered.

Each analysis case consists of three directions of excitation (two
horizontal and one vertical) applied independently to the SSI model. The
calculated resulting co-directional ISRS in the X-, Y-, and Z directions are
combined using the SRSS method, taking into account coupling effects
between vertical and rocking and between lateral and torsion motions.
The co-directional response structural loads from each direction of
excitation for each case are combined using the algebraic sum method in
the time domain to obtain the total response. The ISRS in the BE, LB and
UB profiles are enveloped to have the maximum amplitude for each
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frequency. The structural responses obtained from the SSI analyses of
BE, LB, and UB profiles are enveloped to obtain the site-specific design
basis values for the maximum member forces, accelerations and
displacements.

3.7.24.1.6 Soil-Structure Interaction Analysis Results

The following sections present the results of the site-specific SSI
analyses for the BE, LB, and UB subsurface profiles. The site-specific
SSI analyses results for response at key locations are compared herein
with the standard seismic design envelopes presented in DCD
Appendix 3A. Comparisons are provided for maximum seismic structural
loads and ISRS.

The results of the SSI analyses for the spring contact forces at the
foundation bottom are used to evaluate the potential loss of contact with
the subgrade due to foundation uplift. The plots of the contact pressures
at the bottom of the foundation at the critical instances of time show that
the contact ratio remains above 80 percent thus demonstrating that the
potential uplift of the foundations have a negligible effect on the results of
the SSI analyses.

3.7.2.4.1.6.1 SSI Enveloping Maximum Structural Loads

For the RB/FB model, the enveloping seismic loads from the site-specific
SSI analyses based on the BE, LB, and UB subsurface profiles (herein
called Unit 3 site-specific SSI enveloping seismic loads) are presented in
Tables 3.7.2-205 through 3.7.2-209.

The site-specific SSI enveloping seismic loads for the RB/FB are
presented in Table 3.7.2-205. The site-specific SSI enveloping seismic
loads are compared with the enveloping seismic loads provided in DCD
Table 3A.9-1a for the RB/FB stick model. Table 3.7.2-205 also presents
the percentage ratio of the site-specific SSI enveloping seismic loads to
the seismic loads used for the standard design of RB/FB structures.
Table 3.7.2-205 shows that the site-specific seismic loads for the RB/FB
are partially larger than the corresponding standard design loads.
Table 3.7.2-216(a) shows the result of stress checks using a scale factor
for RB/FB Wall. Scale factors are calculated as the maximum value of the
ratios of site-specific to standard design structural load components. This
is a conservative approach since not all load components contributing to
stresses experience the same degree of increase. The calculated scale
factors are then applied to the worst stress ratio of the standard design
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governing seismic load combination to Code allowable stress. This
approach provides upper bound estimate for Unit 3 stresses since the
scale factor determined from the seismic load alone is applied to the
combined stress of seismic plus other loads. The estimates of
site-specific stresses ratio would be smaller if the scale factor is applied
to the seismic stress component only. All values of Unit 3 stress ratio are
confirmed to be within the code allowable stress limits which demonstrate
the applicability of the standard design of RB/FB structures for Unit 3 site
conditions.

The site-specific SSI seismic loads for the Reinforced Concrete
Containment Vessel (RCCV) stick model are presented in
Table 3.7.2-206. The site-specific SSI seismic loads are compared with
the corresponding standard design seismic loads provided in DCD
Table 3A.9-1b. Table 3.7.2-206 also presents the percentage ratio of the
site-specific SSI seismic loads to the seismic loads used for standard
design of the RCCV. Table 3.7.2-206 shows that the site-specific seismic
loads for the RCCV are partially larger than the standard design seismic
loads. Table 3.7.2-216(b) shows the result of stress check using a scale
factor for RCCV Wall. All values of stress are confirmed to be within
allowable stress, thus demonstrating the applicability of the standard
design of the RCCV structures for Unit 3 site conditions.

The site-specific seismic loads for the Vent Wall/Pedestal stick model are
presented in Table 3.7.2-207. The site-specific seismic loads are
compared with the corresponding seismic loads provided in DCD
Table 3A.9-1c and used for the standard design of Vent Wall/Pedestal
structural members. Table 3.7.2-207 also presents the percentage ratio
of the site-specific seismic loads to the seismic loads used for standard
design of the Vent Wall/Pedestal structural members. Table 3.7.2-207
shows that the site-specific seismic loads for the Vent Wall/Pedestal are
partially larger than the corresponding standard design seismic loads.
Table 3.7.2-216(c) and (d) shows the result of the stress check using a
scale factor for the Vent Wall/Pedestal Wall. All the values of stress are
confirmed to be within stress allowables, thus demonstrating the
applicability of the standard design of the Vent Wall/Pedestal wall for
Unit 3 site conditions.

The site-specific seismic loads for the Reactor Shield Wall (RSW) are
presented in Table 3.7.2-208. The site-specific seismic loads are
compared with the corresponding RSW standard design seismic loads
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provided in DCD Table 3A.9-1d. Table 3.7.2-208 also presents for the
RSW the percentage ratio of the site-specific seismic loads to the
standard design enveloping seismic loads. Table 3.7.2-208 shows that
the RSW site-specific seismic loads are partially larger than the
corresponding seismic loads in DCD Table 3A.9-1d. Table 3.7.2-216(e)
shows the result of a stress check using a scale factor. The RSW stress
exceeds the allowable stress when the scale factor is applied to the
combined stress of seismic plus others. However, when the scale factor
is applied to seismic stress alone the combined stress of the RSW
structure is confirmed to be within stress allowables, thus demonstrating
the applicability of the standard design of the RSW structure for Unit 3
site conditions.

As described in DCD Sections 3.7.2 and 3.7.2.3, the reactor pressure
vessel (RPV) is not a primary structural component. A lumped mass stick
model of the RPV is included in the SSI model to capture its dynamic
interaction with the supporting structure. Although this model is not used
for the design of the RPV, the responses obtained from the RPV lumped
mass stick model are considered for the purpose of this site-specific
evaluation. The site-specific SSI enveloping loads for the RPV stick
model are presented in Table 3.7.2-209. The site-specific SSI enveloping
seismic loads are compared with the standard design seismic loads
provided in DCD Table 3A.9-1e for the RPV lumped mass stick model.
Table 3.7.2-209 presents the percentage ratio of the site-specific SSI
enveloping seismic loads to the standard design SSI analysis enveloping
seismic loads for the RPV stick model. Table 3.7.2-209 shows that the
site-specific SSI enveloping seismic loads for the RPV stick model
exceed the DCD standard design SSI analysis enveloping seismic loads.
To address these exceedances of the RPV seismic loads, a decoupled
model of the RPV subsystem is analyzed using input SSE loads based
on the results of the site-specific SSI analysis.

The site-specific seismic loads for CB stick model are presented in
Table 3.7.2-217. The site-specific seismic loads are compared with the
corresponding CB standard design seismic loads provided in DCD
Table 3A.9-1f. Table 3.7.2-217 also presents the percentage ratio of the
site-specific seismic loads to the corresponding seismic loads used for
standard design of the CB structure. Table 3.7.2-217 shows that the CB
site-specific seismic loads are partially larger than the corresponding
standard design seismic loads. Table 3.7.2-219 shows the result of the

3-124 Revision 7
December 2013




BASIS: ESBWR COLA

North Anna 3
Combined License Application
Part 2: Final Safety Analysis Report

stress check using a scale factor. As shown in Table 3.7.2-219, it is
confirmed that all stresses are lower than stress allowables, thus
demonstrating the applicability of the standard design of the CB structure
for Unit 3 site conditions.

For the FWSC model, the site-specific seismic loads obtained from
site-specific SSI analyses of the Fire Water Storage Tank (FWS) and Fire
Pump Enclosure (FPE) stick models are presented in Tables 3.7.2-220
and 3.7.2-221 respectively. These site-specific seismic loads are
compared with the corresponding FWSC standard design seismic loads
provided in DCD Tables 3A.9-1g and 3A.9-1h. Table 3.7.2-220 and
Table 3.7.2-221 also presents the percentage ratio of the site-specific
seismic loads to the seismic loads used for the standard design of the
FWSC structure. Tables 3.7.2-220 and 3.7.2-221 show that the
site-specific FWSC seismic loads are lower than the corresponding
standard design seismic loads except for torsion. The structural design
considers seismic torsion loads that include both torsion loads due to
eccentricities of the SSI analysis model and accidental torsion that is
calculated as a product of 5 percent of the largest plan dimension of the
building and the floor horizontal load. The comparisons in
Table 3.7.2-222 demonstrate that the total torsion loads used in the
standard design envelope the site-specific total torsion loads. The
comparisons in Tables 3.7.2-220, 3.7.2-221, and 3.7.2-222 demonstrate
the applicability of the standard design of the FWSC structures for Unit 3
site conditions.

The Unit 3 site-specific SSI enveloping maximum vertical accelerations
for the RB/FB stick model are presented in Table 3.7.2-210. The Unit 3
site-specific SSI enveloping maximum vertical accelerations are
compared with the enveloping maximum vertical accelerations provided
in DCD Table 3A.9-3a, for the RB/FB stick model. Table 3.7.2-210 also
presents the percentage ratio of the site-specific SSI enveloping
maximum vertical accelerations to the enveloping maximum vertical
accelerations of the DCD for the RB/FB stick model. Table 3.7.2-210
shows that the Unit 3 site-specific SSI enveloping maximum vertical
accelerations for the RB/FB stick model are partially larger than the DCD
enveloping maximum vertical accelerations. Table 3.7.2-216(a) shows
the result of the stress check using a scale factor for RB/FB Wall. All
values of stress are confirmed to be within stress allowables.
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The Unit 3 site-specific SSI enveloping maximum vertical accelerations
for the RCCV stick model are presented in Table 3.7.2-211. The Unit 3
site-specific SSI enveloping maximum vertical accelerations are
compared with the enveloping maximum vertical accelerations provided
in DCD Table 3A.9-3b, for the RCCV stick model. Table 3.7.2-211 also
presents the percentage ratio of the Unit 3 site-specific SSI enveloping
maximum vertical accelerations to the DCD enveloping maximum vertical
accelerations for the RCCV stick model. Table 3.7.2-211 shows that the
site-specific SSI enveloping maximum vertical accelerations for the
RCCV stick model are partially larger than the DCD enveloping maximum
vertical accelerations. Table 3.7.2-216(b) shows the result of the stress
check using a scale factor for RCCV Wall. All values of stress are
confirmed to be within stress allowables.

The site-specific SSI enveloping maximum vertical accelerations for the
Vent Wall/Pedestal stick model are presented in Table 3.7.2-212. The
site-specific SSI enveloping maximum vertical accelerations are
compared with the enveloping maximum vertical accelerations provided
in DCD Table 3A.9-3c, for the Vent Wall/Pedestal stick model.
Table 3.7.2-212 also presents the percentage ratio of the site-specific SSI
enveloping maximum vertical accelerations to the DCD enveloping
maximum vertical accelerations for the Vent Wall/Pedestal stick model.
Table 3.7.2-212 shows that the site-specific SSI enveloping maximum
vertical accelerations for the Vent Wall/Pedestal stick model are partially
larger than the DCD enveloping maximum vertical accelerations.
Table 3.7.2-216(c) and (d) shows the result of the stress check using a
scale factor for Vent Wall/Pedestal. All values of stress are confirmed to
be within stress allowables.

The site-specific SSI enveloping maximum vertical accelerations for the
RSW stick model are presented in Table 3.7.2-213. The Unit 3
site-specific SSI enveloping maximum vertical accelerations are
compared with the enveloping maximum vertical accelerations provided
in the DCD Table 3A.9-3d, for the RSW stick model. Table 3.7.2-213 also
presents the percentage ratio of the Unit 3 site-specific SSI enveloping
maximum vertical accelerations to the DCD enveloping maximum vertical
accelerations for the RSW stick model. Table 3.7.2-213 shows that the
Unit 3 site-specific SSI enveloping maximum vertical accelerations for
the RSW stick model are larger than the DCD enveloping maximum
vertical accelerations. Table 3.7.2-216(e) shows the result of a stress
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check using a scale factor. The RSW stress exceeds the allowable stress
when the scale factor is applied to the combined stress of seismic plus
others. However, when the scale factor is applied to seismic stress alone,
the combined stress of the RSW structure is confirmed to be within stress
allowables, thus demonstrating the applicability of the standard design of
the RSW structure for Unit 3 site conditions.

The site-specific SSI enveloping maximum vertical accelerations for the
RB/FB Flexible Slab Oscillators are presented in Table 3.7.2-214. The
site-specific SSI enveloping maximum vertical accelerations are
compared with the enveloping maximum vertical accelerations provided
in the DCD Table 3A.9-3e, for the RB/FB Flexible Slab Oscillators.
Table 3.7.2-214 also presents the percentage ratio of the site-specific SSI
enveloping maximum vertical accelerations to the DCD enveloping
maximum vertical accelerations for the RB/FB Flexible Slab Oscillators.
Table 3.7.2-214 shows that the site-specific SSI enveloping maximum
vertical accelerations for the RB/FB Flexible Slab Oscillators are partially
larger than the DCD enveloping seismic loads. Table 3.7.2-216(f) shows
the result of the stress check using a scale factor. Only the Suppression
Pool (S/P) slab is larger than allowable stress. However, when the scale
factor is applied to seismic stress alone, the combined stress of the S/P
slab is only 6 percent larger than allowable. Because the strains under
combined primary and secondary forces meet the ASME Code
Section CC-3422.1(d) requirements, the design adequacy of the S/P is
confirmed.

The site-specific SSI enveloping maximum horizontal accelerations for
the RB/FB Wall Out-of-Plane Oscillators are presented in
Table 3.7.2-215. The site-specific SSI enveloping maximum horizontal
accelerations are compared with the enveloping maximum horizontal
accelerations provided in DCD Table 3A.9-3f, for the RB/FB Wall
Out-of-Plane Oscillators. Table 3.7.2-215 also presents the percentage
ratio of the Unit 3 site-specific SSI enveloping maximum horizontal
accelerations to the DCD enveloping maximum horizontal accelerations
for the RB/FB Wall Out-of-Plane Oscillators. Table 3.7.2-215 shows that
the Unit 3 site-specific SSI enveloping maximum horizontal accelerations
for the RB/FB Wall Out-of-plane Oscillators are partially larger than the
standard design values with a maximum exceedance of approximately
84 percent. These exceedances of the oscillator accelerations affect only
the magnitude of the out-of plane loads related to the mass participation
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of the particular flexible mode of vibration of the wall. The design of the
wall is performed using a total out of plane load that include the
contribution of all flexible modes of vibrations represented by the
oscillators and the remaining rigid mass response of the wall. The
site-specific stress evaluations of the RB/FB walls based on the total
out-of-plane loads conformed that the combined stresses are within the
stress allowables.

The Unit 3 site-specific SSI enveloping maximum vertical accelerations
for the CB stick model are presented in Table 3.7.2-218. The SSI
enveloping maximum vertical accelerations are compared with the
enveloping maximum vertical accelerations provided in the DCD
Table 3A.9-3g, for the CB stick model. Table 3.7.2-218 also presents the
percentage ratio of the site-specific SSI enveloping maximum vertical
accelerations to the DCD enveloping maximum vertical accelerations for
the CB stick model. Table 3.7.2-218 shows that the site-specific SSI
enveloping maximum vertical accelerations for the CB stick model are
partially larger than the DCD enveloping seismic loads. The stress
checks in Table 3.7.2-219(a) performed using scale factors
conservatively applied on the total load show that the stresses in all walls
but one are below the stress allowable. Only the stresses in the wall
between DCD elevations -7.4 m and -2.0 m are larger than allowable
stresses. However, further evaluation with the scale factor applied to
seismic load alone confirms that the combined stress in this wall also
remains within stress allowable. The stress checks in Table 3.7.2-219(b)
using scale factors applied on the total slab load confirm that the stress in
the CB slabs are all lower than the stress allowable thus demonstrating
the applicability of the standard design of the CB slabs for Unit 3 site.

The results of Unit 3 site-specific SSI analysis of FWSC stick model for
enveloping maximum vertical accelerations at FWS and FPE lumped
mass locations are presented in Tables 3.7.2-223 and 3.7.2-224
respectively. These site-specific enveloping maximum vertical
accelerations are compared with those provided in the DCD
Tables 3A.9-3h and 3A.9-3i. The percentage ratio of the FWSC
site-specific enveloping maximum vertical accelerations to the DCD
enveloping maximum vertical accelerations in Tables 3.7.2-223
and 3.7.2-224 show that the site-specific accelerations are lower than the
DCD values thus demonstrating the applicability of standard design of
FWS and FPE slabs for the Unit 3 conditions.
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3.7.2.4.1.6.2 Comparison of the Site-Specific SSI Floor Response
Spectra

The 5 percent damping ISRS obtained from the site-specific SSI

analyses of RB/FB, CB and FWSC models for the BE, LB, and UB

subsurface profiles are compared with the standard design enveloping

ISRS presented in DCD Section 3A.9.2. The site-specific ISRS are

developed following the same methodology as the standard design ISRS.

Figures 3.7.2-211 through 3.7.2-228 compare the 5 percent damping
site-specific ISRS obtained from the site-specific SSI analysis of the
RB/FB model with the corresponding standard design ISRS in DCD
Section 3A.9.2. The comparisons show that the site-specific ISRS
exceed the standard design ISRS for a range of frequencies. Peak
broadened site-specific design ISRS are developed as envelope of the
results obtained from the SSI analyses of RB/FB for the three
site-specific subgrade conditions following the same methodology as the
standard design. The RB/FB site-specific SSE design floor response
spectra at selected locations for critical damping ratios of 2, 3, 4, 5, 7, 10
and 20 percent are shown in Figures 3.7.2-229 through 3.7.2-246.

Figures 3.7.2-247 through 3.7.2-252 present the comparisons of, the
5 percent damping site-specific SSI ISRS obtained from the site-specific
SSI analyses of the CB with the corresponding standard design ISRS
presented in DCD Section 3A.9.2. The comparisons show that the CB
site-specific SSI ISRS exceed the standard design ISRS for a range of
frequencies. Peak broadened site-specific design ISRS are developed as
envelope of the results obtained from the SSI analyses of CB for the
three site-specific subgrade conditions following the same methodology
as the standard design. The CB site-specific SSE design floor response
spectra at selected locations for critical damping ratios of 2, 3, 4, 5, 7, 10
and 20 percent are shown in Figures 3.7.2-253 through 3.7.2-258.

Figure 3.7.2-259 through 3.7.2-270 present the comparison of the
5 percent damping site-specific ISRS obtained from the site-specific SSI
analysis of the FWSC model with the corresponding standard design
ISRS presented in DCD Section 3A.9.2. The comparisons show that
FWSC site-specific ISRS exceed the standard design ISRS for a range of
frequencies. Peak broadened site-specific design ISRS are developed as
envelope of the results obtained from the SSI analyses of FWSC for the
three site-specific subgrade conditions following the same methodology
as the standard design. The FWSC site-specific SSE design floor
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response spectra at selected locations for critical damping ratios of 2, 3,
4,5,7,10 and 20 percent are shown in Figures 3.7.2-271 through
3.7.2-282.

3.7.2417 Site-Specific SSI Analyses Conclusions

Based on the site-specific SSI analyses, the following conclusions apply
to the Unit 3 site:

» The structural design of the ESBWR Standard Plant based on the
CSDRS ground motion and generic subgrade conditions, is applicable
to the RB/FB, CB and FWSC Seismic Category | structures at the
Unit 3 site.

« Site-specific ISRS are developed and adopted for the design for all
locations of RB/FB, CB and FWSC since the site-specific ISRS
exceed the standard plant design basis ISRS at some locations.
Site-specific seismic qualification and analyses are performed for the
equipment and components at these locations to demonstrate that
their standard design is applicable for Unit 3 site-specific conditions.

3.7.241.8 Site-Specific Seismic Design and Analysis of
Structures, Systems, and Components

The Unit 3 seismic design and analysis of structures, systems, and
components (SSCs), are based on SSE defined by the following two sets
of the free-field outcrop spectra at the foundation level (bottom of the
base slab):

1) the CSDRS shown in the DCD Figures 2.0-1 and 2.0-2; and

2) the site-specific FIRS for each individual structure (RB/FB, CB, and
FWSC) defined in Figures 2.5.2-307, 2.5.2-308, and 2.5.2-312

Thus, where a SSC is required to meet Seismic Category | requirements
or to withstand SSE, the two sets of spectra define the SSE for design
and analysis of these SSCs for Unit 3.

However, as specified in DCD Section 2.0, liquefaction potential and
slope stability evaluations are exceptions for each site and use the
site-specific SSE.

The seismic design of systems and components is evaluated to both the
ISRS input from the standard design CSDRS and the ISRS input from the

Unit 3 FIRS. As described in Section 3.7.2.4.1.6.2, the ISRS obtained
from the site-specific SSI analyses exceed the standard design ISRS at
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certain locations within the building for a range of frequencies. Peak
broadened site-specific design floor response spectra are developed for
these locations and used for seismic design and qualification of
substructure, components and equipment. Since PCCS Condenser
site-specific floor response spectra exceed the standard design spectra,
additional analyses are performed using the methodology described in
DCD Section 3G.1.5.4.1.5 to confirm that the acceptance criteria in DCD
Tier 1 ITAAC 5 in Table 2.15.4-2 are met. The site-specific ISRS also
exceed the standard design floor response spectra at the locations of the
new fuel storage rack and spent fuel storage rack in the deep pit.
Additional analyses are also performed for these nuclear fuel racks using
the methodology described in DCD Reference 9.1-1 to confirm that the
acceptance criteria in DCD Tier 1 ITAAC 1 and 2 in Table 2.5.6-1 are met.

Table 3.7.2-219 shows that the site-specific SSI analysis yield enveloping
seismic loads for the RPV that exceed the corresponding DCD standard
design enveloping seismic loads. The seismic capability of the RPV
subsystem is verified through the DCD Tier 1, Table 2.1.1-3, ITAAC 6
based on the results of seismic analysis of a decoupled model of the RPV
subsystem that use input SSE loads developed from the results of
site-specific SSI analysis of the RB/FB model.

Based on the results of the site-specific SSI analysis for enveloping,
seismic loads, it is demonstrated in Section 3.7.2.4.1.6.1 that the
standard design of Seismic Category | structures envelops the Unit 3
site-specific structural demands. The site-specific SSE loads for the
Seismic Category Il, and Radwaste Building structures are developed in
the same manner as for the Category | structures based on the results of
site specific SSI analyses. The SSI analyses for the Seismic Category Il
and Radwaste Building structures are identified as site-specific ITAAC in
COLA Part 10.

3.7.2.8 Interaction of Non-Category | Structures with Seismic
Category | Structures

Add the following at the end of this section.
The locations of structures are provided in Figure 2.1-201.

The locations of structures around the Unit 3 power block area are
depicted in the plant layout provided in Figure 2.1-201. All Non-Seismic
Category | structures that are within the scope of the standard design are
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addressed in this section. Each other Non-Seismic Category structure
that is outside the scope of the DCD is at least a distance of its height
above grade from Seismic Category | structures. Thus, the collapse of
any site-specific non-Seismic Category | SSC will not cause the
non-Seismic Category | SSC to compromise the structural integrity
and/or the functions of any Seismic Category | SSC.

Two sets of site-specific seismic response analyses are performed using
the Unit 3 site-specific design ground motion and subgrade dynamic
properties to demonstrate the adequacy of the standard plant:

« Site-specific SSI analyses of the stand alone TB, RW, SB, and
Ancillary Diesel Building (ADB) structures following methodology
consistent with the site-specific seismic SSI analyses of the Seismic
Category | structures presented in Section 3.7.2.4.

* Site-specific seismic structure-soil-structure interaction (SSSI)
analyses to evaluate any adverse effects of seismic interaction
between the TB, RW, SB, and ADB structures and adjacent Seismic
Category | structures, as necessary.

Results of these site-specific seismic SSI and seismic SSSI analyses will
be discussed as part of the ITAAC completion package for the TB, RW,
SB, and ADB structures to demonstrate that acceptance criteria in ITAAC
Tables 2.4.15-1, 2.4.16-1, 2.4.17-1, and 2.4.18-1, respectively, are met.

3.7.2.8.1  Turbine Building
Replace the second paragraph with the following.

[The site-specific SSI analysis and seismic evaluation of the Turbine
Building are performed following the same methodology as the one used
for the Seismic Category | buildings in Section 3.7.2.4.1. A seismic
design motion is used that is compatible to site-specific FIRS that are
developed considering the site-specific subgrade conditions under the
Turbine Building. The development of these FIRS follows the same
methodology as the one used for the FIRS for Seismic Category |
buildings in Section 2.5.2. The site-specific SSI analysis uses subgrade
dynamic properties that are compatible to the strains generated by the
site-specific ground motion and are developed using the methodology
described in Section 3.7.1.1.3. The site-specific effects of
structure-soil-structure interaction with adjacent Seismic Category |
structures are evaluated, if necessary, following an approach consistent
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with the one used for the standard design that is described in DCD
Section 3A.8.11.

The Turbine Building location is shown in Figure 2.1-201. The seismic
gaps between the Turbine Building and the RB are less than the
calculated maximum relative displacements between the two buildings
during site-specific SSE event.]*

3.7.2.8.2 Radwaste Building

Replace the second paragraph with the following.

[The site-specific SSI analysis and seismic evaluation of the Radwaste
Building (RW) are performed following the same methodology as the one
used for the Seismic Category | buildings in Section 3.7.2.4.1. A seismic
design motion is used that is compatible to site-specific FIRS that are
developed considering the site-specific subgrade conditions under the
RW foundation. The development of these FIRS follows the same
methodology as the one used for the development of the FIRS for
Seismic Category | buildings in Section 2.5.2. The site-specific SSI
analysis of RW uses subgrade dynamic properties that are compatible to
the strains generated by the site-specific ground motion and are
developed using the methodology described in Section 3.7.1.1.3. The
site-specific effects of structure-soil-structure interaction with adjacent
Seismic Category | structures are evaluated, if necessary, following an
approach consistent with the one used for the standard design that is
described in DCD Section 3A.8.11.

The RW location is shown in Figure 2.1-201. It is at least 10 meters from
the RB. The building height is shown in DCD Figure 1.2-25.]*

3.7.2.8.3 Service Building

Replace the second paragraph with the following.

[The site-specific SSI analysis and seismic evaluation of the Service
Building are performed following the same methodology as the one used
for the Seismic Category | buildings in Section 3.7.2.4.1. A seismic
design motion is used that is compatible to site-specific FIRS that are
developed considering the site-specific subgrade conditions under the

* Text sections that are bracketed and italicized with an asterisk following the
brackets are designated as Tier 2*. Prior NRC approval is required to change.
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Service Building. The development of these FIRS follows the same
methodology as the one used for the FIRS for Seismic Category |
buildings in Section 2.5.2. The site-specific SSI analysis uses subgrade
dynamic properties that are compatible to the strains generated by the
site-specific ground motion and are developed using the methodology
described in Section 3.7.1.1.3.

The site-specific effects of structure-soil-structure interaction with
adjacent Seismic Category | structures are evaluated, if necessary,
following an approach consistent with the one used for the standard
design that is described in DCD Section 3A.8.11.

The Service Building location is shown in Figure 2.1-201. The seismic
gaps between the Service Building and the RB are less than the
calculated maximum relative displacements between the two buildings
during site-specific SSE event.]*

3.7.2.8.4  Ancillary Diesel Building

Replace the second paragraph with the following:

[The site-specific SSI analysis and seismic evaluation of the Ancillary
Diesel Building are performed following the same methodology as the
one used for the Seismic Category | buildings in Section 3.7.2.4.1. A
seismic design motion is used that is compatible to site-specific FIRS that
are developed considering the site-specific subgrade conditions under
the Ancillary Diesel Building. The development of these FIRS follows the
same methodology as the one used for the FIRS for Category I buildings
in Section 2.5.2. The site-specific SSI analysis uses subgrade dynamic
properties that are compatible to the strains generated by the
site-specific ground motion and are developed using the methodology
described in Section 3.7.1.1.3. The site-specific effects of
structure-soil-structure interaction with adjacent Seismic Category |
structures are evaluated, if necessary, following an approach consistent
with the one used for the standard design that is described in DCD
Section 3A.8.11.

The Ancillary Diesel Building location is shown in Figure 2.1-201. It is at
least 15.2 meters from the Fuel Building.]*

* Text sections that are bracketed and italicized with an asterisk following the
brackets are designated as Tier 2*. Prior NRC approval is required to change.
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Table 3.7.2-201 The passing and cut-off frequencies

Building RB/FB cB FWSC
Site BE UB LB BE uB LB BE) uB LBY
Condition

Passing 83Hz 112Hz 61Hz 72Hz 95Hz 55Hz 33Hz 53Hz 19Hz
Frequency

Cut-off 50Hz 50Hz 50Hz 50Hz 50Hz 50Hz 50Hz 50Hz 29Hz
Frequency

Note: *) Cut-off frequency is determined to be 1.5 times of passing frequency

Table 3.7.2-202 RB/FB SSI Analysis Cases

Site Condition
Case Structural Concrete

Building ID No. Damping Cracking BE UB LB
RBFB-1a X — —
SSE Partiall
RB/FB RBFB-2a  and Crackei’i — X —
OBE
RBFB-3a — — X

Table 3.7.2-203 CB SSI Analysis Cases

Site Condition
Case Structural Concrete

Building ID No. Damping Cracking BE uB LB
CB-1a X — —
CB CB-2a SSE Cracked 