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This report presents the North Anna Unit 3 (NA3) site-specific evaluations of the effects of
Structure-Soil-Structure Interaction (SSSI) between the Economic Simplified Boiling Water
Reactor (ESBWR) Firewater Service Complex (FWSC) and the adjacent Control Building
(CB). The evaluations follow a methodology consistent with the one used in the ESBWR
standard Design Control Document (DCD) to determine:

*The SSSI effects of the FWSC on the CB seismic response based on results of site-
specific SSSI analyses of the CB-FWSC combined model

*The SSSI effects of the CB on the FWSC seismic response based on results of site-
specific SSSI analyses of the FWSC-CB combined model

The evaluation of the SSSI effects of the Reactor Building/Fuel Building (RB/FB) on the CB
seismic response are presented in Reference 2-z.

The site-specific SSSI analyses are performed using the Modified Subtraction Method
(MSM) and the SASS12010 computer program. The combined SSSI models are developed
from the standard design SASSI structural models described in Section 4.3 coupled with site-
specific strain-compatible dynamic subsurface properties. The combined models representing
the dynamic properties of the CB and FWSC structures also include near-field subgrade
elements providing an explicit representation of the subgrade conditions existing between the
FWSC and the CB. The near-field solid elements model the concrete fill and structural fill
backfilled into the gap between the buildings. The concrete fill is backfilled up to the top of
the Zone III rock elevation, and the structural• fill is backfilled above the Zone III rock
elevation up to the finished ground level grade.

The site-specific SSSI effects of the FWSC on the CB seismic response are evaluated using
the results of the SSSI analyses of the CB-FWSC combined model for the full column
subgrade profiles representing strain-compatible dynamic soil/rock properties at the CB
location. The SSSI analyses are performed on full column profiles to accurately capture the
effects of concrete fill placed below the FWSC foundation on the CB seismic response. To
account for the effects of the potential variability in the properties of the soil and rock, the
CB-FWSC SSSI analyses are performed for the two bounding subgrade stiffness conditions
using the Upper Bound (UB) and Lower Bound (LB) CB full column profiles and
corresponding in-layer input motions defined by the CB Soil-Structure Interaction (SSI)
design spectra applied at the bottom of the CB foundation. Section 3 describes the subgrade
dynamic properties and input motions used for the CB-FWSC SSSI analysis that are identical

* to those used for the SSI analysis of the CB standalone model. The use of identical inputs
enables the SSSI effect of the FWSC on the CB seismic response to be directly evaluated by
comparing the results obtained from the SSSI analyses of the CB-FWSC combined model
with the results of the SSI analyses of the CB standalone model.

The site-specific SSSI effects of the FWSC on the CB site-specific seismic design basis arc
evaluated by comparing the site-specific CB-FWSC SSSI analysis results with the
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corresponding CB site-specific seismic design basis structural loads and In-Structure
Response Spectra (ISRS) that are developed as envelope of the results of the SSI analyses of
the CB standalone models. Comparisons are also made with the corresponding seismic loads
and ISRS used for the standard design of the GB that are documented in Reference 2-j.

The site-specific SSSI effects of the GB. On the FWSC seismic response are evaluated using
the results of the SSSI analyses of the FWSC-CB combined model for the subgrade profiles
representing strain-compatible dynamic soil/rock properties at the FWSC location. Section 3
describes the subgrade dynamic properties and the input motions used* for the site-specific
FWSC-CB SSSJ analyses that are identical to those used for the site-specific FWSC
standalone model SSI analyses. The only difference between the FWSC-CB combined model
and the FWSC standalone model is that the structural fill placed in the gap between the two
buildings and around the concrete fill below the FWSC foundation is explicitly included in
the FWSC-CB combined model and is neglected in the FWSC standalone model. The
inclusion of the structural fill in the combined model is intended to address the effects of the
structural fill on the FWSC seismic response, in particular the structural fill placed between
the two buildings. The consideration of the site conditions at the FWSC location enables the
SSSI effect of the GB on the FWSC seismic response to be directly evaluated by comparing
the results obtained from the SSS1 analyses of the FWSC-CB combined model with the
results of the SSI analyses of the FWSC standalone model.

The SSSI effects of the GB on the FWSG site-specific seismic design basis are evaluated by
comparing the site-specific FWSG-CB SSSI analysis results with the corresponding FWSC
enveloping seismic load demands and site-specific ISRS developed as envelope of the results
of the SSI analyses of the FWSC standalone model. Comparisons are also made with the
corresponding structural seismic loads and ISRS used for the standard design of the FWSG
that are documented in Reference 2-1.

The results of these SSSI evaluations show that the site-specific design based solely on
responses obtained from the SSI analysis of the standalone FWSC model do not envelope the
SSSI effects of the GB on the FWSC seismic response. Therefore, in Reference 2-k, the
FWSC seismic responses obtained from the site-specific SSSI analyses of the FWSC-CB
combined model presented in this report are used together with the responses obtained from
the standalone FWSC model SSI analyses to develop the bases for the site-specific design
and evaluation of the NA3 FWSC.

In order to fully capture the effects of the variability of the soil and rock properties and of
different elevations of input control motion of the FWSC site-specific seismic design, the
SSSI analyses of the FWSC-CB combined model are performed for the same set of inputs as
the ones used for the SSI analysis of the FWSC standalone model in Reference 2-k. The
following SSSI analyses cases are performed on the FWSC-CB combined model with
Operating Basis Earthquakes (OBE) damping values to obtain the SSSI responses needed for
the development of the FWSG site-specific design ISRS in Reference 2-k:
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2.

* LB, Best Estimate (BE), and UIB full column profiles using the surface outcrop input
motion compatible with the FWSC Foundation Input Response Spectra (FIRS) that
governs the FWSC ISRS at lower frequencies.

* LB, BE, and UIB full column profiles using the corresponding in-column input motion
compatible to the SSI design spectra at the bottom of the concrete fill placed below the
FWSC foundation that governs the FWSC ISRS at high frequencies.

The following .SSSI analysis cases are performed on the FWSC-CB combined model with
SSE damping values to obtain the SSSI responses that are used in Reference 2-k for the
development of the site-specific seismic load demands on the FWSC:

* LB, BE, and UIB full column profiles using the corresponding in-column input motion
compatible to the SSI design spectra at the bottom of the concrete fill placed below the
FWSC foundation that governs the FWSC maximum SSI site-specific seismic load*
demand as discussed in Section 6.2.

Limitations on Use

This report is issued without limitation.
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Analysis Report", Revision 3

x. 26A7420, "ESBWR Firewater Service Complex Structural Design Report", Revision 2
y. DBR-0009791, "Soil-Structure Interaction Absolute Acceleration Transfer Functions

With Respect to Outcrop Motion and Design Motion Power Spectral Densities For
RB/FB SSI, CB SSI, FWSC SSI, CB-FWSC SSSI, and CB-RB/FB SSSI Analyses",
Revision 5

z. WG3-U73-ERD-S-0005 "North Anna 3 Control Building and Reactor/Fuel Building
Complex Seismic Structure-Soil-Structure Interaction Analysis Report", Revision 3

3. SITE-SPECIFIC INPUT

3.1 Site-Specific Subsurface Properties

The site-specific evaluation of the SSSI effect of the FWSC on the CB seismic response is
based on the results of the SSSI analyses of the CB-FWSC combined model performed for
the LB and UB full column profiles representing the lower and upper bound dynamic
properties of the in-situ materials at the CB location. These SSSI analyses use subgrade
properties that are compatible to the strains generated by the site-specific design ground
motion for the CB. The site-specific strain-compatible dynamic properties of the in-situ rock
and saprolite subgrade materials are assigned to the far-field SASSI SITE models and the
excavated volume elements of SASSI HOUSE models. Reference 2-c provides the strain-
compatible dynamic properties of the far-field site-specific in-situ subgrade materials used as
input for the CB-FWSC SSSI analyses that are listed in Tables 3.1-i and 3.1-2.
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The CB-FWSC combined model also includes the structural and concrete fill materials
placed around the CB exterior walls and concrete fill placed below the GB and FWSC
basemats. The dynamic properties of these fill materials are assigned to the near-field solid
elements in the SASSI HOUSE models. The structural fill dynamic properties are compatible
with the strains generated by the design ground motion. The dynamic properties used for the
concrete fill are independent of strain, reflecting the linear elastic behavior of the concrete
under the small design-earthquake-induced strains. Reference 2-c provides the dynamic
properties of the structural and concrete fill materials that are listed in Tables 3.1-6 and 3.1-7.
Table 3.1-11 presents the average strain-compatible shear wave velocities (Vs-aye) and shear
column frequencies (fse) of the concrete fill, structural fill, and in-situ materials describing
the overall dynamic properties of the materials around the GB.

The site-specific analyses of the FWSC are developed in Reference 2-k based on the results
of the SSI analyses of the FWSC standalone model and the SSSI analyses of the FWSC-CB
combined model for BE, LB, and UB subgrade profiles representing the BE, LB, and UB
dynamic properties of the subgrade material at the FWSC location that are compatible with
the strains generated by the site-specific design ground motion. The site-specific strain-
compatible dynamic properties of the in-situ rock and saprolite subgrade materials are
assigned to the far-field SASSI SITE models and the excavated volume elements of the
SASSI HOUSE models. Reference 2-c provides the strain-compatible dynamic properties of
the far-field site-specific in-situ subgrade materials used as input for the FWSC-CB SSSI
analysis that are listed in Tables 3.1-3, 3.1-4, and 3.1-5.

The FWSC-CB SSSI analysis also considers the dynamic properties for the structural and
concrete fill materials placed around the GB exterior walls and concrete fill placed below the
GB and FWSC basemats. These dynamic properties are assigned to the near-field solid
elements in the SASSI HOUSE models. The structural fill dynamic properties are compatible
with the strains generated by the site-specific design ground motion. The dynamic properties
used for the concrete fill are independent of strain, reflecting the linear elastic behavior of the
concrete under the small earthquake-induced strains. Reference 2-c provides the dynamic
properties of the structural fill and concrete fill materials that are listed in Tables 3.1-8, 3.1-9,
and 3.1-10. Table 3.1-12 presents the average strain-compatible shear wave velocities (Vs-ave)
and shear column frequencies (f50) of the backfill and in-situ materials describing the overall
dynamic properties of subgrade around the concrete fill supporting the FWSC location.

The P-wave velocity of the saprolite and structural fill material located below the ground
water level is set equal to or close to, but not less than, that of the water to capture the effect
of ground water on P-wave velocity of the saturated soil unless the Poisson's ratio value that
relates the 5- and P-wave velocities becomes too high. A maximum value of 0.48 is used for
the Poisson's ratio of the subgrade materials in order to ensure the numerical stability of the
analysis results.
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Reference 2-c provideS the two sets of statistically independent ground motion time histories
used as the input control motion in the three orthogonal directions for the SSSI analyses of
the CB-FWSC combined model for the LB and UB full column profiles. These ground
motion time histories represent the in-column free-field motion at the GB foundation bottom
elevation. These time histories have their time-history response spectra compatible with the
SSI design spectra representing the envelope of the GB FIRS and the broadband spectra
specified in RG 1.60 (Reference 2-o) anchored at 0.1 g. The in-column ground motion time
histories used for the GB-F WSC SSSI analysis are checked using the NEI method as required
by ISG-017 (Reference 2-n).

Reference 2-c provides the following four sets of statistically independent ground motion
time histories used as the input control motion in the three orthogonal directions for the SS SSI
analyses of the FWSG-GB combined model:

i. Surface outcrop motion acceleration time histories for the analysis of the FWSG
compatible with the FWSG FIRS defining the design ground motion at the bottom
of FWSG basemat El. 282 ft NAVID88.

ii. In-column motion acceleration time histories for the analysis of the FWSG LB,
BE, and UB profiles compatible with the SSI design spectra defining the FWSG
ground imotion at the bottom of the concrete fill El. 220 ft NAVD88.

The duration of the time histories is 29.98 seconds and the time step is 0.005 seconds.

Figure 3.2-1 presents the 5% damped Acceleration Response Spectra (ARS), the Power
Spectral Density (PSD), and the Gumulative Power Spectral Density (GPSD) of the input
acceleration time histories used for the GB-FWSG SSSI analyses illustrating the energy
content of the input motion at different frequencies. Figures 3.2-2, 3.2-3, and 3.2-4 present
the 5% damped ARS, PSD, and GPSD of the input acceleration time histories used for the
FWSG-GB analyses of the LB, BE, and UIB subgrade profiles, respectively. The presented
PSDs are computed based on the strong motion portion of the time record of which the
duration is defined by the time interval required for the Arias intensities to increase from 5%
to 75%. Frequency averaging intervals of +20% are applied in compliance with Standard
Review Plan (SRP) 3.7.1 (Reference 2-q).

4. STRUCTURE-SOIL-STRUCTURE INTERACTION ANALYSIS

4.1 Analysis Method

The SSSI analyses of the GB-F WSG and FWSG-GB combined models are performed using
the SASS12010 computer program with the MSM where only selected nodes of the
excavated volume are specified as interaction nodes. Reference 2-r provides the
benchmarking evaluations of the accuracy of the MSM solutions for the NA3 site-specific
application. The SASS12010 computer program uses finite elements with complex m oduli for
modeling the dynamic properties of the structure, foundation, backfill, and excavated
volume. It provides the solution for the seismic response of the structure-subgrade interaction
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system based on the frequency domain complex response method. The lumped mass-beam
models described in DCD Section 3A.5.1 (Reference 2-h) are coupled with the finite element
soil model of the subgrade with the site-specific strain-compatible dynamic properties. The
model details are described in Section 4.3. Structural responses in terms of accelerations,
relative displacements, ARS, member forces, and moments are computed directly from the
SAS SI201 0 computer program results.

S The SSSI analyses are performed separately for each one of the three directional components
of input ground motion. The maximum co-directional seismic forces; moments, and
accelerations for each of the three ground motion time history components are combined
using the Square Root of the Sum of the Squares (SRSS) method. The co-directional
soil/rock reactions are Combined using the algebraic or absolute sum method in the time
domain for sliding, soil bearing evaluations, calculation of lateral soil pressures and base
reactions. The absolute sum method is a conservative approach that provides enveloping
responses for algebraic sum of all possible combination of the input directions.

The co-directional ISRS are combined using the SRSS method. The ISRS are developed for
responses at the edges of the building by taking into account coupling effects between
vertical and rocking, and between lateral and torsional motions. The procedure used for the
development of the ISRS is the same as that used for the development of the ISRS from the
site-specific SSI analyses of the CD and FWSC~standalone models.

The SSSI effects are evaluated based on the responses obtained from the CD-FWSC and
FWSC-CB combined models with full (uncracked concrete) stiffness properties and OBE
structural damping values. The FWSC-CB combined model with full (uncracked concrete)
stiffness properties and OBE structural damping values is also used to calculate the ARS
used for the development of the FWSC site-specific design ISRS in accordance with RG 1.61
(Reference 2-s). The FWSC-CB combined model with Safe Shutdown Earthquake (SSE)
structural damping values and full (uncracked concrete) stiffness properties is used for the
development of the site-specific structural load demands on the FWSC structures and the
calculation of base reaction time histories for the FWSC foundation uplift and stability
evaluations. Per Section C.1 .2 of R.G. 1.61 (Reference 2-s), the use of SSE damping values
for the development of structural loads is adequate because the stresses obtained from the
models with SSE damping values will remain lower than the stress limits considered by the
applicable structural design codes. The use of SSE damping values for the foundation uplift
and stability evaluations are also adequate because these analyses also consider limiting
conditions that are associated with a high dissipation of energy in the SSSI dynamic system.

4.2 Structure-Soil-Structure Interaction Analysis Cases

I Table 4.2-1 presents the two analysis cases considered for the site-specific evaluation of the
SSSI effects of the FWSC on the CB seismic response. Table 4.2-2 presents the nine analysis
cases performed to include the SSSI effects of the CB on the FWSC seismic response in the
FWSC site-specific design basis.
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The frequency step and Fast Fourier Transformation (FFT) number used for the SSSI
analysis are 0.0244 Hz and 8192, respectively. Table 4.2-3 provides a list of frequencies used
for each of the SSSI analyses performed for the CB-FWSC and FWSC-CB combined
models. As described in Subsection 5.1, acceleration transfer function results obtained from
each analysis case are inspected to ensure that the selected frequencies of analysis provide
numerically accurate results.

Values of cut-off frequencies of analysis are used that are equal to or lower than the passing
frequency of the SSI model (the highest frequency of seismic waves that can be transmitted
through the SS1 model). The SSS1 analyses of the CB-FWSC combined model that are
performed for the two bounding subgrade stiffness conditions, use cut-off frequencies of
analysis that are identical to those used for the corresponding SSI analyses. This ensures that
the energy content of the input motion captured by the SSSI analyses and the reference SSI
analyses is the same and does not affect the SSSI evaluations. The analyses of the CB-FWSC
combined model and the CB standalone model for the LB full column profile are performed
using a cut-off frequency of 34 Hz. The analyses of the CB-FWSC combined model and the
CB standalone model for the UB full column profile are performed using a cut-off frequency
of 70 Hz.

The SSSI analyses of the FWSC-CB combined model are performed for the same set of input
subgrade properties and ground motion time histories as the ones used for the SSI analyses of
the FWSC standalone model. This ensures that the results of the FWSC-CB analyses that are
used to develop the FWSC site-specific design basis completely capture the effects of the
subgrade properties variations. The cut-off-frequencies used for the SSSI analyses of the
FWSC-CB combined model ensure that these analyses provide site-specific design ISRS that,
per the guidelines of ISG-0l (Reference 2-v), are adequate for the design and qualification of
components and equipment in the FWSC for frequencies up to 50 Hz. The cut-off frequency
used for the FWSC-CB SSSI analysis of the UB subgrade profile is 70 Hz; identical to the
cut-off frequency used for the corresponding SSI analyses of the FWSC standalone model for
the UB soil profile. As shown in Table 4.2-2, the analyses of the UB profiles capture
virtually all (• 99%) of the input motion energy.

The FWSC-CB SSSI analyses of the BE and LB profiles use cut-off frequencies of 47 Hz
and 30 Hz, respectively, and can capture at least 72% of the input motion energy. These cut-
off frequencies are slightly lower than the cut-off frequencies of 36 Hz and 55 Hz used for
the corresponding SSI analyses of the FWSC standalone model for the LB and BE soil
profiles.

Comparisons in Figures 6.4-1 through 6.4-4 and Table 6.2-1 of the results from the FWSC-
GB SSSI analysis cases FC1 through FC6 in Table 4.2-2 show that the analysis of the UP
subgrade profile with deep control motion at El. 220 ft NAVD88 governs the maximum
responses of the FWSC structures. The comparisons in Figures 6.3-1 through 6.3-12 of the
5% damped ISRS results obtained from the FWSC-CB analyses of LB, BE and UB subgrade
profiles show that the FWSC-CB SSSI analyses of BE profiles can provide bounding ISRS
results for frequencies below 30 Hz that is 17 Hz less than the cut-off frequency of analyses
used for these analyses. Figures 6.3-1 through 6.3-12 also show that the FWSC-CB SSSI
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analyses of LB subgrade profiles canl provide bounding ISRS results for frequencies below
24 Hz that are 6 Hz less than the cut-off frequency of analyses used for these analyses.

4.3 Analysis Models

The standalone GB and FWSC seismic models used for the site-specific SSSI analyses
shown in Figures 4.3-1 and 4.3-2 are based on the three-dimensional Lumped Mass-Stick
Models (LMSMs) that were used for the standard design seismic response analysis, which
considers 'shear, bending, torsion, and axial deformations. These two models are designated
in DCD Table 3A.6-1 (Reference 2-h) as the base models GL-2 anid FL-2. For the site-
specific SSSJ analyses, additional rigid outriggers are installed at each floor elevation to
facilitate the calculation of ISRS and displacements at floor edges.

Two structural models are developed for the site-specific SSSI analyses between GB and
FWSC performed for the full column subgrade profiles. Figures 4.3-3 and 4.3-4 show the
conceptual configurations of the fully embedded GB-FWSC and FWSC-GB combined
models, respectively. For each combined model, ground surface level, soil properties, and
input motions from design input for each building are considered separately. Specifically, in
the CB-FWSC combined model, the GB soil properties are used and the control point of
input motions are specified at the bottom of the GB basemat. While in the FWSG-GB
combined model, the FWSG soil properties are used and the control point of input motions
are defined at the bottom of the FWSG basemat and bottom of the concrete fill.

The combined models use near-field solid elements to represent the actual site conditions
between the GB and FWSC and include the concrete and structural fill materials placed
around the GB exterior walls and concrete fill placed below the GB and FWSG. The lateral
extent of backfill at the three sides of GB and FWSC is taken to be one-half of the fill width
between buildings or the width of the excavation on the side without adjacent buildings,
whichever is smaller. The fill width on the side without adjacent buildings could be based on
the dimensions to the inside face of sheet piling as described in (Reference 2-d). The
minimum values of the lateral extent of fill materials around the GB and FWSG are listed in
Tables 4.3-1 and 4.3-2, respectively.

Figures 4.3-5 through 4.3-7 present the GB-F WSG combined model used for evaluation of
SSSI effects of FWSC on the GB seismic response. Figures 4.3-8 through 4.3-10 present the
FWSC-CB combined model used for evaluation of SSSI effects of GB on the FWSG seismic
response. The model axes in the horizontal X-direction and Y-direction represent the North-
South (NS) direction and the East-West (EW) direction of the NA3 site, respectively. Plant
north for NA3 is oriented 23.54 degrees east of true north (Reference 2-a). The Z axis
represents the vertical direction. Based on the GB and FWSC layout, the combined models
are assumed symmetrical about the YZ-plane along the building's centerline in the EW
direction.

The GB below-grade exterior walls and the GB and FWSC foundation basemats are modeled
using plate elements similar to the standalone GB and FWSC SASSI models used for
standard design SSI analyses. However, because the soil medium between the finished
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ground level grade or Zone III rock and the foundation basemat are modeled in the site-
specific SSSI analysis, the vertical spacing of the GB wall nodes is adjusted for a closer
match with the site-specific subsurface layers. The mesh sizes of the plate elements are also
adjusted to satisfy the SASSI2010 computer program user's manual (Reference 2-u)
requirement for mesh size that limits the size of the elements to not more than 20% of the
shortest length of the shear wave that can pass through the soil model. In the GB-FWSC
combined model, the FWSG is modeled embedded along the thickness of its basemat to
match the same plant grade level as the GB. While in the FWSG-GB combined model, the
FWSG basemat embedment is neglected matching the configuration of the FWSG standalone
model SSI analysis. Massless shell elements with thickness set as a quarter of the GB
basemat width are used in the GB-FWSC and FWSG-GB combined models along the
thickness of the GB basemat between EL -7.4 to -10.4 m to model the rigid connections
between the exterior walls and the basemat. In the GB-FWSG combined model, shell
elements With thickness set as a quarter of the FWSG basemat width are also used along the
thickness of the FWSG basernat between EL 4.5 m to 2.15 m to connect the basemat shell
elements with the FWSG LMSMs at plant grade EL 4.5 m.

The SSSI analyses use combined (UGoBE) models with full (uncracked) concrete stiffness
properties and OBE damping values for the reinforced concrete structures. Additional cases
are performed for the FWSG-GB (U~ssE) combined model having full (uncracked) concrete
Stiffness properties and SSE damping values assigned to all of the GB and FWSG structural
members. The responses obtained from the FWSG-GB combined model with SSE damping
values are used for the development of site-specific load demands on the FWSG structures
and the base reaction time histories for the foundation uplift, and stability evaluations.

The mesh size of the excavated volume elements is refined enough to ensure that per
SASSI2010 computer program criteria, the maximum element size in all three directions
does not exceed 20% of the shear wave length of the cxcavated soil at the highest (cut-off)
frequency of analysis. The backfill surrounding the buildings is included in the structural
models and is modeled using 3-D solid elements with mesh that is consistent with the mesh
of the plate elements of the basemat and exterior walls. A refined mesh is required for the top
layers of softer in-situ soil and structural fill located above the Zone III rock in the SSSI
analysis in order to capture sufficient energy of the design input motion. To ensure the
overall model size do not exceed the program limitations, the soil medium and concrete fill
below the Zone III rock level are modeled with coarser mesh. In the transitional layers non-
uniform irregular elements are used, namely, triangular shell elements, prism, tetrahedral,
and pyramid solid elements. The passing frequencies and cut-off frequencies used for the
GB-F WSG and FWSG-GB SSSI analyses are shown in Tables 4.2-1 and 4.2-2, respectively.
The passing frequencies are calculated on the basis of both the maximum horizontal and
vertical dimensions of the excavated volume and backfill mesh. The tables show that the
model maximum passing frequencies for all subsurface profiles are no smaller than the cut-
off frequency of analysis. The SSSI analyses of UB subgrade profiles capture up to 99% of
the input motion energy. The SSSI analysis of LB subgrade profiles can capture more than
70% of the input motion energy.
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The maximum aspect ratios of the regular 3-D thin shell elements in the CB-FWSC and
FWSC-CB combined models are 1:2.7 and 1:1.6, respectively. The maximum aspect ratios of
the regular 3-D solid brick elements in the GB-F WSG and FWSG-GB combined models are
1:2.9 and 1:3.5, respectively. As described in Reference 2-t, the accuracy of the SASSI2010
computer program has been verified and validated for models with a maximum aspect ratio
of 1:4 for both the 3-D thin shell and 3-D solid brick finite elements. Additionally, the
accuracy of using non-uniform irregular elements is also demonstrated for the GB standalone
model SSI analysis by the comparative Study presented in Appendix G of Reference 2-p.

The site profiles used for the site-specific GB-FWSG SSSI analysis are presented in Tables
4.3-3 and 4.3-4 for the model. Tables 4.3-5 through 4.3-7 represent the site profiles used for
the FWSG-GB SSSI analyses. The maximum value of soil Poisson's ratio considered in the
site models is 0.48 which is within the range to which the accuracy of the SASSI2010
computer program has been verified and validated (Reference 2-t). The shear and
compression wave velocities, unit weights, and damping ratios of the profiles used for the
SSSI analysis are identical to those provided in the strain iterated soil profiles listed in Tables
3.1-1 through 3.1-10 that are developed from the results of the site response analysis. Some
of the layers in these site response analysis profiles are subdivided so that the site models
used for site-specific SSSI analyses can meet the passing frequency requirements. A
graphical comparison between the adjusted soil profiles of shear wave velocities,
compression wave velocities, and damping ratios used in the SSSI analyses and the
corresponding strain iterated soil profiles from the site response analyses are provided in
Figures 4.3-11 and 4.3-12. As shown, there are no differences between the SSSI analyses soil
profiles and the site response soil profiles except for the GB-FWSG combined model soil
profile in which the soil properties are averaged around EL -6.17 m in order to reduce the
overall model size.

The GB-F WSG and FWSG-GB combined models, respectively, include 27 and 29 layers on
top of a half-space. The top of the half-space in the SSS1 models is established at the standard
design elevation -146.5 m. Gonsistent with the SASSI2010 user's manual (Reference 2-u)
recommendations, the half-space simulation consists of an 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 Vs/f, where
Vs is the shear wave velocity of the half-space and f is the frequency of the analysis. The total
depth of the site model used for SSSI analyses is more than 220 m, which is close to or
exceeds two times the footprint dimension of the analyzed structures. The footprint of the GB
is 30.3 m x 23.8 m. The footprint of the FWSG is 52.0 m x 20.0 m.

The excavated volume models are shown in Figures 4.3-7 and 4.3-10 for the GB-F WSG and
FWSG-GB combined models, respectively. The selection of thae interaction nodes is based on
the conclusions of the NA3 site-specific MSM benchmarking report (Reference 2-r). In
addition to the nodes at the sides, top, and bottom surfaces of the excavated volumes of the
GB and FWSG, nodes at vertical plane between GB and FWSG, nodes at two horizontal
planes within the excavated volumes are added as interaction nodes for both models.
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As indicated in Figures 4.3-5 and 4.3-8, the CB stick model is connected to the basemat and
side walls at floor EL -7.4 m, -2.0 m, and 4.5 m by a set of rigid beams. The FWSC stick
model is connected to the basemat using rigid beams along the footprint of walls of the
Firewater Storage Tanks (FWS) and the Fire Pump Enclosure (FPE). In the GB-FWSG
combined model, the FWSC stick is also connected to the side of the basemat at EL 4.5 m by
rigid beams.

In the CB-FWSC combined model, 3-D spring elements are established at the GB exterior
wall/backfill interfaces and concrete fill under the GB basemat as shown in Figure 4.3-6. 3-D
spring elements are also established at the interfaces around the FWSG basemat with the
backfill and concrete fill. In the FWSC-CB combined model, 3-D spring elements are
established at the interfaces around the GB exterior walls and basemat with the backfill and
concrete fill as shown in Figure 4.3-9. 3-D spring elements are also established at the
interfaces around the concrete fill under the FWSG basemat. These spring elements are
assigned global stiffness properties high enough to ensure they do not affect the dynamic
properties of the analyzed SS1 system but also low enough to not cause numerical instability.
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. The spring

forces results also serve as input for the calculation of seismic driving forces for the site-

specific stability evaluations.

5. EVALUATION OF FWSC SSSI EFFECTS ON CB SEISMIC RESPONSE

This section presents the results of the evaluation of the site-specific 5SSS effects of the
FWSG on the CB seismic response. The evaluation is based on the comparison of the results
of the site-specific SSSI analyses of the GB-F WSC combined model listed in Table 4.2-1 for
the response of the GB with the corresponding results obtained from the site-specific SSI

analysis of the standalone GB model for the LB and UB full column profiles. Plots of the
calculated and interpolated acceleration transfer function results for the responses of the GB
are used to demonstrate the accuracy of the interpolated results from the SSSI analyses of the
two bounding subgrade stiffness cases. The SSSI. effects of the FWSC on the GB seismic
response are evaluated by comparing the results for outcrop motion transfer functions,
maximum accelerations, maximum member forces, maximum lateral pressures on below
grade exterior walls, and ISRS.

The SSSI effects of FWSG on the GB site-specific seismic design basis are evaluated by
comparing the site-specific GB-F WSG SSSI analysis results with the corresponding GB site-
specific enveloping structural load demands and site-specific seismic design basis ISRS that

are developed as the envelope of the results of the SSI analyses of the GB (UCoBE)
standalone models with full (uncracked concrete) stiffness properties and ODE damping
values (Analysis Gases 1 through 6 in Table 4.2-1 of Reference 2-p). Gomparisons are also
made with the corresponding seismic loads and ISRS used for the standard design of the GB
that are documented in Reference 2-j to further evaluate the significance of the site-specific
SSSI effects.
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5.1 Acceleration Transfer Function Results

Appendix B presents plots of the amplitudles of the acceleration transfer functions obtained
directly from the SASSI20 10 computer program analyses, which are transfer functions
relative to the in-layer seismic input motion, for the responses at the following key locations
within the GB:

Location Node Number SASSI Model Node Number
CB Top 6 500
CB Basemat 2 410

The amplitudes of the acceleration transfer functions are presented from the analyses of the
full column LB and UB soil profiles. Each figure presented in Appendix B includes three
plots presenting the GB responses in the three orthogonal directions due to *the three
earthquake components. The computed values of the transfer functions in these plots are
depicted with dots. The interpolated values of the transfer functions are depicted by solid
lines.
As expected, the acceleration transfer functions for the horizontal response of GB are
characterized with large peaks at frequencies that are close to the embedment shear column
frequencies listed in Table 3.1-11 and at frequencies where dips occur in the response spectra
of the input in-layer acceleration time histories presented in Figure 3.2-1. Therefore, these
large peaks in the acceleration transfer functions that represent the response amplifications
relative to the in-column input motion are not reflected in the acceleration response spectra
results.

The plots generally have no numerical anomalies in the interpolated transfer functions (e.g.,
sharp narrow spikes) that can potentially impact the accuracy of the frequency domain SSSI
analyses results. The isolated sharp peak in a few cases does not affect the accuracy of the
corresponding responses.

The large peaks at soil column frequencies are not present in the transfer functions
representing the structural responses relative to the input outcrop motion making them a
better indicator of structural response. These outcrop transfer functions are calculated in the
following three steps:

1.' FFT are performed on the time histories of in-layer and outcrop ground motion at the
GB basemat bottom elevation obtained from Reference 2-e.

2. The ratio between the in-layer and outcrop motion Fourier spectra yields transfer
functions representing the transformation of the GB in-layer motion into an outcrop
motion.

3. The product of the complex in-layer/outcrop transfer functions calculated in step 2
and the SAS SI20 10 calculated complex transfer functions of the structural response
relative to the in-column motion provide the transfer functions for structural response
relative to the outcrop motion.

Figure 5.1-1 presents amplitudes of the transfer functions representing the transformation of
the corresponding in-layer motion time histories used as input for the CB-FWSC SSSI
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analysis of the LB and UB full column profiles into the horizontal and vertical design
outcrop motion time histories. The first valleys in the horizontal full column motion in-
layer/outcrop transfer functions occur at frequencies close to the rock embedment shear
column frequencies listed in Table 3.1-11.

Figure 5.1-2 presents the outcrop transfer functions amplitude for the co-directional
responses of the CB top (Node 6) in the NS (X), EW (Y), and vertical (Z) directions obtained
from the analyses of LB and UB full column profiles. Figure 5.1-3 presents the outcrop
transfer functions amplitudes for the rotational accelerations that are representative of the
torsional and the rocking response along the EW (Y) direction at the top of CB basemat
(Node 2) due to NS (X) and vertical (Z) components of the input motion, respectively. The
plots compare the results from the site-specific SSSI analyses of the CB-FWSC combined
model presented by solid lines with the results from the site-specific SS1 analyses of the CB
standalone model presented with dashed lines. Comparisons are shown for the outcrop
transfer function results obtained from the analyses of LB and UB full column profiles to
illustrate the effects of the subgrade stiffness on the SSSI responses. The plots also show the
outcrop motion design spectra for the partial column and full column with solid and dashed
lines, respectively.

The comparisons in Figure 5.1-2 show that the SSSI effect can amplify the horizontal
response of CB without any significant shifts in the peak responses frequencies. The SSSI
effects of the FWSC on the GB vertical response are very small. The comparisons in Figure
5.1-3 of the outcrop motion transfer function results indicate that the SSSI effect amplifies
the torsional and rocking response of the GB basemat. The comparisons in Figures 5.1-2 and
5.1-3 of the outcrop function results obtained from the SSSI and SSI analyses of the UB
profile show that the SSSi amplifications of the GB peak responses occur at frequencies
where the energy of the full column motion is significantly smaller than that of the partial
column motion.

5.2 SSSI Effects of FWSC on CB Maximum Responses

Figure 5.2-1 presents comparisons of the results for maximum absolute accelerations at GB
mass locations from the site-specific SSSI analyses of the GB-F WSG combined model with
the corresponding results from the site-specific SS1 analyses of the GB standalone model for
the LB and UB full column profiles (Analysis Gases 4 and 6 in Table 4.2-1 of Reference 2-
p). Table 5.2-1 shows the comparison of the results from the SSSI analyses of the GB-FWSG
combined model and* the SSI analyses of the GB standalone model for maximum
accelerations of the Single Degree of Freedom (SDOF) oscillators representing the out-of-
plane vibrations of the GB flexible slabs. Figure 5.2-2 presents the comparisons of the results
for maximum shear forces and torsion from the SSSI analyses of the GB-FWSG combined
model with the corresponding results from the SSI analyses of the GB standalone model for
the LB and UB full column profiles. The figures show the results from the GB-FWSC SSSI
analyses with red dashed lines. The results obtained from the SSI analyses of the GB
standalone model are shown with green solid lines.
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The comparisons in Figures 5.2-1 and 5.2-2 show that the SSSI induced rocking of GB along
the centerline of the GB-F WSC combined model can amplify the GB maximum accelerations
and shear forces in the EW (Y) direction. The SSSI with FWSG has very small effect on the
GB response in the NS and vertical direction. The effects of SSSI on the rocking of GB are
more pronounced for the softer LB subgrade profile and are small for the stiffer UB
subgrade. On the other hand, as shown in Figure 5.2-2, the SSSI analyses ofthe UB full
column profile indicate that the SSSI with the FWSG can amplify the GB torsional response.
The comparisons in Table 5.2-1 show that the SSSI effects on the maximum vertical
accelerations of the GB flexible slabs are small. The SSSI with FWSG can either slightly
amplify or reduce the maximum accelerations of the GB slabs oscillators.

5.3 SSSI Effects of FWSC on Dynamic Lateral Pressures on CB Below-Grade Walls

As discussed in Section 4.3, spring elements between "double nodes" are installed on the GB
wall interfaces with surrounding subgrade to calculate the lateral seismic pressures on the GB
below-grade walls. The calculations of dynamic lateral pressures are performed in the
following steps:

1. The time-histories of the spring forces are extracted from each SASSI run for each
contact spring element.

2. The absolute value of the spring force magnitudes obtained from the analyses of the
three orthogonal input earthquake motion components are combined absolutely in the
time domain.

3. The maximum lateral forces normal to the wall plane are obtained at all contact
spring elements.

4. The absolute values of the maximum lateral forces for all spring elements at the same
elevations are summed up to obtain the total maximum lateral forces at the respective
elevations for the three GB below-grade exterior walls separately.

5. The total maximum lateral forces are divided by the tributary area for each node
group at the same elevation to obtain the soil pressure distribution for the three
exterior walls.

Figures 5.3-1 and 5.3-2 present the SASSI calculated dynamic lateral pressures on the GB
below-grade walls located at column lines G1 and G5. Figures 5.3-3 and 5.3-4 present the
dynamic lateral pressures on the GB below-grade walls located at column lines GA and GD,
respectively. The figures compare the dynamic lateral pressures obtained from the site-
specific SSSI analyses of the GB-FWSG combined model that are presented with solid red
curves with the corresponding dynamic lateral pressures obtained from the site-specific SSI
analyses of the GB standalone model (Analysis Gases 4 and 6 in Table 4.2-1 of Reference 2-
p) that are presented with green lines. Gomparisons are presented of the results obtained from
the analyses of the LB and UB1 full column profiles. The figures show that the dynamic
lateral pressures are generally lower except for wall at column row GA where the SSSI
pressure is significantly higher. The SSSI wall pressure, however, is bounded by the
enveloping SSI analysis wall pressures obtained as the envelope of SSI analyses of the GB
UGoBE standalone model with full stiffness and OBE damping (Analysis Gases 1 through 6 in
in Table 4.2-1 of Reference 2-p).
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Figures 5.4-1 through 5.4-3 present a comparison of the results from the site-specific SSSI
analyses of the CB-FWSC combined model (Analysis Cases CF1 and CF2 in Table 4.2-1)
and the site-specific SSI analyses of the CB standalone model (Analysis Cases 4 and 6 in
Table 4.2-1 of Reference 2-p) for 5% damped ISRS for response in the NS, EW, and vertical
direction, respectively. ISRS are presented for the GB response at the two key locations
within the GB listed in Section 5.1. The following is the procedure used for the development
of the floor ISRS:

1. For each of the four outrigger locations (ne, nw, se, sw) at particular floor elevations,
three components (X, Y, and Z) of the ARS due to input motion in three directions (X,
Y, and Z) are calculated by the sAssI2010 MOTION module to obtain a total of 36

ARS results:

Outrigger(ne) --. 0rf ne),fxjne),fxz(ne, fr~lne) fyy(e), frz(ne), fzr2e, fzjne, fzz (ne))

Outrigger(nw) ,• •yjz/nv, fxJ,(v, fxz(,y'n, fYxfm& fyy(flV), fYzOmO, fzn(,,,fzY(mV, fzz (nv))

Outrigger(se) • (jxsefx/se, fxz(se, f jse, f rr(se, f rz('s, fz.(sef zY(se),f zz (S))

Outrigger(SW) •Jw ( fx(•$,fsw)O fxzS,) frxJ•w, fyy(sv) fyz(sw, fz(sv, fz(•sfzz (sy))

wherefj represents ARS for response in j-direction due to earthquake in i-direction.

ne B se

N" CC

Y

t •X n W sw

The spectra for the nodal responses due to the three input motion components in the X, Y,
and Z directions are combined using the SRSS method to obtain a total of 12 ARS of the
response of each of the four outrigger nodes (ne, nw, se, sw) in three orthogonal directions
(X, Y, and Z):

Sx.)=• (ne)2 + fr(ne) 2 + f (ne)2 ,f(ne) =•/ (ne)2 + f,(ne) 2 +Sr@)

fz(ne) = fj (ne)2 +±~(') + fz(ne) 2

fx(fl) = /x(nw)2 + f ±~•) fjflW•) 2 ,fr(nW) =fx/flW()2 + fry(nw) 2 + frn)

fz(nW) = ~/fAinW)2 + f~~(nW) 2 ± f(nw)2
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fx(se)=•/f(se)2 +fr(s")2 ± fz(se) 2 
,fr(se) = jf r(se)2 + f,(se) 2 ± fz(se) 2

f (se). = /fz(se) + frz(Se) 2 .._fzz(se) 2

fX() = 1 /fJSW)2 + fr(,2+ fsw•) 2 , f()= •x(sw)2 ±/ls) +fz()

fz(sw) = jf z(s)2 + frj(• 2 + fz•)

2. The ARS calculated for each outrigger location are enveloped to obtain the three ARS
for the floor response in three orthogonal directions (X, Y, and Z):

Fx m rax(fx (ne), fx (m), fx(se) , fx(sv))

Fy = max(fry(ne) (y)(Se) frs ,f(s•))

Fz= max(fz (n), fz (nm,fz(se , fz(SW))

The comparison of the ISRS results in Figures 5.4-1 through 5.4-3 show that the SSSI with
the FWSC can amplify the peaks of the horizontal GB ISRS. The results obtained from the
analyses of the LB full column profile show SSS1 amplifications of the ISRS peaks at
frequencies between 7 and 15 Hz. The amplifications of the ISRS peaks obtained from the
analyses of the UIB full column profile occur at frequencies above 10 Hz. Peak amplifications
can also be observed in the vertical ISRS around 30 Hz for the LB subgrade and 50 Hz for
the UIB subgrade. The amplifications of ISRS peaks are consistent with the observations
made from the comparisons of the outcrop motion transfer function results discussed in
Section 5.1.

5.5 SSSI Effects of FWSC on Site-Specific Load Demands on CB Structure

The seismic structural loads representative of the site-specific seismic demands on the GB
structure are developed following the methodology used to develop the standard design
enveloping maximum structural loads presented in Reference 2-j. The horizontal load
demands on the GB reinforced concrete structure are developed from the diagrams of the
maximum enveloping shear forces and maximum enveloping torsional moments obtained as
the envelope of the member force results from the analyses of the six subgrade profiles. The
vertical site-specific seismic load demands on the GB structure are developed from the
diagrams of the maximum enveloping vertical floor mass accelerations obtained as the
envelope of the maximum acceleration results from the analyses of the six subgrade profiles.
The maximum enveloping bending moments are also used for the structural evaluation of the
GB to account for the effects of floor rocking on the wall axial forces. The results for
maximum enveloping vertical accelerations of the SDOF oscillator mass are used to develop
the local out-of-plane load demands on the GB flexible slabs.

The SSSI effects of the FWSC on the site-specific seismic load demands on the GB structure
are evaluated based, on the diagrams of the maximum vertical accelerations, member shear
forces and moments obtained as the envelope of the results from the site-specific SSSI
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analyses of CB-FWSC UGoBE combined model with full stiffness and OBE damping for the
LB and UIB full column profiles (Analysis Cases CF1 and CF2 in Table 4.2-1). Figures 5.5-1
and 5.5-2 compare the envelopes of the SSSI results withtthe corresponding diagrams of
enveloping site-specific maximum horizontal and vertical load demands obtained as
envelopes of the results of site-specific SSI analysis of the GB UGoBE standalone model with
full stiffness and OBE damping for:

i. LB, BE, and UB partial column profiles (Analysis Cases 1 through 3 in Table 4.2-
1 of Reference 2-p)

ii. LB, BE, and UB full column profiles (Analysis Cases 4 through 6 in Table 4.2-1
of Reference 2-p)

The figures present the envelope of the SSSI results with solid red lines and the NA3
enveloping seismic demands from the GB site-specific SSI analyses with solid green lines.
Figures 5.5-1 and 5.5-2 also provide, with dashed blue lines, the diagrams of the horizontal
and vertical seismic loads used for the standard design of the GB reinforced concrete
structures.

Table 5.5-1 compares the envelope of the site-specific SSSI analyses results for maximum
accelerations at the GB floor mass locations with the corresponding NA3 enveloping
maximum accelerations obtained from the SSI analyses of the GB standalone model and the
standard design enveloping maximum accelerations. Table 5.2-1 presents comparisons of the
envelope of the SSSI analyses results for the maximum acceleration of the slab SDOF
oscillators with corresponding NA3 SSI enveloping and standard design values. The
comparisons of the envelope of the site-specific SSSI analyses results for maximum member
forces and moments with the corresponding standard design and NA3 SSI enveloping values
is presented in Table 5.5-2. Figures 5.3-1 through 5.3-4 compare the site-specific SSSI
analyses results for dynamic lateral pressures with the corresponding NA3 enveloping
dynamic pressures obtained from the SSI analyses of the GB standalone model.

The comparisons show that the site-specific enveloping load demands on the GB structure
obtained as the envelope of the results of the SSI analyses of fully and partially embedded
standalone models envelope the SSSI effects of the FWSC on the GB seismic response. The
only exception is the torsional demands on the GB that is induced by the eccentricity of the
FWSG with respect to NS axis. Table 5.5-3 presents the total shear demands on the GB
exterior walls that are calculated by the following equations:

2x= x M__, __=Qy+M

nXI 2Ly n 2L•,

where,

Qxi Q)y, : Total shear demand on GB individual wall (MN)

Qx, Qy: Shear (MN)
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M,:Torsion (MN-rn)

nx, fly: :Number of walls

Lx, Ly: Length of walls (in)

These total shear demands that are obtained as the envelope of results from the two GB-
FWSC SSSI analysis Cases CF1 and CF2 in Table 4.2-1 are compared with the total
enveloping shear demands calculated as the envelope of the SSI analysis of the GB UCoBE
standalone model (analysis Cases 1 through 6 in Table 4.2-1 of Reference 2-po) and the total
shear loads used for the standard design of the GB structure. The comparisons in Table 5.5-3
demonstrate that the contribution of the additional torsion-induced shear is small and when
combined with direct shear load demands, is well-enveloped by the total shear load demands
obtained from the site-specific SSI analyses of the GB standalone model.

The CB-FWSC SSSI analyses results for the seismic horizontal force and overturning
moment demands on top of the basemat along with the vertical accelerations can also be used
to evaluate the SSSI effects on the CB stability and foundation dynamic bearing pressures.
Comparisons presented in Figures 5.5-1 and 5.5-2 show that:

*At the top of the CB basemat (EL -7.4 in), the NA3 site-specific enveloping shear
force demands on the CB structure (denoted in the figures as "NA3 SSI Enveloping")
presented in Section 6.1 of Reference 2-p envelope the SSSI effects of the FWSC on
the GB seismic response (denoted in the figures as "'SSSI Envelope") by more than
20%.

* At the top of the GB basemat (EL -7.4 in), the "SSS1 Envelope" overturning moments
are bounded by the corresponding "NA3 SSI Enveloping" overturning moments by
more than 40%.

* The "SSSI Envelope" vertical accelerations are also bounded by the corresponding
"NA3 SSI Enveloping" vertical accelerations.

The seismic driving forces used for the evaluation of the GB stability are proportional to the
shear force, vertical force and bending moment demands on the top of the GB basemat. The
dynamic bearing pressure demands on the GB basemat are proportional to the overturning
moment and vertical seismic force demands. Therefore, it can be concluded, based on the
observations above, that the licensing basis analyses of the GB standalone models provide
seismic demands, for the evaluation of the GB foundation stability and dynamic bearing
pressures, that bound the FWSC SSSI effects on the GB foundation stability and dynamic
bearing pressures.

The NA3 GB structural loads presented in this section are based on the models with full
concrete stiffness (uncracked) and OBE damping values in both the SSI and SSSI analyses.
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5.6 SSSI Effects of FWSC on CB Site-Specific Design ISRS
Figures 5.4-1 through 5.4-3 provide a comparison of the 5% damped JSRS obtained from the
site-specific SSSJ analyses of the CB-FWSC combined model with the corresponding 5%
damped NA3 site-specific design and standard design ISRS shown with thick blue and black
lines, respectively. The NA3 site-specific design ISRS, that are broadened by +15% and
valley filled, represent the envelope of the ISRS results from the site-specific SSI analyses of
the CB UCoBE standalone model with full stiffness and OBE damping and serve as the basis
for the site-specific design and qualification of CB equipment and components. The
comparisons show that the NA3 site-specific design ISRS envelope the results of the site-
specific SSSI analyses of the GB-F WSG combined model with a few small (< 10%) peak
exceedances at high frequencies that are otherwise enveloped by the standard design. The
only exceedance of the NA3 design ISRS and standard design ISRS, which is approximately
10%, can be observed in the ISRS for the vertical response at the top of the GB basemat in
Figure 5.4-3 for the peak at high frequency close to 5.0 Hz, which is the cut-off frequency of
importance for the design specified in ISG-01 (Reference 2-v).

6. EVALUATION OF SSSI EFFECTS OF CB ON FWSC SEISMIC RESPONSE

This section presents the results of the site-specific evaluation of the SSSI effects of the GB
on the FWSG seismic response. The evaluation is based on the comparison of the results of
the site-specific SSSI analyses of the FWSG-GB combined model listed in Table 4.2-2 for
the response of the FWSG, with the corresponding results obtained from the site-specific SSI
analysis of the standalone FWSG model for all profiles with the control motion applied both
at El. 282 ft and 220 ft NAVD88. Plots of the calculated and interpolated acceleration
transfer function results for the responses of the FWSG are used to demonstrate the accuracy
of the interpolated results from the FWSC-GB SSSI analyses.

The SSSI effects of the GB on the FWSC seismic response are evaluated based on the results
of the site-specific SSSI analyses of the FWSG-GB combined model with the full (uncracked
concrete) stiffness properties and OBE damping values (analysis cases FG1 through FG6 in
Table 4.2-2). To evaluate the effect of SSSI of the GB on the FWSG seismic response for
different subgrade conditions and locations of the input motion, comparisons are made of the
FWSG-GB SSSI analyses results for outcrop motion transfer functions, maximum
accelerations, maximum member forces, and ISRS with the corresponding results from the
SSI analyses of the FWSG standalone model with the full (uncracked concrete) stiffness
properties and OBE damping values.

The SSSI effects of the GB on the FWSG site-specific seismic design basis are evaluated by
comparing the results of the site-specific FWSG-GB SSSI analyses with the corresponding
site-specific and standard design FWSG seismic design envelopes. The impact of the SSSI
effects on the site-specific seismic load demands on the FWSG structures is assessed based
on the results of the SSSI analyses of the FWSG-GB combined model with the full
(uncracked concrete) stiffness properties and SSE damping values (analysis cases FG7, FC8,
and FG9 in Table 4.2-2). The effects of SSSI on the site-specific design of the equipment and
components within the FWSG are evaluated based on the ISRS results obtained from the
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sssi analyses of the FWSC-CB combined model With the full (uncracked concrete) stiffness
properties and OBE damping values (analysis cases FC1 through FC6 in Table 4.2-2).

6.1 Acceleration Transfer Function Results

Appendix C presents plots of the amplitudes of the acceleration transfer functions obtained
directly from the SAS S120 10 computer program analyses for the responses at the following
key locations within the FWSC:

Location Node Number SASSI Model Node Number
FWS Wall Top 9 209
FWS Base 1 201
FPE Top 405 405
FPE Base 404 404

The amplitudes of the acceleration transfer functions are presented from the analyses of the
LB, BE, and UB soil profiles with the control motion applied at the bottom of the FWSC

S basemat at El. 282 ft NAVD88 and at the top of Zone IIJilV rock (bottom of the concrete fill
below the FWSC foundation) at nominal El. 220 ft NAVD88. Each figure includes three
plots presenting the FWSC responses in the three orthogonal directions due to the three
earthquake components. The SASSI computed values of thle transfer functions in these plots
are depicted with dots. The interpolated values of the transfer functions are depicted by solid
lines.

As expected, the acceleration transfer function results for the horizontal response of the

FWSC obtained from the analysis with deep control motion input at El. 220 ft NAVD88 are
characterized with large peaks. at frequencies that are close to the enmbedment shear colunmn
frequencies listed in Table 3.1 -12 and at frequencies where dips occur in the response spectra
of the input in-layer acceleration time histories presented in Figures 3.2-2 through 3.2-4.
Therefore, these large peaks in the acceleration transfer functions that represent the response
amplifications relative 'to the in-column input motion are not reflected in the acceleration
response spectra results.

The plots generally show no numerical anomalies (e.g., sharp narrow spikes) in the
interpolated transfer functions that can potentially impact the accuracy of the SSSI analyses
results. The isolated sharp peak found in a few cases does not affect the accuracy of the
corresponding responses.

Figures 6.1-1 through 6.1-3 present comparisons of the acceleration transfer function results
for the response at the FWS and FPE structures relative to the input outcrop motion at the
surface of the LB, BE, and UB1 subgrade profiles that are located at El. 282 ft NAVD88
(bottom of basemat). These are obtained from the SSSI analysis of the FWSC-CB combined
model and the SSI analyses of the FWSC standalone model. Figures 6.1-1 and 6.1-2,
respectively, present the transfer functions for the co-directional responses of the FWS and
FPE in the direction of the applied input motion. The comparisons shown in these figures
indicate that the SSSI effects can amplify' the FWS and FPE responses at peak frequencies
with small shifts of the peak responses to higher frequencies. The transfer function results
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show that the most affected response by the SSSI effects is the EW response of the FWS

structure.

Figure 6.1-3 presents the comparisons of the transfer functions for the cross-directional
responses of the FWS structure. The transfer functions for the FWS response in the EW (Y5)
direction due to the NS (X) component of the earthquake show that the CB SSSI effects
amplify' the FWSC torsional response. The transfer functions for the FWS response in the
EW direction due to the vertical (Z) component of the earthquake indicate SSSI
amplifications of the FWSC rocking response in the EW direction.

6.2 SSSI Effects of CR on FWSC Maximum Responses

Figures 6.2-1 through 6.2-3 present comparisons of the maximum accelerations at the FWS
mass locations obtained from the SSSI analyses of the FWSC-CB combined model and the
SSI analyses of the FWSC standalone model for the LB, BE, and UB subgrade profiles,
respectively. Figures 6.2-4 through 6.2-6 present comparisons of the maximum accelerations
at the FPE mass locations obtained from the FWSC-CB SSSI analyses and the FWSC
standalone SSI analyses for the LB, BE, and UB subgrade profiles, respectively. Figures 6.2-
7 through 6.2-12 compare the FWSC-CB SSSI analyses and the FWSC standalone SSI
analyses results for the shear forces and torsions of the stick members of the FWS and FPE
LMSMs. The figures show the results from the FWSC-CB SSSI analyses with red dashed
lines. The results obtained from the SSI analyses of the FWSC standalone model are shown
with green solid lines.

Table 6.2-1 compares the results from the SSSI analyses of the FWSC-CB combined model
and the SSI analyses of the FWSC standalone model for maximum accelerations of the
SDOF oscillators representing the out-of-plane vibrations of the FWS roof and the
hydrodynamic response of the water in the FWS tank.

These comparisons of the maximum responses presented in this section are based on the
results obtained from the SSSI and SSI analyses of the FWSC-CB combined model and
FWSC standalone model with full (uncracked concrete) stiffness properties and OBE
damping values.

The comparisons show that the SSSI effects of the CB can amplify the maximum responses
of the FWSC, in particular the responses of the FWS structure. The highest overall
amplifications of the maximum accelerations and member shear forces are observed in the
plots of Figures 6.2-1, 6.2-4, and 6.2-7 comparing the results from the analyses of the LB
subgrade profile with motion applied at the bottom of the FWSC basemat at El. 282 ft
NAVD88. This indicates that the SSSI effects are most pronounced for the softer subgrade
conditions and input motions with low frequency energy content. The SSSI effects can
amplify the maximum responses of the FWS by as much as 20% in the horizontal direction
and 25% in the vertical direction. The comparisons of the maximum acceleration results in
Table 6.2-1 show that the SSSJ with the CB can also amplify, by 34%, the response of the
SDOF oscillator representing the out-of-plane acceleration of the FWSC roof.
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The comparisons in Figures 6.2-7 through 6.2-9 show that the SSSI effects of the CB also
affect the torsional response of the FWS. The SSSI-induced amplifications of the FWSC
torsional moments are as much as 100% and can be observed in the results obtained from the
analyses of the LB, BE, and UIB profiles.

The comparisons of the maximum accelerations in Figures 6.2-4 through 6.2-6 and the
comparisons of the maximum shear forces and torsions in Figures 6.2-10 through 6.2-12

indicate that the SSSI between the GB and FWSC has a small effect on the response of the

FPE structure.

6.3 SSSI Effects of CB on FWSC ISRS

Figures 6.3-1 through 6.3-12 present a comparison of the results from the site-specific SSSI
analyses of the FWSC-CB combined model and the site-specific SSI analyses of the FWSC
standalone model for 5% damped ISRS for the NS, EW, and vertical response of the FWSC
at the same key locations as the ones listed in Section 6.1. The ISRS are developed following
the procedure described in Section 5.3 using the results of the SSS1 and SSI analyses, of the
FWSC-CB combined model and FWSC standalone model, respectively, with full (uncracked
concrete) stiffness properties and OBE damping values.

The comparisons of the ISRS results in Figures 6.3-1 through 6.3-12 show that the SSSI with
the GB affects the FWSC response in the EW direction along the centerline of the FWSC and
CB and in the vertical direction. The SSSI effects are manifested by amplifications of the
peaks in the ISRS for the FWS response in the EW direction for a frequency range from 9 H-z
for the LB subgrade stiffness to 30 H-z for the UIB subgrade stiffness. The SSSI-induced
amplifications of the vertical ISRS peaks are smaller and occur at frequencies above 20 Hz
depending on the stiffness of the subgrade. The GB SSSI effects on the FWSC ISRS in the
NS direction are relatively minor.

6.4 SSS1 Effects of CB on Site-Specific Load Demands on FWSC Structures.

The seismic structural loads representative of the site-specific seismic demands on the FWSG
structures are developed following the methodology used to develop the standard design
enveloping maximum structural loads presented in Reference 2-1. The horizontal load
demands on the FWSG structures are developed from the diagrams of the maximum
enveloping shear forces and maximum enveloping torsional moments. The vertical site-
specific seismic load demands on the FWSG structures are developed from the diagrams of
the maximum enveloping vertical floor mass accelerations and the maximum enveloping
bending moments that account for the effects of floor rocking on the wall axial forces. The
results for maximum enveloping vertical acceleration of the FWSG SDOF oscillator mass are
used to develop the local out-of-plane load on the FWS roof. The site-specific load demands
on the FWSG structures are obtained from the results of the seismic response analyses
performed on models representing full (uncracked) stiffness properties of the concrete
structural members in conjunction with SSE damping values. Per Section G. 1.2 of R.G. 1.61
(Reference 2-s), the use of SSE damping values for the development of structural loads is
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adequate because the stresses obtained from the models with SSE damping values will
remain lower than the stress limits considered by the applicable structural design codes.

The effects of different subgrade conditions and input control motion locations on the FWSC
site-specific seismic loads are evaluated first based on the results of the SSSI analyses of the
FWSC-CB combined model with full stiffness properties and OBE damping values (analysis
cases FCl to FC6 in Table 4.2-2). Figures 6.4-1 and 6.4-2 provide comparisons of the
diagrams of the horizontal and vertical loads on the FWS structure obtained from the results
of the analyses of the LB, BE, and UB subgrade profiles with input motions specified at EL
El. 282 ft NAVD88 (bottom of basemat) and El. 220 ft NAVD88 (bottom of concrete fill).
The diagrams of the site-specific horizontal and vertical loads on the FPE structure obtained
from the FWSC-CB SSSI analyses cases FC1 to FC6 are presented in Figures 6.4-3 and 6.4-
4, respectively. The comparisons of the results from the different FWSC-CB SSSI analysis
cases show that the analysis of the UP subgrade profiles with the deep input control motion
at El. 220 ft NAVD88 (analysis case FC6) yield bounding results for the seismic loads. The
only exception is the FWS torsion presented in Figure 6.4-1 which is bounded by the results
obtained from the FWSC-CB SSSI analysis of the BE subgrade profile with deep input
control motion (analysis case FC5).

Since the SSSI analyses with deep input control motion at El. 220 ft NAVD88 yield
bounding results, the SSSI effects of the CD on the site-specific seismic load demands on the
FWSC structures are evaluated based on the diagrams of the maximum vertical accelerations,
member shear forces and moments obtained as the envelope of the results from the site-
specific SSSI analyses of the FWSC-CB combined model with SSE damping values and the
deep input control motion for the LB, BE, and UP full column profiles (analysis cases FC7,
FC8, and FC9). Figures 6.4-5 through 6.4-8 compare these SSSI envelopes with the site-
specific SSI enveloping maximum horizontal and vertical load demands obtained as
envelopes of the results of the corresponding SSI analysis of the FWSC standalone model
with full (uncracked concrete) stiffness properties, and SSE damping values for the LB, BE,
and UB profiles with deep input motion at El. 220 ft NAVD88. The figures present the
envelope of the SSSI results with dashed red lines and the NA3 enveloping seismic demands
from the FWSC site-specific SSI analyses with solid green lines. Diagrams of the horizontal
and vertical seismic loads used for the standard design of the FWSC reinforced concrete
structures are also provided in Figurfes 6.4-5 through 6.4-8 with dashed blue lines.

The comparisons in Figure 6.4-5 show that the SSSI with the CB amplifies the horizontal
loads on the FWS structure. These SSSJ amplifications result in small exceedances of the
site-specific shear load demands with respect to the loads used for the standard design of the
FWS structure. Similar to the results of the CB-FWSC SSSI evaluation presented in Section
5, the SSSI-induced amplifications of the FWS torsion are much bigger resulting in site-
specific demands that are four times the torsion load considered in the standard design. The
comparisons in Figure 6.4-6 show that the site-specific CB SSSI effects on the FWS vertical
loads are small. Figures 6.4-7 and 6.4-8 also show that site-specific GB SSSI effects on the
site-specific load demands on the FPE structure are small and that the small SSSI-induced
exceedances in FPE loads are enveloped by the standard design loads.
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Table 6.4-1 compares the maximum equivalent vertical accelerations representing the out-of-
plane load on the FWS roof slab obtained from the results of the site-specific SSSI and SSI
analyses of the FWSC-CB combined model and FWSC standalone model, respectively, with
full stiffness properties and SSE damping values. The out-of-plane loads are computed based
on the results for the maximum vertical accelerations of the FWS roof SDOF oscillator mass
and the FWS roof lumped mass following the methodology described in Appendix D of the
site-specific RB/FB seismic analysis report (Reference 2-w). These site-specific out-of-plane
load demands are also compared to the FWS roof out-of-plane seismic load used for the
standard design of the FWSC structures in Reference 2-x. The comparison in Table 6.4-1
shows that the SSSJ between the CB and FWSC amplifies the out-of-plane load demand on
the FWS roof.

6.5 SSSI Effects of CB on FWSC Site-Specific Design ISRS

Figures 6.3-1 through 6.3-12 provide a comparison of the 5% damped ISRS obtained from
the site-specific SSSI analyses of the FWSC-CB combined model with full stiffness
properties and OBE damping values with the corresponding 5% damped NA3 SSI
enveloping ISRS and standard design ISRS shown with thick blue and black lines,
respectively. The NA3 SSI enveloping ISRS represent the ±_15% broadened and valley filled
envelope of the ISRS obtained from the site-specific SSI analyses of the FWSC standalone
model with full stiffness properties and ODE damping values for the LB, BE, and UB
profiles and input control motions located at El. 282 ft NAVD88 and El. 220 ft NAVD88.
The comparisons show that there are peaks in the ISRS obtained from the FWSC-CB SSSI
analyses that exceed the NA3 site-specific SSI enveloping ISRS. Significant, greater than
10%, exceedances in the ISRS can be observed for:

* The EW response of the FWS roof between frequencies of 12 and 18 Hz

* The vertical response of the FWS roof and basemat between frequencies of 30 and 40
Hz

* The vertical response of the FPE roof between frequencies of 35 and 50 Hz

* The vertical response of the FPE basemat between frequencies of 30 and 50 Hz

Figures 6.3-6 and 6.3-12 show that the ISRS for the vertical response of the FWSC basemat

also exceed the corresponding standard design ISRS.

7. CONCLUSIONS

The results of the evaluations presented in this report show that, in general, the SSSI between
the CB and the FWSC have small effects on the site-specific seismic responses of these two
structures.

The site-specific design of the CB envelops the SSSJ effects of the FWSC on the CB seismic
response. The CB site-specific design is based on the envelope of the results obtained from
the SSI analyses of the CB standalone models representing two bounding embedment
conditions:



WG3-U73-ERD-S-0002 SH NO. 34

REV. 6 of 184

* Partially embedded in Zone III rock that neglects the effects of the structural fill and
in-situ saprolite on the seismic response of the CB

* Fully embedded that includes the effects of the structural fill and in-situ saprolite on
the seismic response of the GB

The consideration of these two bounding embedment conditions provides a site-specific
design basis that envelopes the amplification of the GB seismic response due to SSSI with
the nearby FWSC. The enveloping structural loads presented in Section 6.1 of Reference 2-p
that are based on maximum responses obtained from the analyses of CB standalone models
provide demands that bound all of the SSSI-induced amplifications of the CB maximum
responses with the exception of the GB torsional moment demand. As shown in Section 5.5,
the contribution of the SSSI-induced torsional moment amplification on the total shear
demand on the GB exterior walls is small and enveloped by the site-specific enveloping loads
specified in Section 6.1 of Reference 2-p. The results of the evaluation of the SSS1 effects on
the GB also show that the SSI analyses of the GB standalone models provide seismic
demands that bound the FWSC SSSI effects on the GB foundation stability and dynamic
bearing pressures.

The results of this evaluation show that the site-specific design ISRS presented in Appendix
E of Reference 2-p bound the SSSI effects of the FWSG with exception of the few small
exceedance in the ISRS at high frequencies that occur at frequencies close to 5 0Hz, which is
the cut-off frequency of importance for design specified in ISG-01 (Reference 2-v). These
exceedances of the site-specific design ISRS are otherwise enveloped by the corresponding
standard design ISRS with the exception of the ISRS for the vertical response of the GB
basemat. Section 6 of Reference 2-z specifies the criterion and approach for enhancing the
GB design ISRS to bound the effects of SSSI due to the RB/FB. This criterion and approach
are also used for enhancing the GB design ISRS to bound any other larger exceedances of the
GB ISRS that are due to the effects of the FWSG SSSI.

The site-specific seismic response analyses of the FWSG consider that the FWSC is
essentially a surface founded structure that is supported by a block of concrete fill embedded
in the in-situ saprolite and Zone III rock. The SSI analyses of the FWSG standalone model
consider LB, BE, and UB subgrade properties and two input control motions specified at the
bottom of the FWSG foundation at El. 282 ft NAVD88 and at the bottom of the concrete fill
at El. 220 ft, NAVD88. The results of the evaluations of the SSSI effects between the GB and
FWSG presented in this report show that the responses obtained from these SSI analyses do
not envelope all possible SSSI-induced amplifications of the FWSG response. The results
obtained from the FWSG-GB SSSI analyses presented in this report will be used to develop
the FWSG site-specific design basis that will envelop amplifications of the FWSG response
that are due to the SSSI with the GB.
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Table 3.1-1 LB In-Situ Subsurface Properties at CB Location
Laer Ticnes Top- Unit
Lyr Tikes Depth Weight Vs V Damping

# (m)L (m)... (tim 31 (mis) (m/s) (%
1 0.76 0.00 .2.00 180 365 4.83
2 0.76 0.76 2.00 180 365 4.83
3 0.76 1.52 2.00 186 782 7.42
4 0.76 2.29 2.00 186 949 7.42
5 0.76 3.05 2.00 186 949 7.42
6 0.76 3.81 2.00 186 949 7.42
7 0.76 4.57 2.08 302 1463 6.53
8 0.76 5.33 2.08 302 1463 6.53
9 0.76 6.10 2.08 302 1463 6.53
10 0.76 6.86 2.08 302 1463 6.53
11 0.76 7.62 2.32 471 1463 1.06
12 0.76 8.38 2.32 471 1463 1.06
13 0.76 9.14 2.32 471 1463 ___1.06

14 0.76 9.91 2.32 471 1463 ___1.06

15 0.76 10.67 2.32 561 1715 1.14
16 0.76 11.43 2.32 561 1715 ___1.14

17 0.76 12.19 2.32 561 1715 1.14
18 0.76 12.95 2.32 561 1715 1.14
19 0.76 13.72 2.32 561 1715 1.14
20 0.46 14.48 2.32 561 1715 1.14
21 1.07 14.94 2.32 561 1715 1.14
22 0.76 16.00 2.32 561 1715 1.14
23 0.76 16.76 2.32 662 2022 0.96
24 0.76 17.53 2.32 662 2022 0.96
25 0.76 18.29 2.32 662 2022 0.96
26 0.76 19.05 2.32 662 2022 0.96
27 0.30 19.81 2.61 1613 3450 1.82
28 0.91 20.12 2.61 1613 3450 1.82
29 0.91 21.03 2.61 1613 3450 1.82
30 0.91 21.95 2.61 1613 3450 1.82
31 0.91 22.86 2.61 1738 3488 1.82
32 0.61 23.77 2.61 1738 3488 1.82
33 1.52 24.38 2.61 1738 3488 1.82
34 1.52 25.91 2.61 1738 3488 1.82
35 1.52 27.43 2.61 1738 3488 1.82
36 1.52 28.96 2.61 1977 3767 1.82
37 1.52 30.48 2.61 1977 3767 1.82
38 1.52 32.00 2.63 2154 3897 1.82
39 1.52 33.53 2.63 2154 3897 1.82
40 1.52 35.05 2.63 2051 3909 1.82
41 1.52 36.58 2.63 2051 3909 1.82
42 1.52 38.10 2.63 2155 4031 1.82
43 1.52 39.62 2.63 2155 4031 1.82
44 1.52 41.15 '2.63 2195 3855 1.82
45 1.52 42.67 2.63 2195 3855 1.82
46 1.52 44.20 2.63 2324 4205 1.82
47 1.52 45.72 2.63 2324 4205 1.82.
48 1.52 47.24 2.63 2289 4282 1.82
49 1.52. 48.77 2.63 2289 4282 1.82
50 50.29 2.63 2290 3915 1.82
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Table 3.1-2 UB In-Situ Subsurface Properties at CB Location
Laer Ticnes Top- UnitLyr Tikes Depth Weight -. V• Vp, Damping

# (m (m) (t/m 3 ) (m/s) (mis) (%)
1 0.76 0.00 2.00 394 800 1.60
2 0.76 0.76 2.00 394 800 1.60
3 0.76 1.52 2.00 506 2126 2.08
4 0.76 2.29 2.00 506 2126 2.08
5 0.76 3.05 2.00 506 2126 2.08
6 0.76 3.81 2.00 506 2126 2.08
7 0.76 4.57 2.08 621 2608 2.19
8 0.76 5.33 2.08 621 2608 2.19
9 0.76 6.10 2.08 621 2608 2.19

10 0.76 6.86 2.08 621 2608 2.19
11 0.76 7.62 2.32 808 2469 0.36
12 0.76 8.38 2.32 808 2469 0.36
13 0.76 9.14 2.32 808 2469 0.36
14 0.76 9.91 2.32 808 2469 0.36
15 0.76 10.67 2.32 1014 3098 0.35
16 0.76 11.43 2.32 1014 3098 0.35
17 0.76 12.19 2.32 1014 3098 0.35
18 0.76 12.95 2.32 1014 3098 0.35
19 0.76 13.72 2.32 1014 3098 0.35
20 0.46 14.48 2.32 1014 3098 0.35
21 1.07 14.94 2.32 1014 3098 0.35
22 0.76 16.00 2.32 1014 3098 0.35
23 0.76 16.76 2.32 993 3034 0.29
24 0.76 17.53 2.32 993 3034 0.29
25 0.76 18.29 2.32 993 3034 0.29
26 0.76 19.05 2.32 993 3034 0.29
27 0.30 19.81 2.61 2420 5174 0.55
28 0.91 20.12 2.61 2420 5174 0.55
29 0.91 21.03 2.61 2420 5174 0.55
30 0.91 21.95 2.61 2420 5174 0.55
31 0.91 22.86 2.61 2607 5233 0.55
32 0.61 23.77 2.61 2607 5233 0.55
33 1.52 24.38 2.61 2607 5233 0.55
34 1.52 25.91 2.61 2607 5233 0.55
35 1.52 27.43 2.61 2607 5233 0.55
36 1.52 28.96 2.61 2965 5650 0.55
37 1.52 30.48 2.61 2965 5650 0.55
38 1.52 32.00 2.63 3231 5845 0.55
39 1.52 33.53 2.63 3231 5845 0.55
40 1.52 35.05 2.63 3077 5863 0.55
41 1.52 36.58 2.63 3077 5863 0.55
42 1.52 38.10 2.63 3232 6047 0.55
43 1.52 39.62 2.63 3232 6047 0.55
44 - 1.52 41.15 2.63 3293 5783 0.55
45 1.52 42.67 2.63 3293 5783 0.55
46 1.52 44.20 2.63 3487 6308 0.55
47 1.52 45.72 2.63 3487 6308 0.55
48 1.52 47.24 2.63 3434 6424 0.55
49 1.52 48.77 2.63 3434 6424 0.55
50 50.29 2.63 3434 5872 0.55
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Table 3.1-3 LB In-Situ Subsurface Properties at FWSC Location

Layer Thickness eToh Ui
Dph Weight V ~ apn

# (m) (m) (tim 3) (mis) . (m/s) (%)
1 0.91 0.00 2.00 147 750 6.63
2 0.91 0.91 2.00 147 750 6.63
3 0.91 1.83 2.00 147 750 6.63
4 0.91 2.74 2.00 __147 750 6.63
5 0.91 3.66 2.00 184 940 8.25
6 0.91 4.57 2.00 184 940 8.25
7 ___0.91 5.49 2.00 184 940 8.25
8 1.22 6.40 2.00 184 940 8.25
9 1.22 7.62 2.00 184 940 8.25

10 1.22 8.84 2.08 310 1463 6.08
11 0.91 10.06 2.08 436 1463 4.37
12 0.61 10.97 2.08 436 1463 4.37
13 1.22 11.58 2.32 581 1775 1.14
14 1.22 12.80 2.32 581 1775 1.14
15 1.22 14.02 2.32 581 1775 1.14
16 1.22 15.24 2.32 581 1775 1.14
17 1.22 16.46 2.32 655 2002 0.94
18 1.22 17.68 2.32 655 2002 0.94
19 0.91 18.90 2.61 1464 3130 1.82
20 0.91 19.81 2.61 1464 3130 1.82
21 0.91 20.73 2.61 1738 3488 1.82
22 1.22 21.64 2.61 1738 3488 1.82
23 1.22 22.86 2.61 1738 3488 1.82
24 0.91 24.08 2.63 1977 3767 1.82
25 1.22 24.99 2.63 1977 3767 1.82
26 1.22 26.21 2.63 1977 3767 1.82
27 0.91 27.43 2.63 2154 3897 1.82
28 1.22 28.35 2.63 2154 3897 1.82
29 1.22 29.57 2.63 2154 3897 1.82
30 0.91 30.78 2.63 2051 3909 1.82
31 1.22 31.70 2.63 2051 3909 1.82
32 1.22 32.92 2.63 2051 3909 1.82
33 0.91 34.14 2.63. 2155 4031 1.82
34 1.22 35.05 2.63 2155 4031 1.82
35 1.22 36.27 2.63 2155 4031 1.82
36 0.91 37.49 2.63 2195 3855 1.82
37 1.22 38.40 2.63 2195 3855 1.82
38 1.22 39.62 2.63 2195 3855 1.82
39 0.91 40.84 2.63 2324 4205 1.82
40 1.22 41.76 2.63 2324 4205 1.82
41 1.22 42.98 2.63 2324 4205 1.82
42 0.91 44.20 2.63 2289 4282 1.82
43 1.22 45.11 2.63 2289 4282 1.82
44 1.22 46.33 2.63 2289 4282 1.82
45 _______ 47.55 2.63 2290 3915 1.82
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Table 3.1-4 BE In-Situ Subsurface Properties at FWSC Location
Laer Ticnes Top- Unit
Lyr Tikes Depth Weight Vs Vp Damping

# (m) (m) (tim3) . (m/s) (m/s) (%)
1 0.91 0.00 2.00 226 1153 4.18
2 0.91 0.91 2.00 226 1153 4.18
3 0.91 1.83 2.00 226 1153 4.18
4 0.91 2.74 2.00 226 1153 4.18
5 0.91 3.66 2.00 298 1463 5.00
6 0.91 4.57 2.00 298 1463 5.00
7 0.91 5.49 2.00 298 1463 5.00
8 1.22 6.40 2.00 298 1463 5.00

9 1.22 7.62 2.00 298 1463 5.00
10 1.22 8.84 2.08 432 1814 3.97

11 0.91 10.06 2.08 596 1821 2.89
12 0.61 10.97 2.08 596 1821 2.89
13 1.22 11.58 2.32 763 2331 0.64
14 1.22 12.80 2.32 763 2331 0.64
15 1.22 14.02 2.32 763 2331 0.64
16 1.22 15.24 2.32 763 2331 0.64
17 1.22 16.46 2.32 821 2508 0.53
18 1.22 17.68 2.32 821 2508 0.53
19 0.91 18.90 2.61 1976 4225 1.00
20 0.91 19.81 2.61 1976 4225 1.00
21 0.91 20.73 2.61 2128 4273 1.00
22 1.22 21.64 2.61 2128 4273 1.00
23 1.22 22.86 2.61 2128 4273 1.00
24 0.91 24.08 2.63 2421 4613 1.00
25 1.22 24.99 2.63 2421 4613 1.00
26 1.22 26.21 2.63 2421 4613 1.00
27 0.91 27.43 2.63 2638 4772 1.00

28 1.22 28.35 2.63 2638 4772 1.00
29 1.22 29.57 2.63 2638 4772 1.00

30 0.91 30.78 2.63 2512 4787 1.00
31 1.22 31.70 2.63 2512 4787 1.00
32 1.22 32.92 2.63 2512 4787 1.00
33 0.91 34.14 2.63 2639 4937 1.00
34 1.22 35.05 2.63 2639 4937 1.00
35 1.22 36.27 2.63 2639 4937 1.00
36 0.91 37.49 2.63 2689 4722 1.00
37 1.22 38.40 2.63 2689 4722 1.00

38 1.22 39.62 2.63 2689 4722 1.00
39 0.91 40.84 2.63 2847 5150 1.00
40 1.22 41.76 2.63 2847 5150 1.00
41 1.22 42.98 2.63 2847 5150 1.00
42 0.91 44.20 2.63 2804 5245 1.00
43 1.22 45.11 2.63 2804 5245 1.00
44 1.22 46.33 2.63 2804 5245 1.00
45 47.55 2.63 2804 4794 1.00
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Table 3.1-5 UB In-Situ Subsurface Properties at FWSC Location
Top- Unit V V Dapn

Layer Thickness Depth Weight V ~ apn

#(in) (in) (t/m3) (m/s) (m/s) (%)

1 0.91 0.00 2.00 348 1463 2.64
2 0.91 0.91 2.00 348 1463 2.64
3 0.91 1.83 2.00 348 1463 2.64
4 0.91 2.74 2.00 348 1463 2.64
5 0.91 3.66 2.00 483 2030 3.03
6 0.91 4.57 2.00 483 2030 3.03
7 0.91 5.49 2.00 483 2030 3.03
8 1.22 6.40 2.00 483 2030 3.03
9 1.22 7.62 2.00 483 2030 3.03
10 1.22 8.84 2.08 600 2524 2.60
11 0.91 10.06 2.08 814 2488 1.92
12 0.61 10.97 2.08 814 2488 1.92
13 1.22 11.58 2.32 1002 3060 0.36
14 1.22 12.80 2.32 1002 3060 0.36
15 1.22 14.02 2.32 1002 3060 0.36
16 1.22 15.24 2.32 1002 3060 0.36
17 1.22 16.46 2.32 1028 3141 0.30
18 1.22 17.68 2.32 1028 3141 0.30
19 0.91 18.90 2.61 2667 5703 0.55
20 0.91 19.81 2.61 2667 5703 0.55
21 0.91 20.73 2.61 2607 5233 0.55
22 1.22 21.64 2.61 2607 5233 0.55
23 1.22 22.86 2.61 2607 5233 0.55
24 0.91 24.08 2.63 2965 5650 0.55
25 1.22 24.99 2.63 2965 5650 0.55
26 1.22 26.21 2.63 2965 5650 0.55
27 0.91 27.43 2.63 3231 5845 0.55
28 1.22 28.35 2.63 3231 5845 0.55
29 1.22 29.57 2.63 3231 5845 0.55
30 0.91 30.78 2.63 3077 5863 0.55
31 1.22 31.70 2.63 3077 5863 0.55
32 1.22 32.92 2.63 3077 5863 0.55
33 0.91 34.14 2.63 3232 6047 0.55
34 1.22 35.05 2.63 3232 6047 0.55
35 1.22 36.27 2.63 3232 6047 0.55
36 0.91 37.49 2.63 3293 5783 0.55
37 1.22 38.40 2.63 3293 5783 0.55
38 1.22 39.62 2.63 3293 5783 0.55
39 0.91 40.84 2.63 3487 6308 0.55
40 1.22 41.76 2.63 3487 6308 0.55
41 1.22 42.98 2.63 3487 6308 0.55
42 0.91 44.20 2.63 3434 6424 0.55
43 1.22 45.11 2.63 3434 6424 0.55
44 1.22 46.33 2.63 3434 6424 0.55
45 _______ 47.55 2.63 3434 5872 0.55
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Table 3.1-6 LB Properties of Structural and Concrete Fill at CB Location
Top- Unit Vs V Dapn

Layer Thickness Depth Wih ~ V apn

(in) (in) (tim3) (mis) (mis) (%)
1 0.76 0.00 2.08 134 251 4.98
2 0.76 0.76 2.08 134 251 4.98
3 0.76 1.52 2.08 148 277 7.17
4 0.76 2.29 2.08 148 755 7.17
5 0.76 3.05 2.08 146 742 8.38
6 0.76 3.81 2.08 146 742 8.38
7 0.76 4.57 2.08 150 764 9.11
8 0.76 5.33 2.08 150 764 9.11
9 0.76 6.10 2.08 157 800 8.93

10 0.76 6.86 2.08 157 800 8.93
Concrete Fill 7.62 2.32 1829 2850 1.80

Table 3.1-7 UB Properties of Structural and Concrete Fill at CB Location

Top- UnitLayer Thickness Depth Weight Vs Vp Damping

# (in) (in) (tim3) (mis) (mis) (O/)

1 0.76 0.00 2.08 292 546 1.98
2 0.76 0.76 2.08 292 546 1.98
3 0.76 1.52 2.08 350 655 2.72
4 0.76 2.29 2.08 350 1463 2.72
5 0.76 3.05 2.08 360 1463 3.24
6 0.76 3.81 2.08 360 1463 3.24
7 0.76 4.57 2.08 358 1463 3.84
8 0.76 5.33 2.08 358 1463 3.84
9 0.76 6.10 2.08 391 1463 3.60
10 0.76 6.86 2.08 391 1463 3.60
Concrete Fill 7.62 2.32 2438 3800 0.55
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Table 3.1-8 LB Properties of Structural and Concrete Fill at FWSC Location
Top- Unit Vs V Dapn

Layer Thickness Depth Weight Vs V Dapn

#(in) (in) (tim3) (mis) (mis) (%)
1 1.00 0.00 2.08 146 744 7.33
2 0.915 1.00 2.08 150 763 7.50
3 0.915 1.92 2.08 153 782 7.85
4 0.915 2.83 2.08 155 788 8.29
5 0.915 3.75 2.08 160 818 8.02
6 0.915 4.66 2.08 155 790 8.50
7 0.915 5.58 2.08 158 805 8.54
8 1.22 6.49 2.08 158 809 8.87
9 1.22 7.71 2.08 157 799 9.19
10 1.22 8.93 2.08 168 856 8.74
11 0.91 10.15 2.08 162 825 9.35
12 0.61 11.06 2.08 162 825 9.35

Concrete Fill 11.67 2.32 1829 2850 1.82

Table 3.1-9 BE Properties of Structural and Concrete Fill at FWSC Location

Top- Unit Vs V Dapn
Layer Thickness Depth Weight V5  V Dapn

#(in) (in) (tim 3) (mis) (mis) (%)
1 1.00 0.00 2.08 227 1158 4.74
2 0.915 1.00 2.08 231 1180 4.83
3 0.915 1.92 2.08 239 1219 4.97
4 0.915 2.83 2.08 *239 1216 5.33
5 0.915 3.75 2.08 258 1314 5.17
6 0.915 4.66 2.08 253 1291 5.47
7 0.915 5.58 2.08 253 1291 5.65
8 1.22 6.49 2.08 260 1325 5.67
9 1.22 7.71 2.08 258 1318 5.96
10 1.22 8.93 2.08 272 1389 5.75
11 0.91 10.15 2.08 271 1383 5.95
12 0.61 11.06 2.08 271 1383 5.95

Concrete Fill 11.67 2.32 2134 3325 1.00
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Table 3.1-10 UB Properties of Structural and Concrete Fill at FWSC Location

LyrTikes Top- Unit Vs V Dapn
ayrTikes Depth Weight V ~ apn

# (in) (in) (tim3) (mis) (mis) (%)
1 1.00 0.00 2.08 354 1463 3.06
2 0.915 1.00 2.08 358 1463 3.11
3 0.915 1.92 2.08 373 1463 3.15
4 0.915 2.83 2.08 368 1463 3.42
5 0.915 3.75 2.08 414 1463 3.33
6 0.915 4.66 2.08 413 1463 3.52
7 0.915 5.58 2.08 406 1463 3.74
8 1.22 6.49 2.08 426 1463 3.63
9 1.22 7.71 2.08 427 1463 3.87
10 1.22 8.93 2.08 442 1463 3.78
11 0.91 10.15 2.08 455 1463 3.79
12 0.61 11.06 2.08 455 1463 3.79
Concrete Fill 11.67 2.32 2438 3800 0.55

Table 3.1-11 Average Strain-Compatible Shear Wave Velocities and Shear Column

Frequencies of the Fill and In-Situ Materials at CB Location

Concrete Fill / Zone III Rock Structural Fill i Saprolite

Embedment Embedment

Soil Backfill In-Situ Backfill In-Situ
Case Depth Depth

Vs-ave fs Vs-ave fs Vs-.ave fs Vs-.ave fs

____ (in) (mis) (liz) (mis) (Hiz) (in) (mis) (liz) (mis) (liz)

LB 1829 62.6 519 17.8 147 4.8 218 7,2
7.3 7.6 ___

UB 2438 83.5 916 31.4 347 11.4- 515 16.9
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Table 3.1-12 Average Strain-Compatible Shear Wave Velocities and Shear Column
Frequencies of the Fill and In-Situ Materials around Concrete Fill below FWSC

Foundation

Zone III Rock Structural Fill / Saprolite Full Column

Soil • Backfill In-Situ Backfill In-Situ
Case • V .... e

•1 V ..... fs V ..... fsc • Vs..... fsc Vs..ave fs

(in) (m/s) (Hz) (in) (mis) (Hz) (m/s) (Hz) (in) (m/s) (Hz) (m/s) (Hz)

LB 604 20.6 157 3.4 192 4.1 243 3.2 261 3.5

BE 7.3 781 26.7 11.7 252 5.4 298 6.4 19.0 383 5.1 391 5.2

UB 1010 34.5 405 8.7 461. 9.9 598 7.9 584 7.7

Table 4.2-1 CB-FWSC Site-Specific SSSI Analysis Cases, Passing, and Cut-off Frequencies

Cs SugaeControl Passing Cut-off Captured Motion Energy
Cs Sugae Method Motion Freq. Freq.

N. PoieEl. (Hz) (Hz) X (NS) V (EW) Z (Vert.)

CF1 = LB 34 34 83% 82% 86%

= =MSM 241ft
CF2 • UB 74 70 99% 99% 99%
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Table 4.2-2 FWSC-CB Site-Specific SSSI Analysis Cases, Passing and Cut-off Frequencies
(a) FWSC-CB Combined Model with OBE Damping

Control Passing Cut-off Captured Motion Energy
Case Subgrade Method Motion Freq. Freq.

N. PoieEl. (Hz) (Hz) X (NS) Y (EW) Z (Vert.)

FC1 LB 30 30 84% 81% 75%

FC2 BE 282 ft 47 47 98% 97% 95%

FC3 LUB 72 70 99% 99% 99%

MSM
FC4 LB 30 30 80% 72% 72%

FC5 BE 220 ft 47 47 98% 96% 95%

FC6 UIB 72 70 99% 99% 99%

(b) FWSC-CB Combined Model with SSE Damping

Cnrl Passing Cut-off Captured Motion Energy
CaseStboaleFreq. Freq.

Cas SbgrdeMethod Motion
N. PoieEl. (Hz) (Hz) X (NS) Y (EW) Z (Vert.)

FC7 LB 30 30 80% 72% 72%

FC8 BE MSM 220 ft 47 47 98% 96% 95%

FC9 UIB 72 70 99% 99% 99%
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Table 4.2-3 List of Frequencies for SSSI Analyses
Frequency (lz)

Frequency CB-FWSC SSSI Analysis FWSC-CB SSSI Analysis _____

N.LB UiB LB BE UIB

1 0.0244 0.0244 0.0244 0.0244 0.0244
41 1.0010 1.0010 1.0010 1.0010 1.0010
82 2.0020 2.0020 2.0020 2.0020 2.0020
123 3.0029 3.0029 3.0029 . 3.0029 3.0029
164 4.0039 4.0039 4.0039 4.0039 4.0039
205 5.0049 5.0049 5.0049 5.0049 5.0049
246 6.0059 6.0059 6.0059 6.0059 6.0059
287 7.0068 7.0068 7.0068 7.0068 7.0068
328 8.0078 8.0078 8.0078 8.0078 8.0078
369 9.0088 9.0088 9.0088 9.0088 9.0088
410 10.0098 10.0098 10.0098 10.0098 10.0098
451 11.0107 11.0107 11.0107 11.0107 11.0107
492 12.0117 12.0117 12.0117 12.0117 12.0117
532 12.9883 12.9883 12.9883 12.9883 12.9883
573 13.9893 13.9893 13.9893 13.9893 13.9893
614 14.9902 14.9902 14.9902 14.9902 14.9902
655 15.9912 15.9912 15.9912 15.9912 15.9912
696 16.9922 16.9922 16.9922 16.9922 16.9922
737 17.9932 17.9932 17.9932 17.9932 17.9932
778 18.9941 18.9941 18.9941 18.9941 18.9941
819 19.9951 19.9951 19.9951 19.9951 19.9951
860 20.9961 . 20.9961 20.9961 20.9961 20.9961
901 21.9971 21.9971 21.9971 21.9971 21.9971
942 22.9980 22.9980 22.9980 22.9980 22.9980
983 23.9990 23.9990 23.9990 23.9990 23.9990
1024 25.0000 25.0000 25.0000 25.0000 25.0000
1065 26.0010 26.0010 26.0010 26.0010 26.0010
1106 27.0020 27.0020 27.0020 27.0020 27.0020
1147 28.0029 28.0029 28.0029 28.0029 28.0029
1188 29.0039 29.0039 29.0039 29.0039 29.0039
1229 30.0049 30.0049 30.0049 30.0049 30.0049
1270 31.0059 31.0059 31.0059 31.0059
1311 32.0068 32.0068 32.0068 32.0068
1352 33.0078 33.0078 33.0078 33.0078
1393 34.0088 34.0088 34.0088 34.0088
1434 .35.0098 35.0098 35.0098
1475 36.0107 36.0107 36.0107
1516 37.0117 37.0117 37.0117
1557 38.0127 38.0127 38.0127
1598 39.0137 39.0137 39.0137
1639 40.0146 40.0146 40.0146
1680 - 41.0156 41.0156 41.0156
1721 42.0166 42.0166 42.0166
1762 43.0176 43.0176 43.0176
1803 44.0186 44.0186 44.0186
1844 45.0195 45.0195 45.0195
1885 46.0205 46.0205 46.0205
1926 47.0215 47.0215 47.0215
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Table 4.2-3 List of Frequencies for SSSI Analyses (Continued)
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Table 4.3-1 Lateral Extent of Structural Fill around CB
North 3730 mm Minimum distance to inside face of Sheet Piling adjacent to CB

(12.24 fi)
South 3730 mm One-half the distance between CB and Service Building

______ (_12.24 ft) 0.5 x 7460 mm (24.48 ft)
East 6020 mm One-half the distance between GB and FWSC

(19.75 ft) 0.5 x 12040 mm (39.5 fi)
West 6975 mm One-half the distance between GB and RB/FB

Miimm (22.88 ft) 0.5 x 13950 mm (45.77 ft)
Distnceu 3730mm: GB lateral extent of backfill:

Table 4.3-2 Lateral Extent of Structural Fill around FWSC

North 5990 mm Minimum distance to inside face of Sheet Piling adjacent to
(19.65 ft) FWSC

South 5990 mm Minimum distance to inside face of Sheet Piling adjacent to
(19.65 ft) FWSC

East 5990 mm Minimum distance to inside face of Sheet Piling adjacent to
(19.65 ft) FWSC

West 6020 mm One-half the distance between FWSC and GB
______ (_19.75 ft) 0.5 x 12040 mm (39.5 fi)

'Minimum: 5990 mm :FWSG lateraliextenofi6backfill :
DiStance 19.65 f) ____________________________________________
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Table 4.3-3 Subsurface Properties for CB-FWSC SSSI Analysis of LB Profile
_________Soil ______ _________ ____Backfill ___________

EL Uni - V.Dmpn Highest Pisns Unit 1Highest Poissonos
Wigt FreDampnngPoissontsV, Vp Damping Frequency

[m] ft/mn
3
] - [rn/see] [rn/see] - [%] [Hz] ratio [t/m

5] - [rn/see] [rn/see] [%] [ Hz] ratio

4.0 2.00 180 365 4.83 36.2 0.339 2.08 134 251 4.98 33.7 0.301

2.00
2 9R

180 365 4.83 36.' 0.339 2.08 134 251 4.98 33.7 0.30l

S .8 2.00 186 793 7.42 37.5 0.471 2.08 148 291 7.17 35.6 0.326

2.15
1.45 2.00 186 949 7.42 37.5 0.480 2.08 148 755 7.17 37.3 0.480

1.5 2.00 186. 949 7.42 37.5 0.480 2.08 146 742 8.38 36.8 0.480
0.69
0.69

-. 7 2.00 186 949 7.42 37.5 0.480 2.08 146 742 8.38 36.8 0.480
-0.07
-0.072 20 30 143 65608 048 20 10 769.13.040

-. 2 2.08 302 1463 6.53 60.8 0.478 2.08 150 764 9.11 37.8 0.480

____ -. 7 2.08 302 1463 6.53 60.8 0.478 2.08 154 7864 9.00 38.8 0.480

-2.00

-. 6 2.08 302 1463 6.53 60.8 0.478 2.08 157 800 8.93 39.5 0.480
-2.56
-3.12 2.08 302 1463 6.53 60.8 0.478 2.08 157 800 8.93 39.5 0.480
-3.12

-. 6 2.32 471 1463 • 1.06 44.0 0.442 2.32 1829 2850 1.80 170.9 0.150

-5.26
-7.40 23

519 1598 1.11 48.5 0.441 2.32 1829 2850 1.80 170.9 0.150

~I. ~ + .$. I I 1- I 5
-7.40
-8.90 23

561 1715 1.14 56.1 0.440 2.32 1829 2850 1.80 182.9 0.150

-. 0 2.32 561 1715 1.14 56.1 0.440 2.32 1829 2850 1.80 182.9 0.150
-10.40

-1.0 2.32 561 1715 1.14 56.1 0.440 2.32 1829 2850 1.80 182.9 0.150
-12.26 ____

-12.26
-375 2.32 662 2022 0.96 66.2 0.440 2.32 1829 2850 1.80 182.9 0.150

-13.785

-1.1 2.32 662 2022 0.96 66.2 0.440 2.32 1829 2850 1.80 182.9 0.150
-15.31

-18.36

-24.46 2.61 1738 3488 1.82 56.9 0.335
-24.46
-27.50 2.61 1977 3767 1.82 130.0 0.310
-27.50
-30.55 2.63 2154 3897 1.82 141.2 0.280
-30.55

-33.60 2.63 2051 3909 1.82 134.4 0.310

-33.60
-36.65 2.63 2155 4031 1.82 141.3 0.300

-36.65
-39.70 2.63 2195 3855 1.82 143.9 0.260

-39.70 2.63 2324 4205 1.82 152.8 0.280
-42.74 ____

-42.74
-4.9 2.63 2289 4282 1.82 150.0 0.300

4579 2.63 2290 3915 1.82 0.240

Note: The soil properties of the adjusted layer, shown in the red box, are evaluated fr'om the original properties shown below.
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Table 4.3-3 Subsurface Properties for CB-FWSC SSSI Analysis of LB Profile (Continued)

S oil Backfill

EL Unit V.V apn Highest Poisson's Unit V V Dmig Highest Poisson'sWeight V V Dmng Frequency Weight V~Dmig Frequency
[m t/'m

3
1 rmlsenl Tm/secl [%1 FHzl ratio [t/m

31 [m/secl Tm/see] f%1 ~lT-z ratio
2.980 - •.. . .. . -- -- JL - - • • -

22158 2•.00 186 782 7.42 0.470 2.08 148 277 7.17 0.300
() 2.215

2.2150 2.002.5 186 949 7.42 0.480 2.08 148 755 7.17 0.480

-1"3600 2.08 302 1463 6.53 / 0.478 2.08 150 764 9.11 0.480

-1.600 2.08 302 1463 6.53 0.478 2.08 157 800 8.93 0.480

-5 260 232 471 1463 1.06 / - '• 0.442 2.32 1829 2850 1.80 0.150

S -6.170
-. 0-"7 2"32 561 1715 1.14 0.440 2.32 1829 2850 1.80 0.150

V. and Vp are determined using the equivalent wave tnavel time procedure.
Example (®: 5 19'(7.40-5.26)/(0.91/47 1+1.23/561)

Damping ratio is determined using the thickness weighted average procedure.
Example®: 1.1 1=(.06x(6. 17-5.26)+1. 14x(7.40-6. 17))/(0.91+1.23)
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Table 4.3-4 Subsurface Properties for CB-FWSC SSSI Analysis of UB Profile
____Soil _______________________Backfill -_____ ____

EL Unit V D Highest P Uss n it VH ani ighess Poisson's
Weight V• V amping Frequency PsonsWeight V p Dmig. Frequency

[m] [tim
3
] [r!!see] - [a/sec] [%] ,[ls1.z].. - ratio [tim

3
] [rn/see] [rn/see] [%] [H..z]..... ratio

3.4 2.00 394 800 1.60 79.4 0.340 2.08 292 ,546 1.98 73.6 0.300

3.74 2.8 2.00 394 800 1.60 79.4 0.340 2.08 292 546 1.98 73.6 0.300

____ .8 2.00 506 2126 2.08 102.0 0.470 2.08 350 685 2.72 84.3 0.323
2.15 ____ _______________ ____

2.15
1.5 2.00 506 2126 2.08 102.0 0.470 2.08 350 1463 2.72 88.2 0.470

1.45

0.9 2.00 506 2126 2.08 102.0 0.470 2.08 360 1463 3.24 90.7 0.468
0.69

-. 7 2.00 506 2126 2.08 102.0 0.470 2.08 360 1463 3.24 90.7 0.468

-. 7 2.08 621 2608 2.19 125.2 0.470 2.08 358 1463 3.84 90.2 0.468
-0.72

-72 2.08 621 2608 2.19 125.2 0.470 2.08 358 1463 3.84 90.2 0.468
-1.37 ____ ____ ___ ____

_____ -1.37© -. 0 2.08 621 2608 2.19 125.2 0.470 2.08 378 1463 3.69 95.3 0.464
-2.00

-. 6 2.08 621 2608 2.19 125.2 0.470 2.08 391 1463 3.60 98.6 0.462
-2.56

-. 2 2.08 621 2608 2.19 125.2 0.470 2.08 391 1463 3.60 98.6 0.462
-3.12

-. 6 2.32 808 2469 0.36 75.5 0.440 2.32 2438 3800 0.55 227.8 0.150

____ -. 6 2.32 915 2795 0.35 85.5 0.440 2.32 2438 3800 0.55 227.8 0.150
-7.40 ___ ___ ___ ____ _____ _____ ____ ____ ____ _____ _____ ____

-7.40 - 2.32 1014 3098 0.35 101.4 0.440 2.32 2438 3800 0.55 243.8 0.150

-. 0 2.32 1014 3098 0.35 101.4 0.440 2.32 2438 3800 0.55 243.8 0.150
-10.40
-10.40

-1.6 2.32 1014 3098 0.35 101.4 0.440 2.32 2438 3800 0.55 243.8 0.150
-12.26

-375 2.32 993 3034 0.29 99.3 0.440 2.32 2438 3800 0.55 243.8 0.150

-375 2.32 993 3034 0.29 99.3 0.440 2.32 2438 3800 0.55 243.8 0.150

-15.31
-18.36 2.61 2420 5174 0.55 158.6 0.360

-18.36
-24.46 2.61 2607 5233 0.55 85.4 0.335

-24.46
-27.50 2.61 2965 5650 0.55 195.0 0.310

-27.50 2.63 3231 5845 0.55 211.8 0.280

-30.55
-33.60 2.63 3077 5863 0.55 201.7 0.310

-33.60 2.63 3232 6047 0.55 211.9 - 0.300
-36.65 ___

-36.65
-39.70 2.63 3293 5783 0.55 215.9 0.260

-42.74 2.63 3487 6308 0.55 229.4 0.280

-42.74
-4.4 2.63 3434 6424 0.55 225.1 0.300

-4.9 2.63 . 3434 5872 0.55 0.240

Note: The soil properties of the adjusted layer, shown in the red hox, are evaluated from the original properties shown below.
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Table 4.3-4 Subsurface Properties for CB-FWSC SSSI Analysis of UB Profile (Continued)
Orgnal data

Soft Backfill
UntHighest Poisson's Unit DHpng ireghest Poisson'sWeight V. Vp Damping Frequency Weight V V Dapn Frqey

[o] [t/m
3
] [mn/see] [rn/see] [%] [Hz] ratio [t/m

3
] [rn/see] [rn/see] [%] [Hz] ratio

2.980 2.00 506 2126 2.08 0.470 2.08 350 655 2.72 0.300C) 2.215

2.1502.1 2.00 506 2126 2.08 0.470 2.08 350 1463 2.72 0.470

-1.600 2.08 621 2608 2.19 0.470 2.08 358 1463 3.84 0.468

(© -1.600

____ -2.000 2.08 621 2608 2.19 0.470 2.08 391 1463 3.60 0.462

-6.170 2.32 808 2469 0.36 0.440 2.32 2438 3800 0.55 0.150

() -6.170
____ -7.400-617 2.32 1014 3098 0.35 0.440 2.32 2438 3800 0.55 0.150

V. and Vp are determined using the equivalent wave travel time procedure.Example®(•: 915=(7.40-5.26)/(0.91/808+1.23/1014)
Damping ratio is determined using the thickness weighted average procedure.

Example®(•: 0.
3
5=(0.3

6
x(

6
.1

7
-5.26)+0.35x(7.40-6.17))/(0.9 I+1.23)
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Table 4.3-5 Subsurface Properties for FWSC-CB SSS1 Analysis of LB Profile
Soil ___________ _____________Backfill

EL Unit 1 ighestIPoisson s Unit r V V 1Dmig I -Ihghest 1 Poisson's
Weight ', FanDanpcyg oisqunnsyWeight i Vp Dmig Frequency

[ira] [tim
5
] [rn/see] I[rn/see] [%] [H~z] ruati [tim

3
] I[uds/sc] [ni/see] [%] [H-z] ratio

2.15 2.00
1.45

147 750 6.63 30.3 0.480 2.08 146 744 7.33 36.5 0.4800

145Q2.00 147 750 6.63 30.3 0.400 2.00 148 755 7.43 37.0 0.480
0.75 __ _

0.75©2.00 147 750 6.63 30.3 0.480 2.08 151 769 7.6t 37.7 0.480

0.00 ___ __ _
00 2.00 147 750 6.63 30.3 0.480 2.08 153 782 7.85 38.2 0.480

20 2.00 t847 940 8.25 37.9 0.480 •2.00 160 818 8.029 40.0 0.400

2.00 184 940 8 .25 37.9 0.480 2.08 155 7908 0.50 30.7 0.480

2.00 184 940 8.25 37.9 0.480 2.08 157 801 8.53 340.8 0.480

2.00 184 940 0.25 37.9 0.480 2.00 158 8908 8.77 35.1 0.480

-40 2.00 184 940 0.25 37.9 0.480 2.00 158 006 0.98 35.1 0.480

-. 7 2.00 184 940
-6.70

0.25 37.9 0.4 80 2.08 157 709 9.19 34.5 0.480

-. 8 2.00 310 1463 6.00 63.9 8.476 2.00 168 856 8.74 42.0 0.480
-7.40 ____

-. 0 2.00 310 1463 6.00 63.9 0.476 2.08 168 056 0.74 42.0 0.400
-0.00

-. 0 2.00 436 1463 4.37 09.8 0.451 2.08 162 025 9.35 40.5 0.4800
-8.70 ____

-. 0 2.08 436 1463 4.37 89.8 0.451 2.08 162 025 9.35 39.5 0.480
-9.52 ____

-9.52
-1.0 2.32 501 1775 1.14 42.2 0.440 2.32 1829 2050 1.02 415.6 0.150

-10.40 2.2 51 17 1.4 4. 0.4 2.2 12 280 1010.010

-12.40 ____
-1.0 2.32 581 1775 1.14 42.2 0.440 2.32 1829 2850 1.82 182.9 0.150

-14.40 ____

-1.0 2.32 655 2002 0.94 47.6 0.440 2.32 1829 2850 1.82 149.9 0.150
-16.04 ____

-16.04 2.61 1464 3130 1.02 106.4 0.360

-10.67
-10.67 2.61 1730 3400 1.82 103.7 0.335

-22.02
-22.02 2.63 1977 3767 1.02 110.0 0.310

-25.37
-25.37 2.63 2154 3897 1.02 120.5 0.200

-20.72
-28.72 2.63 2051 3909 1.82 122.0 0.310

-32.00
-32.00 2.63 2155 4031 1.02 120.6 0.300

-35.43
-35.43 2.3 2 5 355 18 13. 026
-30.708 .3 29 85 18 3. .6
-38.78 2.63 2324 4205 1.82 138.3 0.280

-42.14 _ __

-42.14 2.63 2289 4202 1.02 136.6 0.300

-45.49 ____

-4.9 2.63 2290 3915 1.82 ÷' 0.240

Nate: The sail properties of the adjusted layer, shown in the red box, are evaluated from the original properties shawn below.
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Table 4.3-5 Subsurface Properties for FWSC-CB SSSI Analysis of LB Profile (Continued)
Oniginal data

EL

[in]

Soil Backfill
_____ _____ _____ _____ 4 .' .'

UnitWeight V Vp Damping Hget Poisson's Unit VFrequency Weight VP Damping Frequency Piso'

[t/m
3
] I[nm/see] I[mn/see] I [%] I [Hz] ratao I [t/m3] I[rn/see] I[rn/see] [%] I ['z] ratio

1.450 2.00 t47 750 6.63 0.480 2.08 146 744 7.33 0.480

1.150

2.00 147 750 6.63 t.480 2.08 t50 763 7.50 0.480
0.750

2.00 147 750 6.63 0.480 2.08 150 763 7.50 0.400
0.23 0

@ 0.23 0

2.00 147 750 6.63 0.480 2.08 153 - 782 7.85 0.480
0.000

-1.400

2.00 147 750 6.63 0.400 2.08 155 788 8.29 0.480
-1.600

@ -1.600

2.00 184 940 8.25 0.480 2.00 160 810 8.02 0.480
-2.000-3.170

2.00 184 940 8.25 0.480 2.08 155 790 8.50 0.480
-3.43 0

@ -3.43 0

2.00 184 940 8.25 0.400 2.08 150 805 8.54 0.480
-4.0704.070

2.00 184 940 8.25 0.400 2.00 158 805 8.54 0.480
-4.340

@ -4.340

2.00 184 940 8.25 0.480 2.08 158 809 8.87 0.480

-4.970

2.00 184 940 8.25 0.480 2.08 158 809 8.87 • 0.480
-5.560

® -5.560

2.00 184 940 8.25 0.480 2.08 157 799 9.19 0.480
-5.870

V, and Vp are determined using the equivalent wave travel time procedure.

Example (©: 170=(2.00-1.40)/(0.20/147+0).40/184)

Damping ratio is determined asing the thickness weighted average procedure.

Example (©: 7.71=(6.63x(t.60-1.40)+8.25x(2.00-l.60))/(0.20+O.40)
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Table 4.3-6 Subsurface Properties for FWSC-CB SSSI Analysis of UB Profile
Soil _____________Backfill

EL eUnit V, V 1 Damping PeitUnit V, Vp Damping ghE Poisson's
Wih mng Frequency Weight Frequency

[in] [timt] [se/sec] [nt/sac] [%] [H/z] ratio [f/rn
5
] [rn/sea] [rn/sac] [%] [8-z] ratio

2.15 20
1 45 348 1463 2.64 71.7 0.470 2.08 354 1463 3.06 88.5 0.469

.45o2.00 348 1463 2.64 71.7 0.470 2.08 336 1463 3.09 89.0 0.469

©2.00 348 1463 2.64 71.7 0.470 2.08 362 1463 3.12 90.3 0.467

00 2.00 348 1463 2.64 71.7 0.476 2.08 373 1463 3.15 93.2 6.465

-0.68
2.00 348 1463 2.64 71.7 0.470 2.08 368 1463 3.42 92.0 0.466

40 2.00 420 1798 2.90 88.2 0.470 2.08 397 1463 3.36 99.2 0.460
-200__ _ _ _ _ _ _

-2.00
2.00 483 2030 3.03 99.5 0.476 2.08 414 1463 3.33 103.5 0.456

-2.51
-2.51

2.00 403 2030 3.03 99.3 0.470 2.08 413 1463 3.52 103.2 0.457

o ' 2.00 483 2030 3.03 99.5 0.470 2.08 400 1463 3.68 90.6 0.458
-4.07

47 2.00 483 2030 3.03 99.5 0.470 2.00 420 1463 3.66 93.3 0.455
-4.97 ____

-4.97
2.00 483 2030 3.03 99.5 0.470 2.08 426 1463 3.71 94.6 0.454

-5.87 ___ ___ ___ ____ _____ _ _ _ _ ___ ___ ____ _ _ _

-5.87 20
-6.78

403 2030 3.03 99.5 0.470 2.00 427 1463 3.87 93.8 0.453

-. 8 2.08 600 2524 2.60 123.7 0.470 2.08 442 1463 3.78 110.5 0.450
-7.40

-. 0 2.08 600 2524 2.60 123.7 0.470 2.08 442 1463 3.78 110.3 0.450
-8.00
-8.00

2.00 814 2488 1.92 . 167.8 0.440 2.08 455 1463 3.79 113.7 0.446
-8.70

-. 0 2.08 814 2488 1.92 •167.8 0.440 2.08 455 1463 3.79 110.9 0.446
-9.52

-. 2 2.32 1002 3060 0.36 72.8 0.440 2.32 2438 3800 0.55 554.0 0.150
-10.40

-1.0 2.32 1002 3060 0.36 72.8 0.440 2.32 2438 3800 0.55 243.8 0.150
-12.40

-1.0 2.32 1002 3060 0.36 72.8 0.440 2.32 2438 3800 0.53 243.0 0.150
-14.40

-1.0 2.32 1028 3141 0.30 74.7 0.440 2.32 2438 3800 0.55 199.8 0.150
-16.84
-16.84 2.61 2667 5703 0.55 193.0 0.360
-18.67 ____

-18.67 2.61 2607 5233 0.55 155.6 0.335
-22.02
-22.02 2.63 2965 5650 0.55 177.0 0.310
-25.37
-25.37 2.63 3231 5845 0.55 192.8 0.280
-28.72
-28.72 2.63 3077 5863 0.55 183.1 0.310
-32.08
-32.08 2.63 3232 6047 0.55 192.9 0.300
-35.43

-3.3 2.63 3293 5783 0.55 196.5 0.260
-38.78
-30.78 2.63 5487 6308 0.55 207.5 0.280
-42.14 ____ ___

-42.14 2.63 3434 6424 0.55 205.0 0.300

4-45.49
-4.9 2.63 3434 5872 0.55 . - 0.240

Note: The soil properties of the adjusted layer, shown in the redl box, are evaluated front the original properties shown below.
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Table 4.3-6 Subsurface Properties for FWSC-CB SSSI Analysis of UB Profile (Continued)

Original data

EL

[m]

1.450

1.150

1.150

0.750

0.750

0.230
0

0.230

0.000

-1.400

-1.600
0

-1.600

-2.000

-3.170

-3.43 0
0

-3.43 0

-4.070

-4.070

-4.340

-4.3 40

-4.970

-4.970

-5.5 60
0

-5.5 60

-5.870

V, and VP are detereined using the equivalent wave travel time procedure.

Example®(•: 428=(2.00-1.40)/(0.20/348+I0.40/483)

Damping ratio is determined using the thickness weighted average procedure.

Example ®: 2.90=(2.
6

4x(1.60-1.
4
O)+3.03x(2.00-1.60))/(0.20+0.40)
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Table 4.3-7 Subsurface Properties for FWSC-CB SSSI Analysis of BE Profile
Soil Backfill _______

EL Unit v. v ~~g1 Highest Unit V V Dpng Highest Pisos
Wegt _ _ _ _(_ _]Frequency Weight Frequency

[in] [tim
5
] [ms/sec] [m/sec] [%] [H~z] ratio [tim

5
] [rn/see] [misee] [%'] [Hz] ratio

2.15 20
1.45 226 I 1153 4.18 46.5 0.480 2.08 227 1158 4.74 56.7 0.400

0745 2.00 226 1153 4.18 46.5 0.480 2.08 229 1170 4.79 57.2 0.480

0.75
©2.00 226 1153 4.18 46.5 0.480 2.08 233 1192 4.87 58.2 0.480E2.00___226 1153 4.18 46.5 0.480 2.08 230 1219 4.97 59.7 0.480

20 2.00 298 1463 5.00 461.4 0.478 2.08 250 1314 5.17 64.5 0.480

2.00 2698 1463 5.00 61.4 0.478 2.08 253 1291 5.47 632. 0.480

o 20 2.00 298 1463 5.00 61.4 0.470 2.08 253 12914 5.60 56.2 0.480

40 2.00 290 1463 5.00 61.4 0.478 2.00 258 13915 5.66 573. 0.480

2.00 298 1463 5.00 61.4 0.470 2.08 259 1323 5.77 57.5 0.480
58-4__.97_ _ _ _ _ _ _ _ _ _ _ _

-. 7 2.00
-a 7n

290 1463 5.00 61.4 0.470 2.08 258 1318 5.96 56.7 0.480

-. 8 2.08 432 1814 3.97 89.0 0.470 2.08 272 1389 5.75 68.0 0.480
-7.40 ____

-7.40
2.08 432 1814 3.97 89.0 0.470 2.08 272 1389 5.75 68.0 0.480

-8.00 ____

-. 0 2.08 596 1821 2.89 122.8 0.440 2.08 271 1383 5.95 67.7 0.400
-8.70 ____

-. 0 2.08 596 1821 2.09 122.8 0.440 2.08 271 1385 5.95 66.0 0.480
-9.52 ____

-.2 2.32 763 2331 0.64 55.4 0.440 2.32 2134 3325 1.00 485.0 0.150
-10.40

-1.0 2.32 763 2331 0.64 55.4 0.440 2.32 2134 3325 1.00 213.4 0.150
-12.40

-1.0 2.32 763 2331 0.64 55.4 0.440 2.32 2134 3325 1.00 213.4 0.150
-14.40 ____

-1.0 2.32 821 2508 0.53 59.7 0.110 2.32 2134 3325 1.00 174.9 0.150
-16.84
-16.84 2.61 1976 4225 1.00 143.7 0.360

-18.67
-18.67 2.61 2128 4273 1.00 127.0 0.335
-22.02
-22.02 2.63 2421 4613 1.00 144.5 0.310
-25.37
-25.37 2.63 2630 4772 1.00 157.4 0.280
-28.72
-28.72 2.63 2512 4787 1.00 149.5 0.310

-32.08
-32.08 2.63 2639 4937 1.00 157.5 0.300
-35.43

-3.3 2.63 2689 4722 1.00 160.5 0.260
-38.708 ____

-38.78 2.63 2847 5150 1.00 169.4 0.280
-42.14
-42.14 2.63 2804 5245 1.00 167.4 0.300

-45.49 ____

-4.9 2.63 2804 4794 1.00 - 0.240

Note: The soil properties of the adjuosted layer, shown in the red hox, are evaluated from the original properties shown below.
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Table 4.3-7 Subsurface Properties for FWSC-CB SSSI Analysis of BE Profile (Continued)
Original data

FL
Soil Backfill

Unit
Weight V. IHighest PosnsVP Damping Frequency Piso UnitWeighat

[im
t
m]

V. . p Danmpiag Frequaency Posas

[in] [t/m
5
]1 [tm/sec] [nm/see] I [%] I [lHx] ratio [tn/nec] I[nm/nec] I [%] I [lz] ratio

1.450 2.00 226 1153 4.1I8 0.480 2.08 227 1158 4.74 0.480
1.150

(9 •1.150

2.00 226 1153 4.18 0.480 2.08 231 1180 4.83 0.480
0.750

0.750

2.00 226 1153 4.10 0.480 2.08 231 1180 4.83 0.400
0.230

@ 0.230

2.00 226 1153 4.18 0.480 2.08 239 1219 4.97 0.400
0.000

-1.400

2.00 226 1153 4.18 0.480 2.08 239 1216 5.33 0.480
-1.600

® -1.600

2.00 298 1463 5.00 0.478 2.08 258 1314 5.17 0.480
-2.000

-3.170

2.00 298 1463 5.00 0.470 2.08 253 1291 5.47 0.480
-3.43 0

® -3.43 0

2.00 298 1463 5.00 0,478 2.08 253 1291 5.65 0.480
-4.070

-4.070

2.00 298 1463 5.00 0.478 2.08 253 1291 5.65 0.480
-4.340

@ -4.3408

2.00 298 1463 5.00 0.478 2.00 260 1325 5.67 0.400
-4.970

-4.970

2.00 298 1463 5.00 0.478 2.08 260 1325 5.67 0.480
-5.560

® -5.560

2.80 298 1463 5.00 0.478 2.08 258 1318 5.96 0.400
-5.870

V. and Ve are determined sting the equivalent wave travel time procedure.

Esample 0: 269=-(2.00-1.40)/(0.20/226+0.40/298)

Damping ratio is determined rusing the thickness weighted average procedare.

Example ®: 4.73=(4.1 8x(1.60-1.40)+5.00x(2.00-1.60))/(0.20+0.4O)
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Table 5.2-1 CompJarison of CB Slab SDOF Oscillators Maximum Accelerations

Vertical Acceleration (g)

Slab SDOF LB Full Column UB Full Column
Profile Profile NA3 Standard

Elev. Node No. SSI SSSI SSI SSSI nvlin()Dsg

9001 1.01 1.09 1.76 1.76 2.81 2.19

13.80 m 9002 1.39 1.44 1.44 1.48 2.19 1.34

9003 0.80 0.78 3.01 2.54 3.01 1.43

9101 1.29 1.39 2.01 2.05 2.85 2.00

9.06 m 9102 0.83 0.80 1.54 1.39 1.84 1.26

9103 0.71 0.67 3.08 2.50 3.08 1.43

9201 0.90 0.88 1.13 1.14 1.57 1.30
4.65 mn

9202 0.61 0.58 2.34 1.95 2.34 1.43

-2.00 m 9301 0.55 0.56 1.27 1.13 1.54 1.39

Note: c. Envelope of results from SSI analyses of CB UCoBE standalone model for LB, BE, and JIB full and partial column profiles
(Analysis Cases 1 through 6 in Table 4.2-1 of Reference 2-p).
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Table 5.5-1 Comparison of Enveloping Maximum Accelerations at CB Floor Mass Locations

Acceleration (g)

Elev. (in) Node No. SSST Analyses Envelope NA3 Enveloping(*) Standard Design

NS EW Vert. NS EW Vert. NS EW Vert.

13.80 6 1.23 1.17 0.94 1.83 2.09 1.31 1.26 , 1.11 1.00

9.06 5 0.82 0.87 0.85 1.41 1.51 1.18 0.88 0.90 0.86

4.65 4 0.66 0.63 0.68 1.07 1.27 0.95 0.86 0.82 0.74

-2.00 3 0.49 0.49 0.60 0.64 0.77 0.62 0.79 0.71 0.56

-7.40 2 0.32 0.37 0.57 0.48 0.43. 0.64 0.54 0.54 0.51

-10.40 1 0.32 0.36 0.57 0.48 0.44 0.64 0.54 0.53 0.51

Note: c."Envelope of results from S SI analyses of CB UCoBE standalone model for LB, BE, and UB full and partial column profiles (Analysis Cases 1 through 6
in Table 4.2-1 of Reference 2-p).
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Table 5.5-2 Comparison of Enveloping Maximum CB Member Forces and Moments
Element SSSI Analyses Envelope _____NA3 Enveloping Demnands(*) Standard Design

Elev. Node Shear (MN) Bending (MN-rn) Torsion Shear (MN) Bending (MN-rn) Torsion Shear (MN) Bending (MN-rn) Torsion
(MN-(M -)(Nm

(in) No. NS EW NS EW m) NS EW NS EW (Nr) NS EW NS EW (M-n

6 107 85 ..... 135 108 160 124
13.80 31.5 30.3 88.6 48.0 53.8 35.0 33.1 29.1 23.1

5 ___ 230 195 ___ 328 290 _ ___250 197

5 310 252 ..... .. 435 374 360 275
9.06 53.8 54.6 176.6 86.5 92.3 73.6 53.4 54.8 44.9

4 515 465 ......... 796 718 573 443

4 244 144 458 263 723 540
4.65 64.7 76.5 256.2 114.5 116.9 63.0 75.6 80.1 56.9

3 613 613 ____1195 969 _ __ 1136 988

-2.00 3 320 350 . .. 652 646 1232 1036
40.4 40.7 130.9 51.4 55.7 33.0 124.4 99.4 59.9

-7.40 2 450 530 .... 874 924 1570 1525

Note: The shaded values are exceedance from the SSI models.
•' Envelope of results from SSI analyses of CB UCoBE standalone model for LB, BE, and UJB full and partial column profiles (Analysis Cases 1 through 6

in Table 4.2-1 of Reference 2-p).
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Table 5.5-3 Comparison of Total Shear Load Demand on CB Individual Exterior Walls
Element SSSI Analyses Envelope NA3 Enveloping Demands(*) Standard Design

Elev. Total Shear (MN) Total Shear (MN) Total Shear (MN)

(in) NoeN.NS EW NS EW NS EW

6
13.80 17.9 15.7 24.7 27.5 17.0 14.9

5 __________

5
9.06 30.6 28.3 44.8 47.4 27.6 28.1

__________ 4
4

4.65 37.8 39.6 58.6 59.5 39.0 41.0
3

-. 0 _____ 23.0 14.8 26.4 19.1 63.5 34.1
-7.40 2 ________ ________ ________ ________ ________ _ _ _ _ _ _ _

Note: c. Envelope of results from SSI analyses of CB UCoBE standalone model for LB, BE, and UB full and partial column profiles (Analysis Cases 1
through 6 in Table 4.2-1 of Reference 2-p).
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Table 6.2-1 Comparison of FWSC SDOF Oscillators Maximum Accelerations
Maximum Acceleration (g)(*)

SDOF? Oscillator
FWSC-CB SSSI Analysis FWSC SSI Analysis

Standard
NoeInput Motion El. 282 ft Input Motion El. 220 ft Input Motion El. 282 ft Input Motion El. 220 ftDescription NoeDir. Env. Design

No. LB BE UB LB BE UB LB BE UB LB BE UB

FWS Roof I11 Vert. 0.97 1.59 1.83 1.09 3.13 5.7 1.34 1.62 1.58 2.10 3.26 4.22 4.22 3.26

FWS Water NS 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.30
60 ___Sloshing EW 0.07 0.07 0.07 0.09 0.09 0.09 0.07 0.07 0.07 0.09 0.09 0.09 0.09 0.40

FWS Water NS 0.80 0.77 0.74 0.76 0.86 1.08 0.77 0.85 0.72 0.80 0.85 1.02 1.02 1.10
Impulsive 30 EW 0.77 0.84 0.72 0.74 0.93 1.07 0.68 0.73 0.64 0.74 0.81 1.08 1.08 1.40

SNote: (' Results of the SSSI and SSI analyses of the FWSC-CB combined and FWSC standalone models with full stiffness properties and OBE damping values.

The shaded values are exceedance from the SS1 models.

Table 6,4-1 Comparison of Out-of-Plane Load on FWS Roof

Slab Flexible Mode (SDOF Oscillator) Rigid Mode (LMSM) Eq. Ave. Ace. (g)

Loaton Weight Mass Acceleration (g) (*) Wih Mas Acceleration (g)(e) NA3 Site-Specific(*) Stand.

(in)(k) Nd (kN) Node SSSI SSI SSSI SSI DesignS

S1.0 FSRoof 1339 11 3.98 3.36 2480 10 1.40 1.43 :2.30 2.11 1.74

SNote: (')Results of the SSSI and SS1 analyses of the FWSC-CB combined and FWSC standalone models with full stiffness properties and SSE damping values.
The shaded values are exceedance from the SSI models.
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Figure 4.3-1 CB Lumped Mass Stick Model
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16050

Roof Top EL 19.70m

Wall Top EL 17.25m

Fluid Surface EL 15.75m

60

30

EL 4.65m

EL 2.15m

EP
40

z

Soil Spring

Mass at Node 30 represents the impulsive mode.
Mass at Node 60 represents the fundamental sloshing (convective) mode.
The model is assumed to be symmetric about YZ-plane including the center line.

Figure 4.3-2 FWSC Lumped Mass Stick Model



S HITACHI
WG3-U73-ERD-S-0002 SH NO. 69

REV. 6 of 184

Zone III-IV

Figure 4.3-3 Conceptual Representation of CB-FWSC SSSI Combined Model

Input Motion at bottom Zone III-IV
of Concrete Fill

* The elevation of the basemat bottom El. 282 ft is modified to be consistent with the elevation 2.15 m in DCD as
shown in DCD Figure 3A.7-15 (Reference 2-h).

Figure 4.3-4 Conceptual Representation of FWSC-CB SSSI Combined Model
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EL 4..5. (§_.ade LeeL._
Top of Excavated Volume)

EL -3.12m (In-situ Bedrock)

EL -15.3 lm.jBottom of
Excavated Volume)

Note: Excavated volume not shown.
z>1

Y

Figure 4.3-5 Overview of CB-FWSC SSSI Combined Model
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(Unit: mm)
Legend: - Rigid Spring

m Structural Fill
:~ Concrete Fill

Figure 4.3-6 Plate Elements for CB and FWSC Exterior Walls in CB-FWSC SSSI
Combined Model
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(a) Top View
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Ftl A SO.,

I' ! I/lI \ A J/t11

IiIiIi1
(b) Side View

_I -15.3 .lrnBotm ofr_
Excavated Volume)
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Figure 5.3-1 Comparison of Dynamic Lateral Pressures CB Below-Grade Walls at Column Line C1
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Figure 5.3-2 Comparison of Dynamic Lateral Pressures CB Below-Grade Walls at Column Line C5
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Figure 5.3-3 Comparison of Dynamic Lateral Pressures CR Below-Grade Walls at Column Line CA
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(a) LB Full Column Profiles (b) UB Full Column Profiles
Figure 5.3-4 Comparison of Dynamic Lateral Pressures CB Below-Grade Walls at Column Line CD



SHITACHI
WG3-U73-ERD-S-0002 SH NO. 87

REV. 6 of 184

18

F

-5
w
U
U
4

10
FREQUENCY (Hz)

100

(a) CB Roof at Elevation 13.80 m

F

-Jw
U
U
4

3.0

25

2.0

1.5

1.~0

05

0.0
10

FREQUENCY (Hz)
100

(b) Top of CB Basemat at Elevation - 7.40 m

Figure 5.4-1 Comparison of ISRS for CR Response in NS (X) Direction



] •JHITACHI WG3-U73-ERD-S-0002 SH NO. 88
REV. 6 of 184

S

w
-I
w
0
U
4

18

16

14

12

10

8

6

0

10
FREQU!NCY (Hz)

(a) CB Roof at Elevation 13.80 m

w
U
0
4

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

1 10
FREQUENCY(H4Z)

(b) Top of GB Basemat at Elevation - 7.40 m

100

Figure 5.4-2 Comparison of ISRS for CB Response in EW (Y) Direction



I • HITACHI WG3-U73-ERD-S-0002 SH NO. 89

REV. 6 of 184

10

F

0

6

4

0
100

FREQUENCY(Hz)

(a) CB Roof at Elevation 13.80 m

.23

F

-Jw
0
C.,

3.5

3.0

2.5

2.0

1 ,0

0.5

0.0

1 10
FREQUENCY (HZ)

(b) Top of CB Basemat at Elevation - 7.40 m

100

Figure 5.4-3 Comparison of ISRS for CR Response in Vertical (Z) Direction



I • HITACHI WG3-U73-ERD-S-0002 SH NO. 90

REV. 6 of 184

7

-3

-8

CB NS Shear Force DiagramJ

12 -

7-

0

ii
4~2

ICB EW Shear Force Diagram

12

7

0J2

II-3 *- a
I I

I I I
I I I

B U I
I I

-8 -8-

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 -30 20 70 120 170 220 270

Shear Force (M N) .................. ............. Shear Force (_M.N).. . .............. . ....... ... . M ~oment_ (M N-in)! .... ....

Figure 5.5-1 Comparison of Horizontal Seismic Load Demands on CB Structure



HITACHI IWG3-U73-ERD-S-0002 SH NO. 91REV. 6 of 184

I[CB NS Bending DiagramI

13

8

0

-2

-7

-12

12

7

C

-3

-8

12-

7.

.2

-3-

-8

CB EW Bending Diagram

15000 0.5 1 1.5 0 500 1000 1500

Moment (MN-mn)

0500 1000

Moment (MN-mn)
Acceleration (g)

Figure 5.5-2 Comparison of Vertical Seismic Load Demands on CB Structure



HITACHI WG3-U73-ERD-S-0002 SH NO. 92

REV. 6 of 184

I

OMIJNY .

mguEm.Y irni

Figure 6.1-1 Comparison of Outcrop Transfer Functions for FWS Co-Directional Response



C•HITACHI WG3-U73-ERD-S-0002 SH NO. 93

REV. 6 of 184

103

00QUfm~ 1W2

OMWIY W

Figure 6.1-2 Comparison of Outcrop Transfer Functions for FPE Co-Directional Response



SHITACHI WG3-U73-ERD-S-0002 SH NO. 94

REV. 6 of 184

Os

22

22

ci

05

Os

20l

2
0
F

20~NC •z

I ci

ci

FUQn CY IH'I

Figure 6.1-3 Comparison of Outcrop Transfer Functions for FWS Cross-Directional
Response



p• HITACHI WG3-U73-ERD-S-0002 SH NO. 95

REV. 6 of 184

5

20.. ...

14- . . .Li *

1 .. .. .. /

U6'

S
Il

20

10

14

12

10 / I

llOftIZ-ftft840ftl8LZaZft

58' ftft-ftIOftftOOftft. 282 ftI

ISIft fth.Moto, Oft. 282 ft

FWSM.*. IWAoraI.,-.tftonft

-lSfttS-MoftftOoEft212f1

--- 5584t-MftlkftEI 282ff

0
0 05S 1 13 2 8 5

Acceleration (gt)

0 o05 1 15 2 25

Accelerationi (g)

(a) Motion at El. 282 ft

o .5 1.5

28

18

16

12- .

if

U

28 -

11
10 ¼
16 'i

14

12 4

2:

I,

18

10

14

12

II

8On

:1
ft Ift 

I

ft I'I
FW$ M... WIt. AOtafaoaOftOeft

k~¶~ 1~ft LB-MOOaS Oft. 228 ft

Max, NS A•ehlrattonl SIA... NSAo..ft.,.tfta,,-SOft 1K-ftftotftonEl. 22811

--- 6Eft L8-0ft8088 CL 2280U ~l8 15

0 --

08 45 20 85 1.0

Ia.. EWAo..ft.r.tftea

55ft18-MoOotEL2l8ftft

0

80 25 10 15 20 21 30
0

8 05 1 15

.. ............... ....A cceleration (1g) ... . . ... ........................ A c 'elerat•on ( ) ........ . .......... !.. .. .. ........... .A cce!.ra lon_ (g)......... . .........
(b) Motion at El. 220 ft

Figure 6.2-1 Comparison of FWS Maximum Accelerations (LB Analysis Cases FC1 and FC4)



0HITACHI WG3-U73-ERD-S-0002 SH NO. 96

REV. 6 of 184

A

20

08

16

14

10

6

4

/1/

/ A

20

13

14

14

12

10

I:
/1
~1

~1

'I

/1

/
/,

frws r.~w Accelerations

282 ft

2O

18

16

14

12

20

S

C

4

Acceleration fil

(a) Motion at El. 282 ft

45 1

Acceleration Ii)
2.5

A.1

24

14

16

14

12

14

24

14

06

21

12

00

I
- a

E/ WS Mao. EW Accelerations

-352i 824s.4ot-lt,, E. 22020
-.... 2 BE-Moto.ot, t,. 22020

A.
I

20

14

1'4

02

10

I

/
II

/ /11W5 Max. Vert Accalerationa

101 BE-MotIon El. 2222 ft

.--.SSSI BE-Motion 62.220204

2

0

2

0

4 .5 1 1.5 2 0.

........... ... ... .A cce er tion ( ) .............. . .......

0 2, 1 1.5 2 25 3

Acceleration (3g)

(b) Motion at El. 220 ft
Acceleration 1(11

1.5

Figure 6.2-2 Comparison of FWS Maximum Accelerations (BE Analysis Cases FC2 and FC5)



HITACHI WG3-U73-ERD-S-0002 SH NO. 97

REV. 6 of 184

iJ

20

161

16

14

12

10

.1

*1

20

18

16

14

12

10

6

4

Ti
I:

Ii
2'

$2

/2
2,'

I:
I:
Ii
~2

I: jEWS Max. SW A226Ierat~ou¶hJ
.

~~~SSl UB-Motla,, El. 282 ft

---.6161 UE.Mo4ion El. 262 ft

26

14

14

12

16I
[FWS Max. NS Acceleratloots

--SSIUS-MoUoiEI.282ft

~60S1 UB.Motl6., EL 262 ft 2

0
0' 0

05 I IS 2

AECeleOatiOft Cs)
0 0% 1 IS I 7% 3

Accelwration (gi

(a) Motion at El. 282 ft

Acceleration (111

1.5

20

16

16

14

12

10

U

10

10

16

14

/ 2

'/ 'I

/ /

7-,

I,' I FWS Max. SW MceIaratIon~J
f2

Ill UB-Meth~~ El. 226 ft

(

14

18

16

!.i12

20

6

0

FWS Max. V.6. Accalerationsj

-SOt W.MetIw, El. 22611

..-....ESSIUB-MoIIooEL22OftI

2,

>4

0

o.05 1 IS1.5 2.5 II U 05 1 tIS 2 25 05 1 1,5

(b) Motion at El. 220 ft
Figure 6.2-3 Comparison of FWS Maximum Accelerations (UB Analysis Cases FC3 and FC6)



I HITACHI WG3-U73-ERD-S-0002 SH NO. 98

REV. 6 of 184

9

-- $65 tLB-Moton El. 2112 ft

---.. 6 58t-MotIon El. 2612 ft85

A.
jis

6.5

9

9

£5

A.

I"

Accal.ratloss (g(

1566 Max. NS AcceleratIOns

-SSI LB-Motion El. 22076

---6SSlL6~Mo6onEL22Oft

8.5

'7

IPS Max. 6W Accalamlons

661 16-Mof,,., El. 262 ft

665516 MotIon EL 282 ft
6`5

'7

6+5

EPE Max. 5/art Acoelaratlons

-655 L8.Moton EL282ft

---.655518-66001615 El 26276

.....................A ccele atI .............................
(a) Motion at El. 282 ft

Acce. raton• (6)o
II

9

....... ,18-IB.MotIon El. 22005

--.... $$16UMotion EL 220ft

I'

0.6 I

U

65

15-- Ma• Vat.B-Moeleratlhons0

56.. 16-MBJotion El 220 f5

6

Acc:eleration (gI)

55i

Acceleration (ig) ______

(b) Motion at El. 220 ft
Acceleration (3)

Figure 6.2-4 Comparison of FPE Maximum Accelerations (LB Cases FC1 and FC4)



HITACHI WG3-U73-ERD-S-0002 SH NO. 99

REV. 6 of 184

",,,- SSI SE-Motion EL. 25 ft

a.. Bli-Motion SI. 2rn ft

7.S

A-

6.5

6
o o.s i 1 .5

-- 551 Si-Motion ii. 220 ft

-L5 ...SSSI Si-Motion ii. 220 ft

I'

6
o tI I.!

-- $ii Si-Motion El. 2682 ft

.... SS2I SE-Motion El, 282 ft5.5

A.
'.5

A

6.5

0

A.
-'7,5

FPE Max. Vert Aconloratlono

-SSISE-MotlonEI 28Th

---.SSti Si Motloo ii 262 ft

1;

6

(a) Motion at El. 282 ft

I5.

.7.

0.5

FPE Max. 6W Accelaratlons

0.5

A.
.2 '.5

o 5) 0.4 00 o.

FP a.Vt.Acceleration {s

--SS.Si -4•Motl.o 22O01t

..-... S S E-Motion El. 220 ft

.. .......... .. ................... . .... .. . I

/

.8

o 0., 1ti

Acceleration (j)

(b) Motion at El. 220 ft

6
0 o0) 0.4 0.0 06

Acceleratlan (g)

Figure 6.2-5 Comparison of FPE Maximum Accelerations (BE Analysis Cases FC2 and FC5)



HITACHI WG3-U73-ERD-S-0002 SH NO. 100

REV. 6 of 184

17.5

11

I.

WE Max. NS Accelerations

$51 UB-Mollen El. 282 ft

SSSI UR-Motlon El. 282 ft

$

8.5

[WE Max. EWAccaleratlons

~ssl US.MOI0EL

----SSSI UR-Motlo. ft. 282 ft

ii

[I
I!
ii

S

85

S

*175

6.5

E Max. ert. Accelerationsj

-SStUB-MotlonELZB2ft

----SSSI US-Motion El. 282 ft

0Os I Is.

A................... 'cceleration !• ............................

6 D
0 0.5 1 15S

Acteleration Igl

(a) Motion at El. 282 ft
Acceleration 1111

8

FeE 

Max. Vert. AcceJemtionsJ• .......................................................................... i

.......... 

SSI U84Mo• Ei. Z20 ft i

i 

.... S.T• UB-Moflon EL 2ZO ft i

Acceleratlons~I $51 US-Motion El. 225ft

8.5

7

$5---1-• S US- Motion El. 22O ft

--....5551 US-Motlon EL US0 ft

/:

/i

•s ~I .

85

A
27.5
N
I

WE Mao. Vert.Accelerations~

$51 US-Motion El. 220 ft

----5581 US-MotIon EL22Sft

Ii
if

If:65$

6

Acceleration (3t)

0.? 0.4 00 0

Accleraton Ig)
Acceleration (3)

(b) Motion at El. 220 ft

Figure 6.2-6 Comparison of FPE Maximum Accelerations (UB Analysis Cases FC3 and FC6)



SHITACHI WG3-U73-ERD-S-0002 SH NO. 101

REV. 6 of 184

10

FWS NS Shear torn Diagram

-SOt LI-MoiOen El. 2821?

---- 5551 LB-Mellon ii. 282 1?
16l

Lip

6 I

Shear Force (MN)

II

10

04

AI

11

520+'•SS LB-Motion El. 282 ft
--- OlL-oto I 81

20

10

16

-SSILB-M6llooEL2IOft

----OSSI LB-Motion El. 282ft

A
~02

.8
16 20

6

4 4

30 0

111

FWO NS Shear Foc Diag~rami

S....S0~ tB-Motion EL 220ft

14"1 1

0 10 Ž0 20 40 50 6

shear Force (MN)

(a) Motion at El. 282 ft

IWO ... S.ar.Forc.Diag. .

10 L -w ' L°r460' L'201

06 Z I___________

20

10

06

S00

Moment (MN-mi)

II .... SOSI LB-Motion El, 2201?t

4

0 10 Ž0 30 40

Shear Force (MN)
(b) Motion at El. 220 ft

Moet (MN-ni)1

30 40

Figure 6.2-7 Comparison of FWS Maximum Shears and Torsion (LB Analysis Cases FC1 and FC4)



HITACHI WG3-U73-ERD-S-0002 SH NO. 102

REV. 6 of 184

28

16

FWS NS Shear Force Diagram

------004 BE-MoOns El. 282 ft

---.0544 BE-Motion El. 282 ft

4

24

24

i122
10

4

0 10 20 fto 4( 0 4

.......................Shee r Fo ce (M N ).................. ...

S [FWS NS Shear Force Dlagnmm

' --51B-Mto F.224f
' 554 BE-Melo l.22

141

24

.12

UI

4I

4

FWS 1W Shear Parc. Diagram

-000 al-Moalon El. 282 ft
BE-Mellon El. 28241

0 12) 22) ft 2)2) ~ 412

Shear Force (MN)

(a) Motion at El. 282 ft

2o 20o 322 41

Torslon Momernt (MN-mn)

.12

10

00..... RE B-Motton Et 200 ft

to

24

A

.21

UI

40

* FWS Torsion Diagram

* -OOIBE-MotlenEL 22041

* ----0004 RE-Motion El. 220 ft

1~.
1

I---

j I.. -,

Shear Force (MN) j-Sheer FOrce (MN) Torsion Moment (MN-rn)

(b) Motion at El. 220 ft

Figure 6.2-8 Comparison of FWS Maximum Shears and Torsion (BE Analysis Cases FC2 and FC5)



HITACHI WG3-U73-ERD-S-0002 SH NO. 103

REV. 6 of 184

1811

16

IA

I::

20

1t

15

14

110

~10

6

.g so
U
0

10

0 1 20l 30 40

Shear Force (MN)

(a) Motion at El. 282 ft

.......................... M (0.! • m (0 4

20

14

16

6

FW $SI Sheeri~ Forc ZOiawa

--.... SSI Ue-,Mot ion El. 220 ft

2o

10

14

I
.51

10

S

L.. ----ss4ltUS-Matior, El. 20oft

14

IS

* 14

.212

- 10

* a

20

4

o is o2 30 40 ,50

Shear Force (MNS

60

Shear Folrce (MN) Moment• (MN-rn)

(b) Motion at El. 220 ft

Figure 6.2-9 Comparison of FWS Maximum Shears and Torsion (UB Analysis Cases FC3 and FC6)



HITACHI WG3-U73-ERD-S-0002 SH NO. 104

REV. 6 of 184

7.5

-. 7
A I

4.

8 4 6 8

Shear Force (MN)

85

7.5

5.5

4.5

•*,,,,--- 5SI •otiOn 
El. 282 fl

.... 
SSSI 

LB*MotiOn 

EL 282 
ft

WE EW Shear Forte Diagram

~.~55ua-MatiosEt2a2ft

----5651 LB-MotIon St. 552 ft

8.5

7.5

-5.

5.5

4.

V ........SSI LBl48M5o85 L 282 ft
--- 55 ... SS laMotionl El. 5821 ft

0 4 6

Shear F'orce (MN)

(a) Motion at El. 282 ft

0 8.

Moment (MN-rn)

S

8.5

8

Si

A

9.6

4.5

SF! NS Shear Force Diagram

~, [L-ssi La-MotIon El. 22016

1!
8.5

7.6

-7

A
I
I
8~~

7.5

4-s

-- SSI LB-Motlon ELfl20ft

....- 55 SSi .- Motton El. 220 ft

.5-

6-s

.5

8.5

45

595 Torsion Diagram

-$51 LB-MotIon EL
52016

----SSSILI.Motlontl.
52016

Shear Force (MNI

S

Shear Force (MN) •Moment (MN-mi

(b) Motion at El. 220 ft
Figure 6.2-10 Comparison of FPE Maximum Shears and Torsion (LB Analysis Cases FC1 and FC4)



0) HITACHI WG3-U73-ERD-S-0002 SH NO. 105

REV. 6 of 184

9

85

7.3

5.5

-5

.. 5551EE.-Motion El. 232 t

W

3.5

7.5

-7

5.5

45

I• - SS BE-Motin IEL 229 ft

M -M.................. ................. .......

ii

9.5

7.5

1.5

5.5

4.5

8.5

19.5

II

5.

i - 55I 33-MeStrn, EL 23298l

---.- 5551 lIE-MNIPon , 91232 ft

3.5

7.5

19.5

5.5

-551 T -ors ion D 3sa1.

2... ft • .

(a) Motion at El. 282 ft

F---3W She, FI-orceOlagran

720 ft

---- 551 3-M~ton E

22095

8.5

7.5

5.5

4.5

4

•--55,,-1 35-M14119 El. 220 ft

---... 5551 BE.Motio9 El. 2253t

(b) Motion at El. 220 ft

Figure 6.2-11 Comparison of FPE Maximum Shears and Torsion (BE Analysis Cases FC2 and FC5)



SHITACHI WG3-U73-ERD-S-0002 SH NO. 106

REV. 6 of 184

8

8.8

8

7.5

-. 7

*g ~
U

55

4.5

L5

7.5

-. 7

4.5
U
I
~8

57

4.8

I FPE ElS Shear Force Diagram

El. 28288F -- ~85lUa-M:8lan El. 885 ft

-7,

8 65

43

•--5 7 U8-Motlon EL. 282 ft

.... SSSI UI-Mo8 ton El. 282 ft

8.7

7.5

6.5

5.5

4.5

83

7.5

1 6.

7.5

FPE Torsion Diagram~

SSlUa-Motiois El.
28218

--- $S71 US-Mellon El.
28281

S 7 4 6• 8

8$ 22081

....- SSI UB-Mo818n EL
~22018t

(a) Motion at El. 282 ft
Moment (MN-rn)

F85W51 oc iga
IFPE Torsionl Diagram]

-551 US-Motlon El. 225 tt

....-5551 US-Mellon EL. 22081t

7.5

.1
4.
,383

I
SM

6

5.5

4.8

- 851U S-Motkon EL. 220 ft
....- 555l UB-MollonSI. 220ft

5

4.

8 7 8

shear Force (MN)
8

shear FOrce (MN) _____

(b) Motion at El. 220 ft

7

Moment (MN-rn)

6 S

Figure 6.2-12 Comparison of FPE Maximum Shears and Torsion (UB Analysis Cases FC3 and FC6)



SHITACHI WG3-U73-ERD-S-0002 SH NO. 107

REV. 6 of 184

14

12

10

8

II

D

z
Q
I-

w
U
U

4

01: 10 100

FREQUENCY (Hz)

(a) Input Motion at El. 282 ft

14

12

10

8

8

4

14

zQ

0
0.1 10 100

FREQUENCY (Hz)

(b) Input Motion at El. 220 ft

Figure 6.3-1 Comparison of ISRS for Response of FWS Roof in NS (X) Direction



i • HITACHI WG3-U73-ERD-S-0002 SH NO. 108

REV. 6 of 184

14

12

10

I
cd
U
U

0 L
0.1 10 100

FREQUENCY (Hz)

(a) Input Motion at El. 282 ft

-J
w
C.)
U

14

12

10

8

6

4

0
0.1 10 100

FREQUENCY (Hz)

(b) Input Motion at El. 220 ft

Figure 6.3-2 Comparison of ISRS for Response of FWS Roof in EW (Y0 Direction



, HITACHI WG3-U73-ERD-S-0002 SH NO. 109

REV. 6 of 184

9

8

7

o

Q
I-

0J
U, 3

0
0.1 10 100

FREQUENCY (Hz)

(a) Input Motion at El. 282 ft

9

8

7

0

5

4

3

0I

2

2

-I
Iii
(3
U

o

01

10 100

FREQUENCY (Hz)

(b) Input Motion at El. 220 ft

Figure 6.3-3 Comparison of ISRS for Response of FWS Roof in Vertical (Z) Direction



HITACHI WG3-U73-ERD-S-0002 SH NO. 110

REV. 6 of 184

2.5

1.5I
0
0
4

0,5

0
0.1 1 10 100

FREQUENCY (Hz)

(a) Input Motion at El. 282 ft

2,5

1.5
z
0

-J
w
C)
C)
4

0.1 10 100

FREQUENCY (Hz)

(b) Input Motion at El. 220 ft

Figure 6.3-4 Comparison of ISRS for Response of FWS Basemat in NS (X) Direction



SHITACHI WG3-U73-ERD-S-0002 SH NO. 111

REV. 6 of 184

3.5

2.5

1.5I
C)
U
'C

01
10 100

FREQUENCY (Hz)

(a) Input Motion at El. 282 ft

3.5

2.5

5

0

U

2

1.5

0.5

0.1 1 10 100

FREQUENCY (Hz)

(b) Input Motion at El. 220 ft

Figure 6.3-5 Comparison of ISRS for Response of FWS Basemat in EW (Y) Direction



HITACHI WG3-U73-ERD-S-0002 SH NO. 112

REV. 6 of 184

2.5

1.5IZ
0

0,5

0

0.1 10 100

FREQUENCY (Hz)

(a) Input Motion at El. 282 ft

3-5

2.5

z

0
F

w<

1.5

01
10 100

FREQUENCY (Hz)

(b) Input Motion at El. 220 ft

Figure 6.3-6 Comparison of ISRS for Response of FWS Basemat in Vertical (Z) Direction



, HITACHI WG3-U73-ERD-S-0002 SH NO. 113

REV. 6 of 184

9

8

7

z
2
I-

-Jw
U
U

6

5

4

3

21

ij

0
0.1 10 100

FREQUENCY (Hz)

(a) Input Motion at El. 282 ft

9

8

7

6

5

4

3

z
0

-Jw
U
0

21

0.1 I 10 100

FREQUENCY (Hz)

(b) Input Motion at El. 220 ft

Figure 6.3-7 Comparison of ISRS for Response of FPE Roof in NS (X) Direction



SHITACHI WG3-U73-ERD-S-0002 SH NO. 114
REV. 6 of 184

z

U
U

9

8

7

6

5

4

3

2

0.1 10 100

FREQUENCY (Hz)

(a) Input Motion at El. 282 ft

9

8

z

-J
w,
C.

5

4

3

0
0.1 10 100

FREQUENCY (Hz)

(b) Input Motion at El. 220 ft

Figure 6.3-8 Comparison of ISRS for Response of FPE Roof in EW (Y) Direction



•iHITACHI WG3-U73-ERD-S-0002 SH NO. 115

REV. 6 of 184

3.5

3

2.5

1.5

03

z
Q
I-

IL'
U
U
4

0.5

0
0.1 10 100

FREQUENCY (Hz)

(a) Input Motion at El. 282 ft

3.5

2.5

1.5

I

03

2
0
F

w
U
U
4

0.5

0

0.1 10 100

FREQUENCY (Hz)

(b) Input Motion at El. 220 ft

Figure 6.3-9 Comparison of ISRS for Response of FPE Roof in Vertical (Z) Direction



SHITACHI WG3-U73-ERD-S-0002 SH NO. 116

REV. 6 of 184

2.5

I
00

1.5

01 10 100

FREQUENCY (Hz)

(a) Input Motion at El. 282 ft

2.5

2

1,5

II

03

z
2

-J
w
U
U

0:
0.1 10 100

FREQUENCY (Hz)

(b) Input Motion at El. 220 ft

Figure 6.3-10 Comparison of ISRS for Response of FPE Basemat in NS (X) Direction



HITACHI WG3-U73-ERD-S-0002 SH NO. 117

REV. 6 of 184

2.5

1,5

z

I-
w,
LU
o

0.5

0

0.1 10 100

FREQUENCY (Hz)

(a) Input Motion at El. 282 ft

2.5

05

-J
w
C.)
C.)
4

1.5

0.5

0

0.1 10 100

FREQUENCY (Hz)

(b) Input Motion at El. 220 ft

Figure 6.3-11 Comparison of ISRS for Response of FPE Basemat in EW (Y) Direction



HITACHI WG3-U73-ERD-S-0002 SH NO. 118

REV. 6 of 184

2.5

I
C)
C)

1.5

0.5

0

0,1 10 100

FREQUENCY (Hz)

(a) Input Motion at El. 282 ft

2.5

0,

2
2
I-

w
C)
C)

1.5

0.5

0.1 10 100

FREQUENCY (Hz)

(b) Input Motion at El. 220 ft

Figure 6.3-12 Comparison of ISRS for Response of FPE Basemat in Vertical (Z) Direction



~)HITACHI WG3-U73-ERD-S-0002 SH NO. 119

REV. 6 of 184

20

1a

14A

10

SFiNS NS Shear Force Odagramj

-- SSSI LB-Motion El. 2.82 ft

.... SSIBo-Motion El. 282 ft

--... 8 UB- l•Mollon EL. 282 ft

20

la

10

14

12

10

,,-- SSSlUB- Motion tl. 212 ft

S-- S$ll BE-Motion El., 282 ft

i .. SSIl US-M~ot~on El. 282 ft

20

10

A
U

14

A
11

U
.8

10

I

6

4

0 t 20 30 40 50o 0

Shear Force (MN)

0 o 20 00 40 5.0 60

Shear Fore (MN)

(a) Motion at El. 282 ft
Momaent (MN-ta)

t0

20

10

__14

10

20

00

10

14

12

10

-I
.|

Is E WS EW Shear Force Dia~aum

* - -- SSI BE-Motion 0h.2200f

I I

20

10

[l'WSlbr0Fon Ddagaum

~~35ll LB-MotiOn El. 220 ft

- SIllBO-MotianOI.220ft

.8,

10

4

II

6 1
4

0 1 20 30o 00

shear Force (MN)

50 60 0 10 20 30 0o 5.0 60

shear Force (MN)

(b) Motion at El. 220 ft
Moment (MN-rn)

Figure 6.4-1 FWS Horizontal Load Diagrams - SSSI Analysis of FWSC-CB Model with OBE Damping



HITACHI WG3-U73-ERD-S-0002 SH NO. 120

REV. 6 of 184

18

16

14

12

10

20

WSMax. Vart. Accelerations

L Si L.olnE.22I

a --- SS U8-Motlox El. 282 ft

20

10

16

14

10

0

.2U

EWSEW8ondI ng Wagmm

K'

* S

*5 S

- ,341 -Motlos 8L 262 ft

--31 E-Motiolt El. 282 ft

UB1128Motion El. 282 ft[

IA

20

18

14

12

10

0 0.5 1 15 2

Accelera•o (a)

/ i

-- - SS• BE+Motlon El. 2•0 ft

Moment (MN-rn)

(a) Motion at El. 282 ft
Moment (MN-mt)

4

10

16

14

~FWS NSBendlngOiagram~

0311 L8.MotIoo Fl. 22010

V
OSlO 03-0308101, El. 220

I'
S.

*5

K 5
N~ S

K'

16

A
.2

C

14

12

10 II

G

4

Acceleration (gl Moment (MN-rn)

(b) Motion at El. 220 ft
Moment (MN-rn)

Figure 6.4-2 FWS Vertical Load Diagrams - SSSI Analysis of FWSC-CB Model with OBE Damping



HITACHI WG3-U73-ERD-S-0002 SH NO. 121
REV. 6 of 184

-. 7

A

9696

9

i ?

.£3 p~as~F~1

OSSI ES-Motion 19. 282 19
- - 1959 BE-MOtion El. 212 ft

----5509 UB-MotlO.t El. 262 19

E

I
1

A

I
9996

9I ..... S$SS LIB-Motion El.

* 282 ft

-... S$SI UB-Motion 691.

99 211
--- SIIIMtnl.

2121

A
.1
U
j9996

FPB motion Diagram

----- 55Sf IS-Moliw. 89.
* 28219
.9
* , - - SSS9BE-Mot9en19.

28219
.9 *--.lSt9 UB-Mo9Io9 EL
.9
* mat
99 -
.9
.9
.9
99

.9

.9

.9

.9

.9

.9

4
0 A 6 6

Shear Force (MN)

99 -S B-oto El-

~! 220ft

9, -- SIBEMto l
9d 21
9,

--: 59UBMtoI

Shear Forte (MN)

(a) Motion at El. 282 ft

AI

,,-51tlMotion 19. 22091 •

--- 2559 BE-MotlonII.220 ft

--... 9 $SS2U-Motio.. 19.22099t

A
I
U
.1

S

Moment (MN-mi

.... SSSI BE-Motion
.. ... .. .. .. . :. . .. .... .. ...

0 4 6

Shear Force (MN)

9 t 2 4i 6 9

Shealir Forca (MN)

(b) Motion at El. 220 ft
Moment (MN-m)

92

Figure 6.4-3 FPE Horizontal Load Diagrams - SSSI Analysis of FWSC-CB Model with OBE Damping



HITACHI WG3-U73-ERD-S-0002 SH NO. 122

REV. 6 of 184

A
lv

8.5

8.0

F~ Mao. Veil. Ac~eIeretiono

-SS51LB-Moti@n I,
OLasaft it'

- - 0205 BE-MotIon I~
EL2S2ft

~-S5SI UBMtAIoo I,
EL 282 ft I, ...-~ IIs

II

Is
II

A
.9

~!PE.NS.Banding DIagm~

I ---SSSILB.MoIionEI,282ft

A

15

[FPE EW Ban4lIng DIagram

- $S9ItE-MotIa,,0I.28209

- - 0001 80.MotIon El. 282 ft

U8-MoIIot, Fl. 282 ft

6.0 4 4

0o 0.) n.4 115, os 0 5 50 IS 30 25 30

Atcceleation (g) Moment (MN-rn)

(a) Motion at El. 282 ft

0 5 10 1.5 40 25 3

Moment (MN-rn)

8.5

7.0

6.5

8.8

[FPEM.L tAeretions~

0551 LB-MOtion 0122040

- - 0514 BE-MotIon El. 220 ft

----S5$IU8.MotlonEL220f0~

S S

5 4

9

4

A
I
15

F~P0 NO Bending Dmiaram

\" ,.... 301 EM ot u 04.. 220
'S.

'S\

,\

'S

-3
AI

IFP0EW B ending Diagrmm

'" ---- SSllitM019E' l.°ln|'Z

\ •. i.... SS• U-Motion EL 270 ft

\ 5,

\ '

S.

4

0.0 0.2 OA

Acceleration {(a)

0.6 0.8 0 10 95 2o 25 30

Moment (MN-rn)

(b) Motion at El. 220 ft

0 s 10 I5S 20 29

Moment (MN-rn)

Figure 6.4-4 FPE Vertical Load Diagrams - SSSI Analysis of FWSC-CB Model with OBE Damping



~)HITACHI WG3-U73-ERD-S-0002 SH NO. 123

REV. 6 of 184

20

18

16

14

12

10

FWS NS Shear Force Diagram

----5551 Envelope

- NA3 SSI Enveloping

* ---- Standard Design

.5

Ce2
.5

20

18

14

12

10

8

6

~FWSEWShearForce Diagrarni

F ----SSSI Envelope

* - NA3 551 Enveloping

* at -- --Standard Design
a'

a.

'a
as-aa a

a a
a-.

-- ii

Ia
I, -

'a
a a
'a
a'

20

18

16

14

12

10

C

0

FWS Torsion Diagram

----.. S552 Envelope

a -•NA3SSIEnvelop n

1 : .----Standard Deslgr

a a...++

a a
a I

I a
a a,
a a

a+ a

•in8

R

8

6

4

8

6

44
.5 5 15 25 35 45 55 - 5 15 25 35 45 +5

Shear Force (MN) Shear Force (MN)

Figure 6.4-5 Comparison of Horizontal Seismic Load Demands on

0 5 10 15 20 25 30 35

Moment (MN-rn)

FWS Structure



S HITACHI WG3-U73-ERD-S-0002 SH NO. 124

REV. 6 of 184

20

1.8

16

14

E1
o

6

4

2

a

CI
.2

S

20

18

16

14

12

10

20

18

16

14
C

.2

UJ
12

SFWS EW Bending Diagram]

..--- ,551 Envelope

-NA3 55I Enveloplng

----tandrd Dsig

10

8

6

4

0.0 0.5 10 1.5 2.0 01(X0 Ž00 300 400

Acceleration (g) Moment (MN-rn)

0 100 200 300 40X) 500

Moment (MN-rn)

Figure 6.4-6 Comparison of Vertical Seismic Load Demands on FWS Structure



SHITACHI WG3-U73-ERD-S-0002 SH NO. 125

REV. 6 of 184

9

C~

F PE NS Sh~ear .For€e. Diagra__mJ

S Enveloping
j----staSI• | I:

* a
* a

a "
a a

C
.2

7

6

FPE EW Shear Force Diagram]

.... SSSI Envelope i

-NA3 SSIEnvelopingaa
i~ ,,
[_ ... 't°"- ° "aia

---- tandrd es~g a

a

a a

a

8

"C

FPE Torsion Diagram

Sai

S*1---SaSa
SaSa
Sa

Sa
Sa
SaSa
SaSa
Sa
Sa

-- NA3 SSI
Enveloping

Envelope

---- Standard
DesIgn Sa

6

5

4 4 4

0246a02 4 6 5 51

Shear Force (MN) Shear Force (MN) Moment (MN-in)

Figure 6.4-7 Comparison of Horizontal Seismic Load Demands on FPE Structure

15



HITACHI WG3-U73-ERD-S-0002 SH NO. 126

REV. 6 of 184

8.5

o 7

6.5

6

FPE Max. Vert. Accelerations
-555'

Envelope

-NA3SSI
Envelopin S I

g I I
- - --Standard II I

* IDesign a
* S

I I
I I
I I
I I

* I
I I
* I
I I
I I
* I
* I
I I
* I

9

8

-7

=
.2

5

SFPE NS Bending Diagram
9

SFPE EW Bending Diagram

.2

a

0.0 0.2 0.4 0.6 0.8 1.0 1.2 0 5 10 15 20 25 30 0 5 10 15

Acceleration (g) Moment (MN-rn) Moment (MN-rn)

Figure 6.4-8 Comparison of Vertical Seismic Load Demands on FPE Structure

20 25 30



HITACHI WG3-U73-ERD-S-0002 SH NO. 127

REV. 6 of 184

APPENDIX A
RESULTS FOR MAXIMUM SEISMIC FORCES AND

ACCELERATIONS



4' HITACHI WG3-U73-ERD-S-0002 SH NO. 128

REV. 6 of 184

LIST OF TABLES

Table A. 1-1 FWS Maximum Structural Force and Moment Demands - Input Motion at 282 ft
(Model with OBE Damping) ......................................................... 129

Table A. 1-2 FPE Maximum Structural Force and Moment Demands - Input Motion at 282 ft
(Model with OBE Damping) ......................................................... 130

Table A. 1-3 FWS Maximum Structural Force and Moment Demands - Input Motion at 220 ft
(Model with OBE Damping) ......................................................... 131

Table A. 1-4 FPE Maximum Structural Force and Moment Demands - Input Motion at 220 ft
(Model with OBE Damping) ......................................................... 132

Table A.2-1 FWS Maximum Structural Force and Moment Demands - Input Motion at 220 ft
(Model with SSE Damping) .......................................................... 133

Table A.2.-2 FPE Maximum Structural Forcc and Moment Demands - Input Motion at 220 ft
(Model with SSE Damping).......................................................... 134

Table A.3-1 FWS Maximum Accelerations - Input Motion at 282 ft (Model with OBE Damping)
......................................................................................... 135

Table A.3-2 FPE Maximum Accelerations - Input Motion at 282 ft (Model with OBE Damping)
......................................................................................... 136

Table A.3-3 Vertical FWS SDOF Maximum Accelerations - Input Motion at 282 ft (Model with
OBE Damping) ........................................................................ 136

Table A.3-4 Horizontal FWS Tank Hydrodynamic SDOF Maximum Accelerations - Input
Motion at 282 ft (Model with OBE Damping) ...................................... 136

Table A.3-5 FWS Maximum Accelerations - Input Motion at 220 ft (Model with OBE Damping)
. .................................................................................. :...... 137

Table A.3-6 FPE Maximum Accelerations - Input Motion at 220 ft (Model with OBE Damping)
..................... i.................................................................... 137

Table A.3-7 Vertical FWS SDOF Maximum Accelerations - Input Motion at 220 ft (Model with
OBE Damping) ........................................................................ 137

Table A.3-8 Horizontal FWS Tank Hydrodynamic SDOF Maximum Accelerations - Input
Motion at 220 ft (Model with OBE Damping) ...................................... 138

Table A.4-1 FWS Maximum Accelerations - Input Motion at 220 ft (Model with SSE Damping)
.......................................................................................... 138

Table A.4-2 FPE Maximum Accelerations - Input Motion at 220 ft (Model with SSE Damping)

. ........................................................................................ 139
Table A.4-3 Vertical FWS SDOF Maximum Accelerations - Input Motion at 220 ft (Model with

SSE Damping)......................................................................... 139
Table A.4-4 Horizontal FWS Tank Hydrodynamic SDOF Maximum Accelerations - Input

Motion at 220 ft (Model with SSE Damping)....................................... 139



K'HITACHI WG3-U73-ERD-S-0002 SH NO. 129

REV. 6 of 184

Table A.1-1 FWS Maximum Structural Force and Moment Demands - Input Motion at 282 ft (Model with OBE Damping)

LB Full Column Profile BE Full Column Profile UB Full Column Profile

Elev. Element Node Shear Bending Shear Bending Shear Bending
(in) No. No. (MN) (MN-in) Torsion (MN) (MN-rn) Torsion (MN) (MN-rn) Torsion

(MN-rn) (MN-rn) (MN-rn)
NS EW NS EW NS EW NS EW NS EW NS EW

10 2 2 2 2 2 2
19.70 9 3.0 3.0 1.6 3.3 3.3 1.6 3.3 2.9 1.0

9 9 9 10 10 10 9

9 12 14 14 14 13 13
17.25 8 7.5 7.4 5.0 8.2 8.0 4.9 8.1 7.1 3.0

8 25 26 28 27 27 25

8 28 31 32 32 31 29
15.53 7 10.4 10.2 8.3 11.5 11.2 8.1 11.3 9.9 5.0

7 46 48 51 51 50 46

7 49 53 55 54 54 49
13.81 6 -- 13.2 12.8 11.5 14.4 14.1 11.3 14.2 12.4 6.7

6 72 74 80 79 78 71

6 74 78 82 82 81 73
12.10 5 15.2 14.7 14.0 16.6 16.2 13.5 16.3 14.2 8.0

5 91 94 101 100 99 89

5 93 96 103 102 101 91
11.00 4 16.7 16.0 16.0 18.1 17.8 15.1 17.8 15.4 8.9

4 111 113 123 121 120 107

4 113 116 124 124 122 110
9.90 3 18.1 17.3 18.0 19.4 19.2 16.5 19.1 16.5 9.7

3 133 134 146 144 143 127

3 135 137 148 147 145 130
8.81 2 31.1 28.9 20.7 32.1 32.4 18.5 31.2 27.3 10.8

2 199 195 215 216 210 185

6.73 *2 202 198 218 218 213 187
1 33.0 30.5 23.5 33.8 34.1 20.5 32.7 29.1 11.6

4.65 8002 270 262 288 289 281 244
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Table A.1-2 FPE Maximum Structural Force and Moment Demands - Input Motion at 282 ft (Model with OBE Damping)

LB Full Column Profile BE Full Column Profile UB Full Column Profile

Shear Bending Shear Bending Shear Bending
Elev. Element Node (MN) (M~N-in(N) (N) TorionN) (MN-m

(mn) No. No. Tors (M)iMN-n)Torsion (M) (Ni)Torsion
(MN-rn) (MN-in) (MN-rn)

NS EW NS EW NS EW NS EW NS EW NS EW

8.25 402 405 2.1 3.4 1 3 2.9 2.7 3.8 1 4 3.7 2.3 3.6 1 4 3.4

4.65 401 404 _ _ _ 7 12 ____ __ 8 14 _ _____ _ 7 13 _ __



Id HITACHI WG3-U73-ERD-S-0002 SHNO. 131

REV. 6 of 184

Table A.1-3 FWS Maximum Structural Force and Moment Demands - Input Motion at 220 ft (Model with OBE Damping)

LB Full Column Profile BE Full Column Profile UB Full Column Profile

Shear Bending Shear Bending Shear Bending
Elev. Element Node (MN) (MN-rn) Trin (MN) (MN-rn) orin (MN) (MN-rn) Tosn
(in) No. No.TosoTosnTrin

(MN-rn) (MN-rn) (MN-rn)
NS EW NS EW NS EW NS EW NS EW NS EW

10 2 2 3 3 5 4
19.70 9 2.9 3.3 1.5 3.8 4.3 2.8 5.3 5.6 2.5

9 9 10 12 13 18 17 ____

9 12 15 18 19 28 23
17.25 8 7;2 8.0 4.5 9.3 10.6 8.6 12.7 13.8 7.5

8 24 29 ____ __34 37 50 47 ____

'8 27 33 40 43 60 53
15.53 7 10.1 11.1 7.4 12.7 14.7 14.2 17.8 19.2 12.4

7 ___45 52 _____ ___62 68 90 86 ____

7 48 57 68 73 99 92
.13.81 6 12.8 13.7 10.3 15.6 18.1 19.4 22.2 23.9 16.9

6 ___70 80 ___ 94 104 135 133 ___

6 72 84 99 108 142 138
12.10 .5 14.8 15.6 12.5 17.5 20.5 23.3 25.4 27.1 20.1

5 ___88 101 118 131 168 168

590 104 121 134 173 171
11.00 4 16.2 16.8 14.1 18.7 22.0 26.0 27.6 29.4 22.4

4 108 122 141 158 200 203

4 110 124 144 161 205 206
9.90 3 17.5 17.9 15.7 19.7 23.3 28.5 29.5 31.2 24.4

3 ___129 144 165 186 ___ 232 240 ___

3 131 147 169 190 238 244
8.81 2 30.0 28.4 17.8 32.8 38.0 31.6 47.4 47.9 26.8

2 193 203 227 261 ___ 329 343

6.73 2 196 206 230 264 333 347
1 31.7 30.2 20.2 35.0 40.0 34.4 48.9 49.6 28.8
46802262 264 ___________290 340 ____ ____ 434 450
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Table A.1-4 FPE Maximum Structural Force and Moment Demands - Input Motion at 220 ft (Model with OBE Damping)

LB Full Column Profile BE Full Column Profile UB Full Column Profile

Shear Bending Shear Bending" Shear Bending
Elev. Element Node (MN) (MN-rn) (MN) (MN-rn) (MN) (MN-rn) Tosn
(in) No. No. Torsion TorsionTosn

(MN-mn) (MN-rn) (MN-mn)
NS EW NS EW NS EW NS EW NS EW NS EW

8.25 402 405 1 4 2 5 2 7
2.9 3.1 3.9 3.8 5.2 5.3 4.0 7.7 6.7

4.65 401 404 ___ 10 11 ______12 19 ___ _ 14 29
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Table A.2-1 FWS Maximum Structural Force and Moment Demands - Input Motion at 220 ft (Model with SSE Damping)

LB Full Column Profile BE Full Column Profile UB Full Column Profile

Elev. Element Node Shear Bending Shear Bending Shear Bending
(in) No. No. (MN) (MN-rn) Torsion (MN) (MIN-m) Torsion (MN) (MN-rn) Torsion

(MN-mn) (MN-in) (MN-in)
NS EW NS EW NS EW NS EW NS EW NS EW

19.70 9 10 2.8 3.1 2 2 1.3 3.5 4.1 2.4 4.7 5.2 2.1
9 ___ 8 10 __ _ _11 12 __ _ _16 15 _ _ _

17.25 8 6.8 76. 1 4164. 18 . 7.4 11.4 12.8 2 21 6.3
8 ___23 27 40 85 31 35 ____44 43 ___

8 26 32 36 40 54 48
15.53 7 9.6 10.5 6.7 11.6 13.8 12.2 15.8 17.8 10.5

7 ___42 50 56 63 ___ 80 80 ___

7 45 54 60 68 88 85
13.81 6 12.1 13. 93 1.170 16.7 19.7 22.1 14.2

6 __ __66 76 93 1.17085 97 ____120 123 ___

6 68 79 89 101 126 127
12.10 5 14.0 14.8 11.2 16.2 19.3 20.0 22.4 25.1 16.9

5 ___84 96 106 123 ____149 155 ___

585 98 109 125 223 2. 72153 158 1.
4 5.4_ 15. 102 115 12.7 17.4 20.8 128 148 ____178 188 ___

4 104 118 141 1. 20130 151 182 191
9.90 3 16.6 16.9 141 1. 2024.4 25.8 29.0 20.5

3 __ __122 136 150 175 ___ _ 207 222 ___

3 124 139 153 178 212 226
8.81 2 28.6 27.5 16.1 30.8 36.3 27.1 40.5 44.5 22.6

_______ 2 __ _ 183 192 210 246 ______ __290 318 ___

6.73 2 3.292186 196 1. 322 82-213 *248 294 321
1 022.21. 2. 8229.6 41.6 46.1 24.3

4.65 __ __ 8002 _ _ ___249 251 ____ _____ 272 323 _ __ __ __ 379 417 _ __
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Table A.2-2 FPE Maximum Structural Force and Moment Demands - Input Motion at 220 ft (Model with SSE Damping)

LB Full Column Profile BE Full Column Profile UB Full Column Profile

Shear Bending Shear Bending Shear Bending
Elev. Element Node (MN) (MN-in) Trin (MN) (MN-rn) Trin (MN) (MN-in)
(in) No. No. Torsion TorionTorsion

(MN-in) (MN-rn) (MN-rn)
NS EW NS EW NS EW NS EW NS EW NS EW

8.25 402 405 1 4 1 5 2 7
2.9 3.0 3.9 3.8 5.4 12.8 3 3. 7.1 1 27 6.2

4.65 401 404 9 1 2 1 2 2
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Table A.3-1 FWS Maximum Accelerations - Input Motion at 282 ft (Model with OBE
Damping)

LB Full Column Profile BE Full Column Profile UB Full Column Profile

Elev. (in) Node No. NS EW Vert. NS EW Vert. NS EW Vert.
(g) (g) (g) (g) (g) (g) (g) (g) (g)

19.70 10 1.40 1.42 0.59 1.56 1.53 0.58 1.54 1.38 0.76
17.25 9 1.31 1.30 0.59 1.45 1.41 0.58 1.44 1.27 0.76
15.53 8 1.22 1.19 0.58 1.33 1.31 0.57 1.32 1.15 0.75
13.81 7 1.12 1.08 0.57 1.20 1.19 0.56 1.19 1.02 0.72
12.10 6 1.01 0.96 0.56 1.05 1.06 0.55 1.04 0.88 0.68
11.00 5 0.94 0.88 0.55 0.96 0.98 0.54 0.94 0.83 0.65
9.90 4 0.87 0.81 0.54 0.87 0.91 0.53 0.84 0.78 0.63
8.81 3 0.80 0.77 0.53 0.77 0.84 0.52 0.74 0.72 0.61
6.73 2 0.62 0.67 0.50 0.60 0.63 0.50 0.50 0.61 0.56
4.65 8002 0.45 0.57 0.48 0.50 0.54 0.48 0.38 0.49 0.51
2.15 8001 0.43 0.53 0.56 0.48 0.46 0.58 0.38 0.44 0.58
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Table A.3-2 FPE Maximum Accelerations - Input Motion at 282 ft (Model with OBE
Damping)

LB Full Column Profile BE Full Column Profile UB Full Column Profile

Elev. (in) Node No. NS EW Vert. NS EW Vert. NS EW Vert.

(g) (g) (g) (g) (g) (g) (g) (g) (g)

8.25 405 0.42 0.68 0.45 0.53 0.76 0.46 0.45 0.72 0.47
6.45 402 0.40 0.62 0.44 0.49 0.69 0.46 0.41 0.61 0.49

Table A.3-3 Vertical FWS SDOF Maximum Accelerations - Input Motion at 282 fE: (Model
with OBE Damping)

(g) (g) (g)

19.70 11 0.97 1.59 1.83

Table A.3-4 Horizontal FWS Tank Hydrodynamic SDOF Maximum Accelerations - Input
Motion at 282 ft (Model with OBE Damping)

Elev (i) Nde o. ir.LB Full Column Profile BE Full Column Profile UB Full Column Profile
(g) (g) (g)

X 0.10 0.10 0.10
12.10 60

Y 0.07 0.07 0.07
X 0.80 0.77 0.74

8.81 30
________Y 0.77 0.84 0.72
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Table A.3-5 FWS Maximum Accelerations - Input Motion at 220 ft (Model with OBE
Damping)

LB Full Column Profile BE Full Column Profile UB Full Column Profile

Elev. (in) Node No. NS EW Vert. NS EW Vert. NS EW Vert.
(g) (g) (g) (g) (g) (g) (g) (g) (g)

19.70 10 1.37 1.54 0.63 1.80 2.00 0.86 2.49 2.62 1.49
17.25 9 1.27 1.40 0.63 1.62 1.84 0.85 2.26 2.43 1.50
15.53 8 1.18 1.26 0.62 1.41 1.64 0.84 2.05 2.20 1.46
13.81 7 1.09 1.09 0.61 1.20 1.39 0.82 1.82 1.92 1.41
12.10 6 0.98 0.92 0.59 1.06 1.23 0.80 1.58 1.62 1.33
11.00 5 0.91 0.87 0.58 0.97 1.13 0.78 1.42 1.42 1.26
9.90 4 0.83 0.80 0.57 0.89 1.03 0.75 1.25 1.22 1.19
8.81 3 0.76 0.74 0.55 0.86 0.93 0.72 1.08 1.07 1.10
6.73 2 0.57 0.62 0.52 0.66 0.70 0.66 0.78 0.85 0.94
4.65 8002 0.51 0.51 0.49 0.61 0.61 0.59 0.64 0.70 0.75
2.15 8001 0.52 0.49 0.58 0.63 0.53 0.76 0.68 0.62 0.94

Table A.3-6 FPE Maximum Accelerations - Input Motion at 220 ft (Model with OBE
Damping)

LB Full Column Profile BE Full Column Profile UB Full Column Profile

Elev. (in) Node No. NS EW Vert. NS EW Vert. NS EW Vert.
(g) (g) (g) (g) (g) (g) (g) (g) (g)

8.25 405 0.58 0.61 0.47 0.76 1.04 0.59 0.82 1.59 0.76
6.45 402 0.55 0.55 0.47 0.69 0.90 0.56 0.73 1.18 0.69

Table A.3-7 Vertical FWS SDOF Maximum Accelerations - Input Motion at 220 ft (Model
with OBE Damping)

Ele. (n) odeNo.LB Full Column Profile BE Full Column Profile UB Full Column Profile
(g) (g) (g)

19.70 11 1.09 3.13 5.67
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Table A.3-8 Horizontal FWS Tank Hydrodynamic SDOF Maximum Accelerations - Input
Motion at 220 ft (Model with OBE Damping)

Eley (i) Nde o. ir.LB Full Column Profile BE Full Column Profile UB Full Column Profile
(g) (g) (g)

X 0.10 0.10 0.10
12.10 60

Y 0.09 0.09 0.09
X 0.76 0.86 1.088.81 30

________Y 0.74 0.93 1.07

Table A.4-1 FWS Maximum Accelerations - Input Motion at 220 ft (Model with SSE
Damping)

LB Full Column Profile BE Full Column Profile UB Full Column Profile

Elev. (in) Node No. NS EW Vert. NS EW Vert. NS EW Vert.

(g) (g) (g) (g) (g) (g) (g) (g) (g)

19.70 10 1.30 1.46 0.62 1.63 1.89 0.84 2.21 2.42 1.40
17.25 9 1.21 1.33 0.62 1.48 1.73 0.84 2.00 2.26 1.40
15.53 8 1.13 1.19 0.61 1.31 1.54 0.83 1.80 2.04 1.38
13.81 7 1.03 1.03 0.60 1.12 1.33 0.82 1.58 1.78 1.33
12.10 6 0.93 0.89 0.59 0.99 1.15 0.80 1.35 1.50 1.26
11.00 5 0.87 0.84 0.57 0.92 1.06 0.77 1.20 1.32 1.20
9.90 4 0.80 0.78 0.56 0.84 0.96 0.75 1.05 1.13 1.13
8.81 3 0.73 0.72 0.55 0.79 0.88 0.72 0.94 1.00 1.06
6.73 2 0.57 0.61 0.52 0.61 0.68 0.66 0.70 0.81 0.92
4.65 8002 0.51 0.50 0.49 0.61 0.58 0.59 0.63 0.66 0.75
2.15 8001 0.51 0.48 0.57 0.63 0.52 0.75 0.66 0.58 0.90
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Table A.4-2 FPE Maximum Accelerations - Input Motion at 220 ft (Model with SSE
Damping)

LB Full Column Profile BE Full Column Profile UB Full Column Profile

Elev. (in) Node No. NS EW Vert. NS EW Vert. NS EW Vert.
(g) (g) (g) (g) (g) (g) (g) (g) (g)

8.25 405 0.57 0.59 0.48 0.75 0.98 0.59 0.77 1.46 0.77
6.45 402 0.55 0.53 0.46 0.68 0.85 0.56 0.70 1.10 0.72

Table A.4-3 Vertical FWS SDOF Maxilnum Accelerations - Input Motion at 220 ft (Model
with SSE Damping)

Ele. (n) odeNo.LB Full Column Profile BE Full Column Profile UB Full Column Profile
C(g) (g) (g)

19.70 11 1.07 2.48 3.98

Table A.4-4 Horizontal FWS Tank Hydrodynamic SDOF Maximum Accelerations - Input
Motion at 220 ft (Model with SSE Damping)

Elev (i) Nde o. ir.LB Full Column Profile BE Full Column Profile UB Full Column Profile
(g) (g) (g)

x 0.10 0.10 0.10
12.10 60

Y 0.09 0.09 0.09
X 0.73 0.79 0.94

8.81 30
________Y 0.72 0.88 1.00
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APPENDIX B
PLOTS OF AMPLITUDES OF ACCELERATION TRANSFER

FUNCTIONS FROM SSSI ANALYSES OF CB-FWSC COMBINED
MODEL
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APPENDIX C
PLOTS OF AMPLITUDES OF ACCELERATION TRANSFER

FUNCTIONS FROM SSSI ANALYSES OF FWSC-CB COMBINED
MODEL
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