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3.7 Seismic Design

The SSCs of the US-APWR are designed as required by the GDC 2 of 10 CFR 50, 
Appendix A (Reference 3.7-1), to withstand the effects of natural phenomena, including 
earthquakes, without jeopardizing the plant safety. The US-APWR SSCs are assigned to 
one of three seismic categories (seismic category I, seismic category II, or non-seismic 
[NS]) depending on the nuclear safety function of the particular SSC, as discussed in 
Subsection 3.2.1. The US-APWR standard plant seismic design is based on the SSE and 
the OBE as discussed in Subsection 3.7.1.1. The OBE defines the magnitude of the 
ground motion that if exceeded would require that the plant be shut down.

The values of peak ground accelerations (PGAs) and the response spectra of the seismic 
ground motion in horizontal and vertical directions characterizedefine the magnitude of 
the design basis earthquake. Certified seismic design response spectra (CSDRS) define 
the site-independent SSE for the seismic design of standard plant structures, and the 
ground motion response spectra (GMRS) define the horizontal and vertical response 
spectra of the site-dependent seismic motion.

The COL Applicant is to validate the site-independent seismic design of the standard 
plant for the site-specific conditions, including geological, seismological, and geophysical 
characteristics, and to develop the site-specific GMRS.

The COL Applicant is responsible for the seismic design of those seismic category I and 
seismic category II SSCs that are not part of the US-APWR standard plant. Spectra 
appropriately derived from the GMRS can be used to define the using site-specific SSE 
design ground motion for the design of those seismic category I and II buildings and 
structures that are not part of the US-APWR standard plant. The response spectra of site-
specific SSEs are developed following the requirements of RG 1.208 (Reference 3.7-3), 
and represent the envelope of the foundation input response spectra (FIRS) and a 
minimum response spectra as discussed in Subsection 3.7.1.1.

The COL Applicant is to develop site-specific GMRS and FIRS by an analysis 
methodology, which accounts for the upward propagation of the GMRS.  The FIRS are 
compared to the CSDRS to assure that the US-APWR standard plant seismic design is 
valid for a particular site.  If the FIRS are not enveloped by the CSDRS, the US-APWR 
standard plant seismic design is modified as part of the COLA in order to validate the US-
APWR for installation at that site.

3.7.1 Seismic Design Parameters

3.7.1.1 Design Ground Motion

The PGA used for the purpose of the site-independent design of the seismic category I 
SSCs of the US-APWR standard plant is 0.3 g ground acceleration for the two horizontal 
directions and the vertical direction. The COL Applicant is to confirm that the site-specific 
PGA at the basemat level control point of the CSDRS is less than or equal to 0.3 g.
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Design Ground Motion Response Spectra

Horizontal and vertical response spectra define the design seismic ground motion used 
for the US-APWR standard plant seismic design. The SSE, OBE, and the spectra, which 
are used to characterize these earthquake motions, are discussed in the following 
paragraphs.

SSE

The SSE is the earthquake which produces the maximum vibratory ground motion for 
which certain SSCs are designed to remain functional and within applicable stress, strain, 
and deformation limits. 

The SSCs that must remain functional are those necessary to assure the following:

1. The integrity of the RCPB.

2. The capability to shut down the reactor and maintain it in a safe-shutdown 
condition.

3. The capability to prevent or mitigate the consequences of accidents which could 
result in potential offsite exposures comparable to the guideline exposures of 10 
CFR 100 (Reference 3.7-4).

The CSDRS define the site-independent SSE used for the site-independent design of the 
US-APWR standard plant seismic category I and seismic category II SSCs. The major 
seismic category I buildings and structures of the US-APWR standard plant include the 
R/B, PCCV and containment internal structure, and the east and west PS/Bs.

For the seismic design of seismic category I and seismic category II SSCs that are not 
part of the US-APWR standard plant, and for the detail design of the US-APWR standard 
plant structures that are modified for the site-specific condition which can affect their 
integrity, a site-dependent SSE that is derived from the site-specific GMRS can be used. 
Refer to Subsection 3.8.4 for discussion relating to the seismic design of seismic category 
I and seismic category II buildings and structures that are not part of the US-APWR 
standard plant. 

CSDRS

The CSDRS are presented herein to be approved under 10 CFR 52, Subpart B 
(Reference 3.7-5) as the site-independent seismic design response spectra for an 
approved certified design of the US-APWR standard nuclear power plant. The CSDRS 
characterize the site-independent SSE design ground motion that is defined at a control 
point located at the bottom of each US-APWR standard plant building basemat.

The in-structure response spectra (ISRS), which are used to design the seismic category 
I and II SSCs contained within or mounted to the US-APWR standard plant seismic 
category I buildings and structures, are computed from the CSDRS using methodology 
and approaches discussed in Subsection 3.7.2.5.
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The site-independent CSDRS that are employed for the seismic category I design of the 
US-APWR standard plant are shown for 0.5%, 2%, 5%, 7%, and 10% damping values in 
Figures 3.7.1-1 and 3.7.1-2 for the horizontal and vertical components, respectively. The 
CSDRS are derived from RG 1.60 (Reference 3.7-6) spectra by scaling the spectra 
contained in RG 1.60 from 1.0 g to 0.3 g zero period acceleration (ZPA) values, and by 
modifying the RG 1.60 control points to broaden the spectra in the higher frequency 
range. The RG 1.60 spectral values are based on deterministic values for western United 
States earthquakes. However, recent seismic research including recently published 
attenuation relations indicates that earthquakes in the central and eastern United States 
have more energy content in the higher frequency range than earthquakes in the western 
United States. Thus, the RG 1.60 (Reference 3.7-6) spectra control points have been 
modified by shifting the control points at 9 Hz and 33 Hz to 12 Hz and 50 Hz, respectively, 
for both the horizontal and the vertical spectra. Therefore, for the US-APWR CSDRS, the 
horizontal spectra control points are at 0.25, 2.5, 12, and 50 Hz and the vertical response 
spectra control points are at 0.25, 3.5, 12, and 50 Hz. The modified RG 1.60 (Reference 
3.7-6) spectra used for the CSDRS are expected to envelope many sites in the central 
and eastern United States in order to maximize the applicability of the US-APWR 
standard plant design; however, it is anticipated that there are some site-specific 
instances, particularly on hard rock sites in high seismic areas, where high-frequency 
exceedances of the CSDRS may occur. In these cases, the COL Applicant is required to 
perform site-specific seismic analyses, including a soil-structure interaction (SSI) analysis 
which may consider seismic wave transmission incoherence and analysis of the 
cumulative absolute velocity (CAV) of the seismic input motion, in order to determine if 
high-frequency exceedances of the CSDRS could be transmitted to SSCs in the plant 
superstructure with potentially damaging effects.

Consistent with RG 1.60 (Reference 3.7-6), the CSDRS representing the vertical 
accelerations is obtained by scaling the horizontal acceleration response spectra (ARS) 
by a factor of 2/3 for frequencies less than 0.25 Hz. The scaling factor that varies from 
2/3 to 1.0 is applied for the frequency range between 0.25 and 3.5 Hz. The horizontal and 
vertical acceleration spectra are kept identical above frequency 3.5 Hz and, 
consequently, the vertical PGA is taken as the same as the horizontal PGA. 

The US-APWR design response spectral accelerations for each of the spectral control 
points are presented in Tables 3.7.1-1 and 3.7.1-2. The US-APWR site-independent 
CSDRS as defined herein meet the requirements of 10 CFR 50, Appendix S(IV)(a)(1)(i) 
(Reference 3.7-7), which require that the horizontal component of the SSE ground motion 
in the free-field at the basemat level of the structures must be an appropriate response 
spectra with a PGA of at least 0.1 g.

Site-Specific GMRS

In accordance with NUREG-0800, SRP 2.5.2 (Reference 3.7-8), the site-specific GMRS 
define the site-specific SSE through a horizontal and vertical response spectra of the 
free-field motion that is specified either on the ground surface or at an outcrop (real or 
hypothetical) of the uppermost in-situ competent material that will exist after excavation. 
The competent material is defined as having a shear wave velocity of 1,000 ft/s or 
greater. Free-field ground motion is defined as the seismic motion of the ground that is 
not influenced by the presence of any basemats and structures.
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Site-specific GMRS are developed at a sufficient number of frequencies (at least 25) that 
adequately represent the local and regional seismic hazards using the site-specific 
geological, seismological, and geophysical input data. A probabilistic seismic hazard 
analysis is performed that is based on the performance-based approach outlined in RG 
1.208 (Reference 3.7-3). Horizontal GMRS are developed using a site amplification 
function obtained from site response analyses performed on site-specific soil profiles that 
include the layers of soil and rock over the generic rock defined as the rock with shear 
wave velocity exceeding 9,200 ft/s. The site-specific soil profiles account for the 
uncertainties and variations of the site soil and rock properties. The site response 
analysis will address probable effects of non-linearity due to strain-dependence of the 
subgrade materials’ response. Equivalent linear methodology can be utilized with soil 
stiffness and damping degradation curves that represent the stiffness and damping 
properties of the subgrade materials as a function of strain. However, the strain-
compatible soil material damping shall not exceed 15% as stipulated in SRP 3.7.1 
(Reference 3.7-10).

With respect to determining the site-specific GMRS, note that Section 2.5.4 requires site-
specific characterization of subsurface materials and investigation of the associated 
engineering properties to assure consistency with Section 3.7.2. Further, vertical GMRS 
are developed by combining the horizontal GMRS and the most up-to-date vertical/
horizontal response spectral ratios appropriate for the site obtained from the most up-to-
date attenuation relationships.

FIRS

The site-specific GMRS serves as the basis for the development ofThe site-specific FIRS 
that define the horizontal and vertical response spectra of the outcrop ground motion at 
the bottom elevation of the seismic category I and II basemats. Free-field outcrop spectra 
of site-specific horizontal ground motion are derived from the horizontal GMRS using site 
response analyses that consider only the wave propagation effects in materials that are 
below the control point elevation at the bottom of the basemat. The material present 
above the control point elevation can be excluded from the site response analysis.Free-
field outcrop spectra of site-specific horizontal ground motion are developed consistent 
with the horizontal GMRS using site response analyses which employ a suite of 
randomized soil profiles to account for uncertainties and variations in the site soil and 
rock properties. The profiles also include materials present above the control point 
elevation in order to account for their effect on soil and rock properties.

Appendix S (IV)(a)(1)(i) of 10 CFR 50 (Reference 3.7-7) requires that the SSE ground 
motion in the free-field at the basemat level must be represented by an appropriate 
response spectra with a PGA of at least 0.1 g. This requirement is met on a site-specific 
basis by considering minimum horizontal response spectra that are tied to the shapes of 
the US-APWR CSDRS and anchored at 0.1g. Since the CSDRS are based on modified 
RG 1.60-spectra, this assures that there is sufficient energy content in the low-frequency 
range. The COL Applicant is to assure that the horizontal FIRS defining the site-specific 
SSE ground motion at the bottom of seismic category I or II basemats envelope the 
minimum response spectra required by 10 CFR 50, Appendix S (Reference 3.7-7), and 
the site-specific response spectra obtained from the response analysis. The same 
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the Commission Letter (SECY)-93-087 (Reference 3.7-12) for piping systems. The 
number of earthquake cycles to consider is two SSE events with 10 maximum stress 
cycles per event. Alternatively, the number of fractional vibratory cycles equivalent to that 
of 20 full SSE vibratory cycles may be used (but with an amplitude not less than 1/3 of the 
maximum SSE amplitude) when derived in accordance with Institute of Electrical and 
Electronic Engineers (IEEE), Standard 344-2004, Appendix D (Reference 3.7-13).

Design Ground Motion Time History

As described in Technical Report MUAP-10001 (Reference 3.7-47), one set of three 
statistically independent time histories of seismic motion is synthesized from seed 
recorded earthquake ground motions for use as the input motion in the earthquake 
response analysis of the US-APWR standard plant including the R/B, PCCV, containment 
internal structure, and PS/Bs. The three time histories are developed to represent the 
ground motion for the three orthogonal earthquake components, two horizontal (“H1” and 
“H2”) and vertical (“V”) following the requirements and conditions set in Section II of SRP 
3.7.1 (Reference 3.7-10) for the development of a single set of time histories Option 1, 
Approach 2.one set of three statistically independent artificial ground motion time 
histories is generated in accordance with guidance of SRP 3.7.1 (Reference 3.7-10), 
Subsection 3.7.1.II.1B, Option 1 Approach 2, for use in US-APWR standard plant seismic 
analysis. These time histories represent ground motion for the three orthogonal 
directions, two horizontal (“H1” in the north-south [NS] direction, and “H2” in the east-west 
[EW] direction) and one vertical (“V”).

The three orthogonal directions may be alternately referred toreferenced within 
Section 3.7 using the following differentequivalent designations:

H1 = Direction 1 = NS = Plant north-south= Global X-axis

H2 = Direction 2 = EW = Plant east-west = Global Y-axis

V = Direction 3 = Vertical = UD = Up-Down = Global Z-axis

Approach 2 is utilized withselected for the objective of generating artificial acceleration 
time histories whose response spectra achieve approximately mean based fits to the 
target CSDRS presented in Figures 3.7.1-1 and 3.7.1-2. Tables 3.7.1-1 and 3.7.1-2 show 
horizontal and vertical CSDRS control points for damping factors of 0.5%, 2%, 5%, 7% 
and 10%. CSDRS control points are based on modified RG 1.60 (Reference 3.7-6) 
response spectra, as described above. The average ratio of the ARS calculated from the 
artificial time histories to the corresponding target CSDRS is kept only slightly greater 
than one. The spectral acceleration ratio is calculated frequency by frequency. 

The artificial time histories plots for the ground accelerations, velocity, and displacements 
in three orthogonal directions (“H1,” “H2,” and “V”) are shown in Figures 3.7.1-3, 3.7.1-4, 
and 3.7.1-5, respectively. The time history plots of the ground acceleration, velocity, and 
displacement are shown together to demonstrate their non-stationary process.

Figures 3.7.1-6, 3.7.1-7, and 3.7.1-8 show the ARS of the US-APWR artificial time 
histories for 5% damping for the three orthogonal directions H1, H2, and V, respectively. 
The plots of the CSDRS, which are based on the modified RG 1.60 (Reference 3.7-6) 
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response spectra as described in Subsection 3.7.1.1, are also included in the figure to 
demonstrate that the ARS of the synthesized time histories envelope those of the CSDRS 
for 5% damping values. The figures demonstrate that the synthesized acceleration time 
histories do not have significant gaps in the Fourier amplitude spectra but are also not 
biased high with respect to the target CSDRS.The CSDRS with 5% damping is shown in 
these figures for comparison with the ARS from artificial time histories. This demonstrates 
uniform energy distribution by showing that the artificial acceleration time histories are not 
biased high, do not have significant response gaps, and show general consistency with 
the target CSDRS.

The three US-APWR artificial time histories are discussed further with respect to the 
requirements specified in NUREG-0800, SRP 3.7.1 (Reference 3.7-10) for Approach 2 in 
the following, steps (a) through (d):The artificial time histories conform to NUREG-0800, 
SRP 3.7.1 (Reference 3.7-10) Section II for generation of a single set of time histories in 
accordance with Option 1, Approach 2, as summarized in Table 3.7.1-4 and described in 
the following, steps (a) through (d): 

a. The US-APWR artificial time histories have a sufficiently small time increments 
(∆t =0.005 seconds) and a total duration of 22.005 seconds. The time history data 
records have a Nyquist frequency of Nf = 1/(2∆t) =100 Hz, and meet the 
NUREG-0800 SRP 3.7.1 requirement of a total duration of at least 20 seconds. 
The time increment of 0.005 seconds is lower than the maximum time increment 
of 0.01 seconds permitted by SRP 3.7.1. The Nyquist frequency of 100 Hz is 
considered to be above the range of frequencies important for the design of the 
US-APWR plant and assures that the seismic analysis capture the responses of 
SSCs in the high frequency range. This is particularly important for site-specific 
subgrade conditions where seismic category I structures are founded on a hard 
rock subgrade.

b. The 5% damped ARS of the US-APWR artificial time history components, shown 
in Figures 3.7.1-6, 3.7.1-7, and 3.7.1-8, are computed at 300301 frequency points 
that are divided such that 100 frequency points are uniformly spaced over the log 
frequency scale from 0.1 Hz to 1 Hz, 1 Hz to 10 Hz, and 10 Hz to 100 Hz. Each 
ARS obtained from the three artificial ground motion time history components is 
compared with the target response spectra at each frequency computed in the 
frequency range from 0.1 Hz to 100 Hz.

c. The 5% damped ARS computed for each of the three US-APWR artificial time 
history components do not fall more than 10% below the corresponding CSDRS 
target response spectra at any particular frequency. In addition, within a frequency 
window no larger than ±10% centered at any frequency data point, none of the 
three ARS (H1, H2, and V) falls below its corresponding target CSDRS. Meeting 
the requirements of SRP 3.7.1 is confirmed by assuring that, for each of the 
spectra derived from the artificial time history components, no more than nine 
adjacent frequency points fall below the CSDRS target response spectra for 
frequencies between 0.1 Hz and 100 Hz. This ensures that the response spectra 
resulting from the artificial time history components do not fall below the 
corresponding target response spectra in large frequency windows. Table 3.7.1-4 
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demonstrates that these requirements are met by showing a summary of the 
frequency non-exceedances. 

d. In lieu of the power spectral density requirement of Option 1 Approach 1 in 
NUREG-0800, SRP 3.7.1 (Reference 3.7-10), Approach 2 specifies that the 
computed 5% damped response spectra of each artificial ground motion time 
history component does not exceed its target response spectra at any frequency 
by more than 30% (a factor of 1.3) in the frequency range of interest. For the US-
APWR, the response spectra derived from the artificial time histories are checked 
to ensure that they do not exceed the corresponding target spectra (CSDRS) by 
more than 30% at any frequency range measured as described in item (b) above. 
The results of this check are presented in Table 3.7.1-4. 

The cross-correlation coefficients between the three components of the design time 
histories are as follows:

ρ12 = -0.0892, ρ23 = -0.0654, and ρ31 = -0.0836 

The artificial time histories also conform to NUREG-0800, SRP 3.7.1 (Reference 3.7-10), 
Acceptance Criteria 1B, guidance as summarized in Table 3.7.1-7 and further described 
below:

Cross Correlation between Components

Cross-correlation coefficients between the three artificial ground motion time histories are 
as follows:

ρ12 = 0.0892, ρ23 = -0.0836, and ρ31 = -0.0654

where 1, 2, and 3 are the three global directions corresponding to north-south, east-west, 
and vertical directions for the US-APWR standard plant.

Since the absolute values of the cross-correlation coefficients of the US-APWR artificial 
time histories are less than 0.16, as demonstrated above, in accordance with 
NUREG/CR-6728 (Reference 3.7-14), the time histories are considered statistically 
independent of each other. 

Duration of Motion

Each time history of the set of three statistically independent time histories which are 
developed for design of the US-APWR seismic category I buildings has a strong duration 
of motion greater than 7 seconds and a total duration of motion greater than 22 seconds. 
The strong duration of motion meets the acceptance criterion of 6 seconds minimum for 
strong motion duration as given in SRP 3.7.1 (Reference 3.7-10) for design time histories. 
The duration of motion has been determined usingto be long enough to capture the 
random phase characteristics of the earthquake motion. The total duration of motion 
meets the acceptance criterion of 20 seconds minimum as given in SRP 3.7.1 
(Reference 3.7-10) design time histories, Option 1, Approach 2 Part (a).
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For the linear structural analyses, which are based on the synthesized time histories 
presented in Technical Report MUAP-10001 (Reference 3.7-47) that are used to design 
US-APWR standard plant seismic category I buildings and structures, the total duration of 
the ground motion time histories has been demonstrated to be long enough such that 
adequate representation of the Fourier components at low frequency is included in the 
time history.

The corresponding stationary phase strong-motion duration is consistent with the longest 
duration of strong motion from the earthquakes defined in SRP 2.5.2 (Reference 3.7-8) at 
low and high frequency and as presented in NUREG/CR-6728 (Reference 3.7-14). The 
strong motion duration is defined as the time required for the Arias Intensity to rise from 
5% to 75% in accordance with SRP 3.7.1 (Reference 3.7-10). The uniformity of the 
growth of this Arias Intensity has been examined and is acceptable. The duration of 
motion of the US-APWR artificial time histories with respect to the time duration needed 
to achieve 5% and 75% Arias intensities is summarized in Table 3.7.1-5.

The COL Applicant is to verify that the site-specific ratios V/A and AD/V2 (A, V, D, are 
PGA, ground velocity, and ground displacement, respectively) are consistent with 
characteristic values for the magnitude and distance of the appropriate controlling events 
defining the site-specific uniform hazard response spectra. These parameters are 
examined to assure that they are consistent with the values determined for the low and 
high frequency events described in Appendix D of RG 1.208 (Reference 3.7-3).

The COL Applicant is to provide site-specific design ground motion time histories and 
durations of motion.

3.7.1.2 Percentage of Critical Damping Values

Damping coefficient values representing percentages of critical damping are assigned to 
the linear-elastic models to quantify the dissipation energy in the dynamic system. Table 
3.7.3-1(a) presents the values of damping coefficients used for the SSE seismic analysis 
of seismic category I and II systems and subsystems. The specified damping coefficients 
are in accordance with RG 1.61 (Reference 3.7-15), and are based on consideration of 
the material, load conditions, and type of construction used in the structural system.Two 
levels of stiffness and damping are developed and assigned to structural models used for 
seismic response analyses in order to capture structural stiffness and damping variations 
caused by concrete cracking: (1) full stiffness (uncracked concrete) corresponding to low 
stress levels; and (2) reduced stiffness (cracked concrete) corresponding to high stress 
levels.

In accordance with RG 1.61 (Reference 3.7-15) guidance and associated stress levels 
and industry standards, OBE structural damping values are used with the full stiffness 
(uncracked concrete) and SSE structural damping values are used with the reduced 
stiffness (cracked concrete). To ensure that the standard seismic designs ISRS of the R/B 
complex and PS/B properly address concrete cracking effects, SSI analyses were 
performed using both full and reduced stiffness.

OBE structural damping values shown in Table 3.7.3-1(b) are for reinforced concrete, 
prestressed concrete and steel concrete modules assigned to the full stiffness 
(uncracked) model to calculate the effects from lesser dissipation of energy in the 
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structures when they are subjected to low stress levels. SSE structural damping values 
shown in Table 3.7.3-1(a) are for reinforced concrete, prestressed concrete and steel 
concrete modules assigned to the reduced stiffness (cracked concrete) model to 
calculate the effects of greater dissipation of energy in the structures when they are 
subjected to higher stress levels.

In order to address the variations of cracking patterns under normal operating and 
accident thermal conditions, SSE loads for Containment Structures (PCCV and CIS) are 
based on envelope of SSI responses obtained from two levels of stiffness. Responses 
obtained from reduced stiffness (cracked concrete) models with SSE damping are used 
to develop SSE loads for structural design of R/B and PS/B reinforced concrete 
structures since SSE loads create the maximum design stress condition. This approach is 
consistent with RG 1.61 Section 1.2 guidance. Models based on reduced stiffness 
(cracked concrete) properties produce the bounding structural displacements for use in 
seismic structural interaction analysis. 

In oder to capture the effects of concrete cracking on design of Category I and II SSC’s, 
ISRS are developed using the envelope of responses obtained from SSI analyses of the 
models with the two bounding levels of stiffness.

The damping values in Table 3.7.3-1(a) and Table 3.7.3-1(b) are applicable to all modes 
of vibration of a structure constructed of the same material. 

The values of the SSE damping coefficients specified in Table 3.7.3-1(a) are based on the 
expectation that the response of the linear elastic structure attributed to load 
combinations that include the SSE is close to applicable stress limits. This is considered 
acceptable for the US-APWR standard plant seismic design where, as described in RG 
1.61 (Reference 3.7-15) Section 1.2, the design-basis ISRS represent the envelope of the 
in-structure responses obtained from multiple analyses conducted to consider a range of 
expected site soil conditions. However, this does not apply for the site-specific seismic 
analysis that use site-specific site properties since it is possible that the predicted 
structural response to the load combinations that include an SSE is significantly below 
the stress limits. In these cases, the SSE values in Table 3.7.3-1(a) may overestimate the 
actual dissipation of energy in the linear dynamic system and, thus, result in a non-
conservative estimate of the structural response for frequencies close to the resonant 
frequencies. To prevent non-conservative results, the COL Applicant is to review the 
resulting level of seismic response and determine appropriate damping values for the 
site-specific calculations of ISRS that serve as input for the seismic analysis of seismic 
category I and seismic category II subsystems. In accordance with Section 1.2 of RG 
1.61 (Reference 3.7-15), no verifications of seismic response are required if the lower 
damping values listed in Table 3.7.3-1(b) are used as input for computation of ISRS. In 
accordance with RG 1.61 (Reference 3.7-15), the damping values in Table 3.7.3-1(b) are 
also intended for use in site-specific OBE analyses, if the site-specific OBE is higher than 
1/3 of the site-specific SSE.

The damping values in Table 3.7.3-1(a) and Table 3.7.3-1(b) are applicable to all modes 
of vibration of a structure constructed of the same material.

The frequency domain SSI analyses of the R/B complex and the PS/Bs, discussed in 
Section 3.7.2.4, use complex damping formulation to represent the dissipation of energy 
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The required allowable static bearing capacity for seismic category I building structure 
basemats, including the R/B-PCCV-containment internal structure on their common 
basemat, is 15 ksf. The dynamic bearing loads for seismic category I structure basemats 
are dependent upon the magnitude of the seismic loads that can be obtained from a site-
specific seismic analysis that considers FIRS. The COL Applicant is to determine the 
allowable static and dynamic bearing capacities based on site conditions, including the 
properties of fill concrete placed to provide a level surface for the bottom of foundation 
elevations,and to evaluate the bearing loads to these capacities. A minimum factor of 
safety of 2.5 is suggested for the ultimate bearing capacity versus the allowable static 
bearing capacity; however, a different value may be justified based on site-specific 
geotechnical conditions. A minimum factor of safety of 2 is suggested for the ultimate 
bearing capacity versus the allowable dynamic bearing capacity; however, a different 
value may be justified based on site-specific geotechnical conditions.

The range of soil parameters in the site-independent seismic design includes use of 
basemat supporting media that are comprised of generic layered soil profiles. The profiles 
have been selected from an exhaustive suite of soil profiles developed from a set of small 
strain generic profiles that cover the entire a reasonable range of generic site conditions 
from soft soil to firm rock that may exist across the central and eastern North 
Americacontinental US. The initial profile development recognized that for the softer 
conditions, the shallow materials would be either removed or improved for appropriate 
foundation conditions. From the exhaustive suite of profiles of measured properties at 
candidate sites, a final subset of eight generic profiles representing strata consisting of 
soil and soft, medium, and hard rock was selected.

The profiles are presented in Table 3.7.1-6. The generic profiles are classified using Vs 
(30m), the average shear wave velocity in the top 30 meters. This classification is 
consistent with current practice for building codes and is a convenient metric with which 
to distinguish the profiles, prior to soil removal or improvement for installation of the 
power block. StrainThe input for the SSI analyses are starain-compatible properties, 
consistent with the CSDRS input ground motion, including shear wave and compression 
wave velocities, corresponding hysteretic damping values, and Poisson ratios are 
developed for the profilesthat are developed from site response analyses of the selected 
subset of profiles and baserock depths. The dynamic soil/rock properties used as input 
for site-independent SSI analyses are compatible to the strains generated by the seismic 
ground motions for which the corresponding spectra at the ground surface are enveloped 
by US-APWR CSDRS. Note that for purposes of development of compression wave 
velocities, the profiles are analyzed in the saturated condition.

The resulting generic layered supporting media provide a wide variation of properties to 
address potential ranges in dynamic soil properties.The generic layered profiles provide 
dynamic strain-compatible subgrade properties that capture a wide range of SSI 
responses expected at candidate sites across the continental US The development of the 
supporting soil media profiles are described further in Sections 4.2 and 5.2 of Technical 
Report MUAP-10001 (Reference 3.7-47).

The site-specific SSI analyses will use site-dependent input control motion that is derived 
from GMRS and FIRS discussed in Subsection 3.7.1.1. The primary non-linear material 
behavior of the soil must be considered and may be approximated by using equivalent 
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linear material properties that are compatible to the free-field strains generated by the 
site-specific design ground motion. If the earthquake-induced strains in the soil remain 
below 2%, tThe strain-compatible soil properties are obtained from a 1-dimensional wave 
propagation analysis by using equivalent-linear methodology and site-specific soil 
stiffness and damping degradation curves. The site-specific SSI analyses of the R/B–
PCCV-containment internal structure on their common basemat uses the finite element 
(FE) analysis program ACS SASSI (Reference 3.7-17) that provides a frequency domain 
solution of the SSI model response by using a sub-structuring technique and, when 
applicable, is capable of addressing site-specific effects such as the properties and 
layering of the soil, as well as effects of embedment and flexibility of the basemat, 
scattering, and incoherence of the input control motion. Based on successful comparison 
of ISRS derived from the CSDRS to those derived from site-specific SASSI analysis, 
other standard plant structures designed using lumped parameter models with lumped 
SSI parameters subject to the CSDRS can be validated by direct comparison to 
demonstrate their site-specific FIRS are enveloped. A SASSI analysis can be performed 
to consider incoherency to reduce high frequency response. 

The site-independent SSI analyses include the subgrade as horizontally infinite layers 
resting on the surface of an elasto-viscous half-space, representing the stiffness, 
material, and radiation damping of geological hard rock stratum with shear wave velocity 
equal or greater than 9,200 ft/s. The soil material damping values used in conjunction 
with the shear and compression wave profiles in the SSI analysis models are identical. 
The seismic models used in the SSI analyses are discussed further in Section 3.7.2.3. 
The site-independent SSI analyses are discussed further in Section 3.7.2.4, as well as 
the suggested methodologies for analyzing the effect of site-specific conditions on the 
SSI response.

3.7.2 Seismic System Analysis

Seismic system analysis is discussed in the following Subsections, 3.7.2.1 through 
3.7.2.15. Following the guidance of the acceptance criteria section II.3(a) of SRP 3.7.2 
(Reference 3.7-16), two categories of seismic category I SSCs are defined:  (1) seismic 
systems that include major seismic category I buildings and structures that are analyzed 
in conjunction with their basemats and supporting media (subgrade); and (2) seismic 
subsystems that include other seismic category I SSCs that are not analyzed in 
conjunction with basemats and subgrade. This subsection discusses the following major 
seismic category I and II buildings and structures that are classified as seismic systems 
requiring SSI analysis:

• R/B complex consisting of the R/B–PCCV-containment internal structure on their 
common basemat (seismic category I)

• East and west PS/Bs (seismic category I)

• A/B (seismic category II)

• T/B (seismic category II)
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associated with the modal superposition of time history analysis when the equations of 
motion can be decoupled in accordance with SRP 3.7.2 (Reference 3.7-16), Section II.13. 

Analyses of seismic category I and II subsystems are primarily performed using 
equivalent static load analysis or modal response spectra analysis. The input seismic 
loads are defined by ISRS that are obtained from the time history analyses of the major 
seismic category I buildings and structures. Seismic subsystems are discussed in 
Subsection 3.7.3, and the modal response spectra and equivalent static load analysis 
methods are discussed in Subsection 3.7.3.1.

Seismic anchor motions are taken into consideration for all seismic analysis methods 
used in the design of seismic category I and seismic category II SSCs. All analysis 
approaches have been based on linear elastic analysis of SSCs, with allowable stresses 
within the elastic limits for seismic loads and load combinations as delineated in Section 
3.8. Except in limited cases where permitted by code, inelastic behavior is not considered 
for seismic loads and load combinations in performing the plant design, however, limited 
inelastic and nonlinear behavior for seismic loading conditions may be used for site-
specific COL designs, future operability analyses or as-built evaluations, as permitted in 
SRP 3.7.2 (Reference 3.7-16). Nonlinear and inelastic behavior is considered for certain 
loads and load combinations involving impact and impulsive loading, as discussed in 
Subsection 3.8.4.

3.7.2.2 Natural Frequencies and Responses

The seismic analysis of the R/B, PCCV, and containment internal structure and their 
common basemat is based on a seismic model consisting of three lumped mass stickFE 
models (one for each of the three structures) that are all integrated with a three-
dimensional finite element model of the R/B basement. The lumped mass stickFE model 
of the containment internal structure is coupled with the lumped mass stick model of the 
RCL, that represents models representing the dynamic properties of the reactor vessel, 
reactor coolant loop, and other major equipment and piping. The dynamic model is 
discussed further below in Subsection 3.7.2.3 and in Technical Report MUAP-10001 
(Reference 3.7-47). The lumped mass stick models of R/B, PCCV, and containment 
internal structure are coupled with a detailed RCL lumped mass stick model. 

The seismic model analyses results are obtained considering the potential effects of SSI. 
The site-independent SSI analyses, which are discussed further in Section 3.7.2.4, 
consider generic subgrade conditions previously described in Section 3.7.1.3. For each 
one of the subgrade conditions considered, the analyses are performed with the ACS 
SASSI program (Reference 3.7-17) where each one of the three directional components 
of the earthquake is applied separately to the model. The member and element forces 
results obtained from these analyses are then enveloped and used for development of 
seismic loads for design of structural members as previously described.

Subsection 3.7.2.5 discusses development of ISRS based on the results of the 
site-independent seismic analyses for the US-APWR standard plant. 
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Therefore, it is the responsibility of the COL Applicant to confirm the masses and 
frequencies of the PCCV polar crane and fuel handling crane to determine if coupled site-
specific analyses are required. If found that is required, the site-specific seismic analysis 
of the US-APWR standard plant must be performed on models that incorporate the PCCV 
polar crane and the fuel handling crane, as appropriate.

3.7.2.3.5 Section and Material Properties for Lumped Mass Stick Models

The values of the modulus of elasticity and Poisson’s ratio (ν) for concrete and steel used 
in the lumped mass stickthe dynamic models are discussed below. The values are for 
materials at or near ambient temperatures.

a. Concrete

The concrete modulus of elasticity Ec, and shear modulus Gc corresponding to the 
compressive strengths of normal weight concrete used in the R/B, PCCV, and 
containment internal structure and their common basemat are summarized in 
Table 3.7.2-2 and are computed as follows:

Ec (ksi)= 57,000  

G (ksi) = Ec / 2 (1 + νc)

where 

f’c = specified 28-day compressive strength of concrete (psi)

νc = 0.17 (Poisson’s ratio for concrete)

b. Steel

The properties of ferritic structural steel and non-prestressed reinforcement, Es and νs 
are as follows: 

Es = 29,000 ksi and νs = 0.3

3.7.2.3.6 Masses

The inertial properties include all tributary mass expected to be present at the time of the 
earthquake. This mass includes the effects of dead load, stationary equipment, piping, 
and the appropriate part of the live and snow load (see Subsection 3.7.2.33.7.2.3.11 for 
further discussion of equivalent live load). The mass properties of stick modelfor RCL 
stick model components consist of the total weight W, the weight moment of inertia (Jxx, 
Jyy, Jzz), and the center of mass are presented in Appendix 3H. They are in principle 
evaluated by hand calculation as described below.
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3.7.2.3.6.1 Mass Points and Associated Weights (W)

The mass points are, in principle, established at the major floor levels represented by 
nodes in the lumped mass stick model.

Figure 3.7.2-5 depicts how the mass moments of inertia and weights associated with the 
lumped masses are computed.

In addition to the structural mass, mass equivalent to a floor load of 50 pounds per ft2at 
least 50 psf miscellaneous dead load is considered to represent miscellaneous dead 
weights such as minor equipment, piping, and raceways. The mass equivalent to 25% of 
the floor design live load and 75% of the roof design snow load is also included. The 
mass of major equipment is considered to be distributed over a representative floor area 
or included as concentrated lumped masses at the equipment locations.

Vertical amplification effects on the masses of floor slab systems due to out-of-plane 
flexibility are addressed as part of Technical Reports MUAP-10001 and MUAP-10006 
(References 3.7-47 and 3.7-48).

3.7.2.3.6.2 Mass Moment of Inertia (Jxx, Jyy, Jzz)

Mass moments of inertia are considered at all of the mass points for all three rotational 
DOF.

3.7.2.3.7 Shear StiffnessStiffness and Mass Properties

The coarse mesh of the dynamic FE model has limited resolution for modeling of 
openings in the walls. The elastic modulus and thickness of shell elements are adjusted 
to accurately model the reduction of shear stiffness of the wall due to openings. The 
density of shell elements is also adjusted to accurately represent the mass of the wall 
accounting for openings and the adjusted wall thickness.

A set of FE analyses is performed using ANSYS to obtain the stiffness reduction factors 
needed to adjust the material properties and account for the reduced stiffness of the 
shear wall openings. The correction factors are obtained by comparing the results from 
the static analyses of two detailed solid FE models. Model A represents the actual 
geometry of the wall with openings, and Model B represents the wall without openings. 
Unit displacements are applied at the top of each model in both the in-plane and the out-
of-plane directions, to generate the reactions at the bottom, which can then be used to 
calculate the in-plane and out-of-plane wall stiffness. The ratio between the reaction 
obtained from Model A and Model B is used to determine out-of-plane stiffness reduction 
factors (m) and the in-plane stiffness reduction factor (n) that are then used to determine 
the adjusted elastic modulus (Eo), thickness (to), and density (yo) of the wall. Further 
details on the development and implementation of stiffness reduction of elements in the 
FE model are described in Technical Report MUAP-10001 (Reference 3.7-47).

The effect of in-plane shear deformation is included in the model. For the lumped mass 
stick model, effective shear area is computed from the sum of the component shear areas 
of the individual walls parallel to the direction of the applied force.
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The equivalent dead loads (mass) are appropriately increased in areas such as main 
piping corridors, and cable tray and HVAC ductwork runs where such loads exceed the 

value of 50 lb/ft2.

Equipment load also includes a 60 psf miscellaneous pipe load which is applied on all 
walls and slabs on the R/B model, with the exception of a few locations where a pipe load 
of 100 psf is used instead.

The above process is not applicable for the nuclear steam supply system and major 
piping that constitutes the RCL. The RCL dynamic mass is included directly in the RCL 
lumped-mass-stick model provided in Reference 3.7-49.

In the case of the R/B, the equivalent dynamic mass is applied to the dynamic FE model 
in two steps. First, a mass density equal to the sum of the structural self-weight and pipe 
load is calculated and assigned to each of the shell elements modeling the R/B walls and 
slabs.

The remaining loads are applied as either additional mass densities on slab shell 
elements or concentrated lumped masses on wall and slab key points. The density and 
thickness of the elements are further modified to account for stiffness reductions due to 
openings and cracking, but it is done is such a way as to not change the mass of the 
elements.

Liquid masses contained are applied as impulsive mass to walls and slabs. The direction 
of the mass is perpendicular to the surface of the walls or slabs.

The elastic modulus and thickness of shell elements are adjusted to accurately model the 
reduction of shear stiffness of the wall due to openings. The density of shell elements is 
also adjusted to accurately represent the mass of the wall accounting for openings and 
the adjusted wall thickness.

3.7.2.4 Soil-Structure Interaction

In accordance with the requirements of SRP 3.7.2, Section II.4 (Reference 3.7-16), SSI 
effects are considered in the seismic response analysis of all major seismic category I 
and seismic category II buildings and structures that are part of the US-APWR standard 
and non-standard plant. The SSI analyses use seismic models that are described above 
in Section 3.7.2.3 to represent the dynamic properties of the structures. The ACS SASSI 
(Reference 3.7-17) PS/Bs model and enhanced R/B lumped mass stick model, combined 
in ACS SASSI with the FE model of the basement, provide adequate degrees of freedom 
to ensure that the modeling requirements of SRP 3.7.2, Section II A (iv) are met, and that 
the seismic response in the high frequency range is captured. An FE structural model for 
SSI analyses of the PS/B configuration has been developed and converted into ACS 
SASSI format. Similarly, an FE model has been developed representing the dynamic 
properties of the R/B complex, consisting of the PCCV, containment internal structure, the 
R/B, and the common foundation basemat. To account for the effects of dynamic coupling 
of the containment internal structure with the equipment and the piping, the dynamic FE 
model of the R/B complex also includes a model of the RCL, representing the stiffness 
and mass inertia properties of the major equipment and piping located in the PCCV. 
Technical Report MUAP-10001 (Reference 3.7-47) presents the dynamic FE structural 
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iii. translational ARS in the three orthogonal directions at the base of the containment 
internal structures. These results represent the envelope of responses obtained 
by conducting dynamic analyses of the linear elastic FE models with the two 
stiffness and damping levels described above.

iv. Compute response spectra acceleration as described in Subsection 3.7.2.

3.7.2.4.1 Requirements for Site-Specific SSI Analysis of US-APWR Standard 
Plant

The COL Applicant referencing the US-APWR standard design is required to perform a 
site-specific SSI analysis for the R/B-PCCV-containment internal structure, and PS/B 
model, utilizing the program ACS SASSI SSI (Reference 3.7-17) which contains time 
history input incoherence function capability. The SSI analysis using SASSI is required in 
order to confirm that site-specific effects are enveloped by the standard design. After the 
SASSI analysis is first performed for a specific unit, subsequent COLAs for other units 
may be able to forego SASSI analyses if the FIRS and GMRS derived for those 
subsequent units are much smaller than the US-APWR standard plant CSDRS, and if the 
subsequent unit can also provide justification through comparison of site-specific 
geological and seismological characteristics.

SSI effects are also considered by the COL Applicant in site-specific seismic design of 
any seismic category I and II structures that are not included in the US-APWR standard 
plant. Consideration of structure-to-structure interaction is discussed in Subsection 
3.7.2.8. The site-specific SSI analysis is performed for buildings and structures including, 
but not limited to, to the following:

• Seismic category I ESWPT

• Seismic category I PSFSV

• Seismic category I UHSRS

The site-specific seismic response analysis of R/B-PCCV building structure addresses 
factors that affect the response of the combined soil-structure dynamic system that 
include, but are not limited to, the following:

• Properties and layering of the soil, including fill concrete and backfill modeled 
depending on its horizontal extent

• Depth of the water table 

• Basemat embedment

• Flexibility of the basemat

• Presence of nearby structures
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With respect to the coupling of the dynamic responses of adjacent structures through the 
soil, the phenomenon of structure-to-structure interaction is neglected in the SSI analyses 
for the standard plant discussed in Subsection 3.7.2.4. Instead, the variations of site 
properties considered by the four general subgrade conditions are deemed sufficient to 
address the uncertainties related to possible structure-to-structure interaction effects on 
the overall seismic response results.The same methodology used to evaluate structure-to 
structure interaction between seismic Category I structures and non-seismic Category I 
structures is used to evaluate structure-to-structure interactions between seismic 
Category I structures. It is the responsibility of the COL Applicant to further address 
structure-to-structure interaction if the specific site conditions can be important for the 
seismic response of particular US-APWR seismic category I structures, or may result in 
exceedance of assumed pressure distributions used for the US-APWR standard plant 
design.

Maximum lateral earth pressure due to the backfill, surcharge due to live load or adjacent 
basemat bearing pressures, groundwater, and other such static-load effects on below-
grade exterior walls are discussed in Section 3.8. The design of below grade exterior 
walls for US-APWR seismic category I structures takes into account any dynamic 
increases of these loads due to a seismic event. This is accomplished through the use of 
conservative maximum static and dynamic lateral pressure distribution profiles developed 
using analysis methods provided in Section 3.5.3 of ASCE 4-98 (Reference 3.7-9) and as 
discussed in Subsection 3.8.4.

The COL Applicant is to assure that the design or location of any site-specific seismic 
category I SSCs, for example pipe tunnels or duct banks, will not expose those SSCs to 
possible impact due to the failure or collapse of non-seismic category I structures, or with 
any other SSCs that could potentially impact, such as heavy haul route loads, 
transmission towers, non safety-related storage tanks, etc. Alternately, site-specific 
seismic category I SSCs are designed for impact loads due to postulated failure of the 
non-seismic category I SSCs.

Following is a discussion of major structures in the power block area with respect to 
potential interaction with seismic category I structures.

3.7.2.8.1 AC/B

The AC/B is structurally designed as a NS structure on reinforced concrete foundation 
located at the west side of the A/B (seismic category II). The AC/B is not located adjacent 
to any seismic category I SSCs. If the AC/B were to fail or collapse, it could impact the 
A/B which is a seismic category II structure. AC/B is smaller, shorter, and much less 
massive than the reinforced concrete A/B. In the unlikely event of impact, there would not 
be sufficient kinetic energy transfer to cause the A/B to displace beyond acceptable limits. 
Specifically, the A/B would not displace enough to impact the R/B, PS/Bs, or any other 
seismic category I SSCs.

The design philosophy of the AC/B is stated as follows.

• The seismic design is in accordance with the International Building Code 
(Reference 3.7-30) with an Importance Factor of 1.0. 
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• The structure is designed in accordance with applicable building codes.

3.7.2.8.2 T/B

The T/B is structurally designed as seismic category II, such that its integrity will not be 
impacted by a design basis seismic event; that is the T/B will not fail or collapse due to 
seismic loading. The T/B is located on the south sides of the R/B and the PS/Bs, and is 
separated from these structures with an expansion joint at all above-grade interface 
locations. The expansion joints are sized prevent contact between buildings, even if the 
maximum translational and rotational displacements due to a seismic loading (and other 
loading) were to occur. The minimum sizes of expansion joints must be obtained by 
considering, at all potential contact locations, the absolute summation of the T/B 
deflection and the adjacent structures’ deflection (R/B, PS/Bs, and ESWPT) obtained 
from the response spectra or time history analysis results for those structures. The 
nominal horizontal clearance between the T/B structure above grade to adjacent 
structures is 4 inches.

The T/B is a reinforced concrete structure below grade and a braced steel frame structure 
above grade. The design philosophy of the T/B is stated as follows. 

• The reinforced concrete structure is designed in accordance with the ACI 349-06 
code (Reference 3.7-31), and the braced steel frame structure is designed in 
accordance with the AISC N690 code (Reference 3.7-32).

• The design of the T/B is based on a static analysis utilizing a three-dimensional 
FE model, and a seismic dynamic analysis using a three-dimensional lumped 
mass model.and dynamic analyses utilizing three dimensional FE models.

3.7.2.8.3 ESWPT

The ESWPT passes underneath the T/B at the north end of the T/B. The ESWPT must be 
physically separated from the basemats of the PS/Bs and the T/B to assure that there will 
not be contact due to seismic or other loading. The ESWPT will not interact seismically or 
structurally with the R/B due to separation from the R/B and T/B. Where the ESPWT 
passes underneath the T/B, the ESWPT is separated on its top and two sides from the 
T/B basemat elements with a compressible filler material and/or air gap. 

The ESWPT is entirely constructed of reinforced concrete. The design philosophy of the 
ESWPT is stated as follows. 

• The ESWPT reinforced concrete structure is designed in accordance with the ACI 
349-06 code (Reference 3.7-31). 

• The compressible filler is required to be designed (location and thickness) such 
that it can compress under seismic and other loads, and such that the bearing 
loads imposed by compression of the filler material under seismic or other 
displacement are structurally acceptable.

• The SSE load condition is the same as for the R/B complex. 
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• To determine seismic loads and displacements, and to generate ISRS for design 
of essential service water piping, a two-dimensional SASSI analysis is performed 
that accounts for soil-structure and structure-structure interaction, if necessary.

• The SASSI analysis is required to be documented and comply with the same 
general requirements described for the R/B-PCCV-containment internal structure 
SASSI analysis with the exception that no stick model is required. Instead, 
plateSASSI analysis. Shell elements are to be directly included to represent the 
tunnel in the SASSI model. However, if the T/B is also included in the model for 
considering the effects of structure-structure interaction, the stick model of the T/B 
as described in Subsection 3.7.2.8.2 is used.

3.7.2.8.4 A/B

The A/B contains the US-APWR standard plant radioactive waste processing facility. This 
facility is designated as Classification RW-IIa in accordance with RG 1.143 (Reference 
3.7-19). However, the A/B is designed as seismic category II. The seismic, wind, tornado, 
and flood design requirements for seismic category II are more stringent than those of 
Classification RW-IIa as outlined in RG 1.143 (Reference 3.7-19). The A/B is located on 
the west side of the R/B, and has one PS/B on its south side and the AC/B on its west 
side. The A/B is separated from these structures with expansion joint(s) sufficiently sized 
to prevent contact between buildings even if the maximum translational and rotational 
displacements due to a seismic loading (and other loading) were to occur. The minimum 
sizes of expansion joints to prevent interaction is determined by considering, at all 
potential interaction locations, the absolute summation of the A/B deflection and the 
adjacent structures’ deflection (R/B, PS/B, and AC/B) obtained from the response spectra 
or time history analysis results for those structures, except for the AC/B, the deflection 
results are determined through the applicable code method.

The majority of the A/B is a reinforced concrete structure with one floor level below grade 
and three stories above grade. The design philosophy of the A/B is stated as follows. 

• The reinforced concrete structure is designed in accordance with the ACI 349-06 
code (Reference 3.7-31), and the steel beams supporting some floor slabs are 
designed in accordance with the AISC N690 code (Reference 3.7-32).

• The design of the A/B is based on a static analysis utilizing a three-dimensional 
FE model, and a seismic dynamic analysis using a three-dimensional lumped 
mass model.two dynamic models. An FE model is used in determination of the 
maximum accelerations and displacements. A lump mass stick model is used for 
seismic stability evaluation.

3.7.2.8.5 R/B and PCCV

The R/B and PCCV are seismic category I structures and the seismic modeling is 
described in MUAP-10001 (Reference 3.7-47). The R/B borders the A/B, the two PS/Bs 
(discussed below), and the T/B on its south side. The R/B rests on a common basemat 
with and envelopes the PCCV up to the R/B roof, which varies in elevation as shown on 
the general arrangement drawings in Section 1.2. However, to preclude seismic and 
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structural interaction above the common basemat, the R/B is separated from the PCCV 
with a 4 in. minimum expansion joint at all above-basemat locations. The expansion joint 
has been sized to prevent contact between the R/B and PCCV super-structures even if 
the maximum translational and rotational displacements due to a seismic loading (and 
other loading) were to occur. The expansion joint size has been determined by 
considering, at all potential interaction locations, the absolute summation of the deflection 
associated with each super-structure, obtained from the time history analysis results for 
those structures.

3.7.2.8.6 PS/Bs

The US-APWR standard plant PS/Bs are seismic category I structures and their seismic 
modeling and analyses are described in Technical Reports MUAP-10001 and 
MUAP-10006 (References 3.7-47 and 3.7-48, respectively).  The west PS/B borders the 
A/B, R/B, and T/B. The east PS/B borders the R/B and the T/B. Each PS/B rests on its 
own basemat. Each PS/B is required to be designed with an expansion joint along its 
interface with the R/B to assure that no contact will occur between the buildings under a 
seismic or any other design basis loading. The expansion joint is sized to prevent contact 
between the structures even if the maximum translational and rotational displacements 
due to a seismic loading (and other design basis loading) were to occur. The expansion 
joints are to be determined by considering, at all potential interaction locations, the 
absolute summation of the deflection associated with each super-structure, obtained from 
the time history analysis results for those structures.

The plan dimension of each PS/B is nominally 111’-6” x 66’-0” between centerlines of 
exterior walls. Each PS/B is a reinforced concrete structure with one floor level under 
ground and the main floor level above ground. The design philosophy of the PS/Bs is 
stated as follows. 

• The east and west PS/Bs are nearly identical structurally, and one bounding 
analysis is performed to represent both. 

• Reinforced concrete structure of the PS/Bs is designed by ACI 349-06 code 
(Reference 3.7-31). 

• The SSE load condition is the same as for the R/B. 

• The design of the PS/Bs is based on a static analysis utilizing a three-dimensional 
FE model, and a seismic dynamic analysis using a three-dimensional FE model in 
SASSI (Reference 3.7-17). 

3.7.2.9 Effects of Parameter Variations on Floor Response Spectra

ISRS are generated for all US-APWR seismic category I structures. 

To account for variations in the structural frequencies due to the uncertainties in 
parameters, such as material and mass properties of the structures, damping values, soil 
properties, SSI analysis techniques, and the seismic modeling methods, the computed 
ISRS are smoothed by filling in valleys between peaks as described in Subsection 
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3.7.2.5, and the peaks associated with the structural frequencies are broadened by ±15% 
in accordance with RG 1.122 (Reference 3.7-26).

The SSI analyses of standard plant seismic category I buildings described in Subsection 
3.7.2.4 include generic supporting media with frequency-dependent properties that are 
intended to bound the varying subgrade conditions and to account for the variation in SSI 
analysis techniques and seismic modeling methods. The generic supporting media are 
described in Subsection 3.7.1.3 and capture a broad range of subgrade conditions 
ranging from relatively soft soil to hard rock. This wide range of supporting media 
conditions captures SSI and other seismic response effects, including the resulting 
variances in ISRS. Further, valleys between the peaks of the standard plant design ISRS 
are filled in, if necessary to account for variations of site-specific soil properties within the 
range of supporting media conditions considered in the standard plant design.

The effects of potential concrete cracking on the structural stiffness of reinforced concrete 
structures are are considered in the development of local vibration modes as described in 
Subsection 3.7.2.5.

3.7.2.10 Use of Constant Vertical Static Factors

The plant design does not utilize constant vertical static factors in the seismic design. The 
vertical component of the seismic motion is obtained using one of the analysis methods 
described in Subsection 3.7.2.1. The vertical component is combined with the horizontal 
components of the seismic motion as described in Subsection 3.7.2.6.

3.7.2.11 Method Used to Account for Torsional Effects

The seismic analyses of seismic category I buildings and structures incorporate the 
torsional DOF in the mathematical models, as discussed in Subsection 3.7.2.3.

Inertial torsional effects are inherently considered in the seismic analysis using a 3D FE 
model.The site-independent SSI analyses are performed using FE models described in 
Section 3.7.2.3 that represent the general layout of the building and explicity account for 
eccentricities between the center of mass and center of rigidities.

The structural members of category I and II buildings are designed for two types of 
torsional effects: (1) torsional responses captured in the seismic response analysis; and 
(2) accidental torsion. The accidental torsion considers torsional effects that are not 
captured in the seismic response analyses such as torsion that is due to incoherency 
(spatial variation) of the input ground motion, non vertically propagating incident waves, 
and/or accidental eccentricities.  The accidental torsional effect is included in accordance 
with SRP 3.7.2 Section II (Reference 3.7-16) in the design of all seismic category I and II 
structures by use of the following process:

• The horizontal mass properties, center of rigidity, and the corresponding nodal 
accelerations, are computed in order to determine the inertial torsional moments. 
These computations are performed separately for each floor elevation of the 
building lumped mass stick models that are used for seismic analysis, which are 
described in Subsection 3.7.2.3.
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3.7.3.1.7.1 Uniform Support Motion Method

For analyzing plant SSCs supported at multiple locations within a single structure, a 
uniform response spectrum is defined that envelopes all of the individual response 
spectra at the various support locations. The uniform response spectrum is applied at all 
support locations to calculate the maximum inertial responses of the plant SSCs. This is 
referred to as the uniform support motion method. Modal combinations for this method 
including missing mass computations must be performed in accordance with RG 1.92, 
Rev. 2 (Reference 3.7-27). The analysis of seismic anchor motions (i.e., maximum 
relative support displacement), is performed as a static analysis with all dynamic supports 
active and the results of this analysis are combined with the piping system seismic inertia 
analysis results by absolute summation. The seismic response spectrum, which 
envelopes the supports, is used in place of the spectra at each support in the envelope 
uniform response spectra. The contribution from the seismic anchor motion of the support 
points is assumed to be in phase and is added algebraically as follows:

qi = dj Σ Pij dij

where

qi = combined displacement response in the normal coordinate for mode i

dj = maximum value of dij

dij = displacement spectral value for mode i associated with support j

Pij = participation factor for mode i associated with support j

Σ = summation for support points from j = 1 to N

N = total number of support points

The enveloped response spectra are developed as the seismic input in three 
perpendicular directions of the coordinate system to include the spectra at all floor 
elevations of the attachment points and the piping module or equipment, if applicable. 
The mode shapes and frequencies below the cut-off frequency are calculated in the 
response spectra analysis. The modal participation factors in each direction of the 
earthquake motion and the spectral accelerations for each significant mode are 
calculated. Based on the calculated mode shapes, participation factors, and spectral 
accelerations of individual modes, the modal inertia response forces, moments, 
displacements, and accelerations are calculated. For a given direction, these modal 
inertia responses are combined based on the consideration of closely spaced modes and 
high frequency modes to obtain the resultant forces, moments, displacements, 
accelerations, and support loads. The total seismic responses are combined by the 
SRSS method for all three earthquake directions.
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COL3.7(3) It is the responsibility of the COL Applicant to develop analytical models 
appropriate for the seismic analysis of buildings and structures that are 
designed on a site-specific basis including, but not limited to, the following:

• PSFSVs (seismic category I) 

• ESWPT (seismic category I)

• UHSRS (seismic category I)

COL3.7(4) To prevent non-conservative results, the COL Applicant is to review the 
resulting level of seismic response and determine appropriate damping 
values for the site-specific calculations of ISRS that serve as input for the 
seismic analysis of seismic category I and seismic category II subsystems.

COL3.7(5) The COL Applicant is to assure that the horizontal FIRS defining the site-
specific SSE ground motion at the bottom of seismic category I or II 
basemats envelope the minimum response spectra required by 10 CFR 50, 
Appendix S, and the site-specific response spectra obtained from the 
response analysis. 

COL3.7(6) The COL Applicant is to develop site-specific GMRS and FIRS by an 
analysis methodology, which accounts for the upward propagation of the 
GMRS.  The FIRS are compared to the CSDRS to assure that the US-
APWR standard plant seismic design is valid for a particular site.  If the 
FIRS are not enveloped by the CSDRS, the US-APWR standard plant 
seismic design is modified as part of the COLA in order to validate the US-
APWR for installation at that site.

COL3.7(7) The COL Applicant is to determine the allowable static and dynamic 
bearing capacities based on site conditions, including the properties of fill 
concrete placed to provide a level surface for the bottom of foundation 
elevations, and to evaluate the bearing loads to these capacities.

COL3.7(8) The COL Applicant is to evaluate the strain-dependent variation of the 
material dynamic properties for site materials.

COL3.7(9) The COL Applicant is to assure that the design or location of any site-
specific seismic category Isafety-related SSCs, for example pipe tunnels or 
duct banks, will not expose those SSCs to possible impact due to the failure 
or collapse of non-seismic category I structures, or with any other SSCs 
that could potentially impact, such as heavy haul route loads, transmission 
towers, non safety-related storage tanks, etc.

COL3.7(10) It is the responsibility of the COL Applicant to further address structure-to-
structure interaction if the specific site conditions can be important for the 
seismic response of particular US-APWR seismic category I structures, or 
may result in exceedance of assumed pressure distributions used for the 
US-APWR standard plant design.
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COL3.7(11) DeletedIt is the responsibility of the COL Applicant to confirm the masses 
and frequencies of the PCCV polar crane and fuel handling crane and to 
determine if coupled site-specific analyses are required.

COL3.7(12) It is the responsibility of the COL Applicant to design seismic category I 
below- or above-ground liquid-retaining metal tanks such that they are 
enclosed by a tornado missile protecting concrete vault or wall, in order to 
confine the emergency gas turbine fuel supply.

COL3.7(13) The COL Applicant is to set the value of the OBE that serves as the basis 
for defining the criteria for shutdown of the plant, according to the site 
specific conditions. 

COL3.7(14) The COL Applicant is to determine from the site-specific geological and 
seismological conditions if multiple US-APWR units at a site will have 
essentially the same seismic response, and based on that determination, 
choose if more than one unit is provided with seismic instrumentation at a 
multiple-unit site.

COL3.7(15) Deleted

COL3.7(16) The COL Applicant shall provide free-field seismic instrumentation in the 
vicinity of the power block area at surface grade which shall be used for 
shutdown determination, unless otherwise justified. Any such justification 
shall be based on conditions and requirements specific to the site, and shall 
include justification for evaluation of OBE exceedance using only 
measurements from instrumentation installed on the buildings and the 
structures of the US-APWR standard plant.

COL3.7(17) Deleted

COL3.7(18) Deleted

COL3.7(19) The COL Applicant is to identify the implementation milestone for the 
seismic instrumentation implementation program based on the discussion 
in Subsections 3.7.4.1 through 3.7.4.5.

COL3.7(20) The COL Applicant is to validate the site-independent seismic design of the 
standard plant for site-specific conditions, including geological, 
seismological, and geophysical characteristics, and to develop the site-
specific GMRS.

COL3.7(21) The COL Applicant is responsible for the seismic design of those seismic 
category I and seismic category II SSCs that are not part of the US-APWR 
standard plant using site-specific SSE design ground motion.
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COL3.7(22) The COL Applicant is required to perform site-specific seismic analyses, 
including SSI analysis which may consider seismic wave transmission 
incoherence and analysis of the CAV of the seismic input motion, in order to 
determine if high-frequency exceedances of the CSDRS could be 
transmitted to SSCs in the plant superstructure with potentially damaging 
effects.

COL3.7(23) The COL Applicant is to verify that the results of the site-specific SSI 
analysis for the broadened ISRS and basement walls lateral soil pressures 
are enveloped by the US-APWR standard design.

COL3.7(24) The COL Applicant is to verify that the site-specific ratios V/A and AD/V2 (A, 
V, D, are PGA, ground velocity, and ground displacement, respectively) are 
consistent with characteristic values for the magnitude and distance of the 
appropriate controlling events defining the site-specific uniform hazard 
response spectra.

COL3.7(25) The COL Applicant referencing the US-APWR standard design is required 
to perform a site-specific SSI analysis for the R/B-PCCV-containment 
internal structure, and PS/B model, utilizing the program ACS SASSI 
(Reference 3.7-17) which contains time history input incoherence function 
capability. The SSI analysis using SASSI is required in order to confirm that 
site-specific effects are enveloped by the standard design. After the SASSI 
analysis is first performed for a specific unit, subsequent COLAs for other 
units may be able to forego SASSI analyses if the FIRS and GMRS derived 
for those subsequent units are much smaller than the US-APWR standard 
plant CSDRS, and if the subsequent unit can also provide justification 
through comparison of site-specific geological and seismological 
characteristics.

COL3.7(26) SSI effects are also considered by the COL Applicant in site-specific 
seismic design of any seismic category I and II structures that are not 
included in the US-APWR standard plant. Consideration of structure-to-
structure interaction is discussed in Subsection 3.7.2.8. The site-specific 
SSI analysis is performed for buildings and structures including, but not 
limited to, to the following:

• Seismic category I ESWPT

• Seismic category I PSFSV

• Seismic category I UHSRS

COL3.7(27) It is the responsibility of the COL Applicant to perform any site-specific 
seismic analysis for dams that may be required.
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3.7-21 ANSYS, Advanced Analysis Techniques Guide, Release 11.0, ANSYS, Inc., 
2007

3.7-22 Rules for Construction of Overhead and Gantry Cranes (Top Running Bridge, 
Multiple Girder), American Society of Mechanical Engineers, ASME-NOG-1 
(i.e., Nuclear Overhead Gantry), New York, 2004.

3.7-23 Quality Assurance Requirements for Nuclear Facility Applications, The 
American Society of Mechanicals Engineers, NQA-1-2004, New York, New 
York, December 2004.

3.7-24 Minimum Design Loads for Buildings and Other Structures, American Society 
of Civil Engineers/Structural Engineering Institute, ASCE/SEI 7-05, Reston, 
VA, 2006.

3.7-25 Deleted.

3.7-26 Development of Floor Design Response Spectra for Seismic Design of 
Floor-Supported Equipment or Components, Regulatory Guide 1.122, Rev. 1, 
U.S. Nuclear Regulatory Commission, Washington, DC, February 1978.

3.7-27 Combining Responses and Spatial Components in Seismic Response 
Analysis, Regulatory Guide 1.92, Rev. 2, U.S. Nuclear Regulatory 
Commission, Washington, DC, July 2006.

3.7-28 Combining Responses and Spatial Components in Seismic Response 
Analysis, Regulatory Guide 1.92, Rev. 1, U.S. Nuclear Regulatory 
Commission, Washington, DC, February 1976.

3.7-29 PEPIPESTRESS Theory Manual, Rev. 0, May 1988.

3.7-30 International Building Code, International Building Code Council, Inc., Country 
Club Hills, IL, 2006.

3.7-31 Code Requirements for Nuclear Safety-Related Concrete Structures, ACI 349-
01, American Concrete Institute, 2001.Code Requirements for Nuclear Safety-
Related Concrete Structures (ACI 349-06) and Commentary, American 
Concrete Institute, 2006.

3.7-32 Specification for the Design, Fabrication and Erection of Steel Safety-Related 
Structures for Nuclear Facilities, ANSI/AISC N690-1994 including Supplement 
2 (2004), American National Standards Institute/American Institute of Steel 
Construction, 1994 & 2004.

3.7-33 Deleted.

3.7-34 Foundations, Standard Review Plan for the Review of Safety Analysis Reports 
for Nuclear Power Plants. NUREG-0800, SRP 3.8.5, Rev. 2, U.S. Nuclear 
Regulatory Commission, Washington, DC, March 2007.
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Table 3.7.2-2     Concrete Material Constants

Modulus of Elasticity
(Young’s Modulus)

Ec (ksi)

Shear
Modulus
Gc (ksi)

Poisson’s
Ratio

νc 
Remark

PCCV 4,769 2,040 0.17 f’c  = 7,000 psi

R/B 3,605 1,540 0.17 f’c  = 4,000 psi

Containment 
Internal Structure

3,605 1,540 0.17 f’c  = 4,000 psi
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Table 3.7.2-3     DeletedMaterial Properties of Models Used for Seismic Response 
Analyses (Sheet 1 of 2)

Stiffness 
Level

Model
Structural 

Component
Stiffness Damping

Design Basis

SSE 
Load

ISRS
Max. 
Displ.

F
u

ll 
(U

nc
ra

ck
ed

) 
S

tif
fn

es
s

R/B 
Complex

SC modules 
(containment 
internal 
structure)

See Table 3.8.3-4
X X X

Pre-stressed 
(PCCV)

100% 3% X X X

Reinforced 
Concrete (R/B)

100% 4% N/C X X

Composite
(fuel handling 
srea

100%
4% conc.
3% steel

N/C X X

Steel 100% 3% X N/A N/A

RCL 100% 3%

Massive 
Concrete

100% 4% X X X

PS/B

Reinforced 
Concrete

100% 4% N/C X X

Steel 100% 3% X N/A N/A
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Note:

(1) Consistent with industry practice, no reduction in axial stiffness is required for the cracked condition

R
ed

uc
ed

 (
C

ra
ck

ed
) 

S
tif

fn
es

s

R/B 
Complex

SC module 
(containment 
internal 
structure)

See Table 3.8.3-4 X X X

Pre-stressed 
(PCCV) 50% 5% X X X

Reinforced 
Concrete (R/B) 50% 7% X X X

Composite
(fuel handling 
area

50% 
concrete

7% conc.
4% steel

X X X

Steel 100% 4% X N/A N/A

RCL 100% 3% N/A X X

Massive 
Concrete

100% 4% X X X

PS/B

Reinforced 
Concrete 50% 7% X X X

Steel 100% 4% X N/A N/A

Table 3.7.2-3     DeletedMaterial Properties of Models Used for Seismic Response 
Analyses (Sheet 2 of 2)

Stiffness 
Level

Model
Structural 

Component
Stiffness Damping

Design Basis

SSE 
Load

ISRS
Max. 
Displ.
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