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SUBJECT: NuScale Power, LLC Response to NRC Request for Additional Information No.
133 (eRAI No. 8936) on the NuScale Design Certification Application

REFERENCE: U.S. Nuclear Regulatory Commission, "Request for Additional Information No.
133 (eRAI No. 8936)," dated August 05, 2017

The purpose of this letter is to provide the NuScale Power, LLC (NuScale) response to the
referenced NRC Request for Additional Information (RAI).

The Enclosure to this letter contains NuScale's response to the following RAI Questions from
NRC eRAI No. 8936:

03.07.02-8
03.07.02-9
03.07.02-11

The response schedule for the remaining questions of RAI No. 133, eRAI 8936 were provided in
an email to NRC (Greg Cranston) dated September 12, 2017.

This letter and the enclosed response make no new regulatory commitments and no revisions to
any existing regulatory commitments.

If you have any questions on this response, please contact Marty Bryan at 541-452-7172 or at
mbryan@nuscalepower.com.

Sincerely,

Zackary W. Rad
Director, Regulatory Affairs
NuScale Power, LLC

Zackary W. Rad
Di t R l t Aff i
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Response to Request for Additional Information
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eRAI No.: 8936
Date of RAI Issue: 08/05/2017

NRC Question No.: 03.07.02-8

10 CFR 50 Appendix S requires that the safety functions of structures, systems, and
components (SSCs) must be assured during and after the vibratory ground motion associated
with the Safe Shutdown Earthquake (SSE) through design, testing, or qualification methods.

To investigate the effect on the design of operations with less than the full complement of 12
NPMs, the applicant performed a sensitivity study that involved seven NPMs and reported the
results obtained from the study in FSAR Subsection 3.7.2.9.1. The staff could not establish from
the study that the sensitivity analyses performed would bound all the potential operating
configurations with fewer than the full complement. Therefore, the applicant is requested to
specify the potential operating configurations with less than 12 NPMs and demonstrate that, for
the specified operating configurations, the seismic demands at critical building locations are
bounded by the design basis demands presented in the FSAR.  A COL information item should
also be considered for a COL applicant to ensure that their specified operating configurations
would be acceptable based on their site specific analysis.

NuScale Response:

The design of the NuScale Power Modules (NPMs) and supporting components allows the plant
to be operated at a less than the full capacity of twelve NPMs. One of the benefits in running
independent NPMs is the opportunity to construct the turbine generator buildings (TGBs) as-
needed. For example, one side of NPMs (#1-6 or #7-12) can be installed and put into operation
prior to the construction of the second TGB. It should be noted that the actual construction
scheduling and operation will be provided by the COL applicant through COL Item 1.1-2.

To design for the multiple configurations of the NPMs, the NPM bays are uniformly designed
based on the maximum forces and moments experienced in the highest loaded west wall in a
fully loaded (12) NPM configuration. In addition, a seven module configuration, described in Tier
2, Section 3.7.2.9.1 of the FSAR, is used as a sensitivity case to replicate how NPMs will be
brought into the RXB (i.e. the first six NPMs will be placed on one side of the RXB and then the
next six NPMs will be placed on the other), and model potential torsional behavior in an
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asymmetrical configuration. This comparison study is intended to be one of the bounding load
cases under the following assumptions:

The pool load is eccentric. The south side of the reactor pool is heavier due to the
presence of the NPMs.

NPM Bay 1 is empty. This bay and in particular, the west wall, will experience different
hydrodynamic water pressure compared with bay walls with an NPM on both sides of the
wall since there is no NPM on either side of the wall. The west wall of NPM Bay 1 and
NPM Bay 12 experience the highest forces of the bay walls.

The forces experienced on an internal NPM bay wall when there is only an NPM on one
side is investigated by locating a module in NPM Bay 6.

While these assumptions should provide a conservative design approach, the analyzed
scenarios may not account for all of the potential site-specific configurations. Therefore a COL
item is added to FSAR Tier 2, Section 3.7.2.9.1.5 to require a site-specific analysis to determine
if the ISRS at the foundation and the roof, as well as the forces and moments in the NPM lug
restraints and bay walls are bounded by the standard design. The site-specific work shall be
consistent with the comparisons described in Sections 3.7.2.9.1.1 through 3.7.2.9.1.4.

Impact on DCA:

FSAR Tier 2, Table 1.8-2 and Section 3.7.2.9.1.5 have been revised as described in the
response above and as shown in the markup provided in this response.
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RAI 02.04.13-1, RAI 03.04.02-1, RAI 03.04.02-2, RAI 03.04.02-3, RAI 03.05.01.04-1, RAI 03.05.02-2, RAI-03.06.02-15, RAI 03.07.01-2, 
RAI 03.07.01-3, RAI 03.07.02-8, RAI 03.07.02-12, RAI 03.09.02-15, RAI 03.09.06-6, RAI 03.09.06-27, RAI 03.11-8, RAI 03.11-14, RAI 09.01.05-2, RAI 
09.01.05-3, RAI 09.01.05-4, RAI 09.01.05-5, RAI 09.01.05-6, RAI 10.02-1, RAI 10.02-2, RAI 10.04.10-2, RAI 13.01.01-1, RAI 13.01.01-1S1, 
RAI 13.02.02-1, RAI 13.03-4, RAI 13.05.02.01-2, RAI 13.05.02.01-2S1, RAI 13.05.02.01-3, RAI 13.05.02.01-3S1, RAI 13.05.02.01-4, RAI 13.05.02.01-
4S1, RAI 20.01-4

Table 1.8-2: Combined License Information Items

Item No. Description of COL Information Item Section
COL Item 1.1-1: A COL Applicantapplicant that references the NuScale Power Plant design certification will 

identify the site-specific plant location.
1.1

COL Item 1.1-2: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
provide the schedules for completion of construction and commercial operation of each power 
module.

1.1

COL Item 1.4-1: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
identify the prime agents or contractors for the construction and operation of the nuclear power 
plant.

1.4

COL Item 1.7-1: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
provide site-specific diagrams and legends, as applicable.

1.7

COL Item 1.7-2: A COL Applicantapplicant that references the NuScale Power Plant design certification will list 
additional site-specific P&IDs and legends as applicable.

1.7

COL Item 1.8-1: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
provide a list of departures from the certified design.

1.8

COL Item 1.9-1: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
review and address the conformance with regulatory criteria in effect six months before the 
docket date of the COL application for the site-specific portions and operational aspects of the 
facility design.

1.9

COL Item 1.10-1: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
evaluate the potential hazards resulting from construction activities of the new NuScale facility 
to the safety-related and risk significant structures, systems, and components of existing 
operating unit(s) and newly constructed operating unit(s) at the co-located site per 10 CFR 
52.79(a)(31). The evaluation will include identification of any management and administrative 
controls necessary to eliminate or mitigate the consequences of potential hazards and 
demonstration that the limiting conditions for operation of an operating unit would not be 
exceeded. This COL item is not applicable for construction activities (build-out of the facility) at 
an individual NuScale Power Plant with operating NuScale Power Modules.

1.10

COL Item 2.0-1: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
demonstrate that site-specific characteristics are bounded by the design parameters specified in 
Table 2.0-1. If site-specific values are not bounded by the values in Table 2.0-1, the COL applicant 
will demonstrate the acceptability of the site-specific values in the appropriate sections of its 
combined license application.

2.0

COL Item 2.1-1: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
describe the site geographic and demographic characteristics.

2.1

COL Item 2.2-1: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
describe nearby industrial, transportation, and military facilities. The COL applicant will 
demonstrate that the design is acceptable for each potential accident, or provide site-specific 
design alternatives.

2.2

COL Item 2.3-1: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
describe the site-specific meteorological characteristics for Section 2.3.1 through Section 2.3.5, 
as applicable.

2.3

COL Item 2.4-1: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
investigate and describe the site-specific hydrologic characteristics for Section 2.4.1 through 
Section 2.4.14, as applicable.

2.4

COL Item 2.5-1: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
describe the site-specific geology, seismology, and geotechnical characteristics for Section 2.5.1 
through Section 2.5.5, below.

2.5
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COL Item 3.7-7: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
provide a seismic monitoring system and a seismic monitoring program that satisfies RG 1.12 
“Nuclear Power Plant Instrumentation for Earthquakes,” Rev. 2 (or later) and RG 1.166 “Pre-
Earthquake Planning and Immediate Nuclear Power Plant Operator Post-earthquake Actions,” 
Rev. 0 (or later). This information is to be provided as noted below.

3.7

COL Item 3.7-8: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
identify the implementation milestone for the seismic monitoring program.

3.7

COL Item 3.7-9: A COL applicant that references the NuScale Power Plant design certification will include an 
analysis of performance-based response spectra (PBRS) established at the surface and 
intermediate depth(s) that take into account the complexities of the subsurface layer profiles of 
the site and provide a technical justification for the adequacy of V/H spectral ratios used in 
establishing the site-specific foundation input response spectra (FIRS) and PBRS for the vertical 
direction.

3.7

COL Item 3.7-10: A COL applicant that references the NuScale Power Plant design certification will perform a site-
specific configuration analysis that includes the RXB with applicable configuration layout of the 
desired NPMs. The COL applicant will confirm the following are bounded by the corresponding 
design certified seismic demands:

1) The ISRS of the standard design at the foundation and roof
2) The maximum forces in the NPM lug restraints and skirts
3) The maximum forces and moments in the east and west wing walls and pool walls 
If not, the standard design will be shown to have appropriate margin or should be appropriately 
modified to accommodate the site-specific demands.

3.7

COL Item 3.8-1: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
describe the site-specific program for monitoring and maintenance of the Seismic Category I 
structures in accordance with the requirements of 10 CFR 50.65 as discussed in RG 1.160. 
Monitoring is to include below grade walls, groundwater chemistry if needed, base settlements 
and differential displacements.

3.8

COL Item 3.8-2: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
confirm that the site independent RXB and CRB are acceptable for use at the designated site.

3.8

COL Item 3.9-1: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
submit the results from the comprehensive vibration assessment program for the NuScale 
Power Module, in accordance with Regulatory Guide 1.20.

3.9

COL Item 3.9-2: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
develop design specifications and design reports in accordance with the requirements outlined 
under American Society of Mechanical Engineers Boiler and Pressure Vessel Code, Section III 
(Reference 3.9-1). A COL applicant will address any known issues through the reactor vessel 
internals reliability programs (i.e. Comprehensive Vibration Assessment Program, steam 
generator programs, etc.) in regards to known aging degradation mechanisms such as those 
addressed in Section 4.5.2.1.

3.9

COL Item 3.9-3: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
provide a summary of reactor core support structure maximum total stress, deformation, and 
cumulative usage factor values for each component and each operating condition in 
conformance with ASME Boiler and Pressure Vessel Code Section III Subsection NG.

3.9

COL Item 3.9-4: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
submit a Preservice Testing program for valves as required by 10 CFR 50.55a.

3.9

COL Item 3.9-5: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
establish an Inservice Testing program in accordance with ASME OM Code and 10 CFR 50.55a.

3.9

COL Item 3.9-6: A COL Applicantapplicant that references the NuScale Power Plant design certification will 
identify any site-specific valves and provide inservice testing in accordance with the latest 
endorsed ASME Code with addenda of the ASME OM Code incorporated by reference by 
10 CFR 50.55a 18 months prior to the date for initial fuel load.

3.9

Table 1.8-2: Combined License Information Items (Continued)

Item No. Description of COL Information Item Section
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module only on one side in the NPM case) saw increases of about half the 
magnitude of the Bay 1/2 wing wall. The east wall, which is a pool wall not a 
wing wall, saw no virtually no increase.

The NPM Bay 1 pool experience the largest forces with all twelve modules in 
place. Again, this is attributed to the large water volume in the refueling pool to 
the west of the bay. With the removal of the module for the 7 NPM case. The 
bending moments increased by 30 to 40 percent. This increase is attributed to 
the larger water volume. The Bay 6 pool wall was essentially unaffected. Bay 6 
contains a module in the 7 NPM case.

3.7.2.9.1.5 Conclusion of the Study

RAI 03.07.02-8

The 7 NPM case did not produce a tangible change in the reaction of the 
building as a whole (Section 3.7.2.9.1.1 and Section 3.7.2.9.1.2). The 6 NPM case, 
which would cause a slightly more asymmetric load, is expected to produce 
similar results. The mass of the overall structure is relatively unaffected by the 
mass difference between a NPM and the water. Therefore the quantity of 
modules installed in the building hasis expected to have no effect on the 
building.

Similarly, the absence of modules did not significantly affect the forces that are 
transmitted to an installed NPM (Section 3.7.2.9.1.3). Therefore removing 
individual modules for refueling does not impact the installed and operating 
modules.

The walls of bays without an installed module do see an increase in the forces, 
principally in bending moment. These increases are on the order of 40 percent. 
However, the wing walls are all designed the same. As such, they are designed 
for the highest loaded wall, which is the west wing wall. The increases seen in 
the west wing wall when an NPM is not present in Bay 1 do not exceed the 
capacity of the wall. In addition, the increase is less significant because there is 
no module supported by the wall. 

The pool wall in an empty bay also sees an increase of about 40 percent. Again, 
the highest forces occur at the west end of the pool. The forces at the pool wall 
in Bay 1 when it is empty are similar to those in the reactor pool area. Since the 
entire pool wall is a consistent design, these forces are also acceptable.

RAI 03.07.02-8

The difference in results between operation with twelve NPMs and operation 
with fewer NPMs in place is small and within the capacity of the building 
design. A COL applicant does not need to analyze individual configurations.Site 
specific configurations, outside of the scope of the presented 12 NPM and 
7 NPM cases, require additional analysis to be performed by the COL applicant.

RAI 03.07.02-8
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COL Item 3.7-10: A COL applicant that references the NuScale Power Plant design certification will 
perform a site-specific configuration analysis that includes the RXB with applicable 
configuration layout of the desired NPMs. The COL applicant will confirm the 
following are bounded by the corresponding design certified seismic demands:

RAI 03.07.02-8
1) The ISRS of the standard design at the foundation and roof

RAI 03.07.02-8
2) The maximum forces in the NPM lug restraints and skirts

RAI 03.07.02-8
3) The maximum forces and moments in the east and west wing walls and pool 

walls 

RAI 03.07.02-8

If not, the standard design will be shown to have appropriate margin or should be 
appropriately modified to accommodate the site-specific demands.

3.7.2.9.2 Foundation Uplift

Foundation uplift did not occur in either deeply embedded structure. The 
evaluation is provided in Section 3.8.5.

3.7.2.10 Use of Constant Vertical Static Factors

Constant vertical static factors are not used in the design of the Seismic Category I and 
II structures. Vertical seismic loads are generated from the SASSI2010 analysis.

3.7.2.11 Method Used to Account for Torsional Effects

Inertial torsional effects are inherently considered in the seismic analysis using a 3D 
finite element model with backfill soil. The potential for accidental torsion is considered 
insignificant due to physical geometry of the structures which are deeply embedded 
with most mass at the foundation. Within the RXB the two largest masses are the pool 
and the NPMs.

RAI 03.07.02-9

However, to allow for the effects of accidental torsion, a 5 percent eccentricity is 
incorporated into the SASSI2010 element forces using SRSS as shown below.The 
element demand forces and moments obtained from SASSI2010 due to East-West and 
North- South CSDRS (and CSDRS-HF) inputs have been increased by 5% to account for 
accidental torsion. The total demand forces and moments are obtained using SRSS, as 
shown below.

Eq. 3.7-17 

where,

ANS maximum element forces due to the SSE in the North-South direction

α ANS⋅( )2 α AEW⋅( )2 AVT( )2+ +
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eRAI No.: 8936
Date of RAI Issue: 08/05/2017

NRC Question No.: 03.07.02-9

10 CFR 50 Appendix S requires that the safety functions of structures, systems, and
components (SSCs) must be assured during and after the vibratory ground motion associated
with the Safe Shutdown Earthquake (SSE) through design, testing, or qualification methods.

In FSAR Subsection 3.7.2.11, the applicant states, “However, to allow for the effects of
accidental torsion, a 5 percent eccentricity is incorporated into the SASSI2010 element forces
using SRSS”. Eq. 3.7-17 in the FSAR, however, indicates that the effect of accidental torsion is
accounted for simply by increasing the maximum element forces by 5 percent, which is not
consistent with the statement on Subsection 3.7.2.11 and the guidance in DSRS Section 3.7.2.
The applicant is requested to provide justification for the use of Eq. 3.7-17.

NuScale Response:

The methodology chosen to account for accidental torsion was to increase the maximum
horizontal element forces by 5 percent and combine them with the maximum vertical forces by
means of the square root of the sum of the squares (SRSS). Because torsion is the product of
force and distance, increasing the seismic forces by 5% is equivalent to increasing the
eccentricity by 5%.

In order to provide clearer consistency with Equation 3.7-17, FSAR Tier 2, Section 3.7.2.11 is
revised to clarify that a 5 percent increase in forces, and not eccentricity, was implemented.

Impact on DCA:

FSAR Tier 2, Section 3.7.2.11 has been revised as described in the response above and as
shown in the markup provided in this response.
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3.7.2.11 Method Used to Account for Torsional Effects

Inertial torsional effects are inherently considered in the seismic analysis using a 3D 
finite element model with backfill soil. The potential for accidental torsion is considered 
insignificant due to physical geometry of the structures which are deeply embedded 
with most mass at the foundation. Within the RXB the two largest masses are the pool 
and the NPMs.

RAI 03.07.02-9

However, to allow for the effects of accidental torsion, a 5 percent eccentricity is 
incorporated into the SASSI2010 element forces using SRSS as shown below.The 
element demand forces and moments obtained from SASSI2010 due to East-West and 
North- South CSDRS (and CSDRS-HF) inputs have been increased by 5% to account for 
accidental torsion. The total demand forces and moments are obtained using SRSS, as 
shown below.

Eq. 3.7-17 

where,

ANS maximum element forces due to the SSE in the North-South direction

AEW maximum element forces due to the SSE in the East-West direction

AVT maximum element forces due to the SSE in the vertical direction

α factor to account for accidental torsion effect in NS or EW (1.05)

3.7.2.12 Comparison of Responses

The response spectrum method is not used in the evaluation of the site independent 
Seismic Category I and II structures. The SASSI2010 analysis is a time history analysis 
method. Therefore, a direct comparison is not applicable. 

3.7.2.13 Methods for Seismic Analysis of Dams

The design does not include nor require the presence of a dam.

3.7.2.14 Determination of Dynamic Stability of Seismic Category I Structures

Section 3.8.5 provides discussion regarding bearing pressure, lateral wall pressure, 
overturning, sliding, and flotation.

3.7.2.15 Analysis Procedure for Damping

RAI 03.07.02-11

α ANS⋅( )2 α AEW⋅( )2 AVT( )2+ +
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eRAI No.: 8936
Date of RAI Issue: 08/05/2017

NRC Question No.: 03.07.02-11

10 CFR 50 Appendix S requires that the safety functions of structures, systems, and
components (SSCs) must be assured during and after the vibratory ground motion associated
with the Safe Shutdown Earthquake (SSE) through design, testing, or qualification methods.

FSAR Section 3.7.2.15, entitled as “Analysis Procedure for Damping”, refers to Section 3.7.1.3
for the damping ratios used for seismic analysis of the RXB and CRB. DSRS Section 3.7.2.II.13
provides guidance that either the composite modal damping approach or the modal synthesis
technique can be used to account for element-associated damping. However, the FSAR Section
3.7.1.3 (or Section 3.7.1.2) does not provide relevant information. Therefore, the applicant is
requested to provide detailed  information with respect to the analysis procedure for damping
used in various seismic analysis methods for NuScale seismic Category I SSCs.

NuScale Response:

As stated in FSAR Tier 2, Section 3.7.1.2.1, for analyses of Seismic Category I SSC, the
damping values of Regulatory Guide 1.61, Revision 1 are used. These values are presented in
FSAR Tier 2, Table 3.7.1-6. For the soil and rock materials, the damping ratio is obtained based
on strain-compatible soil properties generated for each soil profile. Soil material damping ratios
are shown on FSAR Tier 2, Tables 3.7.1-15 through 3.7.1-19 for each soil type considered. The
soil damping ratio is limited to 15%.

The implementation of these damping values in the dynamic analyses of the NuScale Reactor
Building (RXB) and Control Building (CRB) does not follow guidance from DSRS Section
3.7.2.II.13. Instead, damping procedures that are more suitable with the type of analysis
performed are followed. For the transient analysis with ANSYS, Rayleigh material damping is
used. For soil-structure interaction analysis with SASSI2010, hysteretic material damping is
used. Both, Rayleigh and hysteretic damping provide responses equivalent to the composite
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modal damping approach. Only major components, such as the NuScale Power Module (NPM)
and the Reactor Building Crane (RBC) are included in the dynamic models. For other systems
and components, their mass is applied to the model and in-structure response spectra (ISRS)
are calculated at the corresponding damping level in Table 3.7.1-6.

ANSYS model

ANSYS is used to perform fluid-structure interaction analysis of the RXB and stability analysis of
both, RXB and CRB. Full transient time-history analysis with fixed based condition is performed.
Rayleigh damping is used to form the damping matrix as a linear combination of mass and
stiffness matrices. The mass and stiffness proportional damping parameters (alpha and beta)
are selected for each material such as the damping values specified in Table 3.7.1-6 are
obtained at the minimum and maximum frequencies defining the dominant structural frequency
range. For the RXB, the dominant frequency range is between 3 Hz and 15 Hz, and between 1
Hz to 20 Hz for the CRB.

The Rayleigh damping defined in this way is equal to or below the damping ratios specified in
FSAR Table 3.7.1-6 across the dominant structural frequency range. Therefore, the use of
Rayleigh damping in the seismic analysis using ANSYS provides a conservative response.

SASSI2010 Model

SASSI2010 is used to perform soil-structure interaction (SSI) analysis of the RXB and CRB. The
equation of motion is solved in the frequency domain using a complex dynamic stiffness matrix.
In this type of analysis, material damping in the form of hysteretic damping is included as part of
the complex dynamic stiffness matrices for all subsystems (i.e., structure and soil). The
hysteretic damping is defined such as the response of the system is equivalent to the response
of the system with viscous damping. This is explained below.

As an example, the complex dynamic stiffness matrix for a single degree of freedom system is:

kd = k + i ω c - ω² m

Where c = dashpot coefficient, ω = forcing frequency, m and k = system mass and stiffness;
and i = √-1

For a system with viscous damping:

c = 2 k ξ / ωo

For a system with hysteretic damping:
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c = k η / ω

Where ωo is the system natural frequency, ξ is the equivalent viscous damping ratio as
specified in RG. 1.61; and η is the hysteretic damping coefficient.

The same response using viscous or hysteretic damping is achieved if η = 2 ξ ω/ωo. However,
this would mean that hysteretic damping is dependent on the forcing frequency. To remove this
dependency, η is selected to give the same results as the system with viscous damping at
resonance (i.e., when ω = ωo); thus, η = 2 ξ, and c = 2 k ξ / ω

In this way, the complex dynamic stiffness used in the SASSI analysis is of the form:

kd= k (1 + 2 i ξ) - ω² m

Where ξ is the damping ratio specified in Table 3.7.1-6 for the structural systems, and in Tables
3.7.1-15 through 3.7.1-19 for the soil deposit.

The use of this dynamic stiffness results in the same response obtained with the system with
viscous damping at resonance. As shown by Chopra (2007), for forcing frequencies higher than
the system frequency, the response will be slightly higher; for forcing frequencies lower than the
system frequency, the response will be slightly lower. Therefore, on average, the response of a
system with hysteretic damping (i.e., SASSI analysis) is equivalent to the response of the same
system with viscous damping.

Additional to the soil material damping, radiation damping is generated by the travelling of the
seismic waves through the soil deposit and elastic half-space. This radiation damping is intrinsic
of the wave formulation in SASSI and depends upon the properties of the soil continuum and
seismic environment (i.e., type of seismic waves). No additional input is required for radiation
damping.

FSAR Tier 2, Section 3.7.2.15 is revised to include the aforementioned information and is
corrected to refer to FSAR Tier 2, Section 3.7.1.2.

References

Chopra, A. K. (2007), “Dynamic of Structures”, third edition, Prentice Hall (section1.
3.10.3).
Ostadan, F., and Deng, N. (2012), “Computer Program SASSI2010 Version 1.0 -2.
Theoretical Manual.”
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Impact on DCA:

FSAR Tier 2, Section 3.7.2.15 has been revised as described in the response above and as
shown in the markup provided in this response.
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AVT maximum element forces due to the SSE in the vertical direction

α factor to account for accidental torsion effect in NS or EW (1.05)

3.7.2.12 Comparison of Responses

The response spectrum method is not used in the evaluation of the site independent 
Seismic Category I and II structures. The SASSI2010 analysis is a time history analysis 
method. Therefore, a direct comparison is not applicable. 

3.7.2.13 Methods for Seismic Analysis of Dams

The design does not include nor require the presence of a dam.

3.7.2.14 Determination of Dynamic Stability of Seismic Category I Structures

Section 3.8.5 provides discussion regarding bearing pressure, lateral wall pressure, 
overturning, sliding, and flotation.

3.7.2.15 Analysis Procedure for Damping

RAI 03.07.02-11

Section 3.7.1.33.7.1.2 describes the damping ratios used for seismic analysis of the RXB 
and CRB. As stated in Section 3.7.1.2.1, for analyses of Seismic Category I SSC, the 
damping values of RG 1.61, Revision 1 are used. These values are presented in 
Table 3.7.1‐6. For the soil and rock materials, the damping ratio is obtained based on 
strain‐compatible soil properties generated for each soil profile. Soil material damping 
ratios are shown on Table 3.7.1‐15 through Table 3.7.1‐19 for each soil type considered. 
Soil damping ratio is limited to 15%.

RAI 03.07.02-11

The implementation of these damping values in the dynamic analyses of the NuScale 
RXB and CRB does not follow guidance from DSRS Section 3.7.2.II.13. Instead, damping 
procedures that are more suitable with the type of analysis performed are followed. For 
transient analysis with ANSYS, Rayleigh material damping is used. For soil-structure 
interaction analysis with SASSI2010, hysteretic material damping is used. Both, 
Rayleigh and hysteretic damping provide responses equivalent to the composite 
modal damping approach. Only major components, such as the NPM and the RBC are 
included in the dynamic models. For other systems and components, their mass is 
applied to the model and ISRS are calculated at the corresponding damping level in 
Table 3.7.1-6.

3.7.2.16 Site Specific Seismic Analysis

Site-specific seismic analysis is performed by the COL applicant to confirm that the site-
independent Seismic Category I structures may be constructed without modification, 
or to identify where modifications are necessary. This comparison is performed in 
Section 3.8.4.8. The site specific analysis is performed using the site specific SSE 




