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SUBJECT: NuScale Power, LLC Response to NRC Request for Additional Information No.
191 (eRAI No. 9036) on the NuScale Design Certification Application

REFERENCE: U.S. Nuclear Regulatory Commission, "Request for Additional Information No.
191 (eRAI No. 9036)," dated August 19, 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. 9036:

03.07.02-27
03.07.02-28
03.07.02-29
03.07.02-30

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

Distribution: Gregory Cranston, NRC, OWFN-8G9A
Samuel Lee, NRC, OWFN-8G9A
Marieliz Vera, NRC, OWFN-8G9A

Enclosure 1: NuScale Response to NRC Request for Additional Information eRAI No. 9036
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Response to Request for Additional Information
Docket No. 52-048

eRAI No.: 9036
Date of RAI Issue: 08/19/2017

NRC Question No.: 03.07.02-27

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.

DSRS Section 3.7.2.II.1 provides guidance that the seismic analysis of all seismic Category I
SSCs should use either a suitable dynamic analysis method (e.g., time history analysis method,
response spectrum analysis method) or an equivalent static load method. However, the DCD
Section 3.7.2 does not contain information with respect to analysis methods applied to the
SSCs. Therefore, the applicant is requested to provide information on what seismic analysis
methods are used for respective NuScale site- independent seismic Category I SSCs.

NuScale Response:

FSAR Tier 2, Section 3.7.2.1 is revised to state that the seismic analysis of all Seismic Category
I SSCs use linear equivalent static analysis, linear dynamic analysis, complex frequency
response methods or nonlinear analysis and are designed to withstand the effects of the safe
shutdown earthquake (SSE) and remain functional in accordance with Regulatory Guide 1.29.
The two site independent Seismic Category I structures, RXB and CRB, are primarily analyzed
using the time history analysis method. In general, for systems and components, in-structure
response spectra (ISRS) are developed and used to calculate forces and moments using the
response spectrum analysis method. The NuScale Power Module (NPM) and Reactor Building
Crane (RBC) are included in the finite element models, and are analyzed using the time history
analysis method and the response spectrum analysis method, respectively.

Impact on DCA:

FSAR Tier 2, Section 3.7.2.1 has been revised as described in the response above and as
shown in the markup provided in this response.
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Tier 2 3.7-106 Draft Revision 1

3.7.2 Seismic System Analysis

There are only two site independent Seismic Category I structures, the RXB and the CRB. 
The RXB is designed for up to twelve installed NPMs. The structural analysis is performed 
with all twelve modules in place. Section 3.7.2.9.1 provides discussion about the effect on 
the structure if a seismic event were to occur during operation with less than the full 
complement of twelve NPMs.

Due to its proximity to the RXB, the Radioactive Waste Building (RWB) is categorized as 
Seismic Category II. The RWB is also classified as RW-IIa (high hazard) in accordance with 
Regulatory Guide (RG) 1.143, "Design Guidance For Radioactive Waste Management 
Systems, Structures, and Components Installed in Light-Water-Cooled Nuclear Power 
Plants," Rev. 2. The RWB is designed using the same methodology as the Seismic Category I 
structures. The interaction of the Seismic Category II RWB with the Seismic Category I RXB is 
discussed in Section 3.7.2.8.

The RXB, CRB, and RWB are shown together in Figure 3.7.2-1 and in a cutaway view in 
Figure 3.7.2-2. The origin of the global coordinate system of the finite element models is 
located at the centerline of the bottom of the RXB foundation at the west end of the 
building. This location is shown in Figure 3.7.2-3 and Figure 3.7.2-4. The X axis is in the east-
west direction with east positive. The Y axis is north-south with north positive, and the Z 
axis is vertical with up positive.

Site specific seismic analysis is discussed in Section 3.7.2.16.

3.7.2.1 Seismic Analysis Methods

RAI 03.07.02-27

The seismic analysis of all Seismic Category I SSCs use linear equivalent static analysis, 
linear dynamic analysis, complex frequency response methods or nonlinear analysis 
and are designed to withstand the effects of the SSE and remain functional in 
accordance with Regulatory Guide 1.29. The two site independent Seismic Category I 
structures, the RXB and the CRB, are primarily analyzed using the time history method, 
and supplemented with additional analyses as described in the following sections.

3.7.2.1.1 Computer Programs

The RXB and CRB are analyzed using three commercially available computer 
programs: SAP2000 (Reference 3.7.2-1), SASSI2010 (Reference 3.7.2-2) and ANSYS 
(Reference 3.7.2-3). Each of these three programs is described briefly below. 
Validation of software is discussed in Section 3.7.5.

3.7.2.1.1.1 SAP2000

The RXB and CRB finite element models are developed using SAP2000. These 
models are the master models. The finite element models used with ANSYS and 
SASSI2010 are created from the SAP2000 models. The structural analyses are 
performed using SAP2000 as described in Section 3.8.4.
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Response to Request for Additional Information
Docket No. 52-048

eRAI No.: 9036
Date of RAI Issue: 08/19/2017

NRC Question No.: 03.07.02-28

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.

DCD Section 3.7.2.8 provides information on interaction of non-seismic Category I structures
with seismic Category I structures. The applicant listed Turbine Generator Buildings, Central
Utilities Building, and Annex Buildings, which are classified as seismic Category III in DCD
Section 3.2.1, as structures adjacent to seismic Category I structures. However, the applicant
did not provide information about potential seismic interaction of these buildings with adjacent
seismic Category I structures, the RXB and CRB. Therefore, the applicant is requested to
provide analysis or information that ensures that the failure of these non-seismic Category I
structures will not impair the integrity of an adjacent seismic Category I structure during the
design basis seismic event.

NuScale Response:

The Turbine Generator, Central Utility and Annex Buildings are not included in the scope of the
NuScale certified design per Figure 1.2-1 of the FSAR, and are provided for conceptual design
information only. A full description of certified design and conceptual design structures is
provided in Section 1.2 and 1.2.1 of the FSAR. As such, NuScale has provided three COL Items
(3.3-1, 3.4-6 and 3.7-4) to ensure the nearby structures will not adversely affect the RXB or
Seismic Category I portion of the CRB. Analysis and justification will be handled on a site-
specific basis to ensure the non-Seismic Category I structures will not impair the integrity of an
adjacent Seismic Category I structure.

Impact on DCA:

There are no impacts to the DCA as a result of this response.
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eRAI No.: 9036
Date of RAI Issue: 08/19/2017

NRC Question No.: 03.07.02-29

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.

COL Item 3.7-6 in DCD Section 3.7.2.16 states, “A COL applicant that references the NuScale
Power Plant design certification will perform a SSSI analysis that includes the RXB, CRB, RWB
and both Turbine Generator Buildings.” However, in the DCD, no SSSI analysis involving the
Turbine Generator Buildings (TGBs) is included. The applicant is requested to provide the
following information: (a) justification for not including in the DCD the SSSI analysis involving
TGBs; (b) whether NuScale intends to provide in the DCD any guidelines on SSSI analysis
involving TGBs for a COL applicant to follow; and (c) whether the distance between the RXB
and TGBs is considered a NuScale standard design parameter.

NuScale Response:

Responses pertaining to the structure-soil-structure interaction (SSSI) analysis are provided as
follows:

The Turbine Generator Buildings (TGBs) are not included in the scope of the NuScalea.
certified design per Figure 1.2-1 of the FSAR, and are provided for conceptual design
information only. A full description of certified design and conceptual design structures is
provided in Tier 2, Sections 1.2 and 1.2.1 of the FSAR. The TGBs are site-specific
buildings; therefore, analysis involving TGBs is not included in the FSAR.
NuScale does not provide guidelines regarding the SSSI analysis of TGBs. The TGBsb.
are site-specific buildings and are not part of the certified design. The COL applicant will
be required to fulfill COL Item 3.7-4 regarding the site-specific safe shutdown earthquake
analyses.
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The TGBs are located a minimum of 70 feet away from the Reactor Building (RXB) toc.
reduce the potential impact on Seismic Category I structures. FSAR Tier 2, Section
3.8.4.1.4 of the FSAR is revised accordingly.

Impact on DCA:

FSAR Tier 2, Sections 3.8.4.1.4 has been revised as described in the response above and as shown 
in the markup provided with the response to question 03.07.02-30.
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eRAI No.: 9036
Date of RAI Issue: 08/19/2017

NRC Question No.: 03.07.02-30

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 DCD Section 3.7.2.4.6, the last paragraph, the applicant states, “The results for the selected
cases are compared to the existing design envelop at: The reactor pool floor, The NPM lug
restraints, the ground floor, the RBC crane rails, and the roof of the RXB and the main control
room floor and the ground floor of the CRB. If the results are bounded by the current design
envelope, they are not incorporated and the full suite of cases are not run. When forces,
moments, or accelerations produced by the focused analyses are not bounded, that information
is incorporated into the design envelope for all affected locations. The full suite of cases are not
re-performed. However, the change is incorporated into the models so that any subsequent re-
analysis of any soil-earthquake combination will include the change.” The applicant’s intent and
rationale and the meaning of some of the words in these statements are not clear to the staff.

(a)  The applicant is requested to clarify what “selected cases” and “current design envelope” in
the quoted paragraph mean or represent. Please re-phrase the paragraph as necessary to
clarify the applicant’s intent and purposes.

(b)  The applicant states that, when forces, moments, or accelerations produced by the focused
analyses are not bounded, that information is incorporated into the design envelope for all
affected locations but the full suite of cases are not re-performed. Please clarify what “focused
analyses” refers to and provide technical justification for the full suite of cases not being re-
performed when the results of the focused analyses are not bounded by the current design
envelope.

(c)  The applicant also states that the change is incorporated into the models so that any
subsequent re- analysis of any soil-earthquake combination will include the change. Please
clarify what the word “change” refers to and provide a context and timeline for “any subsequent
re-analysis” - when it will be done and in what circumstances.
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NuScale Response:

The last paragraph in Section 3.7.2.4.6 on the Design Approach describes the iterative analysis
process used during the preliminary seismic demand calculations. The current form of the
paragraph does not adequately describe the final design approach. Seismic analysis cases
considered for the final NuScale Power design have been incorporated into Tier 2 Section
3.7.2.4.6 of the FSAR through the RAI-8935 Question 03.07.02-24.

The paragraph in question will be removed from the FSAR: “The results for the selected cases
are compared to the existing design envelop at: The reactor pool floor, The NPM lug restraints,
the ground floor, the RBC crane rails, and the roof of the RXB and the main control room floor
and the ground floor of the CRB. If the results are bounded by the current design envelope, they
are not incorporated and the full suite of cases are not run. When forces, moments, or
accelerations produced by the focused analyses are not bounded, that information is
incorporated into the design envelope for all affected locations. The full suite of cases are not
re-performed. However, the change is incorporated into the models so that any subsequent re-
analysis of any soil-earthquake combination will include the change.”

For clarification, the responses to the NRC questions for this RAI are provided below:

The “selected cases” in last paragraph of Section 3.7.2.4.6 refers to the previousa.
paragraph, which states “The cases are selected because they represent controlling
conditions. In general, Soil Type 7 with the CSDRS is controlling for both the RXB and
the CRB.”

The “current design envelope” is referenced in the first paragraph in Section 3.7.2.4.6 as
the “entire suite of analysis cases” described in Section 3.7.2.4.

In RAI-8900 Question 03.07.01-1 and RAI-8935 Question 03.07.02-24, a table has been
provided to assist in the full understanding of the current design conditions. The table is
intended to supplement Sections 3.7.2.4 and 3.7.2.4.6 in the description of the various
analysis cases and what the design basis is for the NuScale Power SSCs.

The “focused analyses” are equivalent to the “selected cases” in the previous paragraph.b.
The Soil-Structure Interaction results from the selected Soil Type 7 case generally results
in the enveloping condition when comparing response spectra at key locations. This will
effectively translate into higher forces and moments in the areas of main interest. The
process of enveloping results allowed various design disciplines to design conservative
components prior to the final seismic demand calculations.
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The “changes” stated in the paragraph refer to the preliminary design changes madec.
prior to the final design presented in this FSAR. This approach enabled various
disciplines to design conservative components using enveloped preliminary spectra, and
compare the inputs to the final spectra at a later point. The cases presented in RAI-8935
Question 03.07.02-24 document the final seismic demands used for the SC-I SSCs.

Impact on DCA:

FSAR Tier 2, Section 3.7.2.4.6 has been revised as described in the response above and as
shown in the markup provided in this response.
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Tier 2 3.7-130 Draft Revision 1

3) RXB Standalone ISRS

RAI 03.07.02-24
4) RXB Triple Building ISRS

RAI 03.07.02-24
5) NPM ISRS

RAI 03.07.02-24
6) CRB Standalone ISRS

RAI 03.07.02-24
7) CRB Standalone Structural Response

RAI 03.07.02-24
8) CRB Triple Building Structural Response

RAI 03.07.02-24

Each code represents a different combination of the 540 CSDRS cases and 72 
CSDRS-HF cases listed in Section 3.7.2.4. Table 3.7.2-33 provides the tabulated 
seismic parameter combinations for the eight identification codes to identify: seed 
input time history, soil type, direction, building model, concrete condition and 
damping. Table 3.7.2-34 provides a list of the SC-I SSCs and associated 
identification codes for the analysis used to calculate the seismic demands. 

RAI 03.07.02-24

The methodology for combining the results of these seismic analysis cases is 
described in Section 3.7.2.4.1. 

RAI 03.07.02-29, RAI 03.07.02-30

The results for the selected cases are compared to the existing design envelop at: 
The reactor pool floor, The NPM lug restraints, the ground floor, the RBC crane rails, 
and the roof of the RXB and the main control room floor and the ground floor of the 
CRB. If the results are bounded by the current design envelope, they are not 
incorporated and the full suite of cases are not run. When forces, moments, or 
accelerations produced by the focused analyses are not bounded, that information 
is incorporated into the design envelope for all affected locations. The full suite of 
cases are not re-performed. However, the change is incorporated into the models 
so that any subsequent re-analysis of any soil-earthquake combination will include 
the change.

3.7.2.5 Development of In-Structure Floor Response Spectra

Development of ISRS follows the guidance in RG 1.122, “Development of Floor Design 
Response Spectra for Seismic Design of Floor-Supported Equipment or Components” 
Rev. 1. The SASSI2010 MOTION module is used to produce accelerations for ISRS 
development. A 4 percent structural damping is used for both cracked and uncracked 
concrete.
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The tunnel has an external width of 22' 8” and the exterior walls and top slab are 3.0 
feet thick. The tunnel extends out 24.5 feet from the CRB wall. There is a 6” 
expansion gap between the end of the tunnel and the corresponding connecting 
walls on the RXB. 

The CRB has four primary floors. These floors are listed below. The associated figure 
provides an isometric view showing the primary walls on that floor.

Floor No. 1 - TOC Elevation 50'-0" (TOC for basemat foundation), Figure 3.8.4-8

Floor No. 2 - TOC Elevation 76'-6" (Main Control Room), Figure 3.8.4-9

Floor No. 3 - TOC Elevation 100'-0" ground floor, Figure 3.8.4-10

Floor No. 4 - TOC Elevation 120'-0" (Seismic Category I roof), Figure 3.8.4-11

Roof - High Point TOS Elevation 141'-2" (top of weather enclosure), Figure 3.8.4-12

3.8.4.1.3 Radioactive Waste Building

A general discussion of the RWB and the major features and components is 
provided in Section 1.2.2.3. Architectural drawings, including plan and section 
views are provided in Figure 1.2-28 through Figure 1.2-33. The RWB is separated 
from the RXB by approximately 25 feet above grade. No safety-related SSCs are 
located in the RWB. The RWB is Seismic Category II.

3.8.4.1.4 Other Structures

RAI 03.07.02-29, RAI 03.07.02-30

[[The Turbine Generator Buildings are conceptual design, but are separated from 
the RXB by approximatelya minimum distance of 70 feet]]. Other site structures 
shown in Figure 1.2-1 are part of the standard plant, but not part of the certified 
design.

3.8.4.1.5 Fuel Storage Racks

The fuel storage racks are described in Section 9.1 and Technical Report 
TR-0816-49833 (Reference 3.8.4-4).

3.8.4.1.6 Bioshields

The bioshields are concrete and steel covers that are placed over the NPM bays. 
The bioshields are discussed in Section 3.7.3.

3.8.4.1.7 Reactor Building Pools

The Reactor Building pools are the ultimate heat sink for the NPMs. The ultimate 
heat sink is discussed in Section 9.2.5. The pool has a liner to prevent potential pool 
inventory leakage. The liner is a 304L, or equivalent, stainless steel that is 0.25 in. 




