3 DESIGN OF STRUCTURES, SYSTEMS, COMPONENTS, AND
EQUIPMENT

This chapter of the safety evaluation report (SER) documents the U.S. Nuclear Regulatory
Commission (NRC) staff's (hereinafter referred to as the staff) review of Chapter 3, “Design of
Structures, Components, Equipment, and Systems,” of the NuScale Power, LLC (hereinafter
referred to as the applicant), Design Certification Application (DCA), Part 2, “Final Safety
Analysis Report.” The staff’'s regulatory findings documented in this report are based on
Revision 5 of the DCA, dated July 29, 2020 (Agencywide Document Access and Management
System (ADAMS), Accession No. ML20225A071).

The precise parameter values, as reviewed by the staff in this safety evaluation, are provided by
the applicant in the DCA using the English system of measure. Where appropriate, the NRC
staff converted these values for presentation in this safety evaluation to the International System
(SI) units of measure based on the NRC’s standard convention. In these cases, the SI
converted value is approximate and is presented first, followed by the applicant-provided
parameter value in English units within parentheses. If only one value appears in either Sl or
English units, it is directly quoted from the DCA and not converted.

3.1 Conformance with the U.S. Nuclear Regulatory Commission General
Design Criteria

DCA Part 2, Tier 2, Section 3.1, “Conformance with U.S. Nuclear Regulatory Commission
General Design Criteria,” addresses how the applicant’s design conforms to the general design
criteria (GDC) listed in Appendix A, “General Design Criteria for Nuclear Power Plants,” to

Title 10 of the Code of Federal Regulations (10 CFR) Part 50, “Domestic Licensing of
Production and Utilization Facilities.”

The applicant has either described how it complies with the individual GDC, proposed an
exemption to the GDC, or developed a principal design criterion (PDC) that addresses the GDC
for the NuScale design. The staff’s review and assessment of how the applicant addressed the
NuScale-specific PDC are documented in the relevant chapters of this report, as shown in
Table 3.1-1 below.



Table 3.1-1: NuScale-Specific Principal Design Criteria.

FSER Section

Principal Design Criteria

1.14
6.4.4
15.0.3.4

PDC 19—A control room shall be provided from which actions can be
taken to operate the nuclear power unit safely under normal
conditions and to maintain it in a safe condition under accident
conditions, including loss-of-coolant accidents.

Adequate radiation protection shall be provided to permit access and
occupancy of the control room under accident conditions without
personnel receiving radiation exposures in excess of 5 rem total
effective dose equivalent (TEDE) as defined in 10 CFR 50.2 for the
duration of the accident.

Equipment at appropriate locations outside the control room shall be
provided with a design capability for safe shutdown of the reactor,
including necessary instrumentation and controls to maintain the unit
in a safe-shutdown condition.

3.94
424
4343
4.3.6
46.4
15.0.6.4.1

PDC 27—The reactivity control systems shall be designed to have a
combined capability of reliably controlling reactivity changes to assure
that, under postulated accident conditions and with appropriate
margin for stuck rods, the capability to cool the core is maintained.
Following a postulated accident, the control rods shall be capable of
holding the reactor core subcritical under cold conditions with all rods
fully inserted.

5443
5446
15.0.5.3

PDC 34—A system to remove residual heat shall be provided. The
system safety function shall be to transfer fission product decay heat
and other residual heat from the reactor core at a rate such that
specified acceptable fuel design limits and the design conditions of
the reactor coolant pressure boundary are not exceeded.

Suitable redundancy in components and features and suitable
interconnections, leak detection, and isolation capabilities shall be
provided to assure that the system safety function can be
accomplished, assuming a single failure.

424
6.1.1.44
6.2.1.1
6.3.4.1.8
15.0.3.5.3

PDC 35—A system to provide abundant emergency core cooling
shall be provided. The system safety function shall be to transfer
heat from the reactor core following any loss of reactor coolant at a
rate such that (1) fuel and clad damage that could interfere with
continued effective core cooling is prevented and (2) clad metal-water
reaction is limited to negligible amounts.

Suitable redundancy in components and features, and suitable
interconnections, leak detection, isolation, and containment
capabilities shall be provided to assure that the system safety
function can be accomplished, assuming a single failure.

6.2.1.1

PDC 38—A system to remove heat from the reactor containment
shall be provided. The system safety function shall be to reduce
rapidly, consistent with the functioning of other associated systems,
the containment pressure and temperature following any
loss-of-coolant accident and maintain them at acceptably low levels.
Suitable redundancy in components and features, and suitable
interconnections, leak detection, isolation, and containment
capabilities shall be provided to assure that the system safety
function can be accomplished, assuming a single failure.
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FSER Section Principal Design Criteria

6.1.1.4.4 PDC 41—Systems to control fission products, hydrogen, oxygen, and

6.2.54 other substances which may be released into the reactor containment
shall be provided as necessary to reduce, consistent with the
functioning of other associated systems, the concentration and quality
of fission products released to the environment following postulated
accidents, and to control the concentration of hydrogen or oxygen
and other substances in the containment atmosphere following
postulated accidents to assure that containment integrity is
maintained.

Each system shall have suitable redundancy in components and
features, and suitable interconnections, leak detection, isolation, and
containment capabilities to assure that its safety function can be
accomplished, assuming a single failure.

8.1.5 PDC 44—A system to transfer heat from structures, systems, and
9.2.5 components important to safety to an ultimate heat sink shall be
provided. The system safety function shall be to transfer the
combined heat load of these structures, systems, and components
under normal operating and accident conditions.

Suitable redundancy in components and features, and suitable
interconnections, leak detection, and isolation capabilities shall be
provided to assure that the system safety function can be
accomplished, assuming a single failure.

The index of the staff’s review of the applicant’s requested exemptions to the GDC is located in
Section 1.14, “Index of Exemptions,” of this report.

3.2 Classification of Structures, Systems, and Components

3.2.1 Seismic Classification
3.2.1.1 Introduction

The NRC requires that structures, systems, and components (SSCs) important to safety be
designed to withstand the effects of natural phenomena, such as earthquakes, without loss of
capability to perform their safety functions. As described in 10 CFR Part 50, Appendix A, SSCs
that are important to safety are those that “provide reasonable assurance that the facility can be
operated without undue risk to the health and safety of the public.” Appendix S, “Earthquake
Engineering Criteria for Nuclear Power Plants,” to 10 CFR Part 50 defines safe-shutdown
earthquake (SSE) ground motion as “the vibratory ground motion for which certain structures,
systems, and components must be designed to remain functional,” and states the following:

SSCs required to withstand the effects of the [SSE] ground motion or surface
deformation are those necessary to assure:
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(1) the integrity of the reactor coolant pressure boundary (RCPB);

(2) the capability to shut down the reactor and maintain it in a safe-shutdown
condition; or

(3) the capability to prevent or mitigate the consequences of accidents that
could result in potential offsite exposures comparable to the guideline
exposures of 10 CFR 50.34(a)(1).

The SSE is based on an evaluation of the maximum earthquake potential and is the earthquake
that produces the maximum vibratory ground motion for which safety-related SSCs are
designed to remain functional. Those plant features that are designed to remain functional if an
SSE occurs are designated seismic Category | in accordance with Regulatory Guide (RG) 1.29,
“Seismic Design Classification.”

The staff reviewed the applicant’'s DCA in accordance with NUREG-0800, “Standard Review
Plan for the Review of Safety Analysis Reports for Nuclear Power Plants: LWR Edition” (SRP),
Section 3.2.1, “Seismic Classification,” which references RG 1.29. The objective of the staff’s
review was to determine whether SSCs that are important to safety have been appropriately
classified and designed to withstand the effects of earthquakes without loss of capability to
perform their intended functions.

3.2.1.2  Summary of Application

DCA Part 2, Tier 1: DCA Part 2, Tier 1, Chapter 2, “Unit Specific Structures, Systems, and
Components Design Descriptions and Inspections, Tests, Analyses, and Acceptance Criteria,”
addresses seismic classification.

DCA Part 2, Tier 2: To meet the NRC seismic requirements for the design for earthquakes,
DCA Part 2, Tier 2, states that the seismic classification of SSCs is consistent with the guidance
of RG 1.29. DCA Part 2, Tier 2, states that the SSCs of radioactive waste management
systems are consistent with the seismic design recommendations specified in RG 1.143,
“Design Guidance for Radioactive Waste Management Systems, Structures, and Components
Installed in Light-Water-Cooled Nuclear Power Plants.” DCA Part 2, Tier 2, also states that the
seismic classification of instrumentation sensing lines is consistent with the guidance in

RG 1.151, “Instrument Sensing Lines,” and that the design of fire protection systems is
consistent with the guidance in RG 1.189, “Fire Protection for Nuclear Power Plants.”

The DCA states that the applicant's SSCs are classified as seismic Category |, seismic
Category I, seismic Category lll, and seismic Category RW-Ila, RW-IIb, and RW-llc. DCA
Part 2, Tier 2, Table 3.2-1, “Classification of Structures, Systems, and Components,” identifies
these seismic categories. Other sections of DCA Part 2, Tier 2, describe the various system
safety functions and list simplified piping and instrumentation drawings (P&IDs).

ITAAC: There are no inspections, tests, analyses, and acceptance criteria (ITAAC) associated
with this area of review.

Technical Specifications: There are no general technical specifications (GTS) for this area of
review.

Technical Reports: There are no technical reports (TRs) for this area of review.



3.2.1.3 Regulatory Basis

The following NRC regulations contain the relevant requirements for this review:

GDC 1, “Quality Standards and Records,” in Appendix A to 10 CFR Part 50 and the
applicable quality assurance (QA) requirements of 10 CFR Part 50, Appendix B, “Quality
Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing Plants,” as they
relate to applying QA requirements to activities that affect the safety-related functions of
SSCs designated as seismic Category |, commensurate with the importance of their
safety functions to be performed

GDC 2, “Design Bases for Protection against Natural Phenomena,” as it relates to the
requirements that SSCs important to safety shall be designed to withstand the effects of
earthquakes without loss of capability to perform their safety functions

GDC 60, “Control of Releases of Radioactive Materials to the Environment,” as it relates
to the design of means to control suitably the release of radioactive materials in gaseous
and liquid effluents

Appendix A, “Seismic and Geologic Siting Criteria for Nuclear Power Plants,” to

10 CFR Part 100, “Reactor Site Criteria,” and Appendix S to 10 CFR Part 50, as they
relate to designing SSCs important to safety to withstand the SSE without loss of
capability to perform their safety functions

SRP Section 3.2.1 lists acceptance criteria that are adequate to meet the above requirements
and provides review interfaces with other SRP sections. In addition, the following guidance
documents provide acceptance criteria to demonstrate that the above requirements have been
adequately addressed:

3.2.1.4

RG 1.29 provides guidance used to establish the seismic design classification to meet
the requirements of GDC 2; 10 CFR Part 100, Appendix A; and 10 CFR Part 50,
Appendix S.

RG 1.151 provides guidance on seismic design provisions and classification of
safety-related instrument sensing lines.

RG 1.143 provides acceptable methods and guidance used to establish the seismic
design and classification of radioactive waste management SSCs.

RG 1.189 provides guidance for the proper seismic classification of fire protection
systems, including seismic design considerations and seismic classifications for certain
SSCs. These provisions support an overall system design that meets the requirements
of GDC 2, as it relates to designing these SSCs to withstand earthquakes.

Technical Evaluation

GDC 2 requires that nuclear power plant SSCs important to safety be designed to withstand the
effects of earthquakes without loss of capability to perform their safety functions. As stated in
10 CFR Part 50, Appendix S, some of these SSCs support functions that are safety related,
such as the following:

integrity of the RCPB



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

. capability to prevent or mitigate the consequences of accidents that could result in
potential offsite exposures that are comparable to the requirements in
10 CFR 50.34(a)(1)

In RG 1.29, Revision 5, issued July 2016, Section C states that the following SSCs of a nuclear
power plant, including their foundations and supports, should be designated as seismic
Category I:

a. the reactor coolant pressure boundary as defined in 10 CFR 50.2;
b. the reactor core and reactor vessel internals;
C. systems or portions thereof that are needed for (1) emergency core

cooling, (2) post-accident containment heat removal, or (3) post-accident
containment atmosphere cleanup (e.g., hydrogen removal system);

d. systems or portions thereof (including but not limited to systems such as
residual heat removal and auxiliary feedwater) that are needed to
(1) shutdown the reactor and maintain it in a safe shutdown condition,
(2) remove residual heat (including heat stored within the spent fuel pool),
(3) control the release of radioactive material, or (4) mitigate the
consequences of an accident

As described below, the staff reviewed DCA Part 2, Tier 2, Section 3.2.1, “Seismic
Classification,” and finds that the application appropriately classified components for the seismic
design.

The column “Seismic Classification (Ref. RG 1.29 or RG 1.143) (Note 5)” lists “N/A” for the
seismic classification of the water portion of the ultimate heat sink (UHS) (SSC Class A1) in
DCA Part 2, Tier 2, Table 3.2-1. However, the staff noted that other UHS-related components
are classified as seismic Category |. DCA Part 2, Tier 2, Table 3.2-1, shows that the internal
reinforced concrete walls and floors of the reactor building (RXB) that form the UHS pool are
part of “RXB, Reactor Building”; the pool liner for the UHS pool in the RXB is part of “RBCM,
Reactor Building Components”; and the RXB, including the concrete that forms the UHS pool,
and UHS pool liner are classified as seismic Category | and are required to withstand the SSE
without loss of UHS pool water retention capability. The staff finds the seismic classifications of
the UHS pool and the UHS-related components, which conform to RG 1.29, Staff Regulatory
Position C.1, to be acceptable.

RG 1.29, Revision 5, Staff Regulatory Guidance C.1.b, states that the reactor core and reactor
vessel internals (RVIs) should be designated as seismic Category I. However, DCA, Part 2,
Tier 2, Table 3.2-1, indicates that the portions of the RVIs are designated as seismic

Category Il. DCA Part 2, Tier 2, Section 3.2.2, “System Quality Group Classification,” indicates
that the design and construction code for the RVIs is the American Society of Mechanical
Engineers Boiler and Pressure Vessel Code (ASME BPV Code), Section lll, Division 1,
Subsection NG. In DCA Part 2, Tier 2, Section 3.2.2 and Table 3.2-1 also identify that the
steam generator (SG) tube supports are designed to seismic Category | and the requirements of
ASME BPV Code, Section Ill, Division 1, Subsection NG. Although portions of the RVIs are not
classified as seismic Category |, the staff determined that application of the ASME BPV Code,



Section Ill, Division 1, Subsection NG, provides an equivalent level of safety for these SSCs.
Based on this review, the staff finds that the classification of RVIs either conforms to or provides
an equivalent level of safety as RG 1.29, Revision 5, Staff Regulatory Guidance C.1.b, and
concludes that the classification of RVIs is acceptable.

RG 1.29, Revision 5, Staff Regulatory Guidance C.3, states that the pertinent QA requirements
of 10 CFR Part 50, Appendix B, should be applied to all activities affecting the safety-related
functions of seismic Category | SSCs. The applicant identified the “AQ-S” QA program
applicability category for SSCs that are not safety related but are classified as either seismic
Category | or seismic Category Il. DCA Part 2, Tier 2, Table 3.2-1, Note 2, states that the
pertinent requirements of 10 CFR Part 50, Appendix B, are applicable to seismic Category | or
seismic Category Il SSCs that are identified as “AQ-S,” in accordance with the Quality
Assurance Program (QAP). The staff reviewed DCA Part 2, Tier 2, Table 3.2-1, and determined
that all SSCs that are not safety related but are designated as seismic Category | or I, have a
QAP applicability of “AQ-S.” Therefore, the staff finds that Note 2 of DCA Part 2, Tier 2,

Table 3.2-1, conforms to RG 1.29, Staff Regulatory Guidance C.3, and concludes that the
classification of “AQ-S” is acceptable.

RG 1.29, Revision 5, Staff Regulatory Guidance C.1.i, states that those portions of SSCs of
which continued function is not required but the failure of which could reduce the functioning of
any plant feature included in Staff Regulatory Guidance items 1.a through 1.h of RG 1.29,
Revision 5, to an unacceptable safety level, or could result in incapacitating injury to occupants
of the control room, should be designed and constructed so that the SSC would not cause such
failure. Wherever practical, structures and equipment the failure of which could possibly cause
such injuries should be relocated or separated to the extent required to eliminate that possibility.
DCA Part 2, Tier 2, Table 3.2-1, includes the following:

Note 5: Where SSC (or portions thereof) as determined in the as-built plant
which are identified as Seismic Category Il in this table could, as the result of a
seismic event, adversely affect Seismic Category | SSC or result in incapacitating
injury to occupants of the control room, they are categorized as Seismic
Category Il consistent with Section 3.2.1.2, [“Seismic Category II,”] and analyzed
as described in DCA Part 2, Tier 2, Section 3.7.3.8 [“Interaction of Non-Seismic
Category | Subsystems with Seismic Category | SSC”].

The staff finds that Note 5 to Table 3.2-1 is acceptable because it conforms to RG 1.29. SER
Section 3.7.3.4.8 describes in detail the additional safety evaluations of the effects of SSCs that
are not classified as seismic Category | on seismic Category | structures.

In June 2017, the staff audited (Phase 1 audit) the applicant’s design specifications to verify that
the component design, qualification, and classification in support of the NuScale Standard Plant
DCA are being performed in accordance with the methodology and criteria described in the
applicant’s various portions of DCA Part 2, Tier 2, including Section 3.2, “Classification of
Structures, Systems, and Components.” Subsequently, the staff performed a Phase 2 audit of
the applicant’s design specifications to confirm the updated specifications, in which the applicant
provided the resolutions to address the staff's Phase 1 audit findings. During the audit, the staff
reviewed the applicant’s classification documents. The staff also examined detailed P&IDs to
verify system classifications. The staff documented the Phase 1 and 2 audits in “Summary
Audit Report of Design Specifications,” dated January 25, 2018 (ADAMS Accession

No. ML18018A234), and “U.S. Nuclear Regulatory Commission Staff Report of Regulatory Audit
for NuScale Power, LLC; Follow-Up Audit of Component Design Specifications,” dated



February 11, 2019 (ADAMS Accession No. ML19018A140), respectively. The staff finds that
the design classification information described in DCA Part 2, Tier 2, was adequately translated
into the design specification. Based on the classification process and these documents,
sufficient information exists to demonstrate that the applicant has an appropriate classification
process for SSCs important to safety and to conclude that the classification criteria and
application of those criteria are consistent with the criteria in RG 1.29, Revision 5, and RG 1.26,
Revision 4, “Quality Group Classifications and Standards for Water-, Steam-, and
Radioactive-Waste-Containing Components of Nuclear Power Plants,” issued March 2007. The
applicant provided the class break information and the details of the boundary of the designed
SSC and piping classification that show application of the design requirements for ASME BPV
Code Class 1, 2, and 3 components and piping, interface requirements, safety criteria, and the
ASME BPV Code, Section XI, inspection program. The P&IDs in the DCA identify the
interconnecting piping and valves and the interface between the safety-related and
nonsafety-related portions of each system.

RG 1.29, Revision 5, Staff Regulatory Guidance C.2, states that the seismic Category | dynamic
analysis requirements should be extended to either the first anchor point in the nonseismic
system or a sufficient distance into the nonseismic Category | system so that the seismic
Category | analysis remains valid. In DCA Part 2, Tier 1 and Tier 2, the applicant provided DCA
Part 2, Tier 1, Table 2.1-1, “NuScale Power Module Piping Systems,” and Table 2.1-2, “NuScale
Power Module Mechanical Equipment,” and DCA Part 2, Tier 2, Figure 6.6-1, “ASME Class
Boundaries for NuScale Power Module Piping Systems.” The tables and figures included
component/system class break information. The staff finds the tables and figures acceptable
because the class break information conforms to RG 1.29.

DCA Part 2, Tier 2, Table 3.2-1, classifies the bioshields as not safety related, not risk
significant, seismic Category |l components; DCA Part 2, Tier 2, Table 3.2-1, identifies them as
B2. The bioshield is designed to relieve the pressure associated with a high-energy fluid
system break at the top of the NuScale Power Module (NPM); however, the bioshield vents
have no mechanical devices, such as hinges. The ventilation is a path that is always open and
relieves high-temperature and -pressure environments in the operating bay. The bioshield is
classified as B2 (not safety related and nonrisk significant) seismic Category Il. The staff finds
the classification acceptable because the classification of bioshield conforms to RG 1.29. SER
Sections 1.2, 3.7.2, 3.7.3, and 12.3 describe the additional safety evaluations of the bioshield
vent design in detail.

RG 1.29, Revision 5, Staff Regulatory Guidance C.1.d and C.1.g, include guidance for the
seismic classification of SSCs used to control the release of radioactive material. DCA Part 2,
Tier 2, Section 3.2 states, in part, that the selection of augmented requirements for SSCs that
are not safety related is based on a consideration of the important functionality to be performed
by the SSC and regulatory guidance applicable to the functionality consistent with GDC 60 for
controlling radioactive effluents. In addition, DCA Part 2, Tier 2, Section 3.2.1, states that
seismic categorization of SSCs is also consistent with the guidance in RG 1.143, and

Section 3.2.1.4 describes the seismic classification of SSCs that contain radioactive waste.
Based on the staff’s review of this information and the classifications provided in DCA Part 2,
Tier 2, Table 3.2-1, the staff determined that the seismic classifications assigned by the
applicant are consistent with GDC 60.



3.2.1.5 Combined License Information ltems

DCA Part 2, Tier 2, Table 1.8-2, “Combined License Information Items,” lists the combined
license (COL) information item number and description related to Section 3.2.1.

Table 3.2.1-1: NuScale COL Information Item for Section 3.2.1

Item No. Description DCA Part 2,
Tier 2, Section
COL ltem | COL Item 3.2-1: A COL applicant that references the NuScale Power 3.21

3.2-1 Plant design certification will update Table 3.2-1 to identify the
classification of site-specific SSC.

3.2.1.6 Conclusion

Based on its review of DCA Part 2, Tier 1 and Tier 2, Section 3.2.1; the applicable P&IDs; and
other supporting information in DCA Part 2, Tier 2, the staff concludes that the applicant’s small
modular reactor (SMR) design safety-related SSCs, including their supports, are properly
classified as seismic Category | in accordance with RG 1.29, Staff Regulatory Position C.1. In
addition, the staff finds that DCA Part 2, Tier 2, includes an acceptable process to meet

RG 1.29, Revision 5, Staff Regulatory Guidance C.1.h, C.2, and C.3 for SSCs not classified as
seismic Category |. This constitutes an acceptable basis for satisfying the portions of

10 CFR Part 50, Appendix A, GDC 1, GDC 2, and GDC 60; 10 CFR Part 100, Appendix A; and
10 CFR Part 50, Appendix S, that require that all SSCs important to safety be designed to
withstand the effects of natural phenomena, including earthquakes.

3.2.2 System Quality Group Classification
3.2.2.1 Introduction

The staff reviewed DCA Part 2, Tier 2, Section 3.2.2, in accordance with SRP Section 3.2.2,
“System Quality Group Classification,” which references RG 1.26.

In addition to the seismic classifications discussed in SER Section 3.2.1, DCA Part 2, Tier 2,
Table 3.2-1, identifies the SSC classification, safety classification/quality group (QG)
classification, and the QA requirements necessary to satisfy the requirements of GDC 1 for all
safety-related SSCs and equipment. Applicable P&IDs identify the classification boundaries of
interconnecting piping and valves. The staff reviewed DCA Part 2, Tier 2, Table 3.2-1, and the
P&IDs in accordance with SRP Section 3.2.2. SRP Section 3.2.2 references RG 1.26 as the
principal document used by the staff to identify, on a functional basis, the pressure-retaining
components of those systems important to safety as NRC QG A, B, C, or D. As noted in DCA
Part 2, Tier 2, Table 1.9-2, “Conformance with Regulatory Guides,” the applicant stated that
they conform to Revision 4 of RG 1.26. SER Section 5.2.1.1, “Compliance with the Codes and
Standards Rule, 10 CFR 50.55a,” discusses the conformance of RCPB components to the
requirements of 10 CFR 50.55a, “Codes and Standards.” RG 1.26 designates these RCPB
components as QG A.

In GDC 1, the NRC requires, in part, that nuclear power plant SSCs important to safety be
designed, fabricated, erected, and tested to quality standards commensurate with the
importance of the safety functions they perform. Where generally recognized codes and
standards are used, they shall be identified and evaluated to determine their applicability and



adequacy and modified as necessary to assure a quality product in keeping with the required
safety function. As stated in SRP Section 3.2.2, these SSCs will be relied upon for the following
functions:

. to prevent or mitigate the consequences of accidents and malfunctions originating within
the RCPB
. to permit the shutdown of the reactor and maintain it in a safe-shutdown condition

. to ensure the integrity of the RCPB

In accordance with 10 CFR 50.55a(c)(1), components that are part of the RCPB must meet the
requirements for Class 1 components in ASME BPV Code, Section lll, except as provided in
10 CFR 50.55a(c)(2) through (4). In accordance with 10 CFR 50.55a(d)(1), components
classified as QG B must meet the requirements for Class 2 components in ASME BPV Code,
Section Ill. In accordance with 10 CFR 50.55a(e)(1), QG C components must meet the
requirements for Class 3 components in ASME BPV Code, Section lll.

3.2.2.2 Summary of Application

DCA Part 2, Tier 1: In DCA Part 2, Tier 1, Chapter 2, Table 2.1-1 and Table 2.1-2 provide SSC
design description information.

DCA Part 2, Tier 2: In DCA Part 2, Tier 2, Section 3.2.2 and Table 3.2-1 classify the applicant’s
safety-related fluid systems and components as QG A, B, or C. Fluid systems and components
that are not safety related that do not fall within QG A, B, or C also appear in Table 3.2-1 as

QG D, WR-lIc, and WR-lla. DCA Part 2, Tier 2, Table 3.2-1, identifies SSC classification as A1,
A2, B1, or B2. A1 designates SSCs that are both safety related and risk significant, A2
designates SSCs that are safety related and not risk significant, B1 designates SSCs that are
not safety related but are risk significant, and B2 indicates SSCs that are not safety related and
not risk significant. Certain SSCs that perform risk-significant functions but are not safety
related may require regulatory oversight. The regulatory treatment of nonsafety systems
(RTNSS) process identifies the required oversight, as discussed in DCA Part 2, Tier 2,

Section 19.3, “Regulatory Treatment of Non-Safety Systems.” DCA Part 2, Tier 2, Table 3.2-1,
also includes the basic commercial codes and standards applicable to major SSCs and the
SSCs to which 10 CFR Part 50, Appendix B, applies. Safety-related SSCs and risk-significant
SSCs are subject to the QAP requirements described in DCA Part 2, Tier 2, Section 17.5,
“Quality Assurance Program Description,” and are documented in the applicable QAP column of
Table 3.2-1. In addition, all or part of 10 CFR Part 50, Appendix B, has been applied to some
SSCs that are not safety related for which specific regulatory guidance applies (e.g., RG 1.29).
DCA Part 2, Tier 2, Table 3.2-1, identifies the application of the pertinent requirements of

10 CFR Part 50, Appendix B, to these specific SSCs that are not safety related.

DCA Part 2, Tier 2, Section 3.2, states that the classification methodology includes
consideration for “augmented” requirements for those SSCs that are, by definition, not safety
related (based on 10 CFR 50.2, “Definitions”). The applicant stated that the selection of
augmented requirements is based on a consideration of the important functionality to be
performed by the SSCs that are not safety related and on regulatory guidance applicable to the
functionality (e.g., consistent with the functionality specified in GDC 60 for controlling radioactive
effluents, augmented requirements are specified for radioactive waste systems based on the



guidance in RG 1.143). DCA Part 2, Tier 2, Table 3.2-1, identifies the augmented design
requirements, if applicable.

DCA Part 2, Tier 2, Section 3.1.1.1, “Criterion 1—Quality Standards and Records,” states that
the applicant’s plant design conforms to GDC 1.

ITAAC: There are no ITAAC associated with this area of review.

Technical Specifications: There are no GTS for this area of review.
Technical Reports: There are no TRs for this area of review.

3.2.2.3 Regulatory Basis

The following NRC regulations contain the relevant requirements for this review:

. 10 CFR Part 50, Appendix A, GDC 1, and 10 CFR 50.55a, as they relate to SSCs
important to safety being designed, fabricated, erected, and tested to quality standards
commensurate with the importance of the safety function to be performed

. 10 CFR 50.55a(c)(1), as it relates to components that are part of the RCPB that must
meet the requirements for Class 1 components in ASME BPV Code, Section lll, except
as provided in 10 CFR 50.55a(c)(2) through (4)

. 10 CFR 50.55a(d)(1), as it relates to components classified as QG B that must meet the
requirements for Class 2 components in ASME BPV Code, Section lll

. 10 CFR 50.55a(e)(1), as it relates to QG C components that must meet the requirements
for Class 3 components in ASME BPV Code, Section Il

SRP Section 3.2.2, Revision 2, issued March 2007, lists the acceptance criteria adequate to
meet the above requirements and provides review interfaces with other SRP sections. In
addition, the following guidance document provides acceptance criteria that confirm that the
above requirements have been adequately addressed:

. RG 1.26 describes an acceptable method for determining quality standards for QG B, C,
and D water- and steam-containing components important to the safety of water-cooled
nuclear power plants.

3.2.2.4 Technical Evaluation

To determine whether the applicant's DCA conforms to the requirements of QG classifications
and quality standards used for design, the staff reviewed DCA Part 2, Tier 2, in accordance with
SRP Section 3.2.2 and RG 1.26, Revision 4. The review included the evaluation of the criteria
used to establish the QG classifications and the application of the criteria to the classification of
principal components in DCA Part 2, Tier 2, Table 3.2-1.

To meet the requirements of 10 CFR 50.55a and GDC 1, the applicant must comply with the
requirements of 10 CFR 50.55a(c) for the RCPB, 10 CFR 50.55a(d) for QG B, and

10 CFR 50.55a(e) for QG C. The guidance in RG 1.26 is used to establish the QGs for other
safety-related components that contain water, steam, or radioactive material. DCA Part 2,

Tier 2, Table 1.9-2, indicates that the applicant’s design certification (DC) conforms to RG 1.26,



Revision 4; RG 1.143, Revision 2, issued November 2001; and RG 1.151, Revision 1, issued
July 2010, as discussed in the following in the subsequent technical evaluation sections.

DCA Part 2, Tier 2, Table 3.2-1, indicates that no equipment is considered for the RTNSS.
Because the applicant is relying only on the function of safety-related equipment, the staff finds
that the applicant’s assessment is appropriate and that the information in DCA Part 2, Tier 2, is
consistent with this assessment.

The column “Augmented Design Requirements” in DCA Part 2, Tier 2, Table 3.2-1, specifies
codes and standards for all components.

. Note 3 for the column “Augmented Design Requirements” of DCA Part 2, Tier 2,
Table 3.2-1, clarifies that additional augmented design requirements are reflected in the
columns “Quality Group/Safety Classification” and “Seismic Classification.”

° Note 4 refers the reader to Sections 3.2.2.1 through 3.2.2.4 for the applicable codes and
standards for each RG 1.26 QG, and DCA Part 2, Tier 2, Section 3.2.2.4, “Quality
Group D,” identifies the codes and standards for SSCs designated as QG D in
accordance with RG 1.26.

. Note 4 refers to Section 3.2.1.4 for a description of RG 1.143 classifications for RW-lla,
RW-IIb, and RW-llc.

. Note 2 of Table 3.2-1 identifies the applicability of augmented QA requirements for SSCs
that are not safety related.

. In addition to the RG 1.26 QG, the column “Quality Group/Safety Classification” in DCA
Part 2, Tier 2, Table 3.2-1, designates the applicable RG 1.143 safety classification.
This designation is used in conjunction with more detailed information on applicable
codes and standards from RG 1.143 in DCA Part 2, Tier 2, Table 11.2-10, “Codes and
Standards from Regulatory Guide 1.143, Table 1”; Table 11.3-10, “Codes and Standards
from Regulatory Guide 1.143, Table 1”; and Table 11.4-1, “List of Systems, Structures,
and Components Design Parameters.”

. DCA Part 2, Tier 2, Table 3.2-1, for the RVIs, lists SG supports separately as
components of the reactor coolant system (RCS).

. DCA Part 2, Tier 2, Table 10.4-20, “Auxiliary Boiler System Component Design
Parameters,” identifies the section of the ASME BPV Code that applies to the fired
power boiler.

The staff finds that the augmented design requirements discussed in the above paragraphs are
acceptable because they conform to RG 1.26 and RG 1.143.

The column “Augmented Design Requirements” in DCA Part 2, Tier 2, Table 3.2-1, defines the
treatment and design requirements of component supports.

. DCA Part 2, Tier 2, Section 3.2.2, provides the requirements for the supports for the
SSCs that meet each QG classification in RG 1.26. The design requirements for
supports for SSCs in QG A, B, C, and D are identified in DCA Part 2, Tier 2,
Sections 3.2.2.1 through 3.2.2.4, and specifically describe the codes and standards
applicable to the supports for the SSCs in each QG.
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. The design and construction codes that are recommended for SSCs using the QG
classifications in RG 1.26 apply to vessels, piping, valves, pumps, and tanks. These
codes do not provide complete design and construction rules for instrumentation
components; therefore, instruments are considered outside the scope of RG 1.26 and
are not given QG designations. DCA Part 2, Tier 2, Chapter 7, “Instrumentation and
Controls,” and Chapter 8, “Electric Power,” provide further details on the codes and
standards for instrumentation and electrical systems, respectively.

. In DCA Part 2, Tier 2, Sections 3.2.2.1 through 3.2.2.4 include the classification
information on the supports for the ASME BPV Code Class 1 through 3 systems to meet
the criteria of ASME BPV Code, Section lll, Division 1, Subsection NF. This is
consistent with requirements in the ASME BPV Code and therefore complies with
10 CFR 50.55a(c), (d) and (e).

The staff finds that the design requirements discussed in the above paragraphs conform to
RG 1.26 and are acceptable.

DCA Part 2, Tier 2, Section 5.2.4.1, “Inservice Inspection and Testing Program,” states that
Section 3.2 and Section 5.2.1, “Compliance with Codes and Code Cases,” summarize the
RCPB components subject to inspection. The staff finds that the fastener classification in DCA
Part 2, Tier 2, Sections 5.2.1 and 5.2.4.1 and Table 3.2-1, is consistent with ASME BPV Code,
Section Ill, and SRP Section 3.2.2 and is, therefore, acceptable.

DCA Part 2, Tier 2, Table 10.3-5, “Material Specifications and Corrosion Allowances,” provides
material specification and grade along with corrosion allowances. DCA Part 2, Tier 2,

Section 10.3.6.2, refers to DCA Part 2, Tier 2, Table 3.2-1, for the QG and seismic design
classifications. The codes and standards for QG D SSCs are located in DCA Part 2, Tier 2,
Section 3.2.2.4. The staff finds that the design provisions described above conform to RG 1.26
and are acceptable.

DCA Part 2, Tier 2, Table 3.2-1, provides the classification information on the piping systems of
the steam generator system (SGS), decay heat removal system (DHRS), Auxiliary Boiler
System (ABS), Condensate and feedwater system (CFWS), and UHS. The piping classification
of SGS, DHRS, ABS, CFWS, and UHS system piping is the same as the classification for the
components to which the piping is connected. The DHRS components are classified as for a
safety-related system, as reflected in the QG and seismic Category | classifications, and the QG
classification for these components is QG B, as identified in DCA Part 2, Tier 2, Section 5.4.3.1,
“Design Basis,” and DCA Part 2, Tier 2, Table 3.2-1. The staff finds that the classification
approach to piping components and DCA Part 2, Tier 2, Section 3.2.2, conform to RG 1.26 and
are therefore acceptable.

3.2.2.5 Combined License Information Items

DCA Part 2, Tier 2, Table 1.8-2, lists the COL information item number and description related
to Section 3.2.2.



Table 3.2.2-1: NuScale COL Information Item for Section 3.2.2

Item No. Description DCA Part 2,
Tier 2,
Section
COL ltem | A COL applicant that references the NuScale Power Plant design 3.2.2
3.2-1 certification will update Table 3.2-1 to identify the classification of
site-specific SSC.

3.2.2.6 Conclusion

Based on its review of the applicable information in the DCA and on the above discussion, the
staff concludes that the QG classifications of the pressure-retaining and nonpressure-retaining
SSCs important to safety, as identified in DCA Part 2, Tier 2, Table 3.2-1, and the related P&IDs
in the DCA, are in conformance to RG 1.26 and therefore are acceptable. DCA Part 2, Tier 2,
Table 3.2-1, and the P&IDs identify major components in fluid systems (i.e., pressure vessels,
heat exchangers, pumps, storage tanks, piping, valves, and applicable supports) and in
mechanical systems (i.e., cranes, fuel-handling machines (FHMs), and other miscellaneous
handling equipment). In addition, the P&IDs in the DCA identify the classification boundaries of
interconnecting piping and valves. Conformance to RG 1.26, as described above, and
applicable ASME BPV Codes and industry standards provides assurance that component
quality will be commensurate with the importance of the safety functions of these systems. This
constitutes the basis for satisfying 10 CFR 50.55a and 10 CFR Part 50, Appendix A, GDC 1,
and is therefore acceptable.

3.3 Wind and Tornado Loading

3.3.1 Severe Wind Loading
3.3.1.1  Introduction

The staff reviewed the applicant’'s DCA Part 2, Tier 2, Section 3.3.1, “Severe Wind Loadings,”
which addresses the design of structures that are required to withstand the effects of severe
winds. The staff considered the information provided by the applicant in DCA Part 2 and the
responses to the staff’s requests for additional information (RAIs) in establishing the reasonable
assurance of safety conclusion.

3.3.1.2  Summary of Application

DCA Part 2, Tier 1: DCA Part 2, Tier 1, Chapter 5, Table 5.0-1, “Site Design Parameters,”
provides the Tier 1 information associated with this section.

DCA Part 2, Tier 2: The applicant provided the design wind loading criteria for the NuScale
plant in DCA Part 2, Tier 2, Section 3.3.1 and Table 2.0-1, “Site Design Parameters.” The
applicant used the design windspeed, its recurrence interval, the speed variation with height,
and the applicable gust factors as input parameters to establish the wind load to be used in the
structural design. The applicant adopted the wind design parameters and the wind design
procedure from the American Society of Civil Engineers (ASCE)/Structural Engineering Institute
(SEI) 7-05, “Minimum Design Loads for Buildings and Other Structures,” which is a reference of
practice in wind design.



For the NuScale design, the applicant used a basic windspeed of 64.8 meters per second (m/s)
(145 miles per hour (mph)), a 100-year return period, a 3-second gust at 10.1 meters (m)

(33 feet (ft)) above ground with an exposure category C and a wind importance factor of 1.15 for
the design of the RXB, control building (CRB), and radioactive waste building (RWB).

ITAAC: There are no ITAAC associated with this area of review.
Technical Specifications: There are no GTS for this area of review.
Technical Reports: There are no TRs for this area of review.
3.3.1.3 Regulatory Basis

The staff evaluated the applicant’s compliance with the following NRC regulation during this
review:

. GDC 2 requires that SSCs important to safety shall be designed to withstand the effects
of natural phenomena such as earthquakes, tornadoes, hurricanes, floods, tsunami, and
seiches without loss of capability to perform their safety functions. The design bases for
these SSCs shall reflect appropriate consideration of the most severe of the natural
phenomena that have been historically reported for the site and surrounding area with
sufficient margin for the limited accuracy, quantity, and period of time in which the
historical data have been accumulated, appropriate combinations of the effects of
normal and accident conditions with the effects of the natural phenomena, and the
importance of the safety functions to be performed.

SRP Section 3.3.1, Revision 3, “Wind Loading,” issued March 2007, lists the acceptance criteria
adequate to meet the above requirement and provides review interfaces with other SRP
sections.

3.3.1.4 Technical Evaluation

SER Sections 2.3.1, “Regional Climatology,” and 2.3.2, “Local Meteorology,” document the
staff’'s evaluations of the most severe regional and local meteorological data used to specify
design wind load parameters.

The staff assessed and accepted an importance factor of the structures and an exposure
category of the site because the importance factor of 1.15 and exposure category C are the
highest coefficient and category for the wind and cover the worst site conditions for a generic
site. The assigned value of the importance factor and the exposure category for the wind are in
accordance with ASCE/SEI 7-05. In DCA Part 2, Tier 2, Section 3.3.1.2, “Determination of
Severe Wind Forces,” the staff assessed the applicant’s procedures to transform the windspeed
into an equivalent pressure to be applied to structures and parts or portions of structures and
finds that the applicant’s procedures to transform the windspeed into an equivalent pressure are
in accordance with ASCE/SEI 7-05. The staff assessed and accepted the minimum value of
0.87 for the velocity pressure exposure coefficient because it provides a more conservative
estimate of the design wind load than the design based on ASCE/SEI 7-05 for a generic site
and because it is consistent with the acceptance criteria in SRP Section 3.3.1. Therefore, the
staff finds the design wind pressure calculations to be acceptable.



3.3.1.5 Combined License Information ltems

The COL applicant that refers to the NuScale DC will assess whether the actual site
characteristics of severe wind are within the corresponding severe wind characteristics
considered in the NuScale design. If the actual site characteristics of severe wind are not within
corresponding severe wind characteristics considered in the NuScale design, the COL applicant
should reevaluate the design of SSCs to the actual site-specific characteristic.

DCA Part 2, Tier 2, Table 1.8-2, lists the COL information item number and description related
to Section 3.3.1.

Table 3.3.1-1: NuScale COL Information Item for Section 3.3.1

Item No. Description DCA Part 2,
Tier 2,
Section
COL ltem | A COL applicant that references the NuScale Power Plant design will 3.3.1 and
3.3-1 confirm that nearby structures exposed to severe and extreme (tornado 3.3.2
and hurricane) wind loads will not collapse and adversely affect the
Reactor Building or Seismic Category | portion of the Control Building.

3.3.1.6  Conclusion

The staff concludes that the severe wind loadings used in the design of the SSCs for the
NuScale application meet the guidelines of SRP Section 3.3.1 and therefore meet the relevant
requirements of 10 CFR Part 50, Appendix A, GDC 2. The staff has determined that the
information in DCA Part 2 provides a reasonable assurance that SSCs important to safety will
be designed to withstand the effects of severe winds.

3.3.2 Extreme Wind Loads (Tornado and Hurricane Loads)
3.3.2.1 Introduction

The staff reviewed DCA Part 2, Tier 2, Section 3.3.2 “Extreme Wind Loads (Tornado and
Hurricane Loads),” which addresses the design of structures that are required to withstand the
effects of the tornado and hurricane phenomena for the NuScale plant. The staff considered the
information provided by the applicant in DCA Part 2 and the responses to the staff's RAls in
establishing the reasonable assurance of safety conclusion.

3.3.2.2 Summary of Application

DCA Part 2, Tier 1: DCA Part 2, Tier 1, Chapter 5, Table 5.0-1, provides the Tier 1 information
associated with this section.

DCA Part 2, Tier 2: The applicant provided the design parameters for the design-basis tornado
and hurricane windspeed in DCA Part 2, Tier 2, Section 3.3.2 and Table 2.0-1. The applicant
used the design parameters applicable to the tornado, including the tornado wind translational
and rotational speeds, the tornado-generated atmospheric pressure change, and the spectrum
of tornado-generated missiles to establish the wind load to be used in the structural design. The
applicant also used the design parameters applicable to the hurricane, including the hurricane
windspeed and hurricane missile spectra to establish the wind load to be used in the structural
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design. The applicant adopted the wind pressure design procedure from ASCE/SEI 7-05, which
is a reference of practice in wind design. In addition, the applicant applied loading combinations
using the individual components of tornado and hurricane loads and their corresponding load
factors.

For the NuScale design, the applicant used the maximum design-basis tornado windspeed of
103 m/s (230 mph) with the translational speed of 20.6 m/s (46 mph), the maximum rotational
speed of 82.3 m/s (184 mph), the radius of maximum rotational speed of 46 m (150 ft), the
pressure drop of 8.3 kilopascals (kPa) (1.2 pounds-force per square inch (psi)), and the rate of
pressure drop 3.4 kPa (0.5 psi) per second for the design of the RXB, CRB, and RWB. In
addition, the applicant used the maximum design-basis hurricane windspeed of 130 m/s

(290 mph) for the design of these buildings.

ITAAC: There are no ITAAC associated with this area of review.
Technical Specifications: There are no GTS for this area of review.
Technical Reports: There are no TRs for this area of review.
3.3.2.3 Regulatory Basis

The staff evaluated the applicant’s compliance with the following NRC regulation during this
review:

. Under 10 CFR Part 50, Appendix A, GDC 2, the NRC requires that SSCs important to
safety shall be designed to withstand the effects of natural phenomena such as
earthquakes, tornadoes, hurricanes, floods, tsunami, and seiches without loss of
capability to perform their safety functions. The design bases for these SSCs shall
reflect appropriate consideration of the most severe of the natural phenomena that have
been historically reported for the site and surrounding area with sufficient margin for the
limited accuracy, quantity, and period of time in which the historical data have been
accumulated, appropriate combinations of the effects of normal and accident conditions
with the effects of the natural phenomena, and the importance of the safety functions to
be performed.

SRP Section 3.3.2, Revision 3, “Tornado Loadings,” issued March 2007, lists the acceptance
criteria adequate to meet the above requirement and provides review interfaces with other SRP
sections.

3.3.2.4 Technical Evaluation

SER Sections 2.3.1 and 2.3.2 document the staff's evaluations of the design-basis tornado
parameters and the windspeed for the design-basis hurricane, respectively.

SER Section 3.3.1.4 documents the staff's evaluations of the wind importance factor, the
exposure category, and the minimum value for the velocity pressure exposure coefficient.

In DCA Part 2, Tier 2, Section 3.3.2.3, “Combination of Forces,” the staff assessed the loading
combinations of the individual tornado and hurricane loading components and their load factors
and finds them acceptable because (1) the applicant properly considered the load from wind
effect, the load from tornado atmospheric pressure change effect, and the load from missile



impact effect and (2) the loading combinations and their load factors are based on the
engineering design principle and consistent with SRP Section 3.3.2, Acceptance Criterion II.3.E.

SER Section 3.5.1.4, “Missiles Generated by Tornadoes and Extreme Winds,” documents the
staff’'s evaluations of the hurricane and tornado wind-generated missiles, respectively.

3.3.2.5 Combined License Information Items

The COL applicant that refers to the NuScale DC will assess whether the actual site
characteristics of meteorological conditions of extreme wind (tornadoes and hurricanes) loads
are within corresponding site parameters of the NuScale design. The COL applicant should
reevaluate the SSCs important to safety in the NuScale design if site characteristics of extreme
wind (tornadoes and hurricanes) loadings are not within corresponding site parameters of the
NuScale design.

Table 3.3.2-1 lists the COL information item number and description related to the interaction of
nonseismic Category | structures with seismic Category | structures from DCA Part 2, Tier 2,
Section 3.3.2.

Table 3.3.2-1: NuScale COL Information Item for Section 3.3.2

Item No. Description DCA
Part 2,
Tier 2,
Section
COL Item 3.3-1 | A COL applicant that references the NuScale Power Plant design will 3.3.1and
confirm that nearby structures exposed to severe and extreme 3.3.2
(tornado and hurricane) wind loads will not collapse and adversely
affect the RXB or Seismic Category | portion of the CRB.

3.3.2.6 Conclusion

The staff concludes that the extreme wind loadings used in the design of the SSCs for the
NuScale application meet the guidelines of SRP Section 3.3.2, because the applicant used the
maximum tornado parameters including maximum windspeed, translational speed, rotational
speed, and atmospheric pressure change, defined in SRP Sections 2.3.1 and 2.3.2. In addition,
the applicant accounted for missiles generated by the tornado wind in accordance with the
guidance. Therefore, the staff finds that the NuScale application meets the relevant
requirements of 10 CFR Part 50, Appendix A, GDC 2, because the information presented in
DCA Part 2 provides a reasonable assurance that SSCs important to safety will be designed to
withstand the effects of the tornado and hurricane phenomena.

3.4 Water Level (Flood) Design

3.4.1 Internal Flood Protection for Onsite Equipment Failure
3.4.1.1  Introduction

The NRC staff reviewed DCA Part 2, Tier 1, Sections 3.11.1 and 3.13.1, both titled “Design
Description,” and Tier 2, Section 3.4.1, “Internal Flood Protection for Onsite Equipment
Failures,” in accordance with SRP Section 3.4.1, “Internal Flood Protection for Onsite
Equipment Failures.”



The review of the flood protection of the equipment includes all SSCs whose failure could
prevent safe shutdown of the plant or result in uncontrolled release of significant radioactivity.
The facility design and equipment arrangements are reviewed with respect to the protection
against internal flooding resulting from pipe breaks, tank failures, or other equipment failures.

3.4.1.2 Summary of Application

DCA Part 2, Tier 1: Internal flooding barriers provide confinements so that the impact from
internal flooding is contained within the flooding area of origin in the RXB and CRB. In DCA
Part 2, Tier 1, Sections 3.11.1 and 3.13.1 provide information related to the design of these
buildings.

DCA Part 2, Tier 2: The applicant provided internal flooding analyses for the RXB and CRB to
confirm that flooding from postulated failures of tanks and piping or actuation of fire suppression
systems does not cause the loss of equipment that is required to (1) maintain the integrity of the
RCPB for any module, (2) shut down the reactor for any module and maintain it in a
safe-shutdown condition, or (3) prevent or mitigate the consequences of accidents that could
result in unacceptable offsite radiological consequences. DCA Part 2, Tier 2, Section 3.4.1,
provides the information related to the flooding analyses.

ITAAC: The applicant provided the ITAAC associated with internal flooding barriers in the RXB
and CRB in DCA Part 2, Tier 1, Table 3.11-2, “Reactor Building Inspections, Tests, Analyses,
and Acceptance Criteria,” Iltem 2, and Table 3.13-1, “Control Building Inspections, Tests,
Analyses, and Acceptance Criteria,” Item 2, respectively. These ITAAC are evaluated in
Section 14.3, “Inspections, Tests, Analyses, and Acceptance Criteria,” of this SER.

Technical Specifications: There are no GTS for this area of review.
Technical Reports: There are no TRs related to internal flood protection.
3.4.1.3 Regulatory Basis

The following NRC regulations contain the relevant requirements for this review:

. 10 CFR Part 50, Appendix A, GDC 2, as it relates to the SSCs important to safety being
designed to withstand the effects of natural phenomena such as earthquakes,
tornadoes, hurricanes, floods, tsunami, and seiches without loss of capability to perform
their safety functions

. 10 CFR Part 50, Appendix A, GDC 4, “Environmental and Dynamic Effects Design
Bases,” as it relates to the SSCs important to safety being designed to accommodate
the effects of, and to be compatible with, the environmental conditions associated with
normal operation; maintenance; testing; and postulated accidents, including
loss-of-coolant accidents (LOCAs)

The guidance in SRP Section 3.4.1, Revision 3, lists the acceptance criteria adequate to meet
the above requirements, as well as review interfaces with other SRP sections. In meeting

GDC 2, full-circumferential ruptures of nonseismic moderate energy piping are assumed in a
seismic event. The requirements of GDC 4 are met if SSCs important to safety are designed to
accommodate the flooding of discharged fluid resulting from high- and moderate-energy line
breaks that are postulated in SRP Sections 3.6.1, “Plant Design for Protection Against



Postulated Piping Failures in Fluid Systems Outside Containment,” and 3.6.2, “Determination of
Rupture Locations and Dynamic Effects Associated with the Postulated Rupture of Piping.”

3.4.1.4 Technical Evaluation

The staff reviewed DCA Part 2, Tier 1, Sections 3.11.1 and 3.13.1, and DCA Part 2, Tier 2,
Section 3.4.1, as supplemented by applicant letters dated March 5, 2018 (ADAMS Accession
No. ML18064A889), and October 11, 2017 (ADAMS Accession No. ML17284A914), in
accordance with SRP Section 3.4.1 to ensure compliance with the regulations as delineated in
SER Section 3.4.1.3. The staff's evaluation included the review of the methodology and
assumptions used in performing flood analyses and the mitigating measures for rooms that
contain SSCs subject to flood protection. As stated in DCA Part 2, Tier 2, Section 3.4.1, the
applicant conducted a level-by-level and room-by-room flooding analysis consisting of the
following steps:

. Identify potential flooding sources.

. Identify rooms or areas that contain equipment subject to flood protection.

° Estimate the flood depth in the identified rooms or areas.

. Determine the need for protection and mitigation measures for rooms containing

equipment subject to flood protection.

DCA Part 2, Tier 2, Table 3.4-1, discusses the flooding sources and lists the water sources and
volumes in the RXB and CRB. For the RXB, the flooding sources include fire suppression riser;
fire suppression activities; main steam (MS); feedwater (FW); site cooling water support for
heating, ventilation, and air conditioning; site cooling water header; demineralized water;
auxiliary boiler; the chemical and volume control system (CVCS); pool surge control system;
and spent fuel pool/reactor pool cooling. In DCA Part 2, Tier 2, Section 3.4.1.1, the applicant
stated that unless a stress analysis has been performed to identify potential break locations or
eliminate the piping from consideration of potential breaks, high- and moderate-energy piping
greater than nominal diameter (DN) 50 (2-in. NPS) is assumed to have a full circumferential
break in any room or area where it passes. The applicant described the results of the RXB
flooding analysis in DCA Part 2, Tier 2, Section 3.4.1.2. Within the RXB, the applicant
considered breaks in the fire protection main lines, fire suppression activities (e.g., area
sprinklers and fire hoses), main steamline breaks, main feedline breaks, and breaks of other
auxiliary fluid systems (e.g., CVCS, spent fuel pool cooling, demineralized water). As shown in
DCA Part 2, Tier 2, Table 3.4-1, the spent fuel pool pipe break is the most limiting case in terms
of internal flooding water sources. DCA Part 2, Tier 2, Section 3.4.1.3, described the results of
the CRB flooding analysis. Within the CRB, the applicant considered breaks in the fire
protection main, fire suppression activities (e.g., area sprinklers and fire hoses), and breaks in
the chilled water and potable water systems. The staff determined that the applicant
appropriately considered potential flooding sources that could impact the functionality of
important-to-safety SSCs.

DCA Part 2, Tier 2, Table 3.4-2, gives the results of the flooding analyses. In areas where
equipment subject to flood protection exists, the applicant stated that mitigation of potential
flooding in the identified rooms and areas will be accomplished by providing watertight or
water-resistant doors, elevating equipment above the flood level, enclosing or qualifying
equipment for submersion, or providing other similar types of flood protection. As discussed in
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Section 3.1.4.5 of this SER, a COL applicant that references the NuScale DC is directed to
confirm the final location of SSCs subject to flood protection; select the mitigation strategy;
develop an inspection and maintenance program to ensure that each watertight door,
penetration seal, or other “degradable” measure remains capable of performing its intended
function; and confirm that site-specific tanks or water sources are located where they cannot
cause adverse flooding conditions in the RXB and CRB.

To address specific questions about the assumptions used to analyze fire suppression activities,
as discussed in letters dated March 5, 2018 (ADAMS Accession No. ML18064A889), and
October 11, 2017 (ADAMS Accession No. ML17284A914), the staff reviewed these
assumptions in the internal flooding analyses in detail and compared them to RG 1.189 with
respect to the available amount of water in the fire suppression system and the duration of the
fire suppression activity. In addition, the staff reviewed the bounding conditions for all areas in
the RXB and CRB and the justifications for the flow rate and fire suppression activity time
duration. In DCA Part 2, Tier 2, Section 3.4.1.1, the applicant stated that fire barriers divide the
RXB and CRB into fire areas and concluded that 139 square meters (m?) (1,500 square

feet (ft?)) of fire suppression coverage is required for each fire area. Therefore, the sprinkler
output for each fire area is designed to be 12 liters per minute per square meter (Ipm/m?)

(0.3 gallons per minute per square foot (gpm/ft?)) for the RXB and 8 Ipm/m? (0.2 gpm/ft?) for the
CRB. In addition, the applicant stated that the fire suppression flow estimate for each fire area
includes one manual hose stream of 950 Ipm (250 gpm). Considering the methodology used by
the applicant to perform the flooding analysis, which established that fire areas are
compartmentalized and limited to 139 m? (1,500 ft? ), the staff concluded that the assumptions of
fire suppression activity discharges of 2,600 Ipm (700 gpm) for the RXB and 1,900 Ipm

(500 gpm) for the CRB are reasonable for each of the fire areas. The staff also concluded that
the applicant’s assumptions about the durations of fire suppression activity, which were based
on fires of 120 minutes for the RXB and 60 minutes for the CRB, are acceptable because they
were based on the fire hazard classifications from the National Fire Protection Association
(NFPA) 13, “Standard for the Installation of Sprinkler Systems,” 2016 edition, and NFPA 101,
“Life Safety Code.”

The staff also reviewed assumptions in the internal flooding analysis with respect to the duration
of pipe ruptures. In DCA Part 2, Tier 2, Section 3.4.1.1, the applicant stated that the duration of
leakage from piping system ruptures was assumed to be 40 and 30 minutes between leak
initiation and leak isolation for the RXB and CRB, respectively. The applicant, in a letter dated
October 11, 2017, stated the following:

These assumptions are based on plant personnel operative walk-downs, the use
of plant monitoring equipment, and the use of closed-circuit video monitoring
systems. The use of the Remote Camera system, Plant-wide Video Monitoring
system, and Plant Security system will aid in keeping visuals on many sections of
the plant, including high radiation areas. Additionally, the Control Building was
assumed to have a shorter leak time because it is a normally occupied structure.

The staff finds the applicant’s justification acceptable based on the walkdowns, use of plant
monitoring equipment, and video monitoring systems as described above. These are consistent
with the guidance in SRP Section 3.4.1 and therefore are acceptable.

In addition, because the timely isolation of ruptured piping is also based on the prompt detection
of leakages, the staff reviewed other design features such as the availability and accessibility of
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isolation valves, limited water volumes, or credited actions to isolate postulated ruptured piping.
COL Item 3.4-2 in DCA Part 2, Tier 2, Section 3.4.1.5 and Table 1.8-2, states the following:

A COL applicant that references the NuScale Power plant design certification will
develop the on-site program addressing the key points of flood mitigation. The
key points to this program include the procedures for mitigating internal flooding
events; the equipment list of SSCs subject to flood protection in each plant area;
and providing assurance that the program reliably mitigates flooding to the
identified structures, systems, and components.

The staff finds that the applicant has provided an adequate measure as described in SRP
Section 3.4.1 to ensure that potential pipe breaks in the RXB and CRB can be isolated in a
timely manner.

Based on the above, the staff determined that the applicant met the design requirements of
GDC 2 and GDC 4 related to the effects of natural phenomena and environmental effects of
pipe breaks. The information provided in the DCA is consistent with the guidance in SRP
Section 3.4.1 as it comprehensively identifies flooding hazards caused by potential line break
accidents and fire suppression activities and provides appropriate mitigation measures, where
needed, to preclude adverse effects on safety-related equipment and SSCs important to safety.

3.4.1.5 Combined License Information ltems

SER Table 3.4.1-1 lists the COL information item numbers and descriptions (obtained from DCA
Part 2, Tier 2, Table 1.8-2) that are related to internal flood protection.

Table 3.4.1-1: NuScale COL Information Items for Section 3.4.1

Item No. Description DCA
Part 2,
Tier 2,
Section
COL Item | A COL applicant that references the NuScale Power plant design 3415
3.4-1 certification will confirm the final location of SSCs subject to flood protection

and final routing of piping.

COL ltem | A COL applicant that references the NuScale Power plant design 3.4.1.5
3.4-2 certification will develop the on-site program addressing the key points of
flood mitigation. The key points to this program include the procedures for
mitigating internal flooding events; the equipment list of SSCs subject to

flood protection in each plant area; and providing assurance that the
program reliably mitigates flooding to the identified SSCs.

COL Item | A COL applicant that references the NuScale Power plant design 3415

3.4-3 certification will develop an inspection and maintenance program to ensure
that each water-tight door, penetration seal, or other “degradable” measure
remains capable of performing its intended function.

COL ltem | A COL applicant that references the NuScale Power plant design 3.4.1.5
3.4-4 certification will confirm that site-specific tanks or water sources are placed
in locations where they cannot cause flooding in the RXB or CRB.
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3.4.1.6 Conclusion

Based on the discussion above, the staff concludes that the NuScale design, as it relates to
internal flood protection, meets the guidelines of SRP Section 3.4.1 and therefore satisfies the
requirements of 10 CFR Part 50, Appendix A, GDC 2 and GDC 4.

3.4.2 Analysis Procedures
3.4.2.1  Introduction

The staff reviewed the applicant’'s DCA Part 2, Tier 2, Section 3.4.2, “Protection of Structures
against Flood from External Sources,” which addresses the design of seismic Category |
structures that are required to withstand the effects of the highest flood and ground water levels
specified for the NuScale DC. The staff considered the information provided by the applicant in
DCA Part 2 and the responses to the staff's RAI in establishing the reasonable assurance of
safety conclusion.

3.4.2.2 Summary of Application

DCA Part 2, Tier 1: DCA Part 2, Tier 1, Chapter 5, Table 5.0-1, provides the Tier 1 information
associated with this section.

DCA Part 2, Tier 2: The applicant provided the flood and ground water site parameters in DCA
Part 2, Tier 2, Section 3.4.2.1, “Probable Maximum Flood,” and Table 2.0-1, respectively. The
applicant stated that the probable maximum flood elevation (including wave action) of the
design is 0.3 m (1 ft) below the baseline plant elevation of 30.48 m (100 ft) and the maximum
ground water elevation for the design is 0.6 m (2 ft) below the baseline plant elevation. In
addition, the applicant described the bounding parameters for both rain and snow and the
design features necessary to protect the safety-related and risk-significant SSCs from ground
water intrusion without the use of a permanent dewatering system. The applicant described the
analysis procedures that are used to transform the static effects of the highest flood and ground
water levels into effective loads applied to seismic Category | structures.

ITAAC: DCA Part 2, Tier 1, Chapter 3, provides the ITAAC associated with DCA Part 2, Tier 2,
Section 3.4.2. These ITAAC are evaluated in Section 14.3 of this SER.

Technical Specifications: There are no GTS for this area of review.
Technical Reports: There are no TRs for this area of review.
3.4.2.3 Regulatory Basis

The staff evaluated the applicant’s compliance with the following NRC regulation during this
review:

. In 10 CFR Part 50, Appendix A, GDC 2, the NRC requires that SSCs important to safety
shall be designed to withstand the effects of natural phenomena such as earthquakes,
tornadoes, hurricanes, floods, tsunami, and seiches without loss of capability to perform
their safety functions. The design bases for these SSCs shall reflect appropriate
consideration of the most severe of the natural phenomena that have been historically
reported for the site and surrounding area with sufficient margin for the limited accuracy,
quantity, and period of time in which the historical data have been accumulated,
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appropriate combinations of the effects of normal and accident conditions with the
effects of the natural phenomena, and the importance of the safety functions to be
performed.

SRP Section 3.4.2, Revision 3, “Analysis Procedures,” issued March 2007, lists the acceptance
criteria adequate to meet the above requirement and provides review interfaces with other SRP
sections.

3.4.2.4 Technical Evaluation

SER Sections 2.4.3 and 2.4.12 document the staff's evaluations of the flood and ground water
site parameters, respectively.

In DCA Part 2, Tier 2, Section 3.4.2.1, the staff assessed the applicant’s analysis procedures
that are used to transform the static and dynamic effects of the highest flood and ground water
levels into effective loads applied to seismic Category | structures. DCA Part 2, Tier 2,

Section 3.8.4.3.3, “Earth Pressure,” provides the applicant’s detailed analysis procedures to
calculate the hydrostatic ground water pressure. The staff reviewed the analysis procedure and
DCA Part 2, Tier 2, Figure 3.8.4-27, “Total Static Lateral Soil Pressure Distribution (RXB),” and
finds that the applicant properly accounted for flood and ground water in the analysis and that
the total horizontal pressure is calculated as the sum of the surcharge loads, hydrostatic
pressure, and effective lateral soil pressure, considering the buoyancy effects. The staff
confirmed that the applicant increased the total soil pressure using a conservative uniform
loading condition to be applied to seismic Category | structures. The staff determined that the
design needs to consider only the hydrostatic effects because the highest flood level is below
the proposed plant grade and because the design does not use a permanent dewatering
system. Based on its review, the staff finds that the analysis procedures to transform the static
effects of the highest flood and ground water levels into effective loads applied to seismic
Category | structures are acceptable and that the analysis procedures are in accordance with
general engineering design principles and SRP Section 3.4.2, Acceptance Criterion 11.2.

In addition, the staff assessed the protection of the below-grade portions mentioned in DCA
Part 2, Tier 2, Section 3.4.2.1, of the seismic Category | structures from ground water intrusion.
The staff assessed the specified design life for waterstops, waterproofing, dampproofing, and
watertight seals and considered how the expansion gap between the end of the tunnel and the
corresponding connecting walls on the RXB is protected from the ground water intrusion.
Additionally, the applicant proposed inclusion of COL Item 3.4-5 and COL Item 3.4-7, which will
instruct a COL applicant to determine the extent of waterproofing and dampproofing needed for
the underground portion of the RXB and CRB based on site-specific conditions and provide the
specified design life for waterstops, waterproofing, dampproofing, and watertight seals. The
COL item also instructs a COL applicant to determine the extent of waterproofing and
dampproofing needed for preventing ground water and foreign material intrusion into the
expansion gap between the end of the CRB tunnel and the corresponding connecting walls on
the RXB. The staff reviewed COL ltems 3.4-5 and 3.4-7 and the COL items directing the COL
applicant to address the water-leaktight function of the below-grade portions of the RXB and
CRB based on site-specific conditions. The staff considers the COL items to be appropriate for
this case, as it serves to remind the COL applicant that this is necessary at the COL stage to
ensure the protection of the below-grade portions of the seismic Category | structures from
ground water intrusion.

DCA Part 2, Tier 2, Section 3.4.2.2, “Probable Maximum Precipitation,” discusses the bounding
parameters for both rain and snow in the NuScale design. SER Section 3.8.4 documents the
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staff’'s evaluations of the bounding rain and snow loads.

DCA Part 2, Tier 2, Section 3.4.2.3, “Interaction of Non-Seismic Category | Structures with
Seismic Category | Structures,” indicates that nearby structures are assessed or analyzed to
ensure that there is no credible potential for interactions that could adversely affect the seismic
Category | RXB and CRB. The staff reviewed DCA Part 2, Tier 2, Section 3.4.2.3 and

Figure 1.2-2, “NuScale Functional Boundaries,” and finds that the applicant properly accounted
for the nonseismic Category | structures that are adjacent to the seismic Category | RXB and
CRB. This conclusion is discussed further in SER Section 3.7.2.4.8, where the staff documents
its evaluations of interaction of nonseismic Category | structures with seismic Category |
structures. The applicant stated that the nonseismic portion of the CRB was analyzed along
with the seismic Category | portion of the structure to withstand the effects of the probable
maximum precipitation and that the RWB has been evaluated and shown to be capable of
withstanding the effects of the probable maximum precipitation. In addition, the applicant stated
in DCA Part 2, Tier 2, COL Item 3.4-6, that a COL applicant will confirm that nearby structures
exposed to external flooding will not collapse and adversely affect the RXB or seismic
Category | portion of the CRB.

3.4.2.5 Combined License Information ltems

The COL applicant that refers to the NuScale DC will assess whether the actual data of the
highest flood and ground water levels are within corresponding site parameters of the NuScale
design. The COL applicant should reevaluate the SSCs important to safety in the NuScale
design if site characteristics of flood and ground water are not within the corresponding site
parameters of the NuScale design.

Table 3.4.2-1 lists the COL information item numbers and descriptions related to the interaction
of nonseismic Category | structures with seismic Category | structures.

Table 3.4.2-1: NuScale COL Information Items for Section 3.4.2

Item No. Description DCA
Part 2,
Tier 2,
Section
COL ltem | A COL applicant that references the NuScale Power Plant design 34.21
3.4-5 certification will determine the extent of waterproofing and dampproofing

needed for the underground portion of the RXB and CRB based on
site-specific conditions. Additionally, a COL applicant will provide the
specified design for waterstops, waterproofing, dampproofing, and
watertight seals. If the design life is less than the operating life of the plant,
the COL applicant should describe how continued protection will be

ensured.
COL ltem | A COL applicant that references the NuScale Power Plant design 3.4.23
3.4-6 certification will confirm that nearby structures exposed to external flooding
will not collapse and adversely affect the RXB or Seismic Category | portion
of the CRB.
COL ltem | A COL applicant that references the NuScale Power Plant design 34.21
3.4-7 certification will determine the extent of waterproofing and dampproofing

needed to prevent groundwater and foreign material intrusion into the
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Item No. Description DCA
Part 2,
Tier 2,

Section

expansion gap between the end of the tunnel between the RXB and the
CRB, and the corresponding RXB connecting walls.

3.4.2.6 Conclusion

The staff concludes that the NuScale design, as it relates to protection of structures against
flood from external sources, meets the guidelines of SRP Section 3.4.2. The applicant
demonstrated conformance with the guidance by considering the ground water and the
maximum flood level, both of which are below the grade level, as hydrostatic loads in designing
the walls and foundation mat. Therefore, the NuScale application meets the relevant
requirements of 10 CFR Part 50, Appendix A, GDC 2, because the staff has determined that the
information presented in DCA Part 2 provides reasonable assurance that SSCs important to
safety will be designed to withstand the effects of the highest flood and ground water levels
specified for the NuScale DC.

3.5 Missile Protection

3.5.1 Missile Selection and Description
3.5.1.1 Internally Generated Missiles (Outside Containment)
3.5.1.1.1  Introduction

This portion of the SER addresses both DCA Part 2, Tier 2, Section 3.5.1.1,
“Internally-Generated Missiles (Outside Containment),” and Section 3.5.1.2,
“Internally-Generated Missiles (Inside Containment).” Turbine-generated missiles are evaluated
in Section 3.5.1.3 of this report.

SRP Sections 3.5.1.1, “Internally Generated Missiles (Outside Containment),” and 3.5.1.2,
“Internally-Generated Missiles (Inside Containment),” delineate that SSCs important to safety
are to be protected from internally generated missiles to ensure compliance with GDC 4
requirements. This includes internally generated missiles from component overspeed failures;
missiles that could originate from high-energy fluid system failures; and missiles caused by, or
as a consequence of, gravitational effects (e.g., falling or dropping equipment). An internally
generated missile is a dynamic effect of such failures, and its impact on SSCs that are important
to safety must be evaluated. Protecting SSCs from the effects of internally generated missiles
ensures the capability to shut down and maintain the reactor in a shutdown condition and the
capability to prevent a significant uncontrolled release of radioactivity.

3.5.1.1.2  Summary of Application

DCA Part 2, Tier 1: There is no DCA Part 2, Tier 1, information that directly relates to internally
generated missiles or missile protection for SSCs.

DCA Part 2, Tier 2: In DCA Part 2, Tier 2, Section 3.5.1.1 and Section 3.5.1.2 describe
credible and noncredible internally generated sources and missile protection for SSCs. These
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DCA sections also present the basis for identifying credible and noncredible missiles and the
design measures to limit missile generation and provide protection to SSCs.

ITAAC: There are no ITAAC associated with this area of review.

Technical Specifications: There are no GTS for this area of review.
Technical Reports: There are no TRs associated with this area of review.
3.56.1.1.3  Regulatory Basis

The following NRC regulations contain the relevant requirements for this review:

. GDC 4, as it relates to the design of SSCs important to safety to protect them against
the dynamic effects of internally generated missiles outside containment.

. GDC 4, as it requires, in part, that SSCs important to safety shall be appropriately
protected against the dynamic effects of internally generated missiles outside
containment that may result from equipment failures

The guidance in SRP Sections 3.5.1.1 and 3.5.1.2 provides the relevant regulatory
requirements, as well as interfaces with other SRP sections.

RG 1.117, Revision 2, “Protection Against Extreme Wind Events and Missiles for Nuclear Power
Plants,” issued July 2016, provides guidance for identifying SSCs that should be protected from
the effects of the worst case extreme winds and wind-generated missiles. RG 1.117,

Appendix A, provides a minimum list of SSCs that should be protected from extreme wind
events.

3.5.1.1.4 Technical Evaluation

The staff reviewed the applicant’s design for protecting SSCs important to safety against
internally generated missiles in accordance with the guidance of SRP Sections 3.5.1.1 and
3.5.1.2. The staff reviewed DCA Part 2, Tier 2, Section 3.5, “Missile Protection.” The staff also
reviewed DCA Part 2, Tier 1, and other DCA Part 2, Tier 2, sections noted below.

Compliance with GDC 4 is based on conforming to the guidance in RG 1.117.

DCA Part 2, Tier 2, Section 3.5, in part, addresses protection from internally generated missiles
both inside and outside containment. DCA Part 2, Tier 2, Table 3.2-1, identifies safety-related
and nonsafety-related SSCs throughout the plant, including the associated seismic category,
QG, equipment classifications, and risk significance for each SSC. DCA Part 2, Tier 2,

Section 1.2, “General Plant Description,” provides the general arrangement drawings that define
the building locations. The staff finds that the information in DCA Part 2, Tier 2, Table 3.2-1, is
sufficient to identify all the SSCs important to safety that are subject to missile protection.

The applicant stated that safety-related SSCs and risk-significant SSCs that have a safety
function following a missile-producing event are potential missile targets. The applicant stated
that the following methods will provide missile protection:

J design features that prevent the generation of missiles
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. orientation or physical separation of potential missile sources away from equipment
subject to missile protection

° use of local shields and barriers for equipment subject to missile protection

SER Section 3.5.3 addresses the staff's evaluation of the design of structures, shields, and
barriers used for missile protection.

DCA Part 2, Tier 2, Section 3.5.1, states that the statistical significance of a potential missile is
determined in accordance with the following:

1) If the probability of occurrence of the missile (P+) is determined to be less
than 107 per year, the missile is dismissed from further consideration
because it is not statistically significant.

2) If (P4) is greater than 10" per year, its probability of impacting each
safety-related or risk-significant target (P-) is determined. If the combined
probability is less than 1077 per year, the missile and target combination is
not considered statistically significant and is dismissed from further
consideration.

3) If the product of (P+1) and (P2) is greater than 10 per year, the probability
for damage to the target (P3) is assessed. If the combined probability is
less than 107 per year, the missile and target combination is not
considered statistically significant and is dismissed.

4) If the product of (P1), (P2) and (P3) is greater than 107 per year, barriers
or other measures are taken to protect the SSC.

The staff finds this approach acceptable because it is consistent with SRP Section 3.5.1.1 and
Section 3.5.1.2 acceptance criteria.

DCA Part 2, Tier 2, Section 3.5.1.1, describes the methodology for protection from the potential
of internally generated missiles that could result from failure of plant equipment. The applicant
stated that internally generated missiles can be generated from pressurized systems and
components, rotating equipment, explosions, or improperly secured equipment.

The staff reviewed the potential for missiles generated from pressurized systems. DCA Part 2,
Tier 2, Section 3.5.1.1.1, “Pressurized Systems,” considers the following potential missiles from
pressurized systems as noncredible (P4 < 107):

. moderate- and low-energy systems with operating pressures of less than
1.90 megapascals (MPa) (gauge) (275 pounds-force per square inch, gauge (psig)),
because of insufficient stored energy to generate a missile

o piping and valves designed in accordance with ASME BPV Code, Section lll, and
maintained in accordance with the ASME BPV Code, Section Xl, inspection program

. threaded valve stems with back seats because they are designed to prevent ejection of

the stems and valve stems with power actuators because they are effectively restrained
by the actuator
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) nuts, bolts, and a combination of the two because of the small amount of stored energy

The staff reviewed the reasons stated above to eliminate certain missile sources. These missile
sources are either designed to a high level of quality in accordance with ASME BPV Code,
Section Ill, thus demonstrating that missile generation is unlikely, or they do not have sufficient
energy to generate a credible missile. Therefore, the staff finds the above list of noncredible
missile sources acceptable.

DCA Part 2, Tier 2, Section 3.5.1.1.1, states that bolted bonnet valves and pressure-seal bonnet
valves constructed in accordance with ASME BPV Code, Section Ill; ASME B16.34, “Valves
Flanged, Threaded, and Welding End”; or an equivalent consensus standard are not considered
credible missiles. Additionally, using a retaining ring prevents bolted bonnet valves and
pressure-seal bonnet valves from becoming missiles.

The staff finds this acceptable because the specification of design and construction codes
demonstrates the structural integrity of the components and minimizes the likelihood of missile
generation.

The staff also reviewed information on the potential missiles generated from rotating
components. DCA Part 2, Tier 2, Section 3.5.1.1.3, “Rotating Equipment,” states that the
NuScale design has a limited amount of rotating equipment because there are no reactor
coolant pumps, turbine-driven pumps, or other large rotating components inside safety-related
structures. DCA Part 2, Tier 2, Section 3.5.1.5, “Site Proximity Missiles (Except Aircraft),”
presents the design of the main turbine generators related to missile generation, and SER
Section 3.5.1.3 evaluates the design. DCA Part 2, Tier 2, Section 3.5.1.1.3, also determined
that the catastrophic failure of rotating equipment, such as fans and compressors, is not a
considered credible missile source because the equipment is designed to preclude having
sufficient energy to pass through the housing in which it is contained. The staff finds the
applicant’s DCA information on the potential missiles generated from rotating components
acceptable, because it is consistent with the guidance in SRP Section 3.5.1.1.

In reviewing the potential for missiles generated from pressurized gas cylinders, the applicant
stated in DCA Part 2, Tier 2, Section 3.5.1.1.2, “Pressurized Cylinders,” that cylinders, bottles,
and tanks containing highly pressurized gas cylinders are considered missile sources unless
appropriately secured. For example, the control room habitability system air bottles are
mounted in seismic Category | racks, and plates and straps restrict horizontal and vertical
movement. Therefore, these measures prevent the control room habitability system air bottles
from becoming missiles. In addition, procedures developed in accordance with DCA Part 2,
Tier 2, Section 13.5.2.2, ensure that portable pressurized gas cylinders or bottles are moved to
a location where they are not a potential hazard to equipment subject to missile protection or
are seismically restrained. The staff finds the applicant’s information on the potential for
missiles generated from pressurized gas cylinders acceptable, because it is consistent with the
guidance in SRP Section 3.5.1.1.

The staff evaluated the potential for missiles generated from explosions. DCA Part 2, Tier 2,
Section 3.5.1.1.4, “Explosions,” states that battery compartments in the CRB and RXB are
ventilated to preclude the possibility of hydrogen accumulation. The design also incorporates
valve-regulated lead acid batteries that reduce the hydrogen production in battery rooms as
compared to vented lead acid batteries. The staff reviewed the above design features of the
batteries and battery compartments and agrees with the applicant that these measures ensure
that missiles generated from a hydrogen explosion are unlikely.
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The applicant also addressed the potential for gravitational missiles from falling objects. If the
drop of nonseismically designed SSCs could adversely affect safety-related systems or
risk-significant SSCs, the applicant specified that it will be designed to seismic Category Il to
protect the SSCs from the impact of dropped objects. DCA Part 2, Tier 2, Section 9.1.5,
“Overhead Heavy Load Handling Systems,” discusses measures used to address the safe
operation of the RXB crane and module assembly equipment, and SER Section 9.1.5 evaluates
such measures. In addition, procedures developed in accordance with DCA Part 2, Tier 2,
Section 13.5.2.2, ensure that unsecured equipment is seismically restrained, is removed from
the building, or is moved to a location where it is not a potential hazard to equipment subject to
missile protection. The staff finds the applicant’s information on the potential for gravitational
missiles from falling objects acceptable, because it is consistent with the guidance in SRP
Section 3.5.1.1.

The staff also reviewed the potential for internally generated missiles from inside containment.
DCA Part 2, Tier 2, Section 3.5.1.2, states that the NPMs use a steel containment that
encapsulates the reactor pressure vessel (RPV) and that there is no rotating equipment inside
containment. All pressurized components inside containment, including control rod drive
mechanism (CRDM) housings, are ASME BPV Code Class 1 or 2 and therefore are not
considered credible missile sources. The applicant does not consider these pressurized
components a credible missile source because of the material characteristics, inspections,
quality control during fabrication and erection, and prudent operation. The staff reviewed the
applicant’s bases as described above and finds the applicant’s conclusion on the elimination of
the above components as credible missile sources acceptable, because it is consistent with the
guidance in SRP Section 3.5.1.1. DCA Part 2, Tier 2, Section 15.4.8, “Spectrum of Rod
Ejection Accidents,” presents the safety analyses of the rod ejection accident and documents
the associated staff review.

Based on its review, the staff finds the applicant’'s approach to identify potential missiles,
determine the statistical significance of potential missiles, and provide measures for SSCs
needing protection against the effects of missiles to be acceptable. Therefore, the staff
concludes that the applicant’s evaluation of potential internally generated missiles resulting from
equipment and component failures satisfies the applicable requirements related to GDC 4.

3.5.1.1.5  Combined License Information ltems
No COL information items are directly associated with this review area.
3.5.1.1.6  Conclusion

The staff's review concludes that the applicant’s design bases for SSCs important to safety
necessary to maintain a safe plant shutdown, ensure the integrity of the RCPB, and prevent a
significant uncontrolled release of radioactivity meet the requirements in 10 CFR Part 50,
Appendix A, GDC 4, for SSCs to be protected from internally generated missiles because the
applicant has conformed to the guidance in SRP Section 3.5.1.1 and Section 3.5.1.2 with regard
to which SSCs should be protected from missile impacts.

3.5.1.2 Internally Generated Missiles (Inside Containment)

SER Section 3.5.1.1 evaluates internally generated missiles inside containment.
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3.5.1.3  Turbine Missiles
3.56.1.3.1 Introduction

In 10 CFR Part 50, Appendix A, GDC 4, the NRC requires SSCs important to safety to be
appropriately protected against dynamic effects of postulated accidents, including the effects of
missiles that may result from equipment failures and from events and conditions outside the
nuclear power unit. One potential source of plant missiles is the rotor of the main turbine. The
applicant must consider this potential source of turbine missiles in the plant’s design and must
protect SSCs important to safety from the adverse effects of postulated turbine missiles.

The objective of the staff’s review is to determine whether the potential turbine missiles have
been appropriately identified and whether the SSCs important to safety have been appropriately
protected from any adverse effects that may result from these missiles.

3.5.1.3.2  Summary of Application

DCA Part 2, Tier 1: There is no Tier 1 information for this area of review.

DCA Part 2, Tier 2: DCA Part 2, Tier 2, Section 3.5.1.3, and the applicant’s supplemental letter
dated November 1, 2019 (ADAMS Accession No. ML19305E534), describe the NuScale DC, as
summarized, in part, below.

In DCA Part 2, Tier 2, Figure 1.2-2, Figure 1.5-3, Figure 3.5-1, and Figure 3.5-2 show the
turbine generator building layout with respect to safety-related and risk-significant SSCs.
Safety-related and risk-significant SSCs for the NuScale design are located principally within the
RXB and CRB. The turbine generator rotor shafts are physically oriented such that the RXB
and CRB are within the turbine low-trajectory hazard zone and therefore are considered to be
unfavorably oriented with respect to the NPMs, as defined by RG 1.115, Revision 2, “Protection
Against Turbine Missiles,” issued January 2012.

The NuScale design employs a barrier approach, in combination with physical separation of
redundant safety-related equipment, for the protection against postulated turbine missiles. The
bounding missile for the NuScale design is defined as half of the last stage portion of the turbine
rotor with the weight of the associated blades. The rotor piece was selected as the bounding
turbine missile based on an evaluation of kinetic energy and total penetration distance, as
compared to a turbine blade or turbine blade with a piece of the rotor attached.

ITAAC: There are no ITAAC associated with this area of review.

Technical Specifications: There are no GTS for this area of review.

Technical Reports: There are no TRs for this area of review.

3.6.1.3.3  Regulatory Basis

“Design-Specific Review Standard for the NuScale SMR Design” (DSRS), Section 3.5.1.3,
Revision 0, “Turbine Missiles,” issued June 2016 (ADAMS Accession No. ML15355A364),
provides the relevant NRC requirements for this area of review, which are summarized below,

and the associated acceptance criteria, as well as the review interfaces with other sections of
the DSRS:
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. In GDC 4, the NRC requires SSCs important to safety to be appropriately protected
against environmental and dynamic effects, including the effects of missiles that may
result from equipment failure.

The following acceptance criteria are adequate to meet the above requirements:

. In accordance with DSRS Section 3.5.1.3.11.1, consideration of turbine missile protection
is relevant for SSCs necessary to ensure (1) the integrity of the RCPB, (2) the capability
to shut down and maintain the reactor in a safe condition, and (3) the capability to
prevent accidents that could result in potential offsite exposure, which represents a
significant fraction of the guideline exposures specified in 10 CFR 50.67(b)(2) or
10 CFR Part 100. RG 1.115, Revision 2, Appendix A, provides examples of systems
that are important to safety and that, therefore, should be protected; these systems are
denoted as essential SSCs. The effect of physical separation of redundant or alternative
systems may also be considered.

. RG 1.115, Staff Regulatory Position C.3, specifies that when barriers provide protection
of essential systems, dimensioned plan and elevation layout drawings should include
information on wall or slab thicknesses and materials of pertinent structures. The
protection is considered acceptable if no missile can compromise the final barrier
protecting any essential SSCs. Concrete barriers should be thick enough to prevent
backface scabbing. As discussed in DCA Part 2, Tier 2, Section 3.5.3.4, the applicant
stated that a turbine missile can result in backface scabbing or penetration of the initial
concrete barrier; however, SSCs are sufficiently protected by additional barriers and
physical separation of redundant SSCs to support essential safety functions.

° A method to meet the requirements of 10 CFR Part 50, Appendix A, GDC 4, is to use
installed or existing structures for protecting essential SSCs that meet the acceptance
criteria in DSRS Section 3.5.3, “Barrier Design Procedures.” Department of the Army
TM-5-885-1, “Fundamentals of Protective Design for Conventional Weapons,” issued
November 1986 (ADAMS Accession No. ML101970069), provides additional guidance.

3.5.1.3.4 Technical Evaluation

The failure of a rotor in a steam turbine may result in the generation of high-energy missiles that
could affect essential SSCs. These essential SSCs should be adequately protected from the
effects of turbine missiles such that functions important to safety are maintained. RG 1.115
provides three approaches for protecting essential SSCs: (1) favorable orientation of the turbine
unit such that all essential SSCs are outside the missile strike zone, (2) limiting the frequency of
turbine missile generation, or (3) use of barriers to protect essential SSCs. The applicant
elected to use a barrier approach to protect essential SSCs. Details of the applicant’'s approach
are provided in DCA Part 2, Tier 2, Sections 3.5.1.3, 3.5.2, and 3.5.3. The staff reviewed this
information using the guidelines in DSRS Sections 3.5.1.3 and 3.5.3.

DCA Part 2, Tier 2, Section 3.5.1.3, states that the turbine generators are unfavorably oriented
such that essential SSCs, including the NPMs, are within the low-trajectory turbine missile strike
zone, as defined by RG 1.115. The staff agreed with the applicant’s determination that the
turbine generators are unfavorably oriented as defined by RG 1.115, based on the plant layout
with the RXB and CRB. Because the applicant has elected not to demonstrate a low likelihood
of turbine missile generation, barriers are necessary to protect essential SSCs in the RXB and
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CRB from low-trajectory turbine missiles. NuScale included low-trajectory missiles in the
analysis of the barriers as discussed below. As noted in RG 1.115, for unfavorably oriented
turbines, evaluation of high-trajectory missiles is not required because the probability of a
high-trajectory missile exiting the casing at a trajectory that results in striking and damaging an
essential SSC is much smaller than the equivalent probability for low-trajectory missiles.

In 2019, the staff conducted an audit (ADAMS Accession No. ML19018A112) to review
pertinent technical information including the analyses, calculations, engineering drawings,
design assumptions and the technical bases for the bounding low-trajectory turbine missile
parameters (mass, size and velocity), which are to be applied to the barriers for verification that
the barriers are designed to withstand local and overall effects of missile impact loadings from
postulated turbine missiles that bound turbine generator sets to be used in the NuScale design.
In addition, the staff reviewed DCA Part 2, Tier 2, Section 3.5.1.3.3, for the size, mass and
velocity of the bounding low-trajectory missile. The staff finds that the size of the bounding
turbine missile of half of the last stage of the turbine rotor with the blades attached is acceptable
based on past turbine missile experience and because it has the largest kinetic energy of the
three missiles postulated. Past operating experience includes that in NUREG-1275, “Operating
Experience Feedback Reports,” Volume 11, “Turbine-Generator Overspeed Protection
Systems,” issued April 1995, and guidance from Electric Power Research Institute (EPRI)
Report 1006451, “Technical Approach to Turbine Missile Probability Assessment,” issued
December 2001, and EPRI Report 1001267, “Assessment of Turbine Missile Probability:
Technical and Regulatory Issues,” issued December 2000. The applicant had also postulated a
turbine blade and a turbine blade with a fragment of the rotor, but the staff's assessment was
that these are not bounding. The staff concluded that the turbine missile selection of half a rotor
with the associated blades attached is consistent with RG 1.115, Revision 2, because it
evaluates a turbine missile from a fractured rotor.

For the bounding turbine missile mass, the staff finds the applicant’s proposed bounding missile
weight of 1,626.6 kilograms (kg) (3,586 pounds (Ib)) acceptable since it is based on a typically
sized turbine of 50 megawatts electric (MWe) with a 122-centimeter (cm) (48-in.) diameter and
30.48-cm (12-in.) wide last stage turbine rotor, and a typical turbine rotor material in accordance
with ASTM A470 “Standard Specification for Vacuum-Treated Carbon and Alloy Steel Forgings
for Turbine Rotors and Shafts” Class 4.

The staff also finds that the applicant’s proposed bounding missile speed is acceptable since it
is based on a destructive overspeed of 190 percent, which is consistent with operating
experience and guidance from EPRI Report 1006451 and EPRI Report 1001267 where turbine
missiles from fractured rotor speeds could be as high as 180 to 190 percent. The determination
of the speed of half of the rotor also included the blades. The staff finds this acceptable
because when the rotor fractures, the blades are still attached, thereby increasing the centroid
of the half rotor and the resulting speed of the missile. In addition, to provide reasonable
assurance, the staff confirmed by an evaluation (similar to ASME Code, Section Ill, Appendix F,
used for pump flywheels and other turbine missile analysis) that the total stresses due to
centrifugal forces at 190-percent overspeed reached the tensile strength of the ASTM A470
Class 4 material. As the operating stresses in the rotor reach the tensile strength of material,
ductile fracture can occur, leading to a destructive overspeed fracture event. Therefore, the
staff has reasonable assurance that 190-percent overspeed is the bounding turbine missile
speed.

Also, the staff finds COL Information Item 3.5-1 acceptable because it directs the COL applicant
to confirm that the selected turbine design parameters are bounded by the parameters used in
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the NuScale DCA Part 2, Tier 2, analysis for the size, weight, and speed of a postulated
low-trajectory turbine missile from the last stage of the turbine rotor.

Section 3.5.3 of this SER provides the results of the analysis of the barriers using the above
bounding turbine missile parameters to protect essential SSCs.

3.5.1.3.5 Combined License Information ltems

SER Table 3.5.1.3-1 lists the COL information item number and description related to turbine
missiles from DCA Part 2, Tier 2, Table 1.8-2.

Table 3.5.1.3-1: NuScale COL Information Items for Section 3.5.1

Item No. Description DCA
Part 2,
Tier 2,
Section
COL Item | A COL applicant that references the NuScale Power Plant 3.5.1.3
3.5-1 certification will demonstrate that the site specific turbine

missile parameters are bounded by the design certification
analysis, or provide a missile analysis using the site-specific
turbine generator parameters to demonstrate that the barriers
adequately protect essential structures, systems and
components from turbine missiles. Parameters to verify
include: limiting turbine missile spectrum (rotor and blade
material properties); turbine rotor design, including geometry
and number of blades; final design of the RXB exterior wall;
final design of the CRB exterior wall and grade-level slab; and
location of the turbines with respect to the RXB and CRB.

COL Item | A COL applicant that references the NuScale Power Plant 3.5.1.3
3.5-2 design certification will address the effect of turbine missiles
from nearby or co-located facilities.

3.5.1.3.6 Conclusion

Based on the above, the staff finds that the turbine generator is in an unfavorable orientation
with respect to essential SSCs, and therefore, assurance that essential SSCs are protected
from the adverse effects of low-trajectory turbine missiles will be provided by the use of barriers
and redundancy of SSCs. The staff concludes that the bounding low-trajectory turbine missile is
half of the last stage of the rotor with the blades attached and is used in evaluating whether the
barriers can protect essential SSCs. Using this bounding turbine missile, in combination with
physical separation of redundant safety-related equipment, the applicant demonstrated that
essential SSCs are protected from postulated low-trajectory turbine missiles using barriers as
discussed in Section 3.5.3 of this SER. The staff bases this conclusion on the applicant having
sufficiently demonstrated to the staff, in accordance with the guidance of DSRS Sections 3.5.1.3
and 3.5.3 and RG 1.115, that the barriers protect essential SSCs from postulated turbine
missiles and therefore meet the relevant requirements of GDC 4.
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3.5.1.4 Missiles Generated by Tornadoes and Extreme Winds
3.5.1.4.1  Introduction

This section identifies and evaluates missiles generated by extreme winds (such as a tornado or
hurricane). A COL applicant that references the NuScale DC will assess whether the actual site
characteristics fall within the site parameters specified for the NuScale design. If a site
characteristic does not fall within the corresponding site parameter, the COL applicant will
evaluate the potential for other missiles generated by natural phenomena and the potential
impact of these missiles on the missile protection design features of the NuScale plant design.

3.5.1.4.2  Summary of Application

DCA Part 2, Tier 1: DCA Part 2, Tier 1, Table 5.0-1, lists the design-specific tornado and
hurricane site parameters.

DCA Part 2, Tier 2: DCA Part 2, Tier 2, Section 3.5.1.4, “Missiles Generated by Tornadoes and
Extreme Winds,” describes the spectrum of missiles generated by extreme winds and includes a
rigid missile that tests penetration resistance (pipe), a massive high-kinetic-energy missile that
deforms on impact (automobile), and a small rigid missile of a size that is sufficient to pass
through openings in protective barriers (small steel sphere).

ITAAC: There are no ITAAC directly associated with missiles generated by tornadoes and
extreme winds. DCA Part 2, Tier 1, Table 5.0-1, provides the parameters for design-basis
tornado and hurricane winds and associated missile spectra.

Technical Specifications: There are no GTS for this area of review.

Technical Reports: There are no TRs associated with missiles generated by tornadoes and
extreme winds.

3.6.1.4.3  Regulatory Basis
The following NRC regulations contain the relevant requirements for this review:

. In GDC 2, the NRC requires, in part, that SSCs important to safety shall be designed to
withstand the effects of natural phenomena such as tornadoes and hurricanes without
loss of capability to perform their safety functions.

. In GDC 4, the NRC requires, in part, that SSCs important to safety shall be appropriately
protected against the effects of missiles that may result from events and conditions
outside the nuclear power unit.

SRP Section 3.5.1.4, “Missiles Generated by Tornadoes and Extreme Winds,” provides the
relevant regulatory requirements as well as interfaces with other SRP sections.

. Regulatory Guide (RG) 1.76, “Design-Basis Tornado and Tornado Missiles for Nuclear

Power Plants,” describes acceptable design-basis tornado-generated missile spectra for
the design of nuclear power plants.

3-35



RG 1.221, “Design-Basis Hurricane and Hurricane Missiles for Nuclear Power Plants,”
describes acceptable design-basis hurricane-generated missile spectra for the design of
nuclear power plants.

The method of identifying appropriate design-basis missiles generated by natural
phenomena should be consistent with the acceptance criteria defined for the evaluation
of potential accidents from external sources in SRP Section 2.2.3, “Evaluation of
Potential Accidents.” A licensee or applicant may justify the acceptability of the use of
another methodology.

3.5.1.4.4 Technical Evaluation

The staff reviewed the NuScale design for protecting SSCs important to safety against missiles
generated by extreme winds in accordance with the guidance of SRP Section 3.5.1.4. The staff
reviewed DCA Part 2, Tier 2, Section 3.5.1.4. The staff also reviewed DCA Part 2, Tier 1,
Section 5.0, “Site Parameters,” and other DCA Part 2, Tier 2, sections noted below.

DCA Part 2, Tier 2, Section 3.5.1.4, describes design-basis tornado and hurricane winds and
associated missile spectra for the NuScale design as follows:

design-basis extreme wind parameters (DCA Part 2, Tier 2, Section 3.3.2.1)
- A tornado has a maximum 3-second gust of 103 m/s (230 mph).

- A hurricane has a maximum 3-second gust of 130 m/s (290 mph).
tornado-generated missile spectra

- A massive high-kinetic-energy missile that deforms on impact, such as a
1,800-kg (4,000-Ib) automobile with dimensions of 5.00 m by 2.01 m by 1.31 m
(16.4 ft by 6.6 ft by 4.3 ft), has a horizontal velocity of 41.1 m/s (135 feet per
second (ft/s)) and a vertical velocity of 27.7 m/s (91 ft/s).

- A rigid missile that tests penetration resistance, such as a 4.6-m-long, 130.2-kg,
15-cm-diameter (15-ft-long, 287-Ib, 6-in.-diameter) Schedule 40 pipe, has a
horizontal velocity of 41.1 m/s (135 ft/s) and a vertical velocity of 27.7 m/s
(91 ft/s).

— A small rigid missile of a size that is sufficient to pass through openings in
protective barriers, such as a 66.7-gram (g), 2.5-cm-diameter (0.147-lb,
1-in.-diameter) solid steel sphere, has a horizontal velocity of 7.9 m/s (26 ft/s)
and a vertical velocity of 5.5 m/s (18 ft/s).

hurricane-generated missile spectra

- A massive high-kinetic-energy missile that deforms on impact, such as the
automobile described above, has a horizontal velocity of 93.6 m/s (307 ft/s).

- A rigid missile that tests penetration resistance, such as the Schedule 40 pipe
described above, has a horizontal velocity of 76.5 m/s (251 ft/s).
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- A small rigid missile of a size that is sufficient to pass through openings in
protective barriers, such as the solid steel sphere described above, has a
horizontal velocity of 68.6 m/s (225 ft/s).

- The design-basis vertical missile velocity for all missiles is 25.9 m/s (85 ft/s).

The applicant has assumed that the automobile missiles will impact at all altitudes of less than
9 m (30 ft) above plant grade levels if initially located within 0.8 kilometers (km) (0.5 miles (mi))
of the plant structures. DCA Part 2, Tier 2, Section 3.5.2, states that the portions of the RXB
and CRB that are above the 9-m (30-ft) plant elevation have not been analyzed to withstand the
design-basis automobile missile but they are resistant to the other design-basis missiles. In
addition, COL Item 3.5-3 states the COL applicant will confirm that automobile missiles cannot
be generated within a 0.8-km (0.5-mi) radius of safety-related and risk-significant SSCs
requiring missile protection that would lead to an impact higher than 9 m (30 ft) above plant
grade.

The staff reviewed the above information and finds it acceptable because applying the
automobile missile only to elevations below 9 m (30 ft) is consistent with the guidance of

RG 1.76 and RG 1.221. In addition, the staff finds that COL Item 3.5-3 addresses the potential
for an automobile missile impact higher than 9 m (30 ft).

In addition, the staff reviewed COL Item 3.5-4 in DCA Part 2, Tier 2, Section 3.5.2 and
Table 1.8-2, and finds the proposed COL Item 3.5-4 acceptable because it addresses the
potential for site-specific hazards that could produce missiles more energetic than the
design-basis missiles.

The guidance of RG 1.76 applies only to the continental United States, which is divided into
three regions: Region |, the central portion of the United States; Region Il, a large region of the
United States along the east coast, the northern border, and western Great Plains; and

Region lll, the western United States. The tornado parameter values specified in RG 1.76,
Table 1, for Region | are most severe and bound all the tornado parameter values specified for
Regions Il and lll. The staff finds that the above design-basis tornado parameters provided by
the applicant and tornado-generated missile spectra are in accordance with the guidance in
RG 1.76, Table 1, for Region I.

RG 1.221 provides contour maps of the U.S. coastal areas most susceptible to hurricanes and
associated design-basis wind and missile speeds. The staff finds that the above design-basis
hurricane parameters and hurricane-generated missile spectra for the NuScale design are in
accordance with the guidance in RG 1.221.

SER Section 2.3 contains the staff’s evaluation of the meteorological site parameters. The staff
evaluates the structural performance of the NuScale design with respect to hurricane and
tornado missiles in SER Section 3.8.

Based on its review, the staff finds that the information provided by the applicant conforms to
the guidance in RG 1.76 and RG 1.221 for design-basis tornado and hurricane missiles,
respectively. Therefore, the staff concludes that the NuScale design meets the requirements of
GDC 2 and GDC 4, with respect to the protection of SSCs important to safety from the effects of
natural phenomena such as tornadoes and hurricanes.
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3.5.1.4.5 Combined License Information ltems

SER Table 3.5.1.4-1 lists the COL information item number and description (obtained from DCA
Part 2, Tier 2, Table 1.8-2) that are related to DCA Part 2, Tier 2, Section 3.5.1.4.

Table 3.5.1.4-1: NuScale COL Information Items for Section 3.5.1

Item No. Description DCA
Part 2,
Tier 2,
Section
COL Item | A COL applicant that references the NuScale Power Plant certified design 3.5.14
3.5-3 will confirm that automobile missiles cannot be generated within a [0.8-km]

0.5 mile radius of safety-related SSCs and risk significant SSCs requiring
missile protection that would lead to impact higher than [9.1 m] 30 feet
above plant grade. Additionally, if automobile missiles impact at higher
than [9.1 m] 30 feet above plant grade, the COL applicant will evaluate and
show that the missiles will not compromise safety-related and
risk-significant SSCs.

COL ltem | A COL applicant that references the NuScale Power Plant design 3.5.2

3.5-4 certification will evaluate site-specific hazards for external events that may
produce more energetic missiles than the design basis missiles defined in
FSAR Tier 2, Section 3.5.1.4.

3.5.1.4.6 Conclusion

The staff's review concludes that the applicant’s design-basis tornado and hurricane-generated
missile spectra for the NuScale design comply with the requirements in 10 CFR Part 50,
Appendix A, GDC 2 and GDC 4, for SSCs to be protected from missiles generated by extreme
winds because the applicant meets the acceptance criteria in SRP 3.5.1.4 and conforms to the
guidance in RG 1.76 and RG 1.221 for design-basis wind-borne missiles for nuclear power
plants.

3.5.1.5  Site Proximity Missiles (Except Aircraft)
3.5.1.56.1  Introduction

This section explains that the design is based on tornado missiles, which are assumed to be the
most severe missiles generally. However, hurricane missiles, if determined to be more limiting
than tornado missiles, will be considered. The COL applicant will analyze and establish the
site-specific missile spectra. The potential threat to the plant from site proximity missiles is site
specific and therefore cannot be assessed at the DC stage.

3.5.1.5.2  Summary of Application
DCA Part 2, Tier 1: There is no Tier 1 information for this area of review.

DCA Part 2, Tier 2: In DCA Part 2, Tier 2, Section 3.5.1.5, the applicant stated that, as
described in Section 2.2, “Nearby Industrial, Transportation, and Military Facilities,” the NuScale
Power Plant certified design does not postulate any hazards from nearby industrial,
transportation or military facilities. Therefore, there are no proximity missiles evaluated in the
application.
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ITAAC: There are no ITAAC associated with Section 3.5.1.5.
Technical Specifications: There are no GTS for this area of review.
Technical Reports: There are no TRs for Section 3.5.1.5.

3.5.1.5.3  Regulatory Basis

In 10 CFR 52.47(a)(1), the NRC requires the DC applicant to provide site parameters postulated
for the design and an analysis and evaluation of the design in terms of those site parameters.

In addition to 10 CFR 52.47(a)(1), the applicable regulatory requirements for identifying and
evaluating site proximity missiles include the following:

. 10 CFR 100.20(b), as it requires the nature and proximity of human-related hazards
(e.g., airports, dams, transportation routes, and military or chemical facilities) to be
evaluated to establish site parameters for use in determining whether a plant design can
accommodate commonly occurring hazards and whether the risk of other hazards is
very low

. 10 CFR 100.21(c)(2), as it requires the applications for site approval for commercial
power reactors to demonstrate that the proposed site meets the radiological dose
consequences of postulated accidents that meet the criteria in 10 CFR 50.34(a)(1)

. 10 CFR 100.21(e), as it requires potential hazards associated with nearby transportation
routes and industrial and military facilities to be evaluated and site parameters to be
established to ensure that potential hazards from such routes and facilities will not pose
an undue risk to the type of facility proposed to be located at the site

. GDC 4, as it requires SSCs important to safety to be appropriately protected against the
effects of missiles that may result from events and conditions outside the nuclear power
unit

The following guidance, which is provided in SRP Section 3.5.1.5, “Site Proximity Missiles
(Except Aircraft),” provides a means for the applicant to meet the relevant requirements:

. The criteria typically involve reviewing the event probability for which the expected rate
of occurrence of potential exposure in excess of the 10 CFR Part 100 guidelines is
estimated to be less than an order of magnitude of 1x107 per year.

3.5.1.5.4 Technical Evaluation

Because the information on site proximity is not available at the DC stage, the COL applicant
will describe the missile, including its size, shape, weight, energy, material properties, and
trajectory, and will develop and address the missile effects on the SSCs, if necessary. As noted
in DCA Part 2, Tier 2, Table 1.8-2, COL Item 2.2-1 directs a COL applicant that references the
NuScale DCA to demonstrate that the design is acceptable for each accident scenario, which
includes site proximity explosions and missiles, or to provide site-specific design alternatives.
DCA Part 2, Tier 2, Table 1.8-2, COL Item 3.5-2, directs a COL applicant that references the
NuScale DCA to address the effect of turbine missiles from nearby or colocated facilities.
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3.5.1.5.5 Combined License Information ltems

The COL items to be addressed by a COL applicant referencing the NuScale DCA are
presented in Table 3.5.1.5-1.

Table 3.5.1.5-1: NuScale COL Information Items for Section 3.5.1

Item No. Description DCA
Part 2,
Tier 2,
Section
COL Item | A COL applicant that references the NuScale Power Plant design 3.5.1.5
2.2-1 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.

COL ltem | A COL applicant that references the NuScale Power Plant certified design 3515
3.5-2 will address the effects of turbine missiles from nearby or co-located
facilities.

3.5.1.5.6 Conclusion

As described above, DCA Part 2, Tier 2, states that the COL applicant will provide the
site-specific information under COL Item 2.2-1 and COL Item 3.5-2. Because this information is
site specific, the applicant’s statement in the NuScale DCA that the COL applicant will supply
this site-specific information, and as called for in COL ltem 2.2-1 and COL Item 3.5-2 in
accordance with SRP Section 3.5.1.5, is considered acceptable. For the reasons given above,
the staff concludes that, as this information is site specific, the COL applicant will address it, and
therefore, the staff will review the information at the COL stage. This should include the
provision of information sufficient to demonstrate that the design of the plant falls within the
values of the actual site characteristics specified in a COL application and the requirements
delineated in Section 3.5.1.3 of this report are satisfied.

3.5.1.6 Aircraft Hazards
3.56.1.6.1 Introduction

This section reviews whether the risks from aircraft hazards are sufficiently low. The COL
applicant will demonstrate acceptability of the site parameters with respect to aircraft hazards.
Additional site-specific analyses may be required at the COL stage.

3.6.1.6.2  Summary of Application
DCA Part 2, Tier 1: There is no Tier 1 information for this area of review.

DCA Part 2, Tier 2: In DCA Part 2, Tier 2, Section 3.5.1.6, the applicant stated that, as
described in Section 2.2, the NuScale Power Plant certified design does not postulate any
hazards from nearby industrial, transportation, or military facilities. Therefore, no design-basis
aircraft hazards are evaluated in the application.
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ITAAC: There are no ITAAC associated with Section 3.5.1.6.
Technical Specifications: There are no GTS for this area of review.
Technical Reports: There are no TRs associated with Section 3.5.1.6.
3.5.1.6.3  Regulatory Basis

In 10 CFR 52.47(a)(1), the NRC requires the DC applicant to provide site parameters postulated
for the design and an analysis and evaluation of the design in terms of those site parameters.

In addition to 10 CFR 52.47(a)(1), the following are the applicable regulatory requirements for
identifying the evaluation of potential aircraft hazards:

. 10 CFR 100.20(b), as it requires the nature and proximity of human-related hazards
(e.g., airports) to be evaluated to establish site parameters for use in determining
whether a plant design can accommodate commonly occurring hazards and whether the
risk of other hazards is very low

. 10 CFR 100.21(c)(2), as it requires the applications for site approval for commercial
power reactors to demonstrate that the proposed site meets the radiological dose
consequences of postulated accidents that meet the criteria in 10 CFR 50.34(a)(1)

o 10 CFR 100.21(e), as it requires the potential hazards associated with nearby
transportation routes and industrial and military facilities to be evaluated and site
parameters to be established such that potential hazards from such routes and facilities
will pose no undue risk to the type of facility proposed to be located at the site

J GDC 3, “Fire Protection,” as it requires that SSCs important to safety be designed and
located to minimize the probability and effect of fires and explosions

° GDC 4, as it requires SSCs important to safety to have appropriate protection against
the effects of missiles that may result from events and conditions outside the nuclear
power units

The following guidance, which is provided in SRP Section 3.5.1.6, “Aircraft Hazards,” provides a
means for the applicant to meet the relevant requirements:

. The criteria typically involve reviewing the event probability for which the expected rate
of occurrence of potential exposure in excess of the 10 CFR Part 100 guidelines is
estimated to be less than an order of magnitude of 1x107 per year.

3.5.1.6.4 Technical Evaluation

Because the information on potential aircraft hazards near the site is site specific, the applicant
stated that the COL applicant that references the NuScale DCA will be directed to demonstrate
that the design is acceptable for each potential accident, which includes aircraft impact, in
accordance with COL Item 2.2-1 in DCA Part 2, Tier 2, Table 1.8-2.
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3.5.1.6.5 Combined License Information ltems

The COL item to be addressed by a COL applicant referencing the NuScale DCA is presented
in Table 3.5.1.6-1.

Table 3.5.1.6-1: NuScale COL Information Item for Section 3.5.1

Item No. Description DCA
Part 2,
Tier 2,
Section
COL Item | A COL applicant that references the NuScale Power Plant design 3.5.1.6
2.2-1 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.

3.5.1.6.6 Conclusion

As described above, the applicant stated, in DCA Part 2, Tier 2, Section 2.2, that the COL
applicant will provide the site-specific information under COL Item 2.2-1. Because this
information is site specific, the applicant’s statement in the NuScale DCA that the COL applicant
will supply this site-specific information as called for in COL Item 2.2-1, in accordance with SRP
Section 3.5.1.6, is considered acceptable. For the reasons given above, the staff concludes
that, as this information is site-specific, the COL applicant will address it, and therefore, the staff
would review it at the time a COL application is submitted. This should include information
sufficient to demonstrate that the design of the plant falls within the values of the actual site
characteristics specified in a COL application and the requirements delineated in

Section 3.5.1.6.3 of this report are satisfied.

3.5.2 Structures, Systems, and Components To Be Protected from Externally Generated
Missiles

3.5.2.1 Introduction

The guidance in SRP Section 3.5.2, Revision 3, “Structures, Systems, and Components To Be
Protected from Externally-Generated Missiles,” issued March 2007, states that to satisfy GDC 2
and GDC 4, SSCs needed to safely shut down the reactor and maintain it in a safe condition
should be protected from externally generated missiles. This includes all safety-related SSCs
and risk-significant SSCs requiring missile protection that support the operation of the reactor.

3.5.2.2  Summary of Application

DCA Part 2, Tier 1: DCA Part 2, Tier 1, Sections 3.11 and 3.13, provide the information
associated with this section and describe the design of the RXB and CRB, respectively.

DCA Part 2, Tier 2: DCA Part 2, Tier 2, Section 3.5.2, “Structures, Systems, and Components
to be Protected from External Missiles,” describes how SSCs requiring protection from
externally generated missiles are protected by locating these SSCs inside seismic Category |
structures. The external walls and roofs of the structures provide missile protection.
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ITAAC: There are no ITAAC directly associated with SSCs to be protected from external
missiles. DCA Part 2, Tier 1, Sections 3.11 and Section 3.13, specify that design-basis loads,
including those from extreme wind missiles, are to be applied to the design of the RXB and
CRB, respectively. These ITAAC are evaluated in Section 14.3 of this SER.

Technical Specifications: There are no GTS for this area of review.

Technical Reports: There are no TRs associated with SSCs to be protected from external
missiles.

3.6.2.3 Regulatory Basis
The following NRC regulations contain the relevant requirements for this review:

. GDC 2, as it requires, in part, SSCs important to safety to be designed to withstand the
effects of natural phenomena, such as tornadoes and hurricanes, without loss of
capability to perform their safety functions

. GDC 4, as it requires, in part, SSCs important to safety to be appropriately protected
against the effects of missiles that may result from events and conditions outside the
nuclear power unit

SRP Section 3.5.2, Revision 3, provides the relevant regulatory requirements, as well as
interfaces with other SRP sections.

An applicant can meet the requirements of GDC 2 and GDC 4 by conforming to the guidance in
the following RGs:

. RG 1.13, Revision 2, “Spent Fuel Storage Facility Design Basis,” issued March 2007, as
it relates to the capacity of the spent fuel pool cooling systems and structures to
withstand the effects of externally generated missiles and to prevent missiles from
contacting the stored fuel assemblies

. RG 1.117, Revision 1, Appendix A, as it relates to which SSCs important to safety
should be protected from missile impacts generated by tornadoes

3.5.2.4 Technical Evaluation

The staff reviewed the NuScale design for protecting essential SSCs against externally
generated missiles in accordance with the guidance in SRP Section 3.5.2, Revision 3. The staff
reviewed DCA Part 2, Tier 2, Section 3.5.2; DCA Part 2, Tier 1, Sections 3.11 and 3.13; and
other sections of DCA Part 2, Tier 2, noted below.

SRP Section 3.5.2, Revision 3, states that the SSCs required for safe shutdown of the reactor
should be identified. RG 1.117, Appendix A, provides guidance as to which SSCs should be
protected from missile impacts. DCA Part 2, Tier 2, Table 3.2-1, identifies the SSCs that are
safety related and risk significant, and DCA Part 2, Tier 2, Table 9A-7, “Safe Shutdown Plant
Functions,” identifies the SSCs that are needed for safe shutdown.

The staff reviewed the application for the identification of SSCs that are required to be protected
against externally generated missiles. The SSCs subject to missile protection are identified in
DCA Part 2, Tier 2, Table 3.2-1, as A1 (Safety-Related, Risk-Significant), A2 (Safety-Related,
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Non-Risk-Significant), or B1 (Non-Safety-Related, Risk-Significant) and are located inside the
RXB or CRB.

The staff reviewed the NuScale application to determine whether all identified essential SSCs
necessary for supporting the reactor facilities are appropriately protected from externally
generated missiles. DCA Part 2, Tier 2, Section 3.5.2, states that all safety-related and
risk-significant SSCs that must be protected from external missiles (i.e., those categorized as
A1, A2, and B1) are located in the RXB and CRB, which are seismic Category | structures and
are designed for missile protection. The walls, roof, and openings of the seismic Category |
structures are designed to withstand the design-basis missiles described in DCA Part 2, Tier 2,
Section 3.5.1.4. Based on the above information, the staff determined that the SSCs identified
in DCA Part 2, Tier 2, Table 3.2-1 and Table 9A-7, as requiring missile protection are located
within seismic Category | structures and openings and will be protected. Therefore, the staff
concludes that this aspect of the NuScale plant design conforms to the guidance in RG 1.13 and
RG 1.117.

The RXB and CRB turbine missile protection is addressed in SER Section 3.5.3.

Section 3.5.1.3 of this SER contains the staff’'s evaluation of turbine missiles, including the
applicant’s conformance to the guidance in RG 1.115. SER Section 3.5.3 addresses the staff’s
evaluation of the design of seismic Category | structures and barriers used for missile
protection.

3.5.2.5 Combined License Information Items
COL information items associated with this review area are listed in SER Section 3.5.1.4.5.
3.56.2.6 Conclusion

Based on the staff's review of the information in DCA Part 2, Tier 1 and Tier 2, which is
documented in the staff's evaluation set forth above, the staff concludes that the SSCs to be
protected from externally generated missiles are in conformance with the guidance in RG 1.13
and RG 1.117 and therefore comply with the requirements of 10 CFR Part 50, Appendix A,
GDC 2 and GDC 4.

3.5.3 Barrier Design Procedures
3.56.3.1 Introduction

The staff reviewed DCA Part 2, Tier 2, Section 3.5.3, “Barrier Design Procedures,” following the
guidance in SRP Section 3.5.3, Revision 3, “Barrier Design Procedures,” issued March 2007,
with regard to the procedures used in the design of seismic Category | structures, shields, and
barriers to withstand the effects of wind-borne and turbine missile impact. The staff
acknowledges the limitations in the applicability of the National Defense Research Committee’s
(NDRC'’s) formulas to determine penetration depth for turbine missiles and allows the use of an
alternative approach as provided for in SRP Section 3.5.3. The staff considered the applicant’s
responses and supplemental responses to RAls and confirmatory items.

The COL applicant that refers to the NuScale DC will assess whether the actual data on missile
parameters are within the corresponding site parameters and the turbine characteristics of the
NuScale design. The COL applicant should reevaluate the SSCs important to safety in the
NuScale design if the site characteristics of missiles or the characteristics of the turbine are not
within the corresponding site parameters or turbine characteristics of the NuScale design.
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3.56.3.2  Summary of Application

DCA Part 2, Tier 1: In DCA Part 2, Tier 1, Sections 3.11 and 3.13 provide the information
associated with this section and describe the design of the RXB and CRB, respectively.

DCA Part 2, Tier 2: The applicant provided the barrier design procedures used for the NuScale
design in DCA Part 2, Tier 2, Section 3.5.3. For the prediction of local damage from wind-borne
missiles, the applicant applied the Modified National Defense Research Committee’s formulas
for missile protection in concrete barriers. The applicant stated that the NuScale design does
not use steel and composite barriers. For the prediction of local damage from turbine missiles,
the applicant stated in Section 3.5.1.3.4.1 that a combination of a nonlinear finite element
analysis (FEA) and the NDRC'’s equations for minimum scabbing and perforation thickness is
used.

In DCA Part 2, Tier 2, Sections 3.5.1.3.1 and 3.5.1.3.2 provide the information associated with
the barriers providing protection against turbine missiles for the RXB and CRB, respectively.

With regard to the overall damage predicted for a structure or barrier from tornado and
hurricane missile impact, the applicant used EPRI NP440, “Full Scale Tornado Missile Impact
Tests,” issued July 1977, to determine the structural responses for the triangular impulse
formulation of the design-basis steel pipe missile. The applicant used BC-TOP-9A, Revision 2,
“Design of Structures for Missile Impact,” issued September 1974 (ADAMS Accession

No. ML14093A217), to determine the structural responses for the design-basis automobile
missile. The solid sphere missile was not included for its contribution to overall structural
response.

For overall damage prediction from turbine missile impact, the applicant relied on the same FEA
model to assess its contribution to the overall structural response. For the turbine missiles, the
applicant credited barriers in combination with the separation of the redundant safety equipment
as providing the required protection.

ITAAC: There are no ITAAC directly associated with SSCs to be protected from external
missiles. In DCA Part 2, Tier 1, Sections 3.11 and 3.13 specify a design commitment that RXB
and CRB maintain overall structural integrity under the design-basis loads, which also include
those from external missiles.

Technical Specifications: There are no GTS for this area of review.

Technical Reports: There are no TRs associated with SSCs to be protected from external
missiles.

3.5.3.3 Regulatory Basis
The staff used the following NRC regulations and guidance to perform this review:

. In GDC 2, the NRC requires SSCs important to safety to be designed to withstand the
effects of natural phenomena such as earthquakes, tornadoes, hurricanes, floods,
tsunami, and seiches without loss of capability to perform their safety functions. GDC 2
further requires design bases for these SSCs to reflect appropriate combinations of the
most severe of the natural phenomena that have been historically reported for the site
and surrounding area, with sufficient margin for the limited accuracy, quantity, and
period of time in which the historical data have been accumulated. GDC 2 also requires
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appropriate combinations of the effects of normal and accident conditions with the
effects of the natural phenomena and the importance of the safety functions to be
performed.

. In GDC 4, the NRC requires SSCs important to safety to be appropriately protected
against dynamic effects, including the effects of missiles, pipe whipping, and discharging
fluids that may result from equipment failures and from events and conditions outside the
nuclear power unit.

SRP Section 3.5.3, Revision 3, lists the acceptance criteria adequate to meet the above
requirements and provides review interfaces with other SRP sections. For turbine missiles, the
acceptance criteria of SRP Sections 3.5.3 and 3.5.1.3, “Turbine Missiles,” are applicable. In
addition, the following guidance documents provide acceptance criteria that confirm that the
above requirements have been adequately addressed:

. RG 1.115

. RG 1.142, Revision 2, “Safety-Related Concrete Structures for Nuclear Power Plants
(Other Than Reactor Vessels and Containments,” issued November 2001

3.5.3.4 Technical Evaluation

The staff reviewed DCA Part 2, Tier 2, Section 3.5.3, to determine whether the barrier design
procedures used in the NuScale design meet the guidelines of SRP Section 3.5.3, Revision 3,
and the requirements of GDC 2 and GDC 4, with respect to the capabilities of the seismic
Category | structures, shields, and barriers to withstand the effects of wind-borne and turbine
missile impact. The staff, in addition, reviewed the appropriateness of the finite element model
(FEM) and the nonlinear analysis code used in the local and overall damage prediction for
turbine missiles.

3.5.3.4.1  Finite Element Model Used for Turbine Missile Analysis

The staff reviewed the applicant’s information in DCA Part 2, Tier 2, Section 3.5.1.3.4.2, on the
selection of an analytical model sized smaller than the actual size of the impacted wall, along
with calculations of the impact analyses. The staff finds that the penetration depth computed for
strikes at locations other than the center did not vary significantly between locations. The staff
concluded that the effect of the impact was localized, as shown by the strain contours indicating
strain energy dissipation by punching shear. The staff also concluded that the location of the
boundaries of the analytical model did not influence the resulting strain in analysis, as the
strains diminished rapidly to negligible levels much before the location of the boundary. Thus,
the reduced size of the analytical model has minimal effect on the analysis and is acceptable.
The staff, in addition, agrees with the applicant’s position that the same model can be used to
establish both the local and global effects of the missile impact as the strain demands from the
impact do not extend beyond the immediate vicinity of the impact zone and do not lend to any
global effect. A model with a larger analysis area would not provide additional information about
the global effects.

3.5.3.4.2  Nonlinear Analysis Code for Turbine Missiles

The applicant has used the TeraGrande explicit nonlinear finite element computer code to
perform the turbine missile impact analysis, along with the ANACAP-U constitutive relationship
to model the behavior of the reinforced concrete of the barrier and capture the strain developed
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in the concrete and steel as the missile penetrates the barrier. The staff has experience with
the use of the TeraGrande code in the beyond-design-basis assessment of aircraft impact on
nuclear power plant structures. The nonlinear capabilities of TeraGrande, along with the
constitutive relationship for concrete, is well recognized and used in the industry. In

Section 3.5.1.3.4.4 of the DCA, the applicant stated that the code was audited by the applicant’s
QAP following the guidance in RG 1.231 for commercial dedication and EPRI Technical Report
TR-1025243 “Plant Engineering: Guideline for the Acceptance of Commercial-Grade Design
and Analysis Computer Programs Used in Nuclear Safety-Related Applications," Revision 1,
December 2013. In addition, the applicant simulated the EPRI test data from actual turbine
missile tests using TeraGrande, and the comparison of the results of this simulation and the
actual test data is presented in Section 3.5.1.3.4.4 of the DCA. The staff performed an audit
(ADAMS Accession No. ML19018A112) of the applicant’s turbine missile analysis approach,
including the validation of the TeraGrande code, and determined that the TeraGrande code has
a significant history of use for similar analysis problems and the computer code generated
solutions that were substantially identical to accepted experimental tests (i.e., the difference
between the simulation and test data is small). Therefore, the staff concluded that the
TeraGrande computer code can be reliably used to estimate turbine missile penetration depth in
a reinforced concrete barrier.

3.5.3.4.3  Local Damage Prediction

For the concrete missile barriers, the applicant tabulated the calculated concrete thickness to
preclude perforation or scabbing from the design-basis hurricane and tornado pipe and sphere
missiles in DCA Part 2, Tier 2, Table 3.5-1, “Concrete Thickness to Preclude Missile
Penetration, Perforation, or Scabbing.” The staff reviewed DCA Part 2, Tier 2, Table 3.5-1, and
concluded that it addresses the two low-kinetic-energy missiles (i.e., pipe and sphere) but does
not include the more massive high-kinetic-energy automobile missile, which is identified in DCA
Part 2, Tier 2, Section 3.5.1.4, as a potential missile threat to the barrier. In a letter dated
September 25, 2017 (ADAMS Accession No. ML17268A251), the applicant stated that the
design-basis hurricane and tornado automobile missile are incapable of producing significant
local damage, such as penetration and spalling, perforation, and scabbing, as the “massive
missile,” such as an automobile, is readily deformable upon the impact. Therefore, such a
missile strike will have a greatly reduced penetration power and will not cause any significant
local damage. The staff agrees that the automobile frame will buckle, absorbing impact energy
in the process, and distribute the residual energy over a relatively large footprint, thus reducing
the density of the applied impact load; hence, the automobile frame does not affect the local
damage evaluation.

For the concrete missile barriers, DCA Part 2, Tier 2, Section 3.5.3.1.1, “Concrete Barriers,”
provides the applicant’s barrier design procedures for hurricane and tornado wind-generated
missiles. The applicant established penetration and spalling, perforation, and scabbing
equations using the Modified NDRC’s formulas and stated that the concrete barrier thicknesses
calculated for perforation and scabbing are increased by 20 percent. The staff reviewed DCA
Part 2, Tier 2, Section 3.5.3.1.1, and finds that the applicant applied the Modified NDRC’s
formulas for missile protection in concrete barriers, which is consistent with SRP Section 3.5.3,
Acceptance Criterion II.1.A. The staff confirmed that the calculated concrete barrier thickness
increased by 20 percent and is in accordance with the requirements described in Section F.2.1
of American Concrete Institute (ACI) 349-06, “Code Requirements for Nuclear Safety-Related
Concrete Structures and Commentary.” Based on this review, the staff finds the barrier design
procedures used for the prediction of local damage in the impacted area to be acceptable.
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The staff reviewed the results of the turbine-generated missile analysis and the barrier design
methodology for the RXB provided in DCA Part 2, Tier 2, Section 3.5.1.3.5. The results show
that the maximum depth of penetration is around 80 percent of the wall thickness. Perforation is
limited, as the last layer of reinforcement does not yield completely. The minimum wall
thickness required to prevent back-face scabbing and perforation using the NDRC formula is
beyond the available wall thickness of 150 cm (60 in.). Thus, the SRP Section 3.5.3 criterion is
not satisfied by this barrier alone. Therefore, the applicant considered the effect of secondary
missiles from scabbing on the systems and equipment housed in the service gallery. The
majority of essential equipment that needs to be protected in the NuScale design is located on
top of the NPM. The NPM is located behind an additional 1.5-m- (5-ft)-thick barrier (i.e., the
RXB pool wall) and is unaffected by the postulated design-basis turbine missile or secondary
missiles generated by concrete scabbing. In DCA Part 2, Tier 2, Section 3.5.1.3.6, the applicant
evaluated all SSCs located in the RXB and CRB that require protection from turbine-generated
missiles. DCA Part 2, Tier 2, Table 3.5-3, provides a summary of the results of this
assessment. The applicant concluded that, within the RXB, all damage from concrete scabbing
caused by a turbine-generated missile is contained within the gallery space opposite the reactor
pool, at either the 30.5-m or 38.1-m (100-ft or 125-ft) elevations of the RXB. The applicant
stated that in the event equipment in either of these rooms is rendered inoperable, the plant
remains in a safe condition due to the redundancy of equipment in the other gallery space room.
Therefore, the applicant concluded that, given the physical separation of the redundant
safety-related equipment in the NuScale design, no single turbine missile can prevent an
essential system from performing its safety function. The staff reviewed the applicant’s analysis
and determined that sufficient redundancy and spatial separation exist in the RXB gallery
spaces to permit continued support for essential functions as defined by RG 1.115, Appendix A,
following a turbine missile impact. Based on this review, the staff finds the barrier design
methodology used for the prediction of local damage in the impacted area to be acceptable.

The staff reviewed the results of the turbine missile analysis and the barrier design methodology
for the CRB in DCA Part 2, Tier 2, Section 3.5.1.3.5. The results of the analysis show that the
exterior wall of the CRB is perforated, with the missile impacting the floor slab at grade level
with a significantly reduced velocity. The depth of penetration is around 8 percent of the slab
thickness. The minimum thickness required for scabbing and perforation from the NDRC
formula is well exceeded by the slab thickness. The applicant observed that since the
safety-related equipment and the main control room are below the slab at grade level, the CRB
structure adequately protects the safety-related equipment. Based on this review, the staff finds
the barrier design methodology used for the prediction of local damage in the impacted area to
be acceptable.

Based on a letter dated September 25, 2017, the applicant stated, in DCA Part 2, Tier 2,
Section 3.5.3.1.2, “Steel Barriers,” that the design does not use any steel missile barriers.

In DCA Part 2, Tier 2, Section 3.5.3.1.3, “Composite Barriers,” the applicant stated that the
design does not use composite barriers.

3.5.3.4.4  Overall Damage Prediction

The staff reviewed DCA Part 2, Tier 2, Section 3.5.3.2, “Overall Damage Prediction,” and noted
that the analysis procedure did not address the design-basis sphere missile. The applicant
stated that the design-basis sphere missile is too small to affect the structural response of the
RXB and CRB and was not evaluated for its contribution to overall structural response. The

3-48



staff finds the applicant’s response acceptable because the impact of the design-basis sphere
missile is indeed too small to affect the overall structural response of the RXB and CRB.

In DCA Part 2, Tier 2, Section 3.5.3.2, the applicant used EPRI NP440 to determine the
structural responses for the triangular impulse formulation of the design-basis steel pipe
wind-generated missile. The applicant used BC-TOP-9A, Revision 2, to determine the structural
responses for the design-basis automobile missile. The staff reviewed DCA Part 2, Tier 2,
Section 3.5.3.2, and finds that the applicant used approaches that differ from that specified in
SRP Section 3.5.3, Acceptance Criterion I1.2. The staff requested that the applicant provide an
engineering justification that would support the appropriateness of the use of an alternate
method of qualification. In a letter dated September 25, 2017, the applicant stated that the
proposed procedures use a dynamic analysis method from EPRI NP440 and BC-TOP-9A, both
widely used and accepted missile impact references. The results of these analyses
demonstrate that missile impact has virtually no effect on the overall response of structures as
large as the RXB and CRB. In DCA Part 2, Tier 2, Revision 0, Section 3.5.3.2, the applicant
stated that the design for impulsive and impactive loads is in accordance with ACI 349-06 for
concrete structures and American National Standards Institute (ANSI)/American Institute of
Steel Construction (AISC) N690-12, “Specification for Safety-Related Steel Structures for
Nuclear Facilities,” for steel structures. The applicant also stated that stress and strain limits for
the missile impact equivalent static load conform to applicable codes and RG 1.142, Revision 2.
Based on its review of the information the applicant provided, the staff finds the applicant’s
proposed alternative procedures acceptable.

For the turbine missile analysis, the staff reviewed DCA Part 2, Tier 2, Section 3.5.1.3.5, in
which the applicant established, based on analysis results, that the steel near the point of
impact yields, leading to localized crushing of concrete and failure by punching shear.
Reinforcement away from the impact location is seen to be elastic at the end of the impact
analysis. This localization of the impact and failure of the wall at the location of impact prevent
the load transfer to the zones further than one diameter of the missile. The staff agrees that
where a structural member is expected to deform beyond its elastic limits, the usefulness of the
load combination equations presented in ACI 349-06 is rather limited, as acknowledged in
Appendix F to ACI 349-06. These load combination equations do not provide any means of
accounting for the additional work done as the structure continues to deform beyond its effective
yield point eventually to failure. As the strain beyond the immediate zone of impact is negligible,
the load transfer is nominal beyond the impact zone. The staff agrees, based on the strain
contours in the calculations, that the impact does induce global demands. The applicant has
presented the maximum demand to capacity (D/C) ratio from other load combinations in DCA,
Part 2, Tier 2, Table 3B-14 to estimate available margin against impactive load that may cause
additional demand in the overall structural component. The staff agrees with the applicant’s
position that no overall damage is caused by the impact and the remainder of the wall maintains
its load-carrying capacity in accordance with ACI| 349-06 load combinations. Based on this
review of the information provided by the applicant, the staff finds the applicant’s alternative
approach to overall damage prediction for turbine missile impacts to both the RXB and the CRB
acceptable.

3.6.3.4.5  Shock Analysis

Due to the high kinetic energy associated with a turbine missile impact, there is a potential for a
shock wave to develop that could impact the functionality of SSCs that are important to safety.
The staff reviewed the information provided by the applicant in DCA Part 2, Tier 2,

Section 3.5.1.3.5, in which the applicant stated that the shock wave from the impact on the
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RXB will not affect the redundant equipment important to safety, as the equipment is physically
separated from the location of impact. The staff reviewed this information and finds that the
localized failure of the reinforced concrete barrier will allow the missile to continue its path by
accommodating plastic deformation of the material. Thus, this local wall segment will provide a
momentary resistance followed by diminishing stiffness or resistance as the impact zone
disintegrates till perforation. The resulting shock would be a pulse of a very short duration.
This type of wave form does not have any influence on structural response but may affect
sensitive equipment that operates across very small displacements. Given the seismic
qualification of equipment to high-frequency ground motion which is of much longer duration
than the impact pulse, the staff concludes that the shock from the impact will not adversely
affect the protected equipment.

The CRB equipment is below grade and mounted on the floor of the CRB. The applicant, in
Section 3.5.1.3.5, describes that the essential equipment is located below grade and is
physically distanced from the potential impact zones that will not be affected by the shock wave
from a missile impact. The staff reviewed this information and concludes that any shock wave
from a missile impact on the CRB will be rapidly attenuated by the soil embedment. The staff
concludes that the shock from a missile impact will not adversely affect the protected
equipment.

3.5.3.5 Combined License Information Items
No COL information items from DCA Part 2, Tier 2, affect this section.
3.5.3.6 Conclusion

Based on the above review, the staff finds the procedures used for determining the effects and
loadings on seismic Category | structures and missile shields and barriers induced by
design-basis hurricane and tornado missiles selected for the plant to be acceptable because
these procedures provide an adequate basis for engineering design to ensure that the
structures or barriers are adequately resistant to, and will withstand the effects of, such forces.
The staff concludes that the conformance with these procedures is an acceptable basis for
satisfying the requirements of 10 CFR Part 50, Appendix A, GDC 2 and GDC 4.

With regard to the procedures used for determining the effects and loadings on the RXB and
CRB wall barriers from the impact of turbine missiles, the staff finds the procedures used for
determining the effects and loadings on seismic Category | structures induced by design-basis
turbine missiles to be acceptable because these procedures provide an adequate basis for
engineering design to ensure that the structures or barriers are adequately resistant to, and will
withstand the effects of, such forces. The staff concludes that the conformance with these
procedures is an acceptable basis for satisfying the requirements of 10 CFR Part 50,

Appendix A, GDC 4.
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3.6 Protection against Dynamic Effects Associated with the Postulated Rupture
of Piping

3.6.1 Plant Design for Protection against Postulated Piping Failures in Fluid Systems
Outside Containment

3.6.1.1 Introduction

This section evaluates the NuScale design bases and criteria relied upon to demonstrate that
essential systems and components are protected against postulated piping failures outside
containment. It identifies high- and moderate-energy systems representing potential sources of
dynamic and environmental effects associated with pipe rupture and defines the criteria for the
separation and evaluation of adverse consequences.

3.6.1.2  Summary of Application

DCA Part 2, Tier 1: DCA Part 2, Tier 1, Section 2.1, “Nuclear Power Module,” discusses
information related to protection against pipe rupture effects. DCA Part 2, Tier 1, Table 2.1-1,
identifies the piping systems associated with the NPMs.

DCA Part 2, Tier 2: DCA Part 2, Tier 2, Section 3.6.1, describes the methodology used in
designing the protection of essential systems and components from the consequences of
postulated piping failures outside containment. Such methodology includes the identification of
(1) systems and components located near high- or moderate-energy pipe systems that need to
be protected, (2) failures for which protection is being provided and assumptions are being
used, and (3) protection considerations in the design. In addition, DCA Part 2, Tier 2,

Section 3.6.1, addresses the separation and redundancy of essential systems and methods for
analyzing piping failures.

ITAAC: DCA Part 2, Tier 1, Table 2.1-4, includes ITAAC 4, which requires the completion of
the as-built pipe break hazard analysis report that ensures that the safety-related SSCs are
protected against the dynamic and environmental effects associated with postulated failures in
high- and moderate-energy piping systems. This ITAAC is evaluated in Section 14.3 of this
SER.

Technical Specifications: There are no GTS for this area of review.

Technical Reports: In DCA Part 2, Tier 2, Section 3.6, “Protection against Dynamic Effects
Associated with Postulated Rupture of Piping,” the applicant identified NuScale
TR-0818-61384-P, Revision 2, “Pipe Rupture Hazards Analysis,” dated July 2019 (ADAMS
Accession No. ML19212A682), as providing an analysis of the design bases and measures
needed to protect safety-related and essential systems and components inside and outside
containment against the effects of postulated pipe rupture.

3.6.1.3 Regulatory Basis
The following NRC regulations contain the relevant requirements for this review:

. GDC 2, as it requires the protection of SSCs important to safety to withstand the effects
of natural phenomena, such as earthquakes
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. GDC 4, as it requires SSCs important to safety to be designed to accommodate the
effects of, and to be compatible with, the environmental conditions associated with
postulated pipe rupture

The guidance in SRP Section 3.6.1, Revision 3, issued March 2007, provides the relevant
regulatory requirements, as well as review interfaces with other SRP sections.

3.6.1.4 Technical Evaluation

In DCA Part 2, Tier 2, Section 3.6.1, the applicant described the methodology used in designing
the protections for the essential systems and components from the consequences of postulated
piping failures outside containment. The steps include the identification of (1) the essential
systems and components that are located near high- or moderate-energy piping systems,

(2) the failures for which protection is being provided, and (3) the protection considerations that
are used in the design to safeguard essential SSCs. The applicant defined essential systems
and components as those SSCs that are required to shut down the reactor and to mitigate the
consequences of the postulated piping rupture. In addition, the applicant proposed to protect
the postaccident monitoring (PAM) functionality provided by various portions of the
instrumentation and controls (1&C), even though the equipment is neither safety related nor
essential.

In DCA Part 2, Tier 2, Table 3.6-1, “High- and Moderate-Energy Fluid System Piping,” the
applicant identified the fluid systems that contain high- and moderate-energy piping.

In DCA Part 2, Tier 2, Section 3.6.1, the applicant defined a high-energy system as a fluid
system or portions of a fluid system that, during normal plant conditions, is either in operation or
is maintained pressurized under conditions that meet one or both of the following:

. The maximum operating temperature exceeds 93.3 degrees Celsius (C) (200 degrees
Fahrenheit (F)).
. The maximum operating pressure exceeds 1.90 MPa (gauge) (275 psig).

The applicant defined a moderate-energy system as a high-energy system that operates only at
those conditions for short periods of time (less than 2 percent of the total time the system
operates) or as a fluid system or portions of a fluid system that, during normal plant conditions,
are either in operation or are maintained pressurized (above atmospheric pressure) under
conditions where both of the following are met:

. The maximum operating temperature is 93.3 degrees C (200 degrees F) or less.

. The maximum operating pressure is 1.90 MPa (gauge) (275 psig) or less.

The reviews of previous nuclear power plant designs indicated that the functional or structural
integrity of systems and components required for safe shutdown of the reactor and maintenance
of cold-shutdown conditions could be endangered by fluid system piping failures at locations
outside containment. The staff has identified an acceptable approach for the design and
arrangement of fluid systems located outside of containment to ensure that the plant can be
safely shut down in the event of piping failures outside containment. SRP Branch Technical
Position (BTP) 3-3, Revision 3, “Protection against Postulated Piping Failures in Fluid Systems
Outside Containment,” issued March 2007, and its companion BTP 3-4, Revision 2, “Postulated
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Rupture Locations in Fluid System Piping Inside and Outside Containment,” issued March 2007,
describe this approach.

The staff evaluated the applicant’s definitions of high- and moderate-energy systems and found
them to be consistent with the definitions provided in BTP 3-3, which delineates the staff’'s
guidelines for protection against postulated piping ruptures in fluid systems outside the
containment. The staff finds the system definitions above to be acceptable.

3.6.1.4.1  General Design Criterion 2

The requirements in 10 CFR Part 50, Appendix A, GDC 2, state that SSCs important to safety
shall be designed to withstand the effects of natural phenomena such as earthquakes. During a
seismic event, it is postulated that nonseismic SSCs could fail. This section evaluates the
impact of full-circumferential ruptures of nonseismic moderate-energy piping in areas close to
SSCs important to safety where the effects of a failure are not already bounded by failures of
high-energy piping. Acceptance criteria are based on conformance to SRP BTP 3-3.

In DCA Part 2, Tier 2, Section 3.6.1.2, the applicant stated that the NuScale Power Plant has
only a small number of safety-related and risk-significant systems and components. The
applicant stated that the following systems and components are credited to ensure safe
shutdown of the reactor and require protection against high-energy line breaks (HELBs):

RCS

module protection system (MPS)

neutron monitoring system

CVCS

control rod assembly (CRA) and the control rod drive system (CRDS)
containment system (CNTS)

DHRS

SGS

emergency core cooling system (ECCS)

UHS

In DCA Part 2, Tier 2, Table 3.6-1, the applicant identified the high- and moderate-energy piping
systems and the areas where the systems are located. The applicant divided the evaluation
into the following six areas:

inside the containment vessel (CNV)
outside the CNV (under the bioshield)
in the RXB (outside the bioshield)

in the CRB

in the RWB

on site (outside the buildings)
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SER Section 3.6.2 evaluates the protection against pipe failure inside the containment.

The HELBSs are considered outside the CNV (under the bioshield) and inside the RXB (outside
the bioshield), and SER Section 3.6.1.4.2 evaluates the consequences of these failures.
Accordingly, the staff finds that the consequences of full-circumferential ruptures of nonseismic
moderate-energy piping are bounded by high-energy failures.
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The CRB has no high-energy lines. The failure of moderate-energy piping is evaluated for
flooding environmental conditions. SER Section 3.4 evaluates flooding, and SER Section 3.11
evaluates the environmental conditions caused by pipe failure.

No essential equipment is located in the RWB or the outside buildings; therefore, pipe failure in
those areas will not affect essential equipment.

The staff finds that the applicant identified the equipment that requires protection. SER
Sections 3.6.1.4.2 and 3.6.2 document the staff’s evaluation of the adequacy of the protection of
essential SSCs from the impact of full-circumferential ruptures of nonseismic, moderate-energy
piping because the applicant has used the “separation” criteria to protect SSCs that are
important to safety and because there are no SSCs important to safety outside the RXB that
require protection. The protection measures credited in the CNV are discussed in SER

Section 3.6.2. The protection measures for the RXB are discussed further below (SER

Section 3.6.1.4.2.3). Therefore, the staff finds that the above system description is acceptable
in reference to the applicable requirements of GDC 2.

3.6.1.4.2  General Design Criterion 4

The plant design for protection against postulated piping failure in fluid systems outside
containment must meet the requirements of GDC 4 as it relates to accommodating the dynamic
effects of postulated pipe ruptures, including the effects of pipe whipping and discharging fluids.
These requirements are imposed to ensure that (1) piping failures in fluid systems outside the
containment will not cause the loss of needed functions in safety-related systems, and (2) the
plant could be safely shut down in the event of such a failure.

In DCA Part 2, Tier 2, Section 3.6.1.3, the applicant stated that the relatively small size of the
NPM containment results in congestion that makes the use of traditional piping restraints and
the separation of essential components from break locations difficult. The applicant evaluated
the effects of postulated pipe breaks in high-energy fluid systems to demonstrate that (1) piping
failures in fluid systems outside the containment will not cause the loss of needed functions in
safety-related systems and (2) the plant could be safely shut down in the event of such a failure.

In DCA Part 2, Tier 2, Section 3.6.1, the applicant stated the following:

. On a limited basis, portions of pipe may be excluded from postulating breaks and
cracks provided they meet criteria regarding the design arrangement, stress and
fatigue limits, and a high level of inservice inspection (ISI). The criteria for this
exclusion are provided in BTP 3-4, Section B.A.(ii), “Fluid System Piping in
Containment Penetration Areas,”

. Systems that can demonstrate a low probability of rupture prior to the detection
of a leak may be excluded from HELB dynamic effect considerations. This is
referred to as leak before break (LBB).

. For high- and moderate-energy systems that cannot be fully excluded using the
criteria of BTP 3-4, Section B.A (ii), or LBB, line breaks and leakage cracks are
postulated. The criteria for the specific locations for the postulated breaks are
provided in BTP 3-4 (e.g., Section B.A.(iii)). In general, locations meeting certain
stress, fatigue, and design requirements may be excluded and are not required
to be postulated to rupture.
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BTP 3-4 is an acceptable methodology for demonstrating conformance with GDC 4, and
applying these criteria to limit the locations where postulated breaks can occur is acceptable. In
SER Sections 3.6.2 and 3.6.3, the staff evaluates the applicant’s implementation of the pipe
break location methodology and LBB methodology, respectively.

Additionally, the applicant stated that high-energy systems are analyzed for postulated
circumferential breaks in fluid system piping greater than DN 25 (nominal pipe size (NPS) 1),
longitudinal breaks in fluid system piping that is DN 100 (NPS 4) and greater, and leakage
cracks in fluid system piping greater than DN 25 (NPS 1). The breaks are analyzed for pipe
whip; jet thrust reaction; jet impingement (dynamic effects); flooding; spray wetting; and
increased temperature, pressure, and humidity (environmental effects). The leakage is
analyzed for localized flooding and environmental effects.

The staff reviewed the methodology discussed above and finds that excluding postulated breaks
in piping below a minimum NPS is consistent with the criteria outlined in BTP 3-4. Therefore,
the staff finds the exclusions from the break analysis to be acceptable.

In DCA Part 2, Tier 2, Section 3.6, the applicant identified TR-0818-61384-P (DCA

Reference 3.6-21) as providing details of the analysis of the design basis and measures needed
to protect essential SSCs inside and outside containment against the effects of postulated pipe
ruptures. TR-0818-61384-P states that the NuScale methodology is adequate to identify and
assess the pipe rupture hazards and the effects of pipe ruptures and leakage cracks on the
ability to achieve safe shutdown and cooldown.

The applicant identified six distinct pipe break zones and evaluated the impact of the postulated
pipe breaks in each zone.

3.6.1.4.2.1  Pipe Breaks Inside the Containment Vessel

In SER Section 3.6.2, the staff evaluates the applicant’s determination of the protection of
essential SSCs inside the containment.

3.6.1.4.2.2 Pipe Breaks Outside the Containment Vessel (under the Bioshield)

The applicant stated that essential components located in the area outside the CNV (under the
bioshield) include the following:

MPS temperature sensor under the bioshield
CNV

containment isolation valves (CIVs)
electrical penetration assemblies

DHRS actuation valves

neutron monitoring system (submerged)
DHRS condenser (submerged)

ECCS ftrip/reset valves (submerged)

In DCA Part 2, Tier 2, Section 3.6.1.1.2, the applicant identified the MS, FW, RCS injection,
RCS discharge, high point degasification, pressurizer (PZR) spray supply, and DHRS as
high-energy lines located in this area. The CRDS, containment flooding and drain system, and
the containment evacuation system include moderate-energy lines in this area.
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In DCA Part 2, Tier 2, Section 3.6.2.1.2.2, “Break Exclusion,” the applicant described the
applicability of the break exclusion criteria defined in BTP 3-4, Section B, Items A(ii) and Ad(iii).
Crediting these criteria, the applicant determined that no breaks need to be postulated under the
bioshield.

In BTP 3-3, Section B, Item 1.a(1), the staff indicates that, even though portions of the MS and
FW lines meet the break exclusion requirements of BTP 3-4, ltem B.A.(ii), essential equipment
must be protected from an assumed nonmechanistic longitudinal break with a cross-sectional
area of at least 929 square centimeters (cm?) (1 ft?). This failure is postulated to establish the
environmental conditions that the essential SSCs need to be protected (or designed) against.

In DCA Part 2, Tier 2, Section 3.6.2.1.2.1, “Non-mechanistic Secondary Line Breaks in
Containment Penetration Area,” the applicant stated that the 929 cm? (1 ft?) flow area is
disproportionately large for the NuScale SMR design. In the case of NuScale, the applicant
pointed out that the minimum flow area described in BTP 3-3 exceeds the area of a
full-circumferential rupture of the main steam system (MSS) piping (DN 300 (NPS 12)) and the
feedwater system (FWS) (DN 100 (NPS 4)). The applicant proposed to postulate a
nonmechanistic break of 77 cm? (12 square inches (in.?)) for the MSS and 37.9 cm? (5.87 in.?)
for the FWS.

The staff evaluated the applicant’s justification for a revised minimum flow area and determined
that a minimum flow area of 929 cm? (1 ft?) is disproportional for an SMR. This criterion was
based on large light-water reactors (LWRs) that have significantly larger piping. Due to the
smaller size of an SMR, the staff finds it acceptable to proportionally scale the postulated
nonmechanistic break size to 77 cm? (12 in.?) for the MSS and 37.9 cm? (5.87 in.2) for the FWS.

Section 3.5.2.2 of TR-0818-61384-P, Revision 2, indicates that the essential components fail to
a safe condition upon a loss of power signal and that the area outside of the CNV (under the
bioshield) is vented to the RXB to limit the peak pressure and temperature in the event of pipe
failure. Section 3.9.9.2 of TR-0818-61384-P, Revision 2, indicates that the essential SSCs in
this area are qualified for the pressure and temperature conditions resulting from a
nonmechanistic break in the area.

The staff reviewed the information in DCA Part 2, Tier 2, and TR-0818-61384-P, Revision 1, and
determined that the applicant adequately applied the methodology described in DCA Part 2,
Tier 2, Section 3.6.1, and identified the essential SSCs that require protection against pipe
failure. By designing piping systems in accordance with the recommendations of BTP 3-4, the
applicant has reduced the likelihood of high-energy failures and thereby protected the SSCs
from a postulated high-energy line failure. By designing the essential SSCs to the anticipated
environmental conditions resulting from a nonmechanistic pipe failure, the applicant has
protected the SSC functions important to safety against a nonmechanistic pipe failure in the
area outside the CNV (under the bioshield). Therefore, the staff finds that the plant design for
protection against postulated piping failure in the area outside the CNV (under the bioshield)
meets the applicable requirements of GDC 4.

3.6.1.4.2.3  Pipe Breaks in the Reactor Building (Outside the Bioshield)

In DCA Part 2, Tier 2, Section 3.6.2.1.3, the applicant stated that there are few essential SSCs
that require protection from postulated pipe failures in the RXB (outside the bioshield). The
applicant stated that the piping routing in the RXB (outside the bioshield) has not been finalized.
The applicant proposed COL Item 3.6-1, COL Item 3.6-2, and COL Item 3.6-3 to ensure that the
COL applicant completes the piping design beyond the NPM bay (the area under the bioshield).
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This includes final equipment location, pipe routing, support placement and design, piping stress
evaluation, pipe break mitigation, and evaluation of subcompartment pressurization and
multimodule effects.

The applicant evaluated potential rupture locations to bound the dynamic effects of postulated
breaks and then to determine whether protection is required. The approach evaluates the
following:

. blast, unconstrained pipe whip, and jet impingement caused by rupture of an MS pipe

. subcompartment pressurization, spray wetting, flooding, and other adverse
environmental effects caused by MSS or CVCS breaks that are potentially limiting where
they might occur in the building

. multimodule impacts in common pipe galleries

The applicant stated that, depending on the final piping layout, a break in a high-energy MSS or
FWS line in the RXB could potentially cause breaks or leakage cracks in smaller diameter or
pipe schedule lines of other NPMs and thereby introduce an additional transient in a second
NPM. The applicant indicated that the COL applicant’s final design must arrange the MSS and
FWS pipes or provide pipe whip restraints to prevent a collateral rupture, or a pipe whip impact
analysis must be conducted to show that a collateral rupture does not occur. However, for the
purpose of the bounding analysis, TR-0818-61384-P assumes that an MSS or FWS break
causes a subsequent break in an adjacent module.

The staff reviewed the applicant’s approach of performing a bounding pipe rupture hazards
analysis (PRHA) and adding COL information items for a COL applicant to finalize the design of
the piping systems in the RXB (outside the bioshield). The bounding evaluation addresses the
as-designed configuration and the protection of essential SSCs. The COL applicant will be
responsible for the evaluation of the protection of essential SSCs, based on the as-built
configuration of the plant. Therefore, the staff finds this approach acceptable.

TR-0818-61384-P indicates that the safety-related SSCs in the RXB (outside the bioshield)
include the CIV hydraulic power unit (HPU) skids, which are located in the pipe gallery (two for
each NPM), and the structural walls of the RXB itself (including the UHS walls). The report
evaluated the consequences of an HELB impact on a CIV HPU and determined that failure of
the component would cause the CIVs and the DHRS actuation valve to go to their safe
positions, which is acceptable. Similarly, it evaluated that a loss of power (caused by pipe
failure or any other event) would cause the CIVs to move to a safe position.

The staff reviewed the consequences of a postulated pipe failure impacting the CIV HPU skids
and determined that a failure of these components would not prevent the plant from achieving
safe shutdown or mitigating the consequences of a pipe failure. These components are not
considered important to safety for a postulated pipe failure in the RXB (outside the bioshield);
therefore, no additional protection is needed.

For the evaluation of dynamic impact, the applicant identified that an MSS break would be a
bounding break. TR-0818-61384-P provides the results of the impact of blast effect, pipe whip,
and jet impingement and determined that the structural walls of the RXB (including the walls of
the UHS) are sufficiently thick to prevent failure of the structural components.
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The RXB design accounts for the dynamic loads from pipe failures. The staff gives its structural
evaluation of the RXB design in SER Section 3.8.

TR-0818-61384-P evaluated subcompartment pressurization in the RXB (outside the bioshield)
and identified the bounding breaks for different subcompartments. In the pipe gallery where the
MSS and the FWS are routed, the bounding break is defined as a double-ended MSS line
rupture that ruptures an MSS bypass line of another module. For the pipe chase and the heat
exchanger room, the applicant identified the CVCS break as the bounding break.

As a means of overpressure protection, the NuScale design features dedicated normally open
or blowout paths that do not rely on the RXB ventilation system. These vent paths ensure that
no subcompartment exceeds the RXB design pressure.

The staff finds that, because no postulated pipe failure in the RXB (outside the bioshield)
exceeds the design pressure of the RXB, the structural components important to safety are
adequately protected from postulated pipe failures.

In DCA Part 2, Tier 2, Section 3.6.1, the applicant indicated that the flooding evaluation related
to postulated pipe failures is discussed in DCA Part 2, Tier 2, Section 3.4.1. The staff evaluated
this section and confirmed that the applicant included an assessment of the expected flooding
impact caused by the postulated pipe failures. The staff's evaluation and conclusion of
acceptability of the applicant’s internal flooding protection are discussed in Section 3.4 of this
report.

The staff finds that, by designing the SSCs important to safety in the RXB (outside the bioshield)
to the anticipated conditions following a bounding pipe break, the applicant has protected the
functions important to safety. Therefore, the staff finds that the plant design for protection
against postulated piping failure in the RXB (outside the bioshield) meets the applicable
requirements of GDC 4.

3.6.1.4.2.4 Pipe Breaks in the Control Building

In DCA Part 2, Tier 2, Section 3.6.2.1.4, the applicant indicated that the CRB has no
high-energy lines. In DCA Part 2, Tier 2, Sections 3.4 and 3.11 describe flooding and
environmental evaluations, respectively.

In SER Sections 3.4 and 3.11, the staff evaluates internal flooding and environmental
conditions, respectively.

3.6.1.4.2.5 Pipe Breaks in the Radioactive Waste Building

The applicant stated that the RWB has no high-energy lines or essential equipment. Therefore,
no breaks or leakage cracks are postulated.

3.6.1.4.2.6 Pipe Breaks on Site (Outside the Buildings)

The applicant stated that no essential equipment is located outside the RXB and the CRB.
Therefore, no breaks or leakage cracks are postulated.

The staff also reviewed the applicant’'s methodology described in DCA Part 2, Tier 2,
Sections 3.6.1 and 3.6.2, for conducting a PRHA. The staff finds that the PRHA described in
the DCA complies with the guidance in SRP Sections 3.6.1 and 3.6.2 and BTPs 3-3 and 3-4.

3-58



Based on this, the staff concludes that the applicant can apply this methodology to the
protection of SSCs important to safety that are outside containment. Based on the information
provided by the applicant, the staff did not identify any issues with the implementation of the
relevant approved methodology as described in the DCA.

3.6.1.5 Combined License Information Items

SER Table 3.6.1 lists the COL information item numbers and descriptions (obtained from DCA
Part 2, Tier 2, Table 1.8-2) that are related to the PRHA for site-specific high- and
moderate-energy piping systems.

Table 3.6.1-1: NuScale COL Information Items for Section 3.6.1

Item No. Description DCA Part 2,
Tier 2, Section
COL Iltem |A COL applicant that references the NuScale Power Plant design 3.6
3.6-1 certification will complete the routing of piping systems outside of the

CNV and the area under the bioshield, identify the locations of high- and
moderate-energy lines, and update Table 3.6-1 as necessary.

COL Iltem |A COL applicant that references the NuScale Power Plant design 3.6

3.6-2 certification will verify that the pipe rupture hazards analysis (including
dynamic and environmental effects) of the high- and moderate-energy
lines outside the CNV (under the) bioshield is applicable. If changes are
required, the COL applicant will update the pipe rupture hazards analysis,
design additional protection features as necessary, and update

Table 3.6-2.
COL Item |A COL applicant that references the NuScale Power Plant design 3.6
3.6-3 certification will perform the pipe rupture hazards analysis (including

dynamic and environmental effects) of the high- and moderate-energy
lines outside the reactor pool bay and design appropriate protection
features. This includes evaluations and dispositions of multi-module
impacts in common pipe galleries, and evaluations regarding
subcompartment pressurization. The COL applicant will update
Table 3.6-2 as appropriate.

The staff reviewed the COL information items listed in Table 3.6.1-1 pertaining to pipe rupture
hazards analysis discussed in DCA Part 2, Tier 2, Section 3.6.1, and found them to be
acceptable based on the staff’s technical evaluation presented in SER Section 3.6.1.4.

3.6.1.6 Conclusion

Based on the discussion above, the staff concludes that the NuScale design, as it relates to the
protection of safety-related SSCs important to safety from the effects of piping failures outside
containment, meets the guidelines of SRP Section 3.6.1 and therefore satisfies the
requirements of 10 CFR Part 50, Appendix A, GDC 2 and GDC 4, with respect to
accommodating the effects of postulated pipe failure.
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3.6.2 Determination of Rupture Locations and Dynamic Effects Associated with the
Postulated Rupture of Piping

3.6.2.1 Introduction

GDC 4 requires, in part, that SSCs important to safety be designed to accommodate the effects
of postulated accidents, including protection against the dynamic effects of postulated pipe
ruptures. Dynamic effects of postulated pipe ruptures include pipe whip and the jet
impingement loads on proximate SSCs important to safety. Pipe whip is caused by the reactive
thrust loads produced by the fluid jet exiting the break location. The objective of the staff's
review described in this section is to verify and ensure that adequate protection has been
provided such that the effects of the postulated pipe breaks do not adversely affect the
functionality of SSCs relied upon for safe reactor shutdown and that the consequences of the
postulated pipe rupture have been mitigated.

3.6.2.2 Summary of Application

DCA Part 2, Tier 1: DCA Part 2, Tier 1, Table 2.1-4, Iltem 4, and Table 3.11-2, Item 8, describe
the pertinent design commitment and associated as-built ITAAC related to protection against
postulated pipe rupture effects for the safety-related SSCs of the NPM and the RXB.

DCA Part 2, Tier 2: To address its compliance with the applicable requirements in GDC 4, the
applicant described its overall PRHA strategy, which included using design provisions of
separation, LBB, and break exclusion. DCA Part 2, Tier 2, Section 3.6, describes the
applicant’s approach to mitigate the dynamic effects of postulated HELBs. In addition, the
applicant submitted TR-0818-61384-P, Revision 2, to supplement the PRHA-related information
contained in DCA Part 2, Tier 2, Section 3.6.2. Specifically, TR-0818-61384-P, Revision 2,
describes the details of the applicant’'s PRHA methodologies and the associated results for the
NuScale plant. The updated DCA Part 2, Tier 2, Section 3.6, information is discussed below.

DCA Part 2, Tier 2, Section 3.6.2, “Determination of Rupture Locations and Dynamic Effects
Associated with the Postulated Rupture of Piping,” and its associated DCA Part 2, Tier 2,
Section 3.6.2.1.1, “Pipe Breaks Inside the Containment Vessel”; Section 3.6.2.1.2, “Pipe Breaks
Outside the Containment Vessel (under the bioshield)”; Section 3.6.2.1.3, “Pipe Breaks in the
Reactor Building (outside the bioshield)”; Section 3.6.2.1.4, “Pipe Breaks in the Control
Building”; Section 3.6.2.1.5, “Pipe Breaks in the Radioactive Waste Building”; and

Section 3.6.2.1.6, “Pipe Breaks Onsite (i.e., Outside the Buildings),” address the applicant’s
criteria used for postulating breaks and cracks in the fluid system piping inside and outside
containment. In addition, these sections also describe areas that preclude postulated breaks
and cracks because the design and examination provisions in BTP 3-4, Section B, Item A(ii),
have been applied. In DCA Part 2, Tier 2, Section 3.6.1.1, “Identification of High- and
Moderate-Energy Piping Systems,” and Section 3.6.1.2, “Identification of Safety-Related and
Essential Structures, Systems, and Components,” identify the respective high- and
moderate-energy piping systems and the safety-related and essential SSCs in the NuScale
plant. DCA Part 2, Tier 2, Section 3.6.2.1, “Criteria Used to Define Break and Crack Location
and Configuration,” and its associated subsections describe the applicant’s criteria used to
determine the postulated break and leakage crack locations in the high-energy and
moderate-energy piping systems designed using either ASME BPV Code Class 1, 2, or 3
criteria or the criteria in ASME B31.1 “Power Piping.” In DCA Part 2, Tier 2, Section 3.6.2.1.7,
“Types of Breaks,” and Section 3.6.2.1.8, “High- and Moderate-Energy Leakage Cracks,”
describe the applicant’s criteria used in defining the postulated breaks and crack configurations,
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including circumferential break, longitudinal break, and leakage crack. The applicant discussed
and identified those specific segments of piping and the associated welds where certain design
and inspection criteria are used to preclude the need for postulating breaks.

DCA Part 2, Tier 2, Section 3.6.2.2, “Effects of High- and Moderate-Energy Line Breaks,” and its
associated subsections discuss the dynamic effects and/or environmental effects associated
with the respective postulated pipe ruptures and their protection methods. Specifically, DCA
Part 2, Tier 2, Section 3.6.2.2.1, “Blast Effects,” and Section 3.6.2.2.3, “Jet Impingement,”
describe the respective methodology used to evaluate the dynamic effects of blast wave and jet
impingement resulting from postulated HELBs for the NuScale plant. In addition, DCA Part 2,
Tier 2, Section 3.6.2.2.2, “Pipe Whip,” describes the methodology for assessing the pipe whip
effects. DCA Part 2, Tier 2, Section 3.6.2.3, “Protection Methods,” describes the methods used
in the NuScale design for the protection of postulated pipe ruptures in the respective plant areas
and their associated piping systems. DCA Part 2, Tier 2, Section 3.6.2.7, “Implementation of
Criteria Dealing with Special Features,” describes the application of the break exclusion area for
the bolted connection of reactor vent valves (RVVs) and reactor recirculation valves (RRVs) to
the reactor vessel.

DCA Part 2, Tier 2, Table 1.8-2, lists three action items (COL Item 3.6-1, COL Item 3.6-2, and
COL ltem 3.6-3) for a COL applicant in regard to the PRHA for its associated plant areas. DCA
Part 2, Tier 2, Section 3.6.1.1.6, “Onsite (outside the buildings),” Section 3.6.2.1.2, and

Section 3.6.2.1.3, describe those three COL information items, respectively.

ITAAC: As discussed above, DCA Part 2, Tier 1, Table 2.1-1, Iltem 4, and Table 3.11-2, Item 8,
describe the pertinent design commitment and associated as-built ITAAC related to the
protection of the safety-related SSCs of the NPM and the RXB against postulated pipe rupture
effects. These ITAAC are evaluated in Section 14.3 of this SER.

Technical Specifications: There are no GTS for this area of review.

Technical Reports: The applicant identified TR-0818-61384-P as the relevant TR. DCA

Part 2, Tier 2, Section 1.6, “Material Referenced,” Table 1.6-2, “NuScale Referenced Technical
Reports,” has specified that TR-0818-61384-P, Revision 2, is incorporated by reference into the
NuScale DCA.

3.6.2.3 Regulatory Basis

The following NRC regulation contains the relevant requirements for this review:

° Compliance with GDC 4 requires nuclear power plant SSCs important to safety to be
designed to accommodate the effects of, and be compatible with, environmental
conditions associated with normal operation, maintenance, testing, and postulated
accidents, including LOCAs. These SSCs are to be protected against the effects of pipe
whip and discharging fluids resulting from pipe breaks.

The guidance in SRP Section 3.6.2, Revision 2, lists the acceptance criteria that are adequate
to meet the above requirements and provides review interfaces with other SRP sections,
including SRP Section 3.6.1 and SRP Section 3.6.3, “Leak-before-Break Evaluation
Procedures.” In addition, the following guidance documents provide acceptance criteria that
confirm that the above requirements have been adequately addressed:
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. BTP 3-3, Revision 3, delineates the staff guidance for protection against postulated
piping ruptures in fluid systems outside the containment.

. BTP 3-4, Revision 2, contains the staff's guidelines for defining postulated rupture
locations in fluid system piping inside and outside the containment.

3.6.2.4 Technical Evaluation

The staff reviewed the applicant’s proposed criteria and methodology used for protection
against the effects of postulated pipe ruptures in the NuScale plant design for consistency with
the NRC’s regulations and guidance specified in SER Section 3.6.2.3. The SER sections below
discuss the staff's review of DCA Part 2, Tier 2, Section 3.6, and TR-0818-61384-P, Revision 2.

3.6.2.4.1  Criteria Used To Define Pipe Break and Crack Locations and Configurations

DCA Part 2, Tier 2, Section 3.6.1.1, defines high- and moderate-energy piping systems. DCA
Part 2, Tier 2, Table 3.6-1, lists the high- and moderate-energy fluid systems and gives their
locations. The staff's evaluation of the applicant’s criteria for defining high- and
moderate-energy fluid systems and the associated list in DCA Part 2, Tier 2, Table 3.6-1, is
within the scope of SRP Section 3.6.1 and is described in SER Section 3.6.1.4.

DCA Part 2, Tier 2, Section 3.6.1.1, also states that fluid piping systems that qualify as “high
energy” for only short operational periods are considered moderate-energy systems if the
fraction of the time that the system operates within the pressure-temperature conditions
specified for high-energy fluid systems is less than 2 percent of the time during which the
system is in operation or if the system experiences high-energy pressure or temperature for less
than 1 percent of the plant operation time. The staff found the applicant’s criterion described
above acceptable because it is consistent with the pertinent staff guidance for considering a
high-energy fluid piping system as a moderate-energy system because of its short operational
period in high-energy, pressure-temperature conditions, as identified in BTP 3-4, Footnote 5.

DCA Part 2, Tier 2, Section 3.6.2, and its associated subsections provide the criteria for defining
the location and configuration of postulated breaks and leakage cracks for high-energy and
moderate-energy fluid system piping for the NuScale plant design. The plant areas that contain
high- and moderate-energy lines or safety-related SSCs are considered in six groups, including
inside the CNV, outside the CNV (under the bioshield), in the RXB (outside the bioshield), in the
CRB, in the RWB, and on site (outside the RXB, CRB, and RWB). In the sections below, the
staff evaluates the applicant’s criteria used to define pipe rupture locations and those design
provisions used by the applicant to preclude the need for postulating pipe breaks in certain
break exclusion areas.

3.6.2.4.1.1  Postulated Rupture Locations for Fluid System Piping in Break Exclusion Areas

To address its compliance with the applicable requirements in GDC 4, the applicant described
the criteria used for determining the postulated rupture locations for the NuScale plant in DCA
Part 2, Tier 2, Section 3.6. In DCA Part 2, Tier 2, Sections 3.6.2.1.2 and 3.6.2.7 state that
breaks are not postulated at certain piping segments, including their associated weld locations
where some design and inspection criteria are used to preclude the need for breaks to be
postulated. The applicant stated that those specific design and inspection criteria applied to the
break exclusion areas are in accordance with the staff’'s guidelines in BTP 3-4, Section B,

Item A(ii), which include design stress limits, criteria for welded attachments, piping welds, and
100-percent volumetric inservice examinations of all pipe welds, in addition to surface
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inspections as required by ASME BPV Code, Section XI. Those break exclusion areas for the
NuScale plant design are described below.

DCA Part 2, Tier 2, Section 3.6.2.1.2, states that the CIVs for the RCS injection, RCS discharge,
PZR spray, and RPV high-point degasification lines are each dual independent valves in a
single body that is welded directly to an Alloy 690 safe-end that is welded to the respective
nozzle on the CNV head. These lines, except for the normally isolated RPV high-point
degasification line, also have a check (injection and spray) or excess flow check (discharge)
valve welded directly to the CIV. The applicant further stated that the FWS CIV is similar,
except that a single isolation valve with a check valve is the outboard valve in the single piece
body. The MSS lines each have a single CIV. Between the CNV nozzle and the valve body are
two tee fittings to which the DHRS steamlines attach. In addition, outboard of the valves in each
of these lines is a short piping segment welded to a flange used to connect the refueling pipe
spools to the NPM module.

DCA Part 2, Tier 2, Section 3.6.2.1.2, also states that the NuScale containment penetration area
is defined as the section from the CNV safe-end-to-valve (or tee) weld out to and including the
piping weld to the outermost section of the CIV or check/excess flow check valve. In addition,
the applicant stated that, for welds in the containment penetration areas, 100 percent of the
volumetric examination provisions of BTP 3-4, Section B, Item A(ii), has been applied to
preclude the need to postulate breaks.

In DCA Part 2, Tier 2, Section 3.6.2.1.2, the applicant stated that break exclusion criteria are
applied to the ASME BPV Code Class 1 piping (i.e., the four CVCS RCS lines) from the CNV
head to the first isolation valve and to the ASME BPV Code Class 2 MS and FW piping from
containment to the first isolation valve, as well as the DHRS piping outside containment. The
applicant also stated that the remaining piping under the bioshield, including the refueling pipe
spools, is designed to comply with BTP 3-4, Revision 2, Section B, Item A(iii), to preclude
breaks at intermediate locations, by limiting stresses calculated by the sum of Equations (9) and
(10) in NC/ND-3653 of Section Il of the ASME BPV Code to not exceed 0.8 times the sum of
the stress limits given in NC/ND-3653.

The staff's guidance in BTP 3-4 is intended to present a means of compliance with the
requirements of GDC 4 for the design of SSCs for nuclear power plants. For the fluid system
piping in containment penetration areas (i.e., those portions of piping from the containment wall
to and including the inboard or outboard isolation valves), the staff’'s guidance in BTP 3-4,
Section B, ltem A(ii), provides certain design and inspection provisions to ensure an extremely
low probability of pipe failure in these areas and to allow the exclusion of breaks and cracks
from the design basis for those portions of piping. In applying the SRP/BTP guidelines for the
break exclusion areas, the stress limit is 80 percent of the applicable ASME Section Il stress
limit, and the fatigue limit is a cumulative usage factor (CUF) of 0.1 for ASME Class 1 piping.
The technical rationale for the reduced stress limit and the CUF of 0.1 is to provide a
conservative design to take into account unanticipated conditions such as faulty design,
improperly controlled fabrication, installation errors, unexpected modes of operation, uncertainty
in vibratory load, and other degradation mechanisms (e.g., corrosive environments, water
hammer). With respect to the inspection provision, the pertinent BTP 3-4 staff guideline states
that a 100-percent volumetric inservice examination of all pipe welds should be conducted
during inspection intervals as defined in ASME BPV Code, Section XI, IWA-2400.

Based on its review of DCA Part 2, Tier 2, Section 3.6.2.1.2, the staff determined that the
applicant had not applied the break exclusion in the containment penetration areas as
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envisioned in BTP 3-4, Section B, Item A(ii). Specifically, the applicant applied the break
exclusion criteria to the areas beyond the scope of BTP 3-4 for the containment penetration
areas. Also, the applicant did not consider the welds between the CNV vessel wall and the
CNV safe-end for the CIVs to be within the containment penetration area and did not include
these welds within the BTP 3-4 break exclusion boundary. In DCA Part 2, Tier 2,

Section 3.6.2.1.2, the applicant described the NuScale piping design stress and fatigue limit, as
well as the augmented inspection requirement for system piping within the break exclusion area.
The staff found that those design and inspection provisions are consistent with the pertinent
BTP 3-4 staff guidelines as described above. In DCA Part 2, Tier 2, Section 3.6.2.1.2.2, and
Appendix A, “Break Exclusion—Compliance with Regulatory Acceptance Criteria,” to
TR-0818-61384-P, Revision 2, the applicant provided additional information to justify the
departure from the pertinent staff guidance in BTP 3-4; particularly, how the break exclusion
area design provisions in DCA Part 2, Tier 2, Section 3.6.2.1.2, are considered and applied to
the results of the design of these portions of the system piping, including any associated welds.
Specifically, Appendix A to TR-0818-61384-P, Revision 2, provides the detailed geometric
configurations of piping within the break exclusion zone, the discussion on the overall length
and use of piping bends and welds in the piping evaluation, and the access provision for the
applicable weld examinations. The applicant stated that, where piping connects to a CNV
safe-end, only the weld between the piping and the safe-end is considered to be within the
containment penetration area, whereas the weld between the safe-end and the CNV is part of
the vessel and therefore is not considered within the scope of BTP 3-4 for the containment
penetration area. The applicant further stated that, although the welds between the safe-ends
and the vessel are not considered to be within the containment penetration area, these welds do
comply with the requirements for 100-percent volumetric inservice examination in BTP 3-4,
Section B, Item A(ii)(7), and meet the BTP 3-4 stress and fatigue limits, to ensure a low
probability of rupture. DCA Part 2, Tier 2, Table 6.2-3, “Containment Vessel Inspection
Elements,” and Table 6.6-1, “Examination Categories and Methods,” detail the inservice
examination requirements.

The applicant stated that the ASME BPV Code Class 1, 2, and 3 portions of the piping system,
including their associated branch piping in the break exclusion area, were evaluated to meet the
relevant break exclusion stress and fatigue criteria as delineated in NuScale DCA Part 2, Tier 2,
Section 3.6.2.1.2. In DCA Part 2, Tier 2, Section 3.6.2.1.2.2; Section 3.6.2.1.2.3, “Leakage
Cracks”; Figure 3.6-33, “Application of BTP 3-4 Break Location Guidance in the NPM Bay and
RXB”; and in Appendix A to TR-0818-61384-P, Revision 2, the applicant provided additional
information to further clarify the application of the staff's guidance in BTP 3-4, Section B,

Items A(ii), A(iii), and A(v), for postulating break and crack locations.

Based on the review of the information provided in DCA Part 2, Tier 2, Sections 3.6.2.1.2,
3.6.2.1.2.2, 3.6.2.1.2.3, Figure 3.6-33, Table 6.2-3, Table 6.6-1, and Appendix A to
TR-0818-61384-P, Revision 2, as described above, the staff finds that the applicant has
adequately demonstrated its design provisions and specified a 100-percent volumetric inservice
examination for all the pipe welds within the break exclusion areas. This meets the applicable
BTP 3-4 break exclusion criteria in the NRC’s guidelines, and therefore, NuScale’s application
of the break exclusion areas is acceptable.

In DCA Part 2, Tier 2, Section 3.6.2.7, the applicant stated that each of three RVVs and each of
two RRVs in the NuScale design are bolted directly to reactor vessel nozzles. These five
bolted-flange connections are also classified as break exclusion areas. The applicant provided
its justification to ensure that the bolted connection provides confidence that the probability of
gross rupture is extremely low and therefore may be classified as a break exclusion area.
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Specifically, the applicant stated that the components that comprise these bolted connections
(valves, bolts, and nozzles) are classified as ASME BPV Code Class 1 components and are
designed, fabricated, constructed, tested, and inspected in accordance with the ASME BPV
Code, Section lll, Subsection NB. The applicant also stated that the stress design criteria
specified in ASME BPV Code, Section Ill, NB-3230, for the RVV and RRYV bolt material provide
more margin against yielding than do the rules of ASME BPV Code, Section Ill, NB-3653, for
typical piping system materials and that this meets the intent of the guidance in BTP 3-4 for
typical piping systems.

In addition, to support its use of a CUF of 1.0 for those bolted connections, the applicant stated
that the fatigue evaluation for these bolts utilizes the fatigue curve from ASME Section llI,
Division 1, Mandatory Appendix I. Also, as required by NB-3230.3(c) for high-strength bolting, a
fatigue strength reduction factor of no less than 4.0 is included in the fatigue evaluation for the
NuScale RVV and RRYV bolted connection. The applicant described phenomena (e.g., faulty
design, improperly controlled fabrication and installation errors, unexpected modes of operation
vibration, and other degradation mechanisms) that might adversely affect the fatigue evaluation
for piping systems. The applicant explained why the NuScale RVV and RRV bolted connections
are not susceptible to these types of phenomena. The applicant also stated that the RVVs and
RRVs are within the scope of the NuScale Comprehensive Vibration Assessment Program
(CVAP). The CVAP ensures that the structural components of the NPM exposed to fluid flow
are precluded from the detrimental effects of flow-induced vibration (FIV). The applicant
discussed NuScale’s comprehensive bolting integrity program, the highly sensitive leakage
monitoring system, the augmented fabrication inspections, and the augmented 100-percent
volumetric inservice examination requirements specified for the bolts of these flanged
connections. ISI requirements for bolting associated with the RPV are provided in NuScale
DCA Part 2, Tier 2, Table 5.2-6, “Reactor Pressure Vessel Inspection Elements.” The applicant
stated that the highly sensitive leakage monitoring system (being sensitive to a leak rate as low
as 3.79 milliliters (0.001 gallon) per minute), along with the augmented inservice examinations,
provides assurance that potential failure mechanisms are detected before the onset of a
catastrophic failure of the bolted connections. The staff finds that the applicant’s justification,
including the conservatism included in the stress and fatigue design criteria for the bolted
connection, the highly sensitive leakage monitoring system, as well as the augmented
fabrication and inservice examination requirements specified for the bolts of these flanged
connections, provide confidence to ensure that the probability of gross rupture at the bolted
connection is extremely low and the bolted connection may be considered as a break exclusion
area.

In addition, from August 31, 2019, to September 19, 2019, the staff conducted an audit of the
ECCS valve flange bolting stress and fatigue calculation as described in the audit report
(ADAMS Accession No. ML19340A019). The staff’s audit findings concluded that the
applicant’s stress and fatigue evaluation meets those pertinent stress and fatigue design limits
as described in DCA Part 2, Tier 2, Section 3.6.2.7, and is therefore acceptable.

Based on the review of the information described in the above applicable DCA sections and the
staff's audit findings described in the audit report, the staff determines that the applicant’s
justification for break exclusion at the ECCS valve bolted connections is acceptable because it
meets the intent of the BTP 3-4 staff's guideline for break exclusion areas. In particular, it
adequately provides a reasonable assurance to ensure that the probability of gross rupture for
the ECCS valves bolted connections is extremely low, and therefore, the bolted connections are
considered as break exclusion areas.
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3.6.2.4.1.2  Postulated Rupture Locations for Fluid System Piping in Areas Other than Break
Exclusion Areas

In DCA Part 2, Tier 2, Section 3.6.2.1.1, Section 3.6.2.1.2, Section 3.6.2.1.3, Section 3.6.2.1.4,
Section 3.6.2.1.5, Section 3.6.2.1.6, Section 3.6.2.1.8, and Section 3.6.4.1, “Postulation of Pipe
Breaks in Areas other than Containment Penetration,” describe the applicant’s criteria for the
postulated pipe break locations in high-energy piping systems in areas other than the break
exclusion areas. The respective DCA Part 2, Tier 2, criteria for postulating HELBs for ASME
BPV Code Class 1, 2, and 3 and ASME B31.1 piping are described below.

For the ASME BPV Code Class 1 high-energy piping systems, breaks are postulated at the
terminal ends and intermediate locations where the maximum stress range exceeds 2.4 S, as
calculated by Equation (10) and either Equation (12) or (13) of ASME BPV Code, Section Ill,
NB-3653, and intermediate locations where the CUF exceeds 0.1, or 0.4 with consideration of
environmentally assisted fatigue (EAF). Sn is the allowable design stress intensity value. For
ASME BPV Code Class 2 and 3 high-energy piping and ASME B31.1 piping, the intermediate
break locations are where stresses calculated by the sum of Equations (9) and (10) in ASME
BPV Code, Section Ill, NC/ND-3653, exceed 0.8 times the sum of the stress limits given in
ASME BPV Code, Section Ill, NC/ND-3653. In addition, DCA Part 2, Tier 2, Section 3.6.4.1,
states that, where break locations are selected without the benefit of stress calculations, breaks
are postulated at the location of potential high stress or fatigue, such as piping welds to each
fitting, valve, or welded attachment. The NRC finds that those DCA criteria, as described, are
acceptable because they are consistent with the pertinent staff guidelines in BTP 3-4, Section B,
Item A(iii), for postulating high-energy piping systems.

DCA Part 2, Tier 2, Section 3.6.2.1, states that a terminal end is at the extremity of a piping run
that connects to structures, components (e.g., vessels, pumps, valves), or pipe anchors that act
as rigid constraints to piping motion and thermal expansion. A branch connection on a main
piping run is a terminal end for the branch run, except where the branch run is classified as part
of a main run in the stress analysis or is shown to have a significant effect on the main run
behavior. In piping runs that are maintained pressurized during normal plant conditions for a
portion of the run (i.e., up to the first normally closed valve), a terminal end is the piping
connection to this closed valve. The NRC finds the NuScale definition of a terminal end
acceptable because it conforms to guidance in BTP 3-4, Footnote 3, for postulating pipe
ruptures.

DCA Part 2, Tier 2, Section 3.6.2.1.8, states that, for high-energy lines, except for those portions
of piping within the break exclusion areas as described in DCA Part 2, Tier 2, Sections 3.6.2.1.2
and 3.6.2.7, leakage cracks are postulated at locations that result in the most severe
environmental consequences unless otherwise selected by stress analysis. For ASME BPV
Code, Section lll, Class 1, piping for which a stress analysis has been performed, leakage
cracks are postulated at axial locations where the stress range calculated by Equation (10) in
ASME BPV Code Section Ill, NB-3653, exceeds 1.2 S,,. For ASME BPV Code, Section I,
Class 2 and 3 piping, or ASME B31.1 piping, leakage cracks are postulated at axial locations
where the calculated stress that is equal to the sum of Equations (9) and (10) in ASME BPV
Code, Section Ill, NC/ND-3653, exceeds 0.4 times the sum of the stress limits given in
NC/ND-3653. The NRC finds those criteria, as described in DCA Part 2, Tier 2, acceptable
because they are consistent with the pertinent staff guidelines in BTP 3-4, Section B, ltem A(v),
for postulating high-energy line leakage crack locations.
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DCA Part 2, Tier 2, Section 3.6.2.1.8, states that leakage cracks need not be postulated in
moderate-energy piping located in an area in which a break in high-energy piping is postulated,
provided such leakage cracks would not result in more limiting environmental conditions than
those of a high-energy piping break. In other areas of the plant, leakage cracks of
moderate-energy lines are assumed at locations that result in the most severe environmental
consequences. The NRC finds those criteria, as described in DCA Part 2, Tier 2, acceptable
because they are consistent with the pertinent staff guidelines in BTP 3-4, Section B, ltems B(iii)
and B(iv), for postulating moderate-energy line leakage crack locations.

DCA Part 2, Tier 2, Section 3.6.4.1, states that, if a structure is credited with separating a
high-energy line from an essential SSC, that separating structure is designed to withstand the
consequences of the pipe break in the high-energy line that produces the greatest effect on the
structure, irrespective of the fact that the criteria in BTP 3-4, Section B, ltems A(iii)(1) through
(3), might not lead to postulating a break at this location. The NRC finds this criterion in DCA
Part 2, Tier 2, acceptable because it is consistent with the pertinent staff guidance in BTP 3-4,
Section B, Item A(iii)(4), for a structure that separates a high-energy line from an essential SSC.

3.6.2.4.1.3  Postulated Breaks and Leakage Crack Configurations

DCA Part 2, Tier 2, Section 3.6.2.1.7, describes the types of postulated HELBs. It states that at
the high-energy pipe break locations, either a circumferential or longitudinal break, or both, are
postulated. DCA Part 2, Tier 2, Section 3.6.2.1.8, describes the postulated high- and
moderate-energy leakage cracks for the NuScale plant. In DCA Part 2, Tier 2,

Sections 3.6.2.1.7 and 3.6.2.1.8 describe the respective criteria for determining the postulated
rupture configurations and the sizes for circumferential breaks, longitudinal breaks, and leakage
cracks.

DCA Part 2, Tier 2, Section 3.6.2.1.7, states that a circumferential break results in pipe
severance and separation amounting to at least a one-diameter, lateral displacement of the
ruptured piping sections unless physically limited by piping restraints, structural members, or
piping stiffness as may be demonstrated by an inelastic limit analysis (i.e., a plastic hinge has
not developed in the piping). It further states that pipe movement is initiated in the direction of
the jet reaction and whipping occurs in a plane defined by the piping geometry and
configuration. In addition, the applicant stated that a longitudinal break results in an axial split
without pipe severance. Pipe splits are postulated to be oriented (but not concurrently) at two
diametrically opposed circumferential locations such that the jet reactions cause out-of-plane
bending of the piping configuration. Alternatively, a single split is assumed at the location of
highest tensile stress, as calculated by a detailed stress analysis (e.g., FEA). The applicant
also stated that pipe movement occurs in the direction of the jet reaction unless limited by piping
restraints, structural members, or piping stiffness, as may be demonstrated by an inelastic limit
analysis. The NRC finds those criteria, as described in DCA Part 2, Tier 2, acceptable because
they are consistent with the pertinent staff guidelines in BTP 3-4, Section B, Items C(i) and C(ii),
for the postulated rupture configurations and the sizes for circumferential breaks and
longitudinal breaks.

DCA Part 2, Tier 2, Section 3.6.2.1.8, stated that the leakage cracks for high-energy piping
should be postulated to be in the circumferential locations that result in the most severe
environmental consequences. For the moderate-energy piping, leakage cracks should be
postulated at axial and circumferential locations that result in the most severe environmental
consequences. The staff finds that the information described in DCA Part 2, Tier 2,

Section 3.6.2.1.8, is consistent with the pertinent staff guidance in BTP 3-4, Section B,
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Item C(iii), for postulating leakage crack locations of high- and moderate-energy piping and,
therefore, is acceptable.

DCA Part 2, Tier 2, Section 3.6.2.1.8, also states that fluid flow from a leakage crack should be
based on a circular opening of area equal to that of a rectangle one-half pipe diameter in length
and one-half pipe wall thickness in width. It also states that the flow from a leakage crack
should be assumed to result in an environment that wets the unprotected components within the
compartment with consequential flooding in the compartment and communicating
compartments. Flooding effects should be determined on the basis of a conservatively
estimated time period necessary to effect corrective actions. The NRC finds those criteria, as
described in DCA Part 2, Tier 2, acceptable because they are consistent with the pertinent staff
guidelines in BTP 3-4, Section B, Items C(iii)(3) and C(iii)(4), for the postulated rupture
configurations and the sizes for leakage cracks.

3.6.2.4.1.4  Analysis Methods Used To Evaluate the Dynamic Effects of Postulated
High-Energy Pipe Breaks

DCA Part 2, Tier 2, Section 3.6.2.2, and its associated subsections, and Section 3.9,
“Mechanical Systems and Components,” as well as Appendix B, “Dynamic Amplification and
Potential for Resonance,” Appendix C, “ Pipe Whip,” Appendix E, “Jet Impingement,” and
Appendix F, “Blast Effects,” to TR-0818-61384-P, Revision 2 describe the applicant’s
methodologies used to evaluate the dynamic effects of a blast wave, jet impingement, and pipe
whipping resulting from postulated HELBs for the NuScale plant. The applicant’s respective
dynamic analysis methodologies are described below.

3.6.2.4.1.4.1 Blast Effects

SRP Section 3.6.2, Appendix A, “Potential Nonconservatism of ANSI/ANS 58.2 Standard’s Jet
Modeling,” identifies a concern about the potential blast wave effects resulting from postulated
HELB in nuclear power plants. It states that the first significant fluid load on surrounding SSCs
caused by an HELB would be induced by a blast wave. Although a spherically expanding blast
wave is reasonably approximated to be a short-duration transient and analyzed independently
of any subsequent jet formation, reflections and amplifications in enclosed areas of the plant
may need to be evaluated.

The applicant addressed the blast wave effects in DCA Part 2, Tier 2, Section 3.6.2.2.1, and
TR-0818-61384-P, Revision 2, Appendix F. DCA Part 2, Tier 2, Section 3.6.2.2.1, states that
the key factors for the potential for a blast wave to occur include the timing of the opening of the
break, the initial intact system thermodynamic conditions, and the surrounding environment. It
also states that although pipe rupture times of less than a millisecond are unlikely, the break
opening time is assumed to be instantaneous to maximize the blast formation for the evaluation
of blast wave effects for the NuScale plant design.

DCA Part 2, Tier 2, Section 3.6.2.2.1, states that the formation and effects of a blast wave
resulting from a postulated high-energy pipe break is evaluated using three-dimensional (3-D)
computational fluid dynamics (CFD) modeling that reflects the postulated break characteristics
and NuScale plant geometry. The analysis is performed using the ANSYS CFX Version 18.0
code. The applicant demonstrated the acceptability of using the ANSYS CFX Version 18.0
code for assessing the blast effects for the NuScale plant by performing verification and
validation (V&V) using eight test problems that exercised different capabilities of the code.
TR-0818-61384-P, Revision 2, Appendix F, includes the details of the CFD modeling and the
results of the V&V. In Appendix F, the applicant described how the NuScale CFD modeling was
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benchmarked against the eight test problems to verify its suitability and how the CFD analysis
properly considered the potential impact of the mesh size and time step on convergence. The
applicant concluded that the agreement between the ANSYS CFX Version 18.0 code results
and the reference values discussed in the respective literatures of the eight test problems
provides validation and confidence that the CFD modeling adequately modeled the blast wave
phenomena following a postulated HELB in the NuScale plant.

DCA Part 2, Tier 2, Section 3.6.2.2.1, also discusses the key observations from the applicant’s
blast wave modeling. In particular, the applicant stated that a blast wave is weakly formed if the
surrounding environment is at low pressure (less than 7 kPa (absolute) (1 pound-force per
square inch (psia))), which is the case inside the NuScale CNV. Buildup of pressure as
blowdown progresses is not relevant because the blast wave is a prompt and short-lived
phenomenon. The pressure load applied by a blast wave is of short duration (i.e., an impulse
load) and does not apply uniformly across large SSCs at a given instant. Therefore, assuming
the peak blast pressure is applied across the entire projected area of a component is
inappropriate. The CFD analysis explicitly accounts for the time-varying pressure of the rapidly
propagating blast wave. The applicant also stated that angled or curved surfaces are loaded
differently than a flat surface perpendicular to a line between the blast origin and surface. In
addition, use of the NuScale plant-specific geometry is necessary because pressures applied to
surfaces by reflection can exceed the incoming wave and can reinforce the blast wave pressure
load. Therefore, the CFD analysis includes the interaction of incident and reflected waves with
each other and nearby surfaces, including how the shape and orientation of surfaces affect
reflection. The applicant stated that the NuScale high-energy, steam-filled lines are relatively
small, which limits the severity of the blast pressure. The energy available to form the blast is
less than 1/25th of that for a typical large LWR.

The applicant stated that a small target has a lower peak pressure because of “clearing,” which
is a phenomenon in which some of the blast overpressure is relieved by bleeding off around the
edge of the target. Because of both pressure-relieving clearing and the short load duration as a
blast wave moves over them, small structures are not exposed to significant loading. The only
SSCs in the NuScale CNV or RXB that are large are structures such as the CNV, RPV, and
RXB walls and floors. The 3-D CFD analyses of blast wave formation for several locations and
directions of the CVCS breaks in the CNV and the MSS breaks in the RXB pipe gallery were
performed using modeling assumptions that bound the pressurization effects that may occur for
HELBSs in the NuScale plant. Blast wave force time histories were calculated for nearby SSCs,
and the results show that the effects of HELB-induced blast waves in the NuScale plant are low
and bounded by the jet thrust forces that subsequently develop.

Based on a comparison of the applicant’'s methodology to the pertinent staff guidance in SRP
Section 3.6.2, Appendix A, the staff determined that the applicant’s methodology for determining
the blast wave effects on the impacted SSCs is technically justified and therefore acceptable.
Specifically, the applicant provided sufficient information to demonstrate the validity and the
applicability of the test data and methodology contained in the referenced open literature to the
NuScale HELB fluid conditions and geometric configurations. In addition, the applicant’'s CFD
analysis includes numerous assumptions that are technically justified and conservative. The
CFD analysis was benchmarked against several experiments and analyses of similar conditions
studied in the literature to verify its suitability. The applicant provided sufficient information to
demonstrate that appropriate mesh size and time step have been properly considered to ensure
the convergence in its CFD analysis. Accordingly, the staff finds the applicant’'s methodology
and approach to evaluate the blast wave effects acceptable because the applicant has
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adequately addressed the staff's concern about the blast wave effects, as identified in SRP
Section 3.6.2, Appendix A.

3.6.2.4.1.4.2 Jet Impingement Loads

DCA Part 2, Tier 2, Section 3.6.2.2.3, and TR-0818-61384-P, Revision 2, Appendix E, address
the methodologies used to assess the jet impingement loads in the NuScale plant. The
applicant’'s assessment considers jet impingement effects in the NuScale plant for three
possible HELB fluid conditions, including an HELB yielding a single-phase steam jet, an HELB
yielding a two-phase steam/water jet, and an HELB yielding a single-phase liquid jet. The jet
impingement effects for these three different fluid conditions are addressed through different
methodologies that consider jet range, shape, and direction, such as the zone of influence
(ZQl), the jet blowdown pressure distribution within the jet plume, and the jet impingement force
with an applicable thrust coefficient.

DCA Part 2, Tier 2, Section 3.6.2.2.3, states that the single-phase liquid jets are assumed to not
expand and to not droop with distance (i.e., the cross-sections of their ZOls are the same as
those of the postulated breaks themselves, and the penetration distance for a liquid jet is
assumed to extend infinitely until it impinges on a target). In determining the liquid jet thrust
force, a thrust coefficient of 2.0 is applied. The staff finds the applicant’s criteria for evaluating
the liquid jet pressure acceptable because they are consistent with the pertinent staff guidance
in SRP Section 3.6.2 for evaluating the liquid jet load.

DCA Part 2, Tier 2, Section 3.6.2.2.3, states that two-phase jets are assessed using the
methodology of NUREG/CR-2913, “Two-Phase Jet Loads,” issued January 1983, for
determining the jet impingement load on the potential target. In determining the two-phase jet
thrust force, a thrust coefficient of 1.26 is applied. In addition, the applicant stated that the
initially low air density of the CNV removes most of the resistance to jet expansion, which
results in a wider jet expansion. The applicant also stated that, although a graph in
NUREG/CR-2913 can be used to determine the ZOI of the two-phase jet, the ZOl in the
NuScale CNV is conservatively assumed to be in the forward-facing hemisphere such that any
essential SSC is within the ZOl if it is located within the forward-facing hemisphere. In
TR-0818-61384-P, Revision 2, Appendix E, the applicant included a sample calculation to show
how it used the NUREG/CR-2913 methodology to assess the two-phase jet impingement
pressure resulting from a CVCS break. The staff finds the applicant’s methodology as
described above acceptable because the NUREG/CR-2913 methodology and the conservative
assumption of a ZOl in the forward-facing hemisphere are appropriate for use in analyzing the
two-phase jets for the NuScale plant design. The staff also noted that it had accepted the
NUREG/CR-2913 methodology in previous DCAs for the analysis of two-phase jets.

DCA Part 2, Tier 2, Section 3.6.2.2.3, and TR-0818-61384-P, Revision 2, Appendix E, describe
the applicant’s methodology for assessing the steam jet effects for the NuScale plant. In
determining the jet thrust force, a thrust coefficient of 1.26 is applied. In TR-0818-61384-P,
Revision 2, Appendix E, the applicant also stated that, for breaks inside the CNV, wider jet
spreading is expected to occur because the initially low air density of a CNV pressure below

7 kPa (absolute) (1 psia) removes most of the resistance to jet expansion. The applicant further
stated that, as seen in the pressure contour plots included in TR-0818-61384-P, Revision 2,
Appendix F, a jet expansion half-angle exceeding 60 degrees was seen for the initial jet
formation. The wider jet expands the ZOI but substantially reduces the pressure and the jet
penetration length because the mass and energy of the jet are more widely dispersed. The
applicant stated that, although a spreading half-angle of more than 60 degrees should be a
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reasonable approximation of an actual jet in the CNV, for assessing the steam jet pressure
effects for the NuScale plant, the steam jet is conservatively assumed to expand at a 30-degree
half-angle to a downstream distance of five pipe diameters and then at 10 degrees beyond that.
TR-0818-61384-P, Revision 2, Table E-2, “CVCS Steam Jet Impingement Pressure Versus
Distance,” compares the CVCS steam jet impingement pressure to the jet penetration distance
for a jet spreading half-angle of 30 degrees and 60 degrees, respectively. The comparison
shows that, beyond 2.5 cm (1 in.) from the break exit, the assumed 30-degree half-angle
expansion would result in a jet impingement pressure of at least 300 percent higher than the jet
pressure resulting from the expected minimum 60-degree half-angle jet expansion. Therefore,
the applicant concluded that a 30-degree half-angle jet expansion assumption is sufficiently
conservative to bound actual jet impingement pressures caused by local variations (i.e., center
or edge peaking) within the jet. The applicant stated that the ZOI for the steam jet in the
NuScale CNV is conservatively assumed to be in the forward-facing hemisphere.

DCA Part 2, Tier 2, Section 3.6.2.2.3, also states that the piping arrangement in the RXB has
not yet been finalized. To verify suitability of the design of the RXB, bounding HELB scenarios
for MSS breaks are postulated. In addition, to ensure that the final HELB analysis results are
bounded, the applicant conservatively assumed the jet impingement pressure at the potential
target to be the same as that at the break exit (i.e., no reduction for spreading with distance).

Based on its review of the information described above, the staff determined that the applicant’s
methodology for assessing the steam jet effects is technically justified and acceptable because
(1) in the NuScale CNV, the applicant conservatively assumed a steam jet spreading half-angle
of 30 degrees that would result in a higher jet pressure on a potential target than the one
resulting from the expected minimum 60-degree half-angle jet expansion and conservatively
assumed a ZOl to be in the forward-facing hemisphere, (2) in the RXB, the applicant
conservatively assumed the steam jet impingement pressure at the potential target to be the
same as that at the break exit, and (3) the applicant has adequately addressed the staff’s
concern about the jet impingement effects related to jet plume expansion, jet pressure
distribution, and the potential ZOlI as identified in SRP Section 3.6.2, Appendix A.

DCA Part 2, Tier 2, Section 3.6.2.2.3, and TR-0818-61384-P, Revision 2, Appendix B, address
an issue identified in SRP Section 3.6.2, Appendix A, related to the potential for a jet load
amplification associated with the formation of unsteadiness in free jets, especially supersonic
jets, which propagate in the shear layer to induce time-varying oscillatory loads on obstacles in
the flowpath. The concern is that synchronization of transient waves with the shear layer
vortices emanating from the jet break can lead to significant amplification of the jet pressures
and forces (a form of resonance). If the dynamic response of the neighboring structure also
synchronizes with the jet loading time scales, further amplification of the loading can occur as a
result of the formation of a feedback loop. When the impingement surface is within

10 diameters of the jet opening and when resonance within the jet occurs, significant
amplification of impingement loads might result.

In its evaluation of the potential occurrence of dynamic amplification and resonance in HELB
jets for the NuScale plant design, the applicant stated that the dynamic ampilification and
resonance phenomenon occurs in studies in which a stable, axisymmetric jet impinged at a
fixed distance perpendicular to a large, flat surface. The applicant also stated that a potential
HELB jet impingement has fundamental differences from those that occur in a jet with dry,
noncondensable gas issuing from a smooth, fixed nozzle. These physical differences involve
instability of the discharge, irregular discharge geometry, phase changes that suppress
pressure changes, misalignment of jet and impingement target surface preventing the
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establishment of a feedback loop, and lack of an appropriately flat surface within a sufficiently
close distance. The applicant stated that, if one of these criteria is not met, a resonance is
implausible.

The applicant discussed multiple physical characteristics of NuScale HELBs that prevent the
occurrence of a resonance. For example, the break exit is distorted because of tearing as the
break opens, which eliminates axisymmetry, and self-damping effects of a two-phase jet (which
is not relevant to single-phase jets where resonance has been seen). In addition, the absence
of a large, flat impingement surface sufficiently close and perpendicular to the jet axis and the
variation in the jet discharge angle and distance prevent the establishment of a stable feedback
loop. The irregularities in the contours of the broken pipe end and the impingement target
distort the outgoing jet and spread out reflected acoustic energy. Accordingly, the applicant
concluded that potential dynamic amplification and resonance-induced pressure loading is not a
concern for jet impingement on the NuScale plant SSCs.

Based on its review of the above information, the staff determined that the applicant’s approach
and conclusion are technically justified and therefore are acceptable. Specifically, the applicant
has demonstrated that the conditions needed to establish resonance and dynamic amplification,
as identified in the open literature, will not be present for HELBs in the NuScale plant, and the
potential dynamic amplification and resonance-induced pressure loading is not a concern for jet
impingement on the NuScale plant SSCs. Therefore, the staff finds the applicant’s evaluation
and approach, as described above, acceptable because the applicant has demonstrated
reasonable assurance that this phenomenon will not exist for HELBs in the NuScale plant and
because it has adequately addressed the staff’'s concern about the potential dynamic jet
amplification and resonance jet impingement effects identified in SRP Section 3.6.2,

Appendix A.

3.6.2.4.1.4.3 Pipe Whip Effects

DCA Part 2, Tier 2, Section 3.6.2.2.2, and TR-0818-61384-P, Revision 2, Appendix C, describe
the methodology used for assessing the pipe whip effects on the nearby SSCs. The applicant’s
methodology determined whether a pipe has sufficient energy to whip, whether a whipping pipe
can potentially impact a target, and whether the target is sufficiently robust to withstand the
impact and evaluated the consequences of an impact if the previous steps do not obviate the
possibility of damage. The applicant also described the considerations applied to the evaluation
of pipe whip effects for the NuScale plant design. For example, for piping that meets the criteria
of break exclusion or LBB, pipe whip is not considered because the dynamic effects of ruptures
are excluded. In areas where pipe ruptures are postulated to occur, the length of the whipping
pipe is determined from the break location to the nearest restraint that limits the range or
direction of the pipe whip. The jet thrust necessary to cause pipe whip is also determined. The
calculation of thrust and jet impingement forces considers no line restrictions (e.g., a flow limiter)
between the pressure source and break location, but it does consider the absence of energy
reservoirs, as applicable (e.g., the high-point vent pipe in the CNV is normally isolated). If the
jet thrust is insufficient to yield the pipe, pipe whip at that break location is eliminated from
further consideration, although jet impingement from the postulated break is still relevant. In
addition, the pipe whip could result in unrestrained motion of the pipe along a path governed by
the hinge mechanism and the direction of the vector thrust of the break force. A maximum
rotation of 90 degrees is assumed about a hinge. Pipe whip occurs in the plane defined by the
piping geometry and configuration and initiates pipe movement in the direction of the jet
reaction. TR-0818-61384-P, Appendix C, provides the details of the methodology described
above and a sample calculation to show how the methodology is applied to the applicant’s
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evaluation of pipe whip effects. The staff’'s review of the information described above
determined that the applicant’s methodologies for assessing the pipe whip effects, as described
in DCA Part 2, Tier 2, Section 3.6.2.2.2, and TR-0818-61384-P, Revision 2, Appendix C, are
consistent with the pertinent staff guidance for assessing pipe whip effects in BTP 3-4,

Section B, Items C(i) and C(ii), and therefore are acceptable.

3.6.2.4.1.4.4 Pipe Whip Restraints Design

As described in SRP Section 3.6.2, one of the protection methods to mitigate the pipe whip
effect is to install a pipe whip restraint. DCA Part 2, Tier 2, Section 3.6.2.3.1.1, describes the
design criteria for the pipe whip restraints for the NuScale plant. The NuScale pipe whip design
is based on energy absorption principles and considers the elastic-plastic, strain-hardening
behavior of the materials used. Nonenergy-absorbing portions of the pipe whip restraints are
designed to the requirements of ANSI/AISC N690-12. Except in cases for which calculations
are performed to determine whether a plastic hinge is formed, the energy absorbed by the
ruptured pipe is conservatively assumed to be zero (i.e., the thrust force developed goes directly
into moving the broken pipe and is not reduced by the force required to bend the pipe). The
analysis of the NuScale pipe whip restraints design is either a dynamic or static analysis that
considers a dynamic factor of 2.0. In addition, an amplification factor of 1.1 is considered to
account for the potential occurrence of pipe rebound upon impact on the restraint. The
allowable strain in a pipe whip restraint is dependent on the type of restraint. If a crushable
material such as honeycomb is used, the allowable energy absorption of the material is

80 percent of its rated energy dissipating capacity as determined by dynamic testing performed
at loading rates within £50 percent of the specified design loading rate. The staff’s review of the
information described above determined that NuScale’s pipe whip restraint design criteria, as
provided in DCA Part 2, Tier 2, Section 3.6.2.3.1.1, are consistent with the pertinent staff
guidance for the design of pipe whip restraints in SRP Section 3.6.2, Section Ill, ltems (2)(A)
and (2)(B), and therefore are acceptable. To ensure the applicant’s compliance with the
applicable requirements in GDC 4 for protecting SSCs important to safety against the dynamic
effects of postulated pipe ruptures, SRP Section 3.6.2, Section Ill, Iltem 2.A, provides guidance
for evaluating the dynamic response of the fluid system piping when pipe ruptures are
postulated. Specifically, SRP Section 3.6.2, Section I, ltem 2.A, states that an analysis of the
dynamic response of the pipe run or branch should be performed for each longitudinal and
circumferential postulated piping break. The evaluation of postulated breaks should use the
loading condition (e.g., internal pressure, temperature) of a pipe run or branch before the
postulated rupture occurs. For piping that is pressurized during operation at-power, the initial
condition should be greater than the contained energy at hot standby or at 102-percent power.
In DCA Part 2, Tier 2, Table 3.6-4, “NuScale Power Module Piping Systems Design and
Operating Parameters,” the applicant stated that the initial conditions assumed for dynamic
response to pipe breaks are selected to bound system conditions for hot standby or at
102-percent power. The staff finds that the initial conditions assumed for dynamic response to
pipe breaks is consistent with the pertinent staff guidance in SRP Section 3.6.2, Section I,
Iltem 2.A, and therefore are acceptable.

3.6.2.4.2  Pipe Rupture Hazards Analysis Report

To support the staff's review and the safety determination of the acceptability of DCA Part 2,
Tier 2, Section 3.6.2, the applicant submitted TR-0818-61384-P, which describes the details of
the applicant’s methodologies and the results of the PRHA to demonstrate its compliance with
the applicable requirements in GDC 4. Specifically, TR-0818-61384-P addresses the
applicant’s criteria used to identify the postulated rupture locations; the characteristics of
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postulated pipe ruptures, including break and crack types and sizes; the methodologies to
assess the potential effects of high-energy and moderate-energy line breaks and cracks; and
the design criteria and requirements to demonstrate that SSCs important to safety are designed
to accommodate and protect against the effects of postulated pipe failures. The staff evaluates
the above applicant PRHA methodologies and the design criteria in SER Sections 3.6.2.4.1 and
3.6.2.4.2, respectively.

DCA Part 2, Tier 2, Section 3.6.2.2.3, and TR-0818-61384-P, Revision 2, Section 2.1, “NuScale
Design Features Relevant to Pipe Rupture Hazards Analysis,” describe the NuScale design
features relevant to the PRHA that are different from those of the design in the existing fleet of
large LWRs. In particular, the applicant stated that the NuScale design is an integral, multiunit
station. Up to 12 NPMs are operating at the same time and in proximity to one another;
therefore, the potential for a postulated rupture in a system of one module to affect other
modules must be considered. In addition, the NPM containment is operated at a vacuum. In
addition, MSS and FWS piping inside the CNV meets the LBB criteria. The size of high-energy
piping is small compared to that of reactors of current design. HELBs inside the CNV are
limited to a DN 50 (NPS 2) pipe size. The small containment results in congestion that makes
the addition of traditional pipe whip restraints and the physical separation of essential
components from break locations difficult; however, whipping pipes, in turn, have a limited range
of motion before encountering an obstacle.

The applicant stated that, in the NuScale design, because of differences in both the potential
piping hazard and the surrounding environment, postulated HELBs are evaluated in three
discrete areas of the plant: (1) inside the containment of the NPM, (2) in the pool bay area
above each NPM and under the bioshield, and (3) in the RXB. In DCA Part 2, Tier 2,

Figure 3.6-1, “Flowchart of Methodology for Evaluation of Line Breaks,” and Figure 3.1,
“Flowchart of Methodology for Evaluation of Line Breaks,” of TR-0818-61384-P, Revision 2, the
applicant described the process for identifying postulated rupture locations and vulnerable
essential and safety-related targets by assessing the relevance and consequences of possible
HELB effects (i.e., blast wave, pipe whip, and jet impingement) and the requirement for
applicable load combinations. The applicant also stated that the applicable load combinations
are in accordance with DCA Part 2, Tier 2, Section 3.9, for components and supports and with
DCA Part 2, Tier 2, Section 3.12, “ASME BPV Code Class 1, 2, and 3 Piping Systems, Piping
Components and Associated Supports,” for piping. The applicant stated that the blast effects
load is small and its effect on load combinations is inconsequential. Therefore, its exclusion
does not affect compliance with the applicable ASME BPV Code allowable limits. In Table 5-1,
“Summary of Approach and Result for Line Break Assessment by Plant Area,” of
TR-0818-61384-P, Revision 2, the applicant summarized the evaluations and results of the
NuScale PRHA analysis. The applicant stated that the application of the criteria for break
exclusion and LBB leaves few locations in the CNV and none in the NPM bay requiring an
evaluation of the effects of blast waves, pipe whip, jet impingement, subcompartment
pressurization, and flooding. The applicant also stated that protection of the potential target
SSCs is demonstrated through separation and by the robustness and qualification of the
essential SSCs. The applicant stated that the evaluation of bounding high-energy and
moderate-energy pipe ruptures demonstrates that the essential components in the RXB and the
RXB structure are capable of withstanding the effects of postulated pipe ruptures. Based on its
review of the information described above, the staff finds the applicant’'s PRHA in
TR-0818-61384-P, Revision 2, acceptable because the applicant has provided sufficient
information to demonstrate that the PRHA methodology and criteria are in conformance with the
pertinent staff guidelines in SRP Section 3.6.2 and BTP 3-4. In addition, the results presented
in TR-0818-61384-P, Revision 2, demonstrate that the NuScale design complies with the
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applicable requirements in GDC 4, such that SSCs important to safety are designed to
accommodate and protect against the effects of postulated pipe failures.

Some HELB-related topics, including LBB, HELB dynamic effects (i.e., pipe whip effects) on
structures (e.g., pipe whip effects on concrete structure), containment pressurization, flooding
effects, and environmental qualification (EQ) of mechanical and electrical equipment, are not
within the review scope of SRP Section 3.6.2 and are not addressed in this SER section. The
staff evaluates these topics in SER Sections 3.6.3, 3.8.4, 6.2.1, 3.4, and 3.11, respectively. In
TR-0818-61384-P, Revision 2, Section 3.5.2.5, the applicant addressed the issue related to
BTP 3-3, Section B, Item 1.a(1), for a postulated nonmechanistic break for MSS and FWS
piping in the containment penetration area, as well as the issue related to pressurization outside
containment. The staff’s review of that topic is within the scope of BTP 3-3 and is addressed in
SER Section 3.6.1.

The applicant’'s PRHA in TR-0818-61384-P, Revision 2, addresses the effects of high-energy
and moderate-energy pipe breaks and cracks in the NuScale NPM and RXB. As stated in DCA
Part 2, Tier 2, Sections 3.6.1.1.6, 3.6.2.1.2, and 3.6.2.1.3, the final routing of piping, including
placement of restraints beyond the NPM pool bay, is within the COL applicant’s scope, as
clarified by COL Item 3.6-1, COL Item 3.6-2, and COL Item 3.6-3. SER Section 3.6.2.5
describes the staff’'s evaluation of these three COL information items.

3.6.2.5 Combined License Information ltems

SER Table 3.6.2-1 lists the COL information item numbers and descriptions from DCA Part 2,
Tier 2, Table 1.8-2, related to the PRHAs for their associated plant areas.

Table 3.6.2-1: NuScale COL Information Items for Section 3.6-2

Item No. Description DCA Part 2,
Tier 2, Section
COL ltem | A COL applicant that references the NuScale Power Plant design 3.6
3.6-1 certification will complete the routing of piping systems outside of the

CNV and the area under the bioshield, identify the location of high- and
moderate-energy lines, and update Table 3.6-1 as necessary. This
activity includes the performance of associated final piping stress
analyses, design and qualification of associated piping supports,
evaluation of subcompartment pressurization effects (if applicable), and
completion of the Balance of Plant Pipe Rupture Hazards Analysis,
including the design and evaluation of pipe whip/jet impingement
mitigation devices as required. This includes an evaluation and
disposition of multi-module impacts in common pipe galleries.

COL Item | A COL applicant that references the NuScale Power Plant design 3.6

3.6-2 certification will verify that the pipe rupture hazards analysis (including
dynamic and environmental effects) of the high- and moderate-energy
lines outside the CNV (under the bioshield) is applicable. If changes
are required, the COL applicant will update the pipe rupture hazards
analysis, design additional protection features as necessary, and
update Table 3.6-2.

COL ltem | A COL applicant that references the NuScale Power Plant design 3.6
3.6-3 certification will perform the pipe rupture hazards analysis (including
dynamic and environmental effects) of the high- and moderate-energy
lines outside the reactor pool bay in the RXB, and update Table 3.6-2
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Item No. Description DCA Part 2,
Tier 2, Section

as appropriate. This includes an evaluation and disposition of
multi-module impacts in common pipe galleries, and evaluations
regarding subcompartment pressurization. The COL applicant will
show that the analysis of RXB piping bounds the possible effects of
ruptures for the routings of lines outside of the RXB or perform the pipe
rupture hazards analysis of the high- and moderate-energy lines
outside the buildings.

In DCA Part 2, Tier 2, Sections 3.6.1.1.6, 3.6.2.1.2, and 3.6.2.1.3 describe the details of those
three COL information items, respectively. The staff finds that those three COL information
items adequately describe the respective actions for COL applicants to complete with regard to
PRHAs for their associated plant areas. Specifically, the staff finds them acceptable because
they direct a COL applicant that references the NuScale Power plant DC to complete the routing
of the applicable piping systems, to update the associated PRHAs, and to evaluate multimodule
impacts in common pipe galleries and subcompartment pressurization.

3.6.2.6 Conclusion

The applicant appropriately identified or postulated pipe rupture locations and designed piping
restraints and measures to deal with the subsequent dynamic effects of pipe whip and jet
impingement to provide adequate protection for the SSCs that are important to safety.

The applicant’s proposed piping and restraint arrangement and applicable design
considerations for high- and moderate-energy fluid systems inside and outside of containment,
including the RCPB, provide adequate assurance that SSCs important to safety that are in close
proximity to the postulated pipe rupture will be appropriately protected. The proposed design
appropriately mitigates the consequences of pipe ruptures so that the reactor can be safely shut
down and maintained in a safe-shutdown condition in the event of a postulated rupture of a
high- or moderate-energy piping system inside or outside of containment.

The staff concludes that the applicant postulated pipe ruptures appropriately, designed SSCs
that are important to safety to accommodate and protect against the associated dynamic
effects, and therefore met the relevant requirements of GDC 4.

3.6.3 Leak-before-Break Evaluation Procedures
3.6.3.1 Introduction

DCA Part 2, Tier 2, Section 3.6.3, describes the applicant’'s LBB evaluation procedures. As
stated in GDC 4, dynamic effects associated with postulated pipe ruptures may be excluded
from the design basis when analyses reviewed and approved by the Commission demonstrate
that the probability of a fluid system piping rupture is extremely low under conditions consistent
with the design for the piping.

3.6.3.2 Summary of Application

By application dated December 31, 2016 (ADAMS Accession No. ML17013A229), as
supplemented by letters dated August 3, 2017 (ADAMS Accession Nos. ML17215A977 and
ML17215A978), the applicant addressed the application of LBB to the MSS and FWS piping
inside the CNV.
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DCA Part 2, Tier 1: The Tier 1 information associated with this section appears in DCA Part 2,
Tier 1, Section 2.1, in which the applicant described the components of the RCS, including LBB
piping. The Tier 1 information includes design information and ITAAC related to verification that
the ASME BPV Code Class 2 piping systems and interconnected equipment nozzles will be
evaluated for LBB.

DCA Part 2, Tier 2: DCA Part 2, Tier 2, Section 3.6.3, “Leak-Before-Break (LBB) Evaluation
Procedures,” provides a Tier 2 description of LBB evaluation procedures.

The applicant indicated that the application of LBB is limited to the ASME BPV Code Class 2
MSS and FWS piping inside the CNV. The FWS piping analysis addresses significant FW
cyclic transients and produces bounding loads for the ASME BPV Code Class 2 piping with
respect to LBB.

The applicant followed methods and criteria to evaluate LBB that are consistent with the
guidance in SRP Section 3.6.3 and NUREG-1061, “Report of the U.S. Nuclear Regulatory
Commission Piping Review Committee,” Volume 3, issued November 1984. DCA Part 2, Tier 2,
Section 3.6.3.1, describes the potential degradation mechanisms; Section 3.6.3.2 details the
materials used in the MSS and FW piping; Section 3.6.3.3 describes the analysis methodology
involving load combination methods, leakage flaw size estimation, and the flaw stability method
using limit-load analyses; Section 3.6.3.4 provides the LBB analysis results for the MSS and
FWS piping in the form of smooth bounding analysis curves (SBACs); and Section 3.6.3.5
discusses leak detection.

ITAAC: As noted above in this section, DCA Part 2, Tier 1, Section 2.1, lists the ITAAC related
to LBB. These ITAAC are evaluated in Section 14.3 of this SER.

Technical Specifications: There are no GTS directly related to this area of review. The
review of the leakage detection and GTS 3.7.3 related to the LBB application are discussed in
Section 5.2.5 of this SER.

Technical Reports: There are no TRs related to LBB materials and design.
3.6.3.3 Regulatory Basis
The following NRC regulation contains the relevant requirements for this review:

. GDC 4, as it relates to the exclusion of dynamic effects of the pipe ruptures, which are
postulated in SRP Section 3.6.2.

The design basis for the piping refers to those conditions specified in the safety analysis report,
as amended, and may include regulations in 10 CFR Part 50, applicable sections of the SRP,
RGs, and industry standards such as the ASME BPV Code.

The LBB should be applied only to high-energy, ASME BPV Code Class 1 or 2 piping or the
equivalent. Applications to other high-energy piping will be considered based on an evaluation
of the proposed design and ISI requirements as compared to ASME BPV Code Classes 1

and 2.

Approval of the elimination of dynamic effects from postulated pipe ruptures is obtained

individually for particular piping systems at specific nuclear power units. LBB is applicable only
to an entire piping system or analyzable portion thereof. LBB cannot be applied to individual
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welded joints or other discrete locations. Analyzable portions are typically segments located
between piping anchor points. When LBB technology is applied, all potential pipe rupture
locations are examined. The examinations are not limited to those postulated pipe rupture
locations determined from SRP Section 3.6.2.

The guidance in SRP Section 3.6.3 lists the acceptance criteria adequate to meet the above
requirements and provides review interfaces with other SRP sections.

3.6.3.4 Technical Evaluation

This section describes the technical evaluation of DCA Part 2, Tier 2, Section 3.6.3, in the order
in which it is presented. The staff’s review of the applicant’s LBB evaluation procedures is
closely related to its review of the RCPB leakage detection system in SER Section 5.2.5.

3.6.3.4.3  Potential Degradation Mechanisms for Piping

The applicant has explained how it reviewed and addressed various degradation mechanisms
for piping, as described below.

3.6.3.4.3.1  Erosion/Corrosion

The applicant has indicated that the MSS and FWS piping is fabricated from SA-312 and
SA-182 Type 304/304L austenitic stainless steel material and compatible austenitic stainless
steel weld filler metals. Austenitic piping materials are not susceptible to erosion/corrosion. The
selection of these materials and implementation of water chemistry control provide assurance
that the likelihood of failure from wall thinning by erosion/corrosion is very low.

With regard to degradation resulting from cavitation, the applicant stated that the MSS and FWS
piping inside the CNV does not have inline components that significantly decrease the pressure
of the fluid in the piping in the direction of flow. Therefore, conditions conducive to fluid
cavitation do not exist.

Based on the information provided by the applicant above in the application, the staff concludes
that the MSS and FWS piping being evaluated for LBB is not susceptible to failure by
erosion/corrosion and will not violate ASME BPV Code requirements.

3.6.3.4.3.2  Stress-Corrosion Cracking

For stress-corrosion cracking (SCC) to occur, material susceptibility, a corrosive environment,
and tensile stress conditions must occur simultaneously and within the limited ranges for each
parameter.

The applicant indicated that both the MSS and FWS materials are SCC resistant and are not
exposed to a corrosive environment and that tensile stresses are not present. Therefore,
between materials selection and water chemistry control, the likelihood of MSS and FWS piping
failure resulting from SCC is very low.

DCA Part 2, Tier 2, Section 3.6.3.1.2, states that, during reactor shutdown conditions, the
outside surfaces of some piping inside the CNV are exposed to borated water. Minimizing the
chloride levels in the water, along with the low levels of oxygen in the water, reduces the
potential for SCC. The temperature of the water on the outside of the piping is maintained near
room temperature, which prevents SCC initiation in conjunction with minimizing chlorides in
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solution. Water chemistry conditions during shutdown conditions are controlled to preclude
SCC initiation on the outer surface of the piping by using the water treatment methods
described in DCA Part 2, Tier 2, Section 10.3.5.

The applicant stated that SA-312 TP304/304L dual-certified stainless steel is also resistant to
SCC, given adequate control of dissolved oxygen levels. The alloy contains
0.03-maximum-weight-percent carbon, which mitigates sensitization. The use of cold-worked
austenitic stainless steels is generally avoided; however, if such stainless steels are used, the
yield strength, as determined by the 0.2-percent offset method, does not exceed 620 MPa

(90 kilopounds per square inch (ksi)). The applicant further stated that, if cold bending is used,
the maximum strain that could be induced in the MSS and FWS pipes is 15 percent.

DCA Part 2, Tier 2, Section 3.6.3.1.2, states that cold-worked LBB pipes will be subjected to a
solution annealing process if the fracture toughness reduction caused by cold working would
affect the applicability of the limit-load analysis methodology.

Based on the information presented in the application, the staff concludes that, based on the
material selected, the water chemistry controls, and the solution annealing process after cold
working, the MSS piping and FWS piping being evaluated for LBB are not susceptible to failure
by SCC.

3.6.3.4.3.3 Creep and Creep Failure

Creep and creep failure are typically not of concern for austenitic stainless steel piping below
427 degrees C (800 degrees F). Because the design and operating temperatures of the piping
systems are below these limits for both the MSS and FWS, creep and creep fatigue failure
mechanisms are not a concern for LBB piping. Because the austenitic stainless steel piping is
below the temperature where creep and creep failure are a concern, the staff concludes that
creep and creep failure are not a concern.

3.6.3.4.3.4 Water Hammer/Steam Hammer

DCA Part 2, Tier 2, Section 3.6.3.1.4, specifies that the MSS piping design considers the
dynamic load resulting from water hammer by using drain pots, line sloping, and drain valves to
minimize their effect. DCA Part 2, Tier 2, Section 3.6.3.1.4, states that the FWS and SGs also
have features to minimize the water hammer dynamic load effects.

The applicant further stated that it calculated the piping forces and moments for the MSS and
FWS LBB piping lines and compared them with the SSE loads at each location. The applicant
stated that it compared the water hammer loads to the SSE loads for the MSS and FWS lines.
The results showed that the water hammer loads for the MSS and FWS lines were below the
SSE loads. DCA Part 2, Tier 2, Section 3.6.3.1.4, states that the SSE loading used for the LBB
evaluations bounds the water hammer loading for both the FWS and MSS lines.

Based on the information in the application, the staff concludes that the MSS piping and FWS
piping being evaluated for LBB are not susceptible to failure by water hammer.
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3.6.3.4.3.56  Fatigue

DCA Part 2, Tier 2, Section 3.6.3.1.5, states that low cycle fatigue is addressed by using stress
reduction factors from ASME BPV Code, Section lll, Subsection NC, for Class 2 piping. The
staff finds this approach to be acceptable because ASME BPV Code, Section lll, thoroughly
defines the stress intensification factors for various piping components under fatigue loading;
therefore, the effect of low cycle fatigue is not a concern.

3.6.3.4.3.6  Thermal Aging Embrittlement

DCA Part 2, Tier 2, Section 3.6.3.1.6, addresses thermal aging of stainless steel materials used
in piping systems that NuScale proposes to qualify for LBB. DCA Part 2, Tier 2,

Section 3.6.3.1.6, indicates that the ferrite content for austenitic stainless steel with low
molybdenum (308/308L) and high molybdenum (316/316L) is limited to ferrite numbers of 5-20
and 5-16, respectively, and is consistent with the guidance in RG 1.31, Revision 4, “Control of
Ferrite Content in Stainless Steel Weld Metal,” issued October 2013. In addition, the applicant
stated that the piping for which LBB will be applied is SA-312 TP304/304L stainless steel.

DCA Part 2, Tier 2, Section 3.6.3.2.3, states that only gas tungsten arc welding is used for MSS
and FWS piping subject to LBB qualification and that weld filler metals are limited to SFA-5.9
(ER308, ER308L, ER316, and ER316L) and SFA-530 (IN308, IN308L, IN316, and IN316L).

Therefore, because the applicant proposed the use of materials for LBB areas that are not
subject to thermal aging embrittlement, the staff concludes that thermal aging is not a concern in
the piping systems that the applicant is qualifying for LBB.

3.6.3.4.3.7 Thermal Stratification

Thermal stratification in piping occurs when fluid at a significantly different temperature is
introduced into a long horizontal run of piping. DCA Part 2, Tier 2, Section 3.6.3.1.7, indicates
that, because the MSS and FWS do not have any long horizontal pipe runs, the likelihood of
failure resulting from thermal stratification is very low.

Based on the information provided by the applicant, which states that thermal stratification in
piping occurs when fluid at a significantly different temperature is introduced into a long
horizontal run of piping, the staff concludes that since the FWS and MSS lines being applied to
LBB do not have long horizontal pipe runs, failure resulting from thermal stratification is not
likely.

3.6.3.4.3.8 Irradiation Effects

Irradiation-assisted stress-corrosion cracking (IASCC) typically affects components such as
core support structures in regions with high neutron fluence near the core and inside the reactor
vessel. DCA Part 2, Tier 2, Section 3.6.3.1.8, states that, because the neutron fluence level is
low, the likelihood of the MSS and FWS being susceptible to IASCC is very low. Additionally,
the piping material toughness should have no radiation degradation. The staff finds that,
because the MSS and FWS piping is outside of the reactor vessel and above the core, the
fluence is insufficient to be an IASCC concern.
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3.6.3.4.3.9  Rupture from Indirect Causes

DCA Part 2, Tier 2, Section 3.6.3.1.9, states that, because the MSS and FWS piping is located
inside the CNV, the likelihood of rupture from indirect causes such as fires, missiles, or other
natural phenomena is very low because the design precludes them. DCA Part 2, Tier 2,
Section 3.6.3.1.9, specifically notes the following:

. The NPM and the components inside the CNV are safety related and seismic Category |,
which precludes adverse interactions from a seismic event.

° Because the NPM and the components are inside the CNV, they are protected from
fires, external missiles, or damage from moving heavy loads.

. There are no internal missile sources inside containment (see Section 3.5 of DCA Part 2,
Tier 2).
J Containment is flooded as part of the normal shutdown process; therefore, the design

considers flooding.

Based on the information provided above by the applicant, the staff finds the programs in place
to prevent pipe degradation or failure from indirect causes is very low and are acceptable.

3.6.3.4.3.10 Cleavage-Type Rupture

DCA Part 2, Tier 2, Section 3.6.3.1.10, states that the FWS and MSS piping is made of
austenitic stainless steels and nickel-based alloys that are highly ductile; therefore, the
likelihood of failure from cleavage type rupture is very low. This is true for the stainless steel
welds (regardless of welding procedure) and Inconel 690 safe-ends and welds. Based on the
information provided by the applicant that the austenitic stainless steel and nickel-based alloys
are highly ductile, the staff finds that cleavage-type rupture is not a concern.

3.6.3.4.4 Materials

DCA Part 2, Tier 2, Section 3.6.3.2.1, lists the six segments that are analyzed for the MSS
piping, including the following:

. DN 200 (NPS 8) piping connecting perpendicularly to DN 300 (NPS 12) piping

. a transition where DN 300 (NPS 12) piping reduces to be welded to a DN 200 (NPS 8)
elbow

DCA Part 2, Tier 2, Section 3.6.3.2.1, identifies the locations where cracks were postulated for
the perpendicular connection between the DN 200 (NPS 8) pipes and the DN 300 (NPS 12)
pipes and the transition where the DN 300 (NPS 12) piping reduces to be welded to the DN 200
(NPS 8) elbow. The applicant stated that, at these locations, the stress points were below the
SBAC and, therefore, these locations meet the LBB criteria.

DCA Part 2, Tier 2, Section 3.6.3.2.4, describes the procedure used to estimate the weld metal
minimum yield strength, which is needed for conducting the limit-load analysis described in DCA
Part 2, Tier 2, Section 3.6.3.3.2. The applicant stated that it used weld metal strength in the
LBB analysis because it did not know whether the SBAC for the weld would be bounded by that
of the base metal. The applicant stated that the SBAC for the weld is overall higher than the
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SBAC for the base metal. In addition, the applicant stated that gas tungsten arc welding would
be used for the FWS and MSS lines subject to LBB qualification. The applicant added the weld
metals and welding process to DCA Part 2, Tier 2, Section 3.6.3.2.3.

A review of DCA Part 2, Tier 2, Section 3.6.3.2.5, indicates that some of the crack morphology
parameters (i.e., roughness, number of turns, flowpath/thickness ratio) are for air fatigue cracks
and others are for intergranular stress-corrosion cracking flaws as identified in Section 3.2.1
through Section 3.2.4 of NUREG/CR-6004, “Probabilistic Pipe Fracture Evaluations for
Leak-Rate-Detection Applications,” issued April 1995. The applicant stated that only these two
cracking mechanisms were considered because the base metal and welds for the MSS and
FWS lines are austenitic stainless steel. No cast material is used for this piping. The staff
concluded that based on the information provided by the applicant, the materials selected for
the MSS and FWS that are analyzed for LBB are acceptable, based on the guidelines followed
in NUREG/CR-6004 and the operating experience derived from the use of these materials in the
operating fleet.

3.6.3.4.5  Analysis Methodology

DCA Part 2, Tier 2, Section 3.6.3.3, describes the LBB analysis methods followed by the
applicant and what adheres to the requirements in SRP Section 3.6.3 of a margin of 10 on the
leak rate and a margin of 2.0 on the flaw size. The applicant described the load combination
methods (both the algebraic and absolute sum) that are used, along with a limit-load (net
section collapse) analysis to predict flaw stability (failure). For leak rate calculations, the
elastic-plastic fracture mechanics method is used to predict the leakage flaw size for any given
leak rate with crack morphology parameters. The results of the LBB analyses of both the MSS
and FWS are presented in graphical form as SBACs.

For clarification, the applicant provided an example of how it developed a moment versus leak
rate curve, which is an intermediate step in the LBB analysis procedure and is needed to verify
the margin of safety associated with the SBAC approach described in DCA Part 2, Tier 2,
Section 3.6.3.3. The staff reviewed the applicant’'s methodology and was able to recreate the
applicant’s results following the methodology. Based on the staff’'s confirmatory analysis of the
information and examples provided by the applicant, the staff concludes that the applicant’s
methodology is acceptable.

3.6.3.4.5.1  Analysis of Main Steam and Feedwater Piping inside Containment

The equations in DCA Part 2, Tier 2, Section 3.6.3.3, have been used to generate the SBAC
figures referenced in DCA Part 2, Tier 2, Section 3.6.3.4; they show normal operating (N) and
maximum (N+SSE) stresses for LBB locations.

By letters dated November 15, 2017 (ADAMS Accession No. ML17319B002), and July 23, 2018
(ADAMS Accession No. ML18204A142), the applicant provided proprietary tables and data to
enable the staff to understand how the moment versus leak rate curves were generated for the
LBB analysis. In addition, the applicant gave the staff proprietary data to enable it to proceed
with the confirmatory analysis and generate the SBACs.

DCA Part 2, Tier 2, Section 3.6.3.4.1.6, discusses the load-limit analysis for the base metal of
the DN 200 (NPS 8) elbow. In a letter dated November 17, 2017 (ADAMS Accession

No. ML17319B002), the applicant clarified that the crack analyzed for the DN 200 (NPS 8)
elbow is the through-wall circumferential crack at the outer radius of the elbow. The NRC staff
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performed a confirmatory analysis on the DN 100 and DN 125 (NPS 4 and NPS 5) FWS piping
and on the DN 200 and DN 300 (NPS 8 and NPS 12) MSS piping. The staff performed the
confirmatory analysis based on the revised proprietary tables and data received from the
applicant (ADAMS Accession No. ML19157A326 and ML19176A580). The NRC staff selected
the locations for both the FWS and MSS that had the smallest margins (i.e., closest to the
SBAC) to perform the independent confirmatory analysis. The results of the independent
confirmatory analysis for the FWS and MSS verified the acceptability of the applicant’s limit-load
analysis and its SBACs.

The NRC staff concludes that there is reasonable assurance the applicant’'s LBB analysis
bounds the (1) normal operation and (2) normal operation plus SSE design conditions and finds
the applicant’s LBB analysis acceptable.

3.6.3.4.6 Leak Detection

Although DCA Part 2, Tier 2, Section 5.2.5, describes the leak detection system in detail, DCA
Part 2, Tier 2, Section 3.6.3.5, describes how the system complies with Staff Regulatory
Positions 2.1 and 2.2 in RG 1.45, “Guidance on Monitoring and Responding to Reactor Coolant
System Leakage.” Leakage monitoring is provided by two means: (1) change in pressure
within the CNV and (2) collected condensate from the containment evacuation system sample
vessel. The review of the leak detection and a technical specifications requirement relating to
LBB application are discussed in Section 5.2.5 of this SER. The maximum leak rate specified in
GTS 3.7.3 is consistent with the deterministic fracture mechanics evaluation supporting the LBB
application and supports the confirmatory analysis of the LBB evaluation.

3.6.3.5 Combined License Information Items
There are no COL information items from DCA Part 2, Tier 2, that affect this section.
3.6.3.6 Conclusion

Based on its review, the staff concludes that the LBB evaluation procedures and methods
identified by the applicant in the DCA are acceptable and comply with the acceptance criteria in
SRP Section 3.6.3.

The provisions for LBB were based on sound engineering principles and on the following:

. Evaluation of potential degradation mechanisms, including water hammer, corrosion,
creep, fatigue, erosion, environmental conditions, and indirect sources are remote
causes of pipe rupture.

. The deterministic fracture mechanics evaluation method has been completed and
approved by the staff.

. The leak detection systems are sufficiently reliable, redundant, diverse, and sensitive,
and margin exists to detect the through-wall flaw used in the deterministic fracture
mechanics evaluation.

. Based on the proprietary information provided by the applicant, the staff was able to

perform the confirmatory analysis of the LBB SBACs. The NRC staff concludes that
there is reasonable assurance the applicant’s LBB analysis bounds the (1) normal
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operation and (2) normal operation plus SSE design conditions and finds the applicant’s
LBB analysis acceptable.

Compliance with the criteria in SRP Section 3.6.3 constitutes an acceptable basis for satisfying
the requirements of 10 CFR Part 50, Appendix A, GDC 4, and the applicable requirements and
acceptance criteria. Therefore, consideration of the dynamic effects of pipe rupture for the
applicable piping may be eliminated from the design.

3.7 Seismic Design

3.7.1 Seismic Design Parameters
3.7.1.1  Introduction

DCA Part 2, Tier 2, Section 3.7.1, “Seismic Design Parameters,” describes the design
parameters used as input to the seismic analysis and design of the seismic Category |
structures of the NuScale standard plant. DCA Part 2, Tier 1, Section 5.0, specifies a set of
design parameters that bound the site conditions that are suitable for standard plant operation.
This section of the application discusses the following information on the seismic design
parameters for the NuScale standard design:

o design-earthquake ground motion
. percentage of critical damping values
. the supporting media for seismic Category | structures

3.7.1.2  Summary of Application

DCA Part 2, Tier 1: DCA Part 2, Tier 1, Chapter 5, “Site Parameters,” provides the Tier 1
information associated with this section.

DCA Part 2, Tier 2: DCA Part 2, Tier 2, Section 3.7.1, describes the seismic design
parameters, including the design ground motion, percentage of critical damping values, and
supporting media used as input to the seismic analysis of the NuScale seismic Category |
structures.

ITAAC: There are no ITAAC associated with DCA Part 2, Tier 2, Section 3.7.1.
Technical Specifications: There are no GTS for this area of review.

Technical Reports: There are no TRs associated with DCA Part 2, Tier 2, Section 3.7.1.
3.7.1.3 Regulatory Basis

DSRS Section 3.7.1, “Seismic Design Parameters,” describes the relevant requirements of the
NRC'’s regulations for seismic design parameters and the associated acceptance criteria. The
following NRC regulations contain the relevant requirements for this review:

. In GDC 2, the NRC requires the design basis for SSCs important to safety to reflect
appropriate consideration of the most severe earthquakes that have been historically
reported for the site and surrounding area with sufficient margin for the limited accuracy,
quantity, and period of time in which historical data have been accumulated.
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In 10 CFR Part 50, Appendix S, the NRC requires, in part, that, for SSE ground motions,
SSCs will remain functional and within applicable stress, strain, and deformation limits.
The required safety functions of SSCs must be assured during and after the vibratory
ground motion through design, testing, or qualification methods. The evaluation must
account for soil-structure interaction (SSI) effects and the expected duration of the
vibratory motion. If the operating-basis earthquake (OBE) is set at one-third or less of
the SSE, an explicit analysis or design is not required. If the OBE is set at a value
greater than one-third of the SSE, an analysis and design must be performed to
demonstrate that the applicable stress, strain, and deformation limits are satisfied.
Appendix S also requires the horizontal component of the SSE ground motion in the free
field at the foundation level of the structures to be an appropriate response spectrum
with a peak ground acceleration of at least 1/10 the acceleration of gravity (0.1g).

In 10 CFR 52.47(a)(1), the NRC requires the DC applicant to provide site parameters
postulated for the design and an analysis and evaluation of the design in terms of those
site parameters.

The guidance in DSRS Section 3.7.1 lists the acceptance criteria adequate to meet the above
requirements and review interfaces with other DSRS sections. In addition, the following
guidance provides acceptance criteria that confirm that the above requirements have been
adequately addressed:

DSRS Section 3.7.1, Revision 0, issued June 2016, for reviewing seismic design
parameters to ensure that they are appropriate and contain a sufficient margin to allow
seismic analyses (reviewed under other DSRS sections) to accurately or conservatively
represent the behavior of SSCs during postulated seismic events (ADAMS Accession
No. ML15355A384)

RG 1.60, Revision 2, “Design Response Spectra for Seismic Design of Nuclear Power
Plants,” issued July 2014, for determining the acceptability of design response spectra
for input into the seismic analysis of nuclear power plants (ADAMS Accession

No. ML13210A432)

RG 1.61, Revision 1, “Damping Values for Seismic Design of Nuclear Power Plants,”
issued March 2007, for determining the acceptability of damping values used in the
dynamic seismic analyses of seismic Category | SSCs (ADAMS Accession

No. ML070260029)

Interim Staff Guidance (ISG) DC/COL-ISG-01, “Interim Staff Guidance on Seismic
Issues of High Frequency Ground Motion in Design Certification and Combined License
Applications,” dated May 19, 2008 (ADAMS Accession No. ML081400293)

DC/COL-ISG-017, “Ensuring Hazard-Consistent Seismic Input for Site Response and
Soil Structure Interaction Analysis,” dated March 24, 2010 (ADAMS Accession
No. ML100570203)

NUREG/CR-5347, “Recommendations for Resolution of Public Comments on US| A-40,
‘Seismic Design Criteria,” issued June 1989, for determining the acceptability of the
development of target power spectral density functions (ADAMS Accession

No. ML110030124)
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. NUREG/CR-6728, “Technical Basis for Revision of Regulatory Guidance on Design
Ground Motions: Hazard- and Risk-Consistent Ground Motion Spectra Guidelines,”
issued October 2001, for determining the acceptability of the ground motion
characteristics (ADAMS Accession No. ML013100232)

3.7.1.4  Technical Evaluation

The staff reviewed DCA Part 2, Tier 2, Section 3.7.1, against the agency’s regulatory guidance
to ensure that the DCA represents the complete scope of information related to this review
topic. The staff evaluated DCA Part 2, Tier 2, Section 3.7.1, and DCA Part 2, Tier 1, Revision 2,
Chapter 5, with regard to seismic design parameters, following the guidance in DSRS 3.7.1.
The reviewed information includes (1) the design ground motions, (2) percentage of critical
damping values, and (3) supporting media for seismic Category | structures.

The evaluation of the design ground motions covers the certified seismic design response
spectra (CSDRS) and the corresponding CSDRS-compatible design ground motion time
histories (Yermo, Capitola, Chi-Chi, Izmit, and El Centro) and the CSDRS-high frequency (HF)
seismic input response spectra and the corresponding CSDRS-HF response spectra-compatible
ground motion time history (Lucerne). The evaluation of the percentage of critical damping
covers the system and component damping, structural damping, and soil damping. The
evaluation of the supporting media for seismic Category | structures covers the generic soil
profiles and their corresponding strain compatible soil properties.

The seismic analysis of the NuScale seismic Category | SSCs uses these seismic design
parameters to develop the seismic demands used for the NuScale standard design. Meeting
the DSRS Section 3.7.1 acceptance criteria ensures that the seismic design parameters in the
seismic analysis of the NuScale seismic Category | SSCs are adequately defined to form a
conservative basis for the design of such SSCs to withstand seismic loadings.

This SER section presents the results of the staff's technical evaluation of DCA Part 2, Tier 2,
Section 3.7.1. SER Section 3.7.2 presents the staff's evaluation of the seismic system analysis
of the NuScale seismic Category | structures and major plant systems. SER Section 3.7.3
presents the staff's evaluation of the seismic subsystem analysis for the NuScale substructures
and subsystems.

3.7.1.4.1  Design Ground Motion

DCA Part 2, Tier 2, Section 3.7.1, describes the design ground motions developed for use as
input in the seismic analysis of the NuScale standard design. The applicant stated that its
seismic Category | and Il structures are designed for the CSDRS and CSDRS-HF, which
represent the maximum vibratory ground motion at the generic plant site. The OBE for the
NuScale Power Plant is proposed as one-third of the SSE. DCA Part 2, Tier 2, further states
that, in accordance with 10 CFR Part 50, Appendix S, an explicit response analysis or design of
the seismic Category | SSCs for the OBE is not necessary because the OBE is set to one-third
of the SSE. The staff concludes that with the specification of the OBE as one-third of the SSE,
exclusion of the seismic analysis and design for the OBE is acceptable.

3.7.1.4.2  Certified Seismic Design Response Spectra

DCA Part 2, Tier 2, Section 3.7.1.1.1, “Design Ground Motion Response Spectra,” applies the
design response spectra, which would become the CSDRS once the NuScale DCA is certified,
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as an outcrop motion at the finished grade in the free field at the foundation level of the seismic
Category | and Il structures. The CSDRS is applied at three mutually orthogonal directions—
two horizontal and one vertical. In DCA Part 2, Tier 2, Figure 3.7.1-1, “NuScale Horizontal
CSDRS at 5 Percent Damping,” and Figure 3.7.1-2, “NuScale Vertical CSDRS at 5 Percent
Damping,” compare the CSDRS and the RG 1.60 spectra at 5-percent damping for the
horizontal and vertical directions, respectively. The CSDRS are the same in the two horizontal
directions, which are identified as north-south (N-S) and east-west (E-W). The horizontal and
vertical components of the CSDRS have a peak ground acceleration of 0.5g and 0.4g,
respectively.

DCA Part 2, Tier 2, Table 3.7.1-1, “Certified Seismic Design Response Spectra Control Points
at 5 Percent Damping,” provides the control points for the CSDRS at 5-percent damping. DCA
Part 2, Tier 2, states that the CSDRS are broad spectra that are similar in shape to the
response spectra in RG 1.60. The comparison of the spectra shows that the CSDRS bound the
RG 1.60 spectra anchored at 0.1g in both the horizontal and the vertical directions. Although
the CSDRS and the RG 1.60 response spectra are similar, the following illustrates their
differences:

. The CSDRS are not scaled from the RG 1.60 horizontal and vertical spectra to include
an extended range of potential sites and experience from earthquakes.

J For the CSDRS, additional control frequency points are established below 3.5 hertz (Hz),
and the control points above 3.5 Hz are shifted to higher frequencies.

. The zero-period acceleration frequency is increased from 33 Hz to 50 Hz.

This new broadband spectrum with the above characteristics, when certified, will be used as the
CSDRS for the NuScale plant design. Although the CSDRS departs from the RG 1.60
guidance, the guidance provides only one example of an acceptable shape that can be used in
the design of structures. The staff evaluated the applicant’s proposal and determined that the
CSDRS were reasonable and described in sufficient detail for DC. The use of a broadband
spectral shape similar to that in RG 1.60 ensures that the resulting generic design has the
potential for use at many sites, as anticipated by the applicant.

3.7.1.4.3  Certified Seismic Design Response Spectra-High Frequency

DCA Part 2, Tier 2, Section 3.7.1.1.1.2, “Certified Seismic Design Response Spectra-High
Frequency,” describes the CSDRS-HF to include hard rock sites that may also be used for the
NuScale design of seismic Category | structures. The CSDRS-HF has a narrow frequency
range below approximately 10 Hz and greater frequency range above approximately 10 Hz than
the CSDRS. The CSDRS-HF is applied at three mutually orthogonal directions—two horizontal
and one vertical. In DCA Part 2, Tier 2, Figure 3.7.1-3, “NuScale Horizontal CSDRS-HF at

5 Percent Damping,” and Figure 3.7.1-4, “NuScale Vertical CSDRS-HF at 5 Percent Damping,”
compare the CSDRS and the CSDRS-HF at 5-percent damping for the horizontal and vertical
directions, respectively. The CSDRS-HF are the same in the two horizontal directions (N-S and
E-W). DCA Part 2, Tier 2, Table 3.7.1-2, “Certified Seismic Design Response Spectra—High
Frequency Control Points at 5 Percent Damping,” provides the control points for the CSDRS-HF
at 5-percent damping. The figures in DCA Part 2, Tier 2, show that the peak ground
acceleration of the CSDRS-HF is 0.5¢g for both the horizontal and vertical directions.
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The information and referenced figures provided by the applicant in DCA Part 2, Tier 2,

Section 3.7.1.1, contain sufficient detail to demonstrate that the design ground motion spectra
(CSDRS and CSDRS-HF) envelop the ground motion response spectra (GMRS) of most soll
and hard rock sites. The applicant’s approach to specifying the design ground motion spectra is
consistent with the acceptance criterion in DSRS Section 3.7.1.11.1.A.i and therefore is
acceptable. The applicant demonstrated that the CSDRS bound the minimum response spectra
anchored to 0.1g, as specified in 10 CFR Part 50, Appendix S. In accordance with Appendix S
to 10 CFR Part 50, DSRS Section 3.7.1.11.1.A.i states that, for a DCA, the postulated CSDRS at
the foundation level in the free field must bound the minimum required response spectrum
(MRRS) anchored to 0.1g. The MRRS should be a smooth, broadband response spectrum
similar to the RG 1.60 spectrum. For NuScale, the MRRS for the horizontal direction is defined
as the RG 1.60 spectra anchored to 0.1g. The staff finds this acceptable because the NuScale
CSDRS for the horizontal direction is a smooth, broadband spectrum that envelops the RG 1.60
response spectrum.

In summary, the staff finds the NuScale CSDRS and CSDRS-HF acceptable because both
spectra (1) are smooth, broadband response spectra, (2) are specified in accordance with the
guidance in DSRS Section 3.7.1, for three mutually orthogonal directions, and (3) comply with
the requirement in 10 CFR Part 50, Appendix S, for enveloping the MRRS anchored at 0.1g.

3.7.1.4.4  Design Ground Motion Time Histories

DCA Part 2, Tier 2, Section 3.7.1.1.2, “Design Ground Motion Time History,” states that the
design ground motion consists of six sets of time histories (five for the CSDRS and one for the
CSDRS-HF), with each set consisting of three components (the two horizontal components for
the E-W direction and N-S direction and the vertical component). The associated time histories
were developed to envelop the CSDRS and the CSDRS-HF in conformance with the
acceptance criteria in DSRS Section 3.7.1.11.1.B, Option 1, Approach 2, Revision 0. The
sections below present the staff’s technical evaluation of the seed records and design ground
motion time histories.

3.7.1.4.4.1  Seed Records for Development of the Certified Seismic Design Response
Spectra and the Certified Seismic Design Response Spectra-High Frequency
Matched Time Histories

The five sets of time histories used to match or envelop the CSDRS were based on the three
ground motion components recorded from the magnitude 7.3 Landers, CA, earthquake (Yermo)
event that occurred on June 28, 1992; the magnitude 6.9 Loma Prieta, CA, earthquake (Capitola)
event that occurred on October 17, 1989; the magnitude 7.6 Chi-Chi, Taiwan, earthquake
(Chi-Chi) event that occurred on September 21, 1999; the magnitude 7.4 Kocaeli, Turkey,
earthquake (Izmit) event that occurred on August 17, 1999; and the magnitude 6.9 Imperial
Valley, CA, earthquake (El Centro) event that occurred on May 18, 1940. The same

magnitude 7.3 Landers, CA, earthquake that was recorded from the Lucerne station was also
used to match the CSDRS-HF.

These actual seed records were selected to generate the design ground motion time histories
based on the intensity, duration, frequency content, and epicenter distance from the recording
station. The applicant also indicated that the cross-correlation coefficients between the two
components of each of the modified time histories are less than 0.16; therefore, these recorded
time histories are statistically independent. The total duration for each of the six time histories is
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greater than 20 seconds. The strong ground motion duration for each of the modified time
histories was shown to be greater than 6 seconds with a time step of 0.005 seconds.

3.7.1.4.4.2  Meeting the Criteria in Design-Specific Review Standard Section 3.7.1,
Revision 0, Option 1, Approach 2

DCA Part 2, Tier 2, Section 3.7.1.1.2, describes how the design time histories meet the
acceptance criteria in DSRS Section 3.7.1.11.1.B, Revision 0, Option 1, Approach 2. DCA

Part 2, Tier 2, Section 3.7.1.1.2, provides the following numerical values to show how the design
time histories meet the acceptance criteria in DSRS Section 3.7.1, Revision 0, Option 1,
Approach 2, in the frequency range from 0.2 Hz to 100 Hz:

. The strong motion durations, defined as the time required for the cumulative Arias
Intensity to rise from 5 to 75 percent, are longer than 6 seconds. They range from 6 to
18.165 seconds in the N-S direction, 6.775 to 14.45 seconds in the E-W direction, and
6.115 to 15.7 seconds in the vertical direction, as shown in DCA Part 2, Tier 2,

Table 3.7.1-4, “Duration of Time Histories.”

. The time increment is 0.005 seconds, which is small enough to provide a Nyquist
frequency of 100 Hz.

° The absolute values of the correlation coefficients in DCA Part 2, Tier 2, Table 3.7.1-3,
“Cross-Correlation Coefficients,” which range from 0.0071 to 0.0951 (E-W/N-S), 0.0159
to 0.1162 (E-W/visual examination (VT)), and 0.0141 to 0.0862 (N-S/VT), are smaller
than 0.16. This shows that the acceleration time history pairs are statistically
independent.

. The comparison of the six computed 5-percent-damped, compatible time histories to the
CSDRS and CDSRS-HF in DCA Part 2, Tier 2, Table 3.7.1-5, “Comparison of Response
Spectra to CSDRS and CSDRS-HF,” shows the maximum difference to be 9.3 percent
below target and 29.96 percent above target. No frequency point in any of the CSDRS
and the CSDRS-HF compatible time histories is greater than 30 percent and more than
10 percent below the target response spectra.

. The power spectrum density of the time histories was computed. DCA Part 2, Tier 2,
Figure 3.7.1-13a, “Power Spectral Density Curves CSDRS Compatible Time Histories,”
and Figure 3.7.1-13b, “Power Spectral Density Curves CSDRS-HF Compatible Time
Histories,” show no significant gaps in energy at any frequency over the frequency range
of 0.1 to 100 Hz.

The staff reviewed DCA Part 2, Tier 2, Section 3.7.1.1.2.4, “Results,” which validated the use of
the modified time histories in NuScale’s analysis of the seismic Category | structures. The
applicant stated that “The five CSDRS compatible time histories sets and one CSDRS-HF
compatible time histories set are used for the design of the buildings, the bioshield, the fuel
storage rack, and the reactor building crane.” The staff noted that this may imply that the
applicant did not use all the sets of time histories for the design of all the SSCs. In a letter dated
September 5, 2017 (ADAMS Accession No. ML17249A965), the applicant clarified that all the
SSCs have been designed using a minimum of one seed time history. The applicant also stated
that the seismic Category | structures, the bioshield, the fuel storage rack, and the RXB crane
have been conservatively designed using a combination of the Yermo, Capitola, Chi-Chi, Izmit,
El Centro, and Lucerne seed time histories. DCA Part 2, Tier 2, Table 3.7.2-33, “Definition of
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Seismic Analysis Identification Codes,” shows the definition of the eight seismic analysis
identification codes, and Table 3.7.2-34, “SSC Seismic Analysis Identification Code
Assignments,” shows which codes were used in the seismic analysis of the SSCs. The
applicant further stated that the seismic input used for the design of the SSC varies based on
different requirements for each system and level of conservatism.

In DCA Part 2, Tier 2, Section 3.7.1, and DCA Part 2, Tier 1, Section 5.0, the applicant
established its seismic design parameters of the standard design to include both the CSDRS
and CSDRS-HF as its standard plant design basis. In addition, DCA Part 2, Tier 1,

Section 3.14.1, “Design Description,” states that the seismic Category | equipment withstands
design-basis seismic loads without loss of its safety functions during and after an SSE.
Because the applicant established both the CSDRS and CSDRS-HF as its standard site
parameters, it implies that the standard seismic design uses both spectra as input to the design
of all the SSCs.

DCA Part 2, Tier 2, Table 2.0-1, clarifies that the RXB and CRB are designed for both the
CSDRS and CSDRS-HF and that other seismic Category | SSCs are designed only for the
CSDRS. In addition, DCA Part 2, Tier 1, Figures 5.0-3 and 5.0-4, and DCA Part 2, Tier 2,
Figures 3.7.1-3 and 3.7.1-4, include notes to clarify the basis of the design-basis seismic loads
for applicable SSCs. The staff reviewed the applicant’s application of the CSDRS to seismic
Category | SSCs and determined it was acceptable.

In summary, the applicant used DSRS Section 3.7.1.11.1.B, Option 1, Approach 2, to envelop the
NuScale CSDRS for the 5-percent-damped response spectra specified for the NuScale
standard design and ensured that sufficient power is contained over the entire frequency range
of interest for the NuScale standard design. Based on the information provided by the
applicant, the staff finds the NuScale design acceleration time histories to be acceptable
because the response spectra generated from the design time histories satisfy the enveloping
criteria prescribed in DSRS Section 3.7.1.11.1.B.

3.7.1.4.4.3  Percentage of Critical Damping Values

DCA Part 2, Tier 2, Section 3.7.1.2, “Percentage of Critical Damping Values,” states that the
damping values used for the analysis of the seismic Category | and Il SSCs are based on
RG 1.61, Revision 1, and provides both SSE and OBE damping values in DCA Part 2, Tier 2,
Table 3.7.1-6, “Generic Damping Values for Dynamic Analysis.” The staff confirmed that the
applicant used values of critical damping that are consistent with those in RG 1.61. The staff
finds this acceptable for use in any subsequent dynamic analysis.

3.7.1.4.4.4  Structural Damping

The applicant indicated that the safety-related structures, which are characterized as reinforced
concrete structures, may experience some cracking during a seismic event; therefore, the
model includes two levels of stiffness (cracked and uncracked) to account for any cracking
experienced by the concrete structures. The applicant stated that reducing the stiffness of the
walls and diaphragms by 50 percent for flexure and shear represents the cracked conditions.
DCA Part 2, Tier 2, Table 3.7.1-7, “Effective Stiffness of Reinforced Concrete Members,”
provides the effective stiffness for the beams, columns, and wall and diaphragms used in the
analysis of the NuScale seismic Category | and Il structures.

3-90



The applicant further stated that, for the SSI analysis with cracked concrete conditions, all the
structural members may not reach their cracked shear and moment values. As a result, the
envelope of the member forces for the uncracked and cracked concrete, with 7-percent
damping, is used for the design of the safety-related structures. Additionally, the enveloping of
the results for both the cracked and uncracked reinforced concrete conditions, with 4-percent
damping is used for generating the in-structure response spectra (ISRS). The staff finds the
approach of enveloping results of cracked concrete with those of uncracked concrete analysis to
be conservative. Hence, the staff finds this approach acceptable for the NuScale design and
the choice of critical damping for structures to be acceptable because it complies with RG 1.61.

3.7.1.4.4.5  Soil Damping

In DCA Part 2, Tier 2, Section 3.7.1.2.3, “Soil Damping,” the applicant described the dynamic
properties of the soil and rock materials subject to a seismic event. The applicant stated that
the shear modulus and the damping ratio, which are the dynamic properties of the soil and rock
materials, are dependent on the shear strain levels induced during the shaking of an earthquake
motion. Soil shear modulus decreases with the increase of soil shear strain, whereas the
damping increases with the increase of the soil shear strain. The applicant used industry
practices to develop the soil degradation and damping functions and provided DCA Part 2,

Tier 2, Figure 3.7.1-14, “Soil Shear Modulus Degradation Curves,” and Figure 3.7.1-15, “Strain
Dependent Soil Damping Curves,” which show the soil degradation and damping curves at
different depths.

The applicant provided numerical values of the shear modulus degradation and damping ratio of
the soil, gravel, and rock sites. DCA Part 2, Tier 2, Table 3.7.1-8, “Soil Shear Modulus
Degradation and Strain-Dependent Soil Damping (0—-120 ft)”; Table 3.7.1-9, “Soil Shear
Modulus Degradation and Strain-Dependent Soil Damping (120 ft—1,000 ft)”; and

Table 3.7.1-10, “Strain-Dependent Soil Shear Moduli and Soil Damping Ratios for Gravel and
Rock,” show the tabulated values of the degradation and damping curves as a function of the
shear strain. The applicant concluded that the maximum soil damping is limited to 15 percent.

The staff finds the information on soil damping to be acceptable because the applicant
developed soil profiles based on strain-dependent shear modulus and damping curves for
different layers of the profile. The damping values are less than the prescribed limit of

15 percent. The staff finds the soil strain-dependent modulus and damping parameters to be
acceptable for use in the dynamic analysis of the NuScale design as they are consistent with
the guidance in SRP Section 3.7.1.11.2.

3.7.1.4.4.6  Supporting Media for Seismic Category | Structures

In DCA Part 2, Tier 2, Section 3.7.1.3, “Supporting Media for Seismic Category | Structures,” the
applicant described the supporting media for its seismic Category | structures. The NuScale
seismic Category | structures consist of the RXB and CRB. The footprints of both the RXB and
CRB are rectangular and are embedded 26.2 m and 16.8 m (86 ft and 55 ft) below grade,
respectively. The NuScale seismic Category | structures are assumed to be founded on
competent soil or rock, which should have a shear wave velocity greater than or equal to

304.8 m/s (1,000 ft/s). The standard design considers four subgrade cases, including soft soll
(Type 11), firm soil/soft rock (Type 8), rock (Type 7), and hard rock (Type 9). DCA Part 2,

Tier 2, Tables 3.7.1-11 through 3.7.1-14, provide the number of layers, thickness, depth, shear
wave velocity, weight density, and Poisson’s ratio for each layer of the four generic soil profiles,
respectively.
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DCA Part 2, Tier 2, Figure 3.7.1-16, “Shear Wave Velocities for All Soil Types,” shows the shear
wave velocities for the four soil profiles, ranging from 241.80 m/s (793.3 ft/s) to 2,438 m/s

(8,000 ft/s) on the ground surface and reaching the bedrock at various depths. The shear wave
velocity of the bedrock is assumed to be 2,438 m/s (8,000 ft/s). The four soil profiles considered
in the NuScale standard design represent a wide range of soil conditions. The SSI analyses of
the NuScale seismic Category | structures used the generic soil profiles in DCA Part 2, Tier 2,
Tables 3.7.1-11 through 3.7.1-14.

For each soil type, the strain-compatible properties associated with each of the five CSDRS
compatible time histories are averaged so that a single set of soil properties can be used per
soil type. The applicant presented the average strain-compatible soil properties in DCA Part 2,
Tier 2, Tables 3.7.1-15 through 3.7.1-17. For the CSDRS-HF, the applicant used only one set
of compatible time histories; therefore, no averaging was performed. DCA Part 2, Tier 2,
Tables 3.7.1-8 and 3.7.1-19, show the strain-compatible properties for the CSDRS-HF time
histories for Soil Types 7 and 9, respectively. The applicant also provided figures that illustrate
the strain-compatible damping for the soil types used with the five CSDRS compatible time
histories and the rock types used with the single CSDRS-HF compatible time histories.

The staff reviewed the description of the supporting media for NuScale’s seismic Category |
structures to ensure that the application included sufficient information. The applicant
adequately described the supporting media for its seismic Category | structures, including the
structural foundation dimension and depth, the depth of the four soil types over bedrock, the
characteristics of the soil layering, and the soil properties. The applicant provided tables and
figures that show the shear wave velocity; shear modulus; material damping, including the
strain-dependent effect; and the density of the soil types as a function of depth. The staff finds
that the descriptive information and referenced tables and figures in DCA Part 2, Tier 2,

Section 3.7.1.3, (1) contain sufficient information on the supporting media and (2) are consistent
with the acceptance criteria in DSRS Section 3.7.1.11.3.

3.7.1.5 Combined License Information ltems

SER Table 3.7.1-1 lists the COL information item numbers and descriptions related to the
design parameters from DCA Part 2, Tier 2, Section 3.7.1.1.3, “Site-Specific Design Ground
Motion,” and Section 3.7.1.3.3, “Site-Specific Soil Profile.”

Table 3.7.1-1: NuScale COL Information Items for Section 3.7.1

Item No. Description DCA Part 2,
Tier 2, Section
COL Item | A COL applicant that references the NuScale Power Plant design 37113
3.7-1 certification will describe the site-specific SSE.
COL ltem | A COL applicant that references the NuScale Power Plant design 3.711.3
3.7-2 certification will provide site-specific time histories. In addition to the

above criteria for cross correlation coefficients, time step and
earthquake duration, strong motion durations, comparison to response
spectra and power spectra density, the applicant will also confirm that
site-specific ratios V/A and AD/V? (A, V, D, are PGA, ground velocity,
and ground displacement, respectively) are consistent with
characteristics values for the magnitude and distance of the appropriate
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Item No. Description DCA Part 2,
Tier 2, Section

controlling events defining the site-specific uniform hazard response
spectra.

Additional site-specific seismic analysis is performed by the COL
applicant to confirm the adequacy of the seismic input motion and
deterministic soil columns used in the soil structure interaction (SSI)
analysis. The FIRS is the starting point for conducting an SSI analysis
and for making a one-to-one comparison of the seismic design capacity
of the standard design and the site-specific seismic demand for a site.
The FIRS for the vertical direction is obtained with the vertical to
horizontal (V/H) ratios appropriate for the site. For deeply embedded
structures, the variation of V/H spectral ratios on ground motion over
the depth of the facility will be considered.

In addition to the FIRS, the COL applicant will develop one or more
performance-based response spectra (PBRS) at intermediate depths
between the foundation and ground surface consistent with the Interim
Staff Guidance (1ISG)-017 (Reference 3.7.1-13). The PBRS for the
vertical direction can be obtained with the appropriate V/H ratios used
to develop the FIRS. The site-specific FIRS response spectra satisfy
the same performance criteria as the GMRS. The GMRS are those
derived from the global understanding of the site soil layers above the
rock condition as determined from the site exploration activities and,
therefore, are unique to a particular site.

COL ltem | A COL applicant that references the NuScale Power Plant certification 3.7.1.3.3
3.7-3 will perform the following:

e develop a site-specific strain compatible soil profile;

e confirm that the criterion for the minimum required response
spectrum has been satisfied; and

o determine whether the seismic site characteristics fall within the
seismic design parameters such as soil layering assumptions used
in the certified design, range of soil parameters, shear wave
velocity values, and minimum soil bearing capacity.

COL ltem | A COL applicant that references the NuScale Power Plant design 3.711.3
3.7-9 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.

In relation to the seismic analysis of deeply embedded nuclear structures, a COL application
referencing a DC should include the PBRS established at the surface and intermediate depth(s),
and the selection of the number and locations of the intermediate depths should account for the
complexities of the subsurface layer profiles of the site. Additionally, the adequacy of the input
ground motion and deterministic soil columns used in the site-specific SSI analysis should be
demonstrated by using the PBRS at the ground surface and intermediate depth(s) as the
benchmarks.
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The applicant further stated that in addition to the FIRS, the COL applicant will develop one or
more PBRS at intermediate depths between the foundation and ground surface consistent with
DC/COL-ISG-017. The PBRS for the vertical direction can be obtained with the appropriate V/H
ratios used to develop the FIRS. The site-specific FIRS satisfy the same performance criteria
as the GMRS. GMRS are those spectra derived from the global understanding of the site soll
layers above the rock condition as determined from the site exploration activities and therefore
are unique to a particular site.

The staff finds the information to be acceptable because (1) the applicant included a COL
information item (COL Item 3.7-9) that requires a COL applicant that references the NuScale
Power Plant DC to include an analysis of the PBRS established at the surface and intermediate
depth(s) that takes into account the complexities of the subsurface layer profiles of the site and
to provide a technical justification for the adequacy of V/H spectral ratios used in establishing
the site-specific FIRS and PBRS for the vertical direction and (2) the applicant’s approach for
ensuring consistent hazard seismic input for the SSI analysis is consistent with the regulatory
guidance in DC/COL-1SG-017.

3.7.1.6  Conclusion

The staff concludes that the seismic design parameters used in the design of the SSCs for the
NuScale application are acceptable and meet the relevant requirements of 10 CFR Part 50,
Appendix A, GDC 2; 10 CFR 52.47(a)(1); and 10 CFR Part 50, Appendix S; and the acceptance
criteria in DSRS Section 3.7.1, Revision 0. The applicant meets these requirements specifically
by its use of (1) acceptable smooth broadband CSDRS, (2) synthetic acceleration time histories
that envelop the CSDRS and that have sufficient power in the frequency range of interest to the
NuScale standard design, (3) a percentage of critical damping values that conforms to the
regulatory guidance in RG 1.61, (4) four generic soil profiles (i.e., soft soil, firm soil/soft rock,
rock, and hard rock) that cover a wide range of site conditions, and (5) CSDRS-HF and the
associated synthetic acceleration time histories for the evaluation of the NuScale seismic
Category | SSCs against high-frequency seismic motions. This ensures that the seismic design
parameters are adequate for use in the seismic analysis and design of the NuScale seismic
Category | SSCs to withstand CSDRS and CSDRS-HF seismic loadings.

3.7.2 Seismic System Analysis
3.7.2.1 Introduction

For the seismic design of nuclear power plants, GDC 2 requires the design basis to reflect
appropriate consideration of the most severe earthquakes that have been historically reported
for a site and the surrounding area. Two levels of design earthquake ground motions are
considered, the OBE and the SSE. The provisions of 10 CFR Part 50, Appendix S, for SSE
ground motion require that SSCs be designed to remain functional and within applicable stress,
strain, and deformation limits and that the seismic analysis must account for SSI effects and the
expected duration of the vibratory motion. For the NuScale design, the OBE is set at one-third
of the SSE, and in accordance with 10 CFR Part 50, Appendix S, an explicit response or design
analysis is not required for the OBE. This section of the SER provides the staff’'s evaluation of
the methods used to perform seismic analyses and their results for seismic Category |
structures and other structures of the NuScale standard design.
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3.7.2.2 Summary of Application

DCA Part 2, Tier 1: DCA Part 2, Tier 1, Chapter 3, “Shared Structures, Systems, and
Components and Non-Structures, Systems, and Components Design Descriptions and
Inspections, Tests, Analyses, and Acceptance Criteria”; Chapter 4, “Interface Requirements”;
and Chapter 5, provide the information associated with seismic system analysis. DCA Part 2,
Tier 1, Sections 3.11, 3.12, and 3.13, include the design descriptions and ITAAC for the RXB,
RWB, and CRB, respectively. DCA Part 2, Tier 1, Section 4.1, “Interface Requirements—Site
Specific Structures,” addresses site-specific structures not within the scope of the NuScale
standard design. DCA Part 2, Tier 1, Table 5.0-1, specifies site parameters used in the
NuScale standard design. In DCA Part 2, Tier 1, Figures 5.0-1 and 5.0-2 specify the CSDRS for
all seismic Category | SSCs, and Figures 5.0-3 and 5.0-4 specify the CSDRS-HF for the RXB
and CRB.

DCA Part 2, Tier 2: DCA Part 2, Tier 2, Section 3.7.2, provides information associated with the
seismic system analysis, as summarized below.

The NuScale standard design includes two site-independent seismic Category | structures—the
RXB and CRB. The RXB is designed for up to 12 installed NPMs. The design-basis seismic
analysis is performed with all 12 NPMs in place. The applicant also discussed the effect on the
structure if a seismic event were to occur during operation with less than the full complement of
12 NPMs. Because of its proximity to the RXB, the RWB is categorized as seismic Category II.
NuScale designed the RWB using the same methodology as for the seismic Category |
structures. The applicant discussed the potential interaction of the seismic Category || RWB
with the seismic Category | RXB. The RXB includes the UHS pool, which contains a large body
of water. The UHS pool consists of the reactor pool, spent fuel pool, refueling pool, and dry
dock and is assumed to be full of water for seismic analysis. Because both the NPMs and water
in the pool contribute a large amount of weight to the global mass of the RXB, they affect the
dynamic characteristics of the building.

The applicant used the complex frequency response analysis method to analyze seismic
Category | structures, including the effects of SSI. Seismic Category | structures are modeled
as 3-D finite element models (FEMs). In addition to SSI analyses, the applicant analyzed
structure-soil-structure interactions (SSSIs) to evaluate the potential seismic interactions
between adjacent structures (i.e., the RXB and CRB, and the RXB and RWB). The results from
seismic response analyses include member forces and moments, displacements, soil
pressures, and nodal acceleration time histories from which the ISRS are developed. The
analyses are performed in each of the three orthogonal directions of the earthquake ground
motion—two horizontal and one vertical.

The design of the seismic Category | SSCs of the NuScale standard plant is based on the
CSDRS, as shown in DCA Part 2, Tier 1, Figures 5.0-1 and 5.0-2, and in DCA Part 2, Tier 2,
Figures 3.7.1-1 and 3.7.1-2, for the horizontal and vertical directions. Further, the seismic
Category | buildings (RXB and CRB) of the NuScale standard plant are also designed for the
CSDRS-HF shown in DCA Part 2, Tier 1, Figures 5.0-3 and 5.0-4, and in DCA Part 2, Tier 2,
Figures 3.7.1-3 and 3.7.1-4. The seismic design of the NuScale standard plant considers a set
of generic subgrade profiles ranging from soft soil to hard rock, as described in DCA Part 2,
Tier 2, Section 3.7.1.3.

ITAAC: DCA Part 2, Tier 1, Chapter 3, provides the ITAAC associated with DCA Part 2, Tier 2,
Section 3.7.2. These ITAAC are evaluated in Section 14.3 of this SER.
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Technical Specifications: There are no GTS for this area of review.

Technical Reports: There are no TRs for this area of review.

3.7.2.3 Regulatory Basis

Relevant requirements of the NRC regulations for seismic system analysis include the following:

GDC 2, as it requires that the SSCs important to safety be designed to withstand the
effects of earthquakes without loss of capability to perform their safety functions and that
the design bases for these SSCs reflect appropriate consideration of the most severe
earthquakes that have been historically reported for the site and surrounding area with
sufficient margin for the limited accuracy, quantity, and period of time in which the
historical data have been accumulated.

10 CFR Part 50, Appendix S, as it requires that, for SSE ground motion, certain SSCs
will remain functional and within applicable stress, strain, and deformation limits. The
required safety functions of SSCs must be assured during and after the vibratory ground
motion associated with the SSE through design, testing, or qualification methods. The
evaluation must account for SSI effects and the expected duration of the vibratory
motion. If the OBE is set at one-third or less of the SSE, explicit response or design
analyses are not required. If the OBE is set at a value greater than one-third of the SSE,
an analysis and design must be performed to demonstrate that the applicable stress,
strain, and deformation limits are satisfied. In addition, 10 CFR Part 50, Appendix S,
requires that the horizontal component of the SSE ground motion in the free field at the
foundation level of the structures must be an appropriate response spectrum with a peak
ground acceleration of at least 0.1g.

10 CFR 52.47(a)(1), as it requires a DCA to include the site parameters postulated for
the design and an analysis and evaluation of the design in terms of those site
parameters.

10 CFR 52.47(a)(20), as it requires a DCA to include the information necessary to
demonstrate that the standard plant complies with the earthquake engineering criteria in
10 CFR Part 50, Appendix S.

In addition, acceptance criteria and regulatory guidance associated with the review of DCA
Part 2, Tier 2, Section 3.7.2, include the following:

DSRS Section 3.7.2, Revision 0, “Seismic System Analysis,” issued June 2016
RG 1.61, Revision 1

RG 1.92, Revision 3, “Combining Modal Responses and Spatial Components in Seismic
Response Analysis,” issued October 2012

RG 1.122, Revision 1, “Development of Floor Design Response Spectra for Seismic
Design of Floor Supported Equipment or Components,” issued February 1978

DC/COL-ISG-01

DC/COL-ISG-017
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3.7.2.4 Technical Evaluation

In this section, the staff describes its evaluation of the applicant’s seismic analysis for the
site-independent structures of the NuScale standard design. The specific areas of review
include seismic analysis methods, analytical modeling for SSI effects, development of ISRS,
combination of spatial and modal responses, consideration of torsional effects, analysis
procedure for damping, and interaction between seismic Category Il and | structures. The staff
reviewed the information in DCA Part 2, Tier 2, Section 3.7.2, against the acceptance criteria of
DSRS Section 3.7.2 and the RGs and ISGs referenced above. Meeting the applicable
acceptance criteria provides assurance that seismic Category | structures will be adequately
designed to withstand the effects of the SSE and therefore will be able to perform their intended
safety function during and following the earthquake.

The applicant performed seismic SSI analysis using the computer program SASSI2010. The
applicant used the computer program ANSYS to capture the hydrodynamic loads of the pool
water during the earthquake while accounting for the effect of fluid-structure interaction (FSI)
between the water and pool structure. The analysis for the seismic Category | structures within
the scope of the NuScale standard design considered two different sets of design response
spectra (CSDRS and CSDRS-HF), four generic soil profiles (soft soil, firm soil, rock, and hard
rock), six different seed time histories (Yermo, Capitola, Chi-Chi, I1zmit, EI Centro, and Lucerne),
and two different concrete stiffness conditions (uncracked and cracked). The analysis also used
three different building models (the RXB, CRB, and triple building), and the triple building model
consisting of the RXB, CRB and RWB captures the SSSI effect.

The sections below present the staff’s evaluation of the seismic system analysis for the NuScale
standard design. SER Section 3.7.1 presents the staff's evaluation of the seismic design
parameters, and SER Section 3.7.3 presents the staff's evaluation of the seismic subsystem
analysis.

3.7.2.4.1  Seismic Analysis Methods

The staff reviewed the seismic analysis methods used for the NuScale standard design in
accordance with the guidance in DSRS Section 3.7.2.11.1. DCA Part 2, Tier 2, Section 3.7.2.1,
discusses analytical methods, FEMs, and computer programs used for the seismic analysis. It
also describes the analysis method used to capture the FSI effects between the UHS pool water
and pool structure.

DSRS Section 3.7.2.11.1 provides guidance that recommends that the seismic analysis of all
seismic Category | SSCs should use a suitable dynamic analysis method or an equivalent static
load method. DCA Part 2, Tier 2, Section 3.7.2.1, contains information with respect to the
seismic analysis methods applied to the NuScale seismic Category | SSCs. The applicant
indicated that the seismic analysis of all seismic Category | SSCs used either linear equivalent
static analysis, linear dynamic analysis based on complex frequency response methods, or
nonlinear analysis. The applicant also indicated that it primarily analyzed the two
site-independent seismic Category | structures (RXB and CRB) using the time history method
and that, for systems and components, it developed and used ISRS to calculate forces and
moments using the response spectrum analysis method. Further, the NPM and RXB cranes are
analyzed using the time history analysis method and the response spectrum analysis method,
respectively.
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The staff reviewed the descriptions contained in the DCA and found them acceptable because
the seismic analysis methods used for NuScale seismic Category | SSCs are generally
recognized methods and meet the acceptance criteria in DSRS Section 3.7.2.11.1.

3.7.2.4.1.1  Dry Dock Modeling

In DCA Part 2, Tier 2, Section 3.7.2.1.3, the staff notes that the design-basis seismic demand
analysis assumes that the dry dock is full of water and part of the UHS, and the nominal water
level is set at elevation 28.7 m (94 ft). In DCA Part 2, Tier 2, Section 9.1.3, the staff notes that
the dry dock can be drained partially or completely to support plant operations and that a failure
of the dry dock gate while the dry dock is empty could result in a decrease in water level at the
UHS pool by less than 3.66 m (12 ft). Because the dry dock contains a large body of water,
draining a large mass of water could affect the dynamic characteristics of the SASSI and
ANSYS models, thereby potentially affecting the seismic demand, which is based on the
assumption of a full dry dock.

To address this issue, the applicant revised DCA Part 2, Tier 2, Section 3.7.2.1.3, summarizing
the results of the sensitivity studies performed for evaluating the effect of an empty dry dock on
the design-basis seismic demand. Three separate SASSI models were created for this purpose
involving three different NPM stiffnesses—the nominal NPM stiffness, 1.3 times the nominal,
and the nominal divided by 1.3. Each of these three SASSI models uses Soil Type-7,
CSDRS-compatible Capitola input motion, cracked concrete condition, 4-percent structural
damping for ISRS generation, and 7-percent structural damping for forces and moments
calculation. The applicant calculated the maximum forces and moments in the four RXB
exterior walls and in the four walls around the dry dock, the lug support reactions at the

12 NPMs, and forces and moments in one pilaster in the north wall at column line RX-4, for the
empty dry dock condition and compared them with the corresponding design capacities based
on the full dry dock condition. In addition, the applicant provided comparisons of ISRS at
different floor elevations and other equipment locations including the RXB crane wheels. The
applicant also provided information about the structural design criteria for the dry dock gate.

The staff reviewed the comparisons of the structural seismic demands and design capacities
and found that the empty dry dock condition is bounded by the RXB design, which is based on
the full dry dock condition. In addition, all ISRS from the empty dry dock condition are either
bounded by or are within approximately 10 percent of the full dry dock condition, and therefore,
the design-basis ISRS for equipment qualifications based on full dry dock condition remain
valid. The staff noted that the dry dock gate is designed to withstand the effect of the SSE, and
therefore, there would be no adverse seismic interactions between the dry dock gate and
adjacent seismic Category | SSCs. Further, during the regulatory audit from

December 3 to 7, 2018 (ADAMS Accession No. ML19098A162), the staff reviewed the design
evaluation results for the dry dock gate connection to the RXB pool walls and confirmed that the
connection possesses greater capacity than the design basis demands.

The staff found that the applicant has adequately demonstrated that the design-basis seismic
demands based on the full dry dock condition bound the demands computed based on the
empty dry dock condition.

3.7.2.4.1.2  Fluid-Structure Interaction Correction Factor

In DCA Part 2, Tier 2, Section 3.7.2.1.3.4, the applicant discussed analysis methods for the
UHS pool subjected to the design-basis earthquake ground motion. The UHS pool contributes
a large amount of weight to the global mass of the RXB and affects the dynamic characteristics
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of the building. The RXB SASSI2010 model addresses the hydrodynamic loads caused by the
pool water mass during the earthquake by assigning lumped masses of water on the pool walls
and foundation nodes that are in contact with the pool water. These lumped nodal masses are
then multiplied by the nodal accelerations from dynamic analysis of the SASSI2010 model to
develop equivalent static loads on the pool walls and foundation. However, the SASSI2010
computer program does not have the capability for explicit fluid element formulation to
accurately compute the hydrodynamic effects of UHS pool water during the design-basis
earthquake.

To assess the hydrodynamic effects more accurately, the applicant developed an RXB model in
ANSYS that uses fluid elements to capture the FSI effects analytically. The results from the
ANSYS FSI model are then compared to the results from the SASSI2010 model, and a
correction factor, reflecting the difference in results from the SASSI2010 and ANSYS models, is
applied to the SAP2000 RXB model as equivalent static loads to account for the missing FSI
effects. The applicant determined that an average pressure of 29 kPa (4.2 psi) is needed to be
added to the pool walls and foundation to account for the missing FSI hydrodynamic effects.
However, instead of directly applying 29 kPa (4.2 psi) to the pool walls and foundation, the
applicant took the approach of amplifying the gravity load by a factor of 0.28g. The applicant
provided an evaluation that demonstrates that an additional gravity loading increased by a factor
of 0.28g creates load demands for the pool walls and foundation that are higher than the
demands from the direct 29 kPa (4.2 psi) average hydrostatic pressure. In addition, the
applicant included COL Item 3.7-12, which requires a COL applicant that references the
NuScale DC to perform an analysis that uses site-specific soil and time histories to confirm the
adequacy of the FSI correction factor.

The staff reviewed the applicant’s approach to accounting for the FSI effects on seismic
demands on pool walls and foundation and found it to be acceptable because the seismic load
demands for the pool walls and foundation generated by additional gravity loading increased by
a factor of 0.28g are more conservative than the corresponding load demands generated by

29 kPa (4.2 psi) average hydrostatic pressures on the pool walls and foundation and because
the applicant provided a COL information item to ensure the adequacy of the site-specific FSI
correction factor. Further, during the regulatory audit from December 3 to 7, 2018, the staff
reviewed and verified the calculations used in the development of the FSI correction factor and
gravity load factor method that the applicant used to implement the FSI correction factor in the
RXB design.

3.7.2.4.1.3  Verification and Validation of Computer Programs

DCA Part 2, Tier 2, Section 3.7.5, describes the computer programs used in the analysis of the
site-independent NuScale seismic Category | and Category |l structures. During the regulatory
audit from December 3 to 7, 2018, the staff reviewed the V&V of the SASSI2010 computer
program used for determining the seismic demand of the seismic category 1 SSCs.

The V&V problems considered by the applicant included three different categories: (1) NuScale
specific examples, (2) vendor-provided examples, and (3) examples created for comparison.
The applicant summarized the results from an extensive set of studies conducted for
SASSI2010 V&V to demonstrate that the parameters used in the NuScale design-basis seismic
demand calculations are within the range of applicability for SASSI2010. The specific
parameters that the applicant tested include the following:

. mesh sensitivity—evaluation of solutions for different mesh sizes of finite elements
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. aspect ratio—evaluation of solutions for the maximum finite element aspect ratio used

o Poisson’s ratio—evaluation of solutions for the maximum Poisson’s ratio used

. frequencies of analysis—demonstration that the frequencies of the analysis used are
adequate

. impedance functions—validation of the impedance functions or transfer functions (TFs)

against the benchmark solutions for frequencies up to 50 Hz for embedded structures

. extended subtraction method (ESM)—adequacy of the ESM as compared to the direct
method (DM)

. nonvertically propagating shear waves—evaluation of solutions for nonvertically
propagating shear waves and determination of whether this is an important effect that
should be included in the NuScale seismic analysis

. number of soil layers—confirmation that the number of soil layers used in the NuScale
analysis is within the maximum soil layers validated for SASSI2010

° number of interaction nodes—confirmation that the number of interaction nodes used in
the NuScale analysis is within the maximum interaction nodes validated for SASSI12010

. interpolated TFs—uvalidation of the interpolation methodology used in SASSI2010
o other important parameters used in NuScale seismic analysis, including the following:
- validation of kinematic (wave scattering) SSI solution;

- validation of element dynamic properties and stress calculations (a 3-D
eight-node solid element, 3-D beam element, 3-D spring element, and 3-D thick
shell element)

- validation of symmetric and antisymmetric boundary conditions to analyze a
half-model

- validation of postprocessing for the generation of TFs, maximum accelerations,
acceleration time histories, and acceleration response spectra

The applicant also provided three categories of acceptance criteria used for SASSI2010 V&V:
(1) the numerical accuracy criterion based on the requirement that the difference in pertinent
response values is less than 5 percent, (2) the good agreement criterion based on numerical
matching against closed-form solutions, analytical results, or experimental test data, and (3) the
expected behavior criterion based on basic knowledge and sound engineering judgment.

The staff found the applicant’s V&V for the computer code SASSI2010 to be acceptable
because, through an extensive set of V&V sample analyses, the applicant demonstrated that
the values of parameters used in computing the NuScale design-basis seismic demands are
within the range of applicability for SASSI2010. The scope of the V&V example problems and
tested parameters is sufficiently comprehensive, and the acceptance criteria used by the
applicant are consistent with the generally accepted industry practice.
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3.7.2.4.1.4  Reactor Building and NuScale Power Module Support Interface Loads

DCA Part 2, Tier 2, Appendix 3A, references TR-0916-51502-P, “NuScale Power Module
Seismic Analysis,” issued April 2019, (ADAMS Accession Nos. ML19094A021 (proprietary) and
ML19093B850 (nonproprietary)), for NPM seismic analysis and indicates that analysis of the
NPM subsystem was performed using a detailed 3-D NPM model with acceleration time
histories from the SASSI2010 RXB model as the input to capture the coupling effects between
the RXB and NPMs. The RXB-NPM interface and NPM specific analyses use a detailed NPM
beam model generated by adding mass and spring elements to create an FSI response system
that is equivalent to a 3-D NPM model and pool bay. The development and validation of the
detailed NPM beam model are described in TR-0916-51502. The RXB model that uses the
detailed NPM beam model is structurally similar to the SASSI2010 model used for RXB seismic
analysis; however, since fluid mass has been added to the detailed NPM beam model, an
enhanced methodology for modeling hydrodynamic mass in the pool area was used.

The RXB-NPM interface analysis uses Soil Type 7 and the CSDRS-compatible Capitola input
motion and takes into account two different stiffness variations of the RXB concrete (uncracked
and cracked) and three different stiffness variations of the NPM (the nominal stiffness, 1.3 times
the nominal, and the nominal divided by 1.3). At the interface between the NPM and the RXB,
the design loads for the skirt supports are defined as the envelope of the results from the
SASSI2010 RXB model and ANSYS 3-D NPM model. The lug supports are designed for a
generic capacity in a detailed submodel and checked against the reaction forces from the
SASSI2010 RXB model and ANSYS 3-D NPM model as discussed in Appendix 3B.2.7 of the
DCA Part 2, Tier 2. The maximum seismic forces on the NPM lug restraints and skirts, shown
to be bounded by the corresponding design capacities, are provided in Table 3B-28 of the DCA
Part 2, Tier 2.

The staff reviewed the information pertaining to the RXB-NPM support interface loads and found
them to be acceptable because the controlling seismic demands from the SASSI2010 RXB
model and ANSYS 3-D NPM model at the NPM supports are bounded by the corresponding
design capacities for these supports and because COL Item 3.7-10 requires a COL applicant
referencing the NuScale DC to ensure that site-specific seismic demands at the NPM supports
are bounded by the corresponding DC demands.

3.7.2.4.2  Natural Frequencies and Responses

The staff reviewed the natural frequencies and responses of the NuScale standard plant
structures provided by the applicant. DCA Part 2, Tier 2, Section 3.7.2.2, provides information
on the dynamic modal properties of the models used in the analysis of the seismic Category |
structures (RXB and CRB), including the natural frequencies and modal mass ratios. Because
SASSI2000 uses a complex frequency response analysis method, the applicant used the
corresponding SAP2000 models with a fixed-base boundary condition to generate the dynamic
modal properties. The staff notes that the SAP2000 models for the RXB and CRB serve as the
baseline for the corresponding SASSI2010 and ANSYS building models. The applicant also
provided seismically induced accelerations, displacements, forces, moments, soil pressures,
and ISRS, at key locations of the RXB and CRB necessary for structural design evaluation in
DCA Part 2, Tier 2, Sections 3.8.4 and 3.8.5, and equipment qualification in Sections 3.9 and
3.10. The staff found the information provided in DCA Part 2, Tier 2, Section 3.7.2, concerning
the dynamic modal properties and responses of the NuScale seismic Category | structures to be
acceptable because the scope and nature of the information provided are consistent with the
acceptance criteria of DSRS Section 3.7.2.11.2.
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3.7.2.4.3  Procedures Used for Analytic Modeling

The staff reviewed the criteria and procedures used in the analytical modeling for seismic
systems analysis in accordance with the guidance in DSRS Section 3.7.2.11.3. In DCA Part 2,
Tier 2, Sections 3.7.2.1 and 3.7.2.3 describe methods and procedures used for analytical
modeling of seismic Category | structures. The staff reviewed various aspects of the analytical
modeling involved in the NuScale seismic demand calculations, such as the mesh
discretization, finite element aspect ratios, passing and cutoff frequencies, NPM beam model
validation, NPM support conditions, rigid spring elements, and SAP2000 and SASSI2010 model
comparisons.

3.7.2.4.3.1  Mesh Discretization

In modeling structures using finite elements for dynamic analysis, the discretization should be
adequately refined to sufficiently capture the frequency contents of the ground motion in the
structural response. DSRS Section 3.7.2.11.3 specifies that the element mesh size should be
selected on the basis that a further refinement has only a negligible effect on the solution
results. In DCA Part 2, Tier 2, Section 3.7.2.1.3, the applicant described the mesh refinement
study performed for defining the element size used in the RXB and CRB standalone models and
the triple building model. The applicant provided the following information:

. Meshing of the area elements was done with the SAP2000 model by defining a
maximum element size in each direction; the aspect ratios of these elements were kept
as low as possible, and internal sharp angles were avoided. The heights of the soil
elements were determined based on one-fifth of the wave length. For a mesh sensitivity
study, meshes for both the RXB and CRB models were refined further by dividing each
side of the area elements into two, thus breaking each area element into four elements.
Static analysis cases of 1g loading in the X, Y, or Z directions were used to make
comparisons. The study indicates that the effects of further mesh refinement on the
structural responses are negligible for both local and global responses.

. Modal analysis was performed and showed minor changes in the natural frequencies
and their mass participation ratios, which indicates that the other dynamic characteristics
of the building models would not change with mesh refinement. To show that mesh
refinement does not have a major impact on ISRS, the ISRS from the CSDRS
compatible Capitola ground motion and the ISRS from the CSDRS-HF compatible
Lucerne ground motion were compared at several key locations. These comparisons
were between the RXB and CRB standalone SAP2000 model used in design-basis
seismic demand calculations and the refined-mesh models. The results indicate that
further mesh refinement has an insignificant impact on the ISRS. The triple building
model has the same mesh as the standalone model, and the SSSI effects are not
expected to change with mesh refinement; therefore, no mesh sensitivity analysis was
performed for the triple building model.

The staff reviewed the results of the sensitivity study as discussed above and concluded that it
has adequately refined the discretization of finite elements used in the seismic analysis of
seismic Category | structures (RXB and CRB) to capture the frequency contents of the applied
ground motion and therefore is acceptable. The study has shown that further refinement does
not affect the structural response according to the guidance in DSRS Section 3.7.2.11.3. Further,
during the regulatory audit from December 3 to 7, 2018, the staff reviewed the detailed
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calculations and conclusions from the mesh sensitivity study and confirmed that they are
consistent with the information described in DCA Part 2, Tier 2, Section 3.7.2.

3.7.2.4.3.2 Presence of Coarse Finite Elements

In DCA Part 2, Tier 2, Section 3.7.2.1.1.3, the applicant described cut-off frequencies used for
the SASSI2010 building models. For the analysis of Soil Types 7, 8, and 11 with the CSDRS,
the cutoff frequency was established at 52 Hz and, for the analysis with the rock profiles (Soil
Type 7 and 9) with the CSDRS-HF, the cutoff frequency was established at 72 Hz. The
applicant stated that the building models have element sizes that are similar to the 1.905-m
(6.25-ft) layers that were used to determine the wave passage frequency of the soil and that
there are instances where development of the model required individual elements to have a
dimension as large as 3.7 m (12 ft) in the RXB and as large as 6 m (20 ft) in the CRB. Further,
the applicant stated that, since the typical element size is approximately 1.8 m (6 ft), the wave
passage frequencies of both buildings are above the cutoff frequencies used for the analysis.

The staff reviewed the applicant’s information pertaining to cutoff frequencies associated with
the models with presence of coarse finite elements and found it to be acceptable because

(1) the membrane elements with a maximum dimension of 6 m (20 ft) used in the CRB model
are nonstructural and are used only to capture the wind loads for the steel-framed structure, and
(2) the basemat solid elements with a maximum dimension of 3.66 m (12 ft) used in the RXB
model are isolated and limited in number (24 elements) and therefore would not affect the wave
passage frequencies determined based on an average element size of 1.905 m (6.25 ft).

3.7.2.4.3.3  Rigid Spring Constants Used in Reactor Building and Control Building Models

In DCA Part 2, Tier 2, Section 3.7.2.1.3.1, the applicant stated that the rigid springs have a zero
length and have a stiffness value large enough to simulate rigid connection and that the large
stiffness used is arbitrarily chosen to be 1.75 x 102 newtons per meter (N/m) (1 x 10" pounds
per inch (Ib/in.)) in the three global directions. To confirm the adequacy of the number

(1.75 x 10" N/m (1 x 100 Ib/in.)) chosen for the “rigid” spring constant, the applicant performed
a sensitivity analysis by increasing the stiffness of the rigid springs by an order of magnitude
(i.e.,t0 1.75 x 103 N/m (1 x 10" Ib/in.)) and by comparing the results with those obtained from
the base case (i.e., with the rigid spring stiffness equaling 1.75 x 102 N/m (1 x 100 Ib/in.)). For
this study, the applicant used the RXB model with cracked concrete properties, 7-percent
concrete damping, Soil Type 7, and the Capitola input motion.

Comparisons of TFs and ISRS showed that increasing the rigid spring stiffness has no
discernible effect on the TFs or ISRS. A comparison of the sums of the maximum spring forces
shows that the total changed by 0.17 percent, and comparisons of the maximum stresses,
forces, and moments in typical solid, beam, and shell elements indicated that the average
change over all the elements is less than 0.3 percent. Similar findings were observed from a
sensitivity analysis with the CRB model. Based on the evaluation of the results from the
sensitivity study, the staff found that the value of 1.75 x 10'2 N/m (1 x 109 Ib/in.) for the spring
constant is sufficiently large to model the rigid soil springs connecting the basemat and backfill
to the free field soils for the RXB and CRB SASSI models.

3.7.2.4.3.4 Comparison of SAP2000 and SASSI2010 Models in Calculating Structural
Frequencies

The SASSI2010 model used in NuScale design seismic analysis was obtained by converting the
SAP2000 model. In DCA Part 2, Tier 2, Section 3.7.2.1.3.6, the applicant discussed
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comparison of the fixed-base modal frequencies from the two models to verify that the SAP2000
model had been converted accurately into the SASSI2010 model. The natural frequencies of
the fixed-base SAP2000 model are calculated by a modal frequency analysis. The SASSI2010
analysis does not perform modal analysis; however, the major vibration frequencies can be
estimated by inspecting the peaks of acceleration TFs. The staff reviewed the information
provided by the applicant and found that SAP2000 modal frequencies are close to the
corresponding SASSI2010 frequencies estimated from the TF peaks with a maximum difference
of about 6 percent, which implies that the mass and stiffness of the structures in the SAP2000
have been closely duplicated in the SASSI2010 model.

The staff's review also focused on how the backfill soil is accounted for in the analysis. In DCA
Part 2, Tier 2, Section 3.7.2.1.3.6, the applicant stated that, for both the SAP2000 and
SASSI2010 fixed-base analyses, the backfill soil is included as solid elements surrounding the
buildings and is measured 7.6 m (25 ft) outward from the exterior walls and extends from the
bottom of the RWB, RXB, and CRB basemats to the ground surface. The applicant further
stated that the properties of Soil Type 11 are used to model the backfill soil because it has an
average shear wave velocity of 234.1 m/s (768 ft/s) for the upper 25.9 m (85 ft) of soil, which is
close to a typical backfill soil shear wave velocity of 244 m/s (800 ft/s). The staff found that the
applicant’s method of modeling backfill soil is acceptable because it closely captures the actual
configuration of the backfill surrounding the buildings and Soil Type 11 represents typical
material properties of the backfill soil.

3.7.2.4.3.5  Validation of the Simplified NuScale Power Module Beam Model

DCA Part 2, Tier 2, Section 3.7.2.1.3.2, describes the NPM beam model included in the RXB
SAP2000 and SASSI2010 models. The applicant indicated that the simplified NPM beam
model used in the SAP2000 and SASSI2010 building models is derived from the corresponding
NPM detailed 3-D model developed in ANSYS. It is to be noted that the simplified NPM beam
model is distinct from the detailed NPM beam model discussed in Section 3.7.2.4.1 of this report
under the topic of “Reactor Building and NuScale Power Module Support Interface Loads.” The
detailed NPM beam model is used specifically for developing the interface time histories for use
in the seismic design of the NPM and the NPM supported components, while the simplified
NPM beam model is used for seismic design of the rest of the SSCs including the RXB and
CRB. To validate the NPM beam model, the applicant performed a modal analysis in three
directions to tune the beam model to match the detailed 3-D model response and provided a
table in TR-0916-51502-P that compares the dynamic properties of the NPM beam model and
the 3-D model. The staff reviewed the applicant’s validation of the NPM beam model used in
SAP2000 and SASSI2010 building models discussed in DCA Part 2, Tier 2, Section 3.7.2 and
TR-0916-51502-P. The staff found the validation to be acceptable because the NPM beam
model was developed such that it has dynamic compatibility with the original NPM 3-D model
developed in ANSYS. Further, during the regulatory audit from December 3—7, 2018, the staff
reviewed the detailed calculations and conclusions from the applicant’'s model validation
analysis and confirmed that they are consistent with the information provided in the DCA and
TR-0916-51502-P.

3.7.2.4.4  Soil-Structure Interaction Analysis

The staff reviewed the modeling method used in the seismic system analysis to account for the
SSI effects in accordance with guidance in DSRS Section 3.7.2.11.4. DCA Part 2, Tier 2,
Section 3.7.2.4, states that the SASSI2010 computer program is used for the SSI and SSSI
analysis of seismic Category | and Il structures. SASSI is a linear analysis code that performs
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time history analysis in the frequency domain using a substructuring technique. DCA Part 2,
Tier 2, Section 3.7.2.1, also provides information on SSI analysis.

3.7.2.4.4.1  Benchmarking Extended Subtraction Method with Direct Method

The direct method (DM) corresponds to a theoretically correct SSI model for the excavated soil
volume. However, the DM analysis is computationally intensive and, to reduce computational
time in the design-basis seismic demand analysis, the applicant used a simplified method,
called the 7P Extended Subtraction Method (7P ESM), which assumes only the nodes on the
seven planes (the four sides of the excavated volume, and the top, bottom, and middle
horizontal planes) act as the interaction nodes. To evaluate the adequacy of 7P ESM, the
applicant conducted a sensitivity study and compared acceleration TFs and other seismic
responses from DM and 7P ESM including structural forces and moments and ISRS at key
locations of the RXB and CRB.

Application of DM for SASSI analysis of the full RXB model required the use of interaction
nodes that exceeded the SASSI2010 program limit of 20,000 nodes. Therefore, the applicant
used a half model to obtain the results by DM. The applicant reported that the ISRS calculated
by the RXB and CRB 7P ESM models are within 15 percent of those calculated by DM, and that
exceedances were observed at narrow frequency bands around ISRS peak locations. The
applicant also reported that the TF shapes show a good agreement between 7P ESM and DM
except at a few frequencies where some minor differences were observed including spurious
peaks, but they did not significantly affect the analysis results. The applicant stated that adding
a frequency point or shifting the frequency close to a spike location usually eliminates the
spurious spike. The applicant also compared structural forces and moments from the two
methods and the comparison showed negligible differences. Further, the applicant included
COL Item 3.7-15 stating that a COL applicant that references the NuScale Power Plant DC will
determine the appropriate site-specific number of interaction planes for SSI analysis.

The staff reviewed the information from the applicant’s sensitivity study on 7P ESM and DM
models and found the applicant’s use of 7P ESM in SSI analysis of the NuScale seismic
Category | structures to be acceptable because the results from 7P ESM are close to those from
DM and any identified differences from the two methods are negligibly small and would not
affect the standard design. The COL item will further ensure the adequacy of 7P ESM for the
site-specific conditions or an appropriate number of interaction planes will be used for
site-specific SSI analysis.

3.7.2.4.4.2 Review of Transfer Functions

DCA Part 2, Tier 2, Section 3.7.2.1.1.3, describes SASSI2010 models used to compute seismic
demands for the RXB and CRB and discusses TFs generated from these models. The staff
reviewed the TFs because they provide an indication whether the numerical models and their
implementation in SSI analyses are adequate. The applicant provided the plots of acceleration
TFs and ISRS at key locations in the RXB and CRB from the SSI analysis. The applicant
reported spurious spikes at few frequencies in the TF plots and indicated that the corresponding
seismic input at those frequencies is insignificant and thus the corresponding ISRS do not
exhibit spurious peaks. Based on the ISRS examination and nonexistence of any spurious
peaks in the ISRS, the staff concluded that the spurious spikes in TFs have no effect on the
design of the RXB and CRB or on the ISRS for equipment qualifications.
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3.7.2.4.4.3  Effect of Potential Soil Separation

DSRS Section 3.7.2.11.4 provides guidance that an SSI analysis should consider the effects of
potential separation or loss of contact between the structure and the soil during an earthquake.
DCA Part 2, Tier 2, Section 3.7.2.1.1.3, discusses potential soil separation and its consideration
in the SASSI2010 RXB and CRB models. The applicant provided information summarizing the
soil-separation sensitivity study performed and its effects on the seismic demands for the RXB
and CRB. The applicant stated that, to model soil separation, the Young’s modulus of the
backfill elements down to a depth of 7.6 m (25 ft) was decreased to approximately zero.

Section 5.1.9 of ASCE 4-16 (2016), “Seismic Analysis of Safety-Related Nuclear Structures and
Commentary,” discusses a method to address soil separation by assuming no connectivity
between the structure and lateral soil over the upper half of the embedment, or 6 m (20 ft),
whichever is less. The staff considers a soil separation depth of 7.6 m (25 ft) to be acceptable
because it exceeds the minimum depth of 6 m (20 ft) specified by a recognized industry
standard. The applicant evaluated acceleration TFs and ISRS at key locations and forces and
moments for important structural members. The applicant reported that in some instances the
ISRS and design loads increased because of soil separation effects. The applicant also
provided COL Item 3.7-11 requiring a COL applicant that references the NuScale DC to perform
site-specific analysis that assesses the effects of soil separation and to confirm that site-specific
ISRS under soil separation are bounded by the corresponding design-basis ISRS of the
NuScale DC.

The staff reviewed the results from the applicant’s sensitivity study and noted that soil
separation resulted in exceedance of some design-basis demands computed using the intact
condition (i.e., no soil separation), both in structural forces and moments and in ISRS for
equipment qualifications. However, the applicant demonstrated that the exceedances in the
structural forces and moments are covered by available design margins in terms of the D/C
ratios. Further, when the ISRS from the soil-separated case exceeded the design-basis ISRS,
the applicant enhanced the design-basis ISRS to account for the identified exceedances. The
staff found the applicant’s approach to account for potential effects of soil separation on the
design-basis ISRS and structural forces and moments for the NuScale seismic Category |
structures to be acceptable because the approach is consistent with the acceptance criteria in
DSRS Section 3.7.2.11.4 and the results from the soil-separation case are generally close to
those from the intact case; any identified local exceedances due to soil separation are
accounted for either by enhancing the design-basis ISRS such that the exceedances are
bounded or through available design margins in terms of D/C ratios for affected structural
members. The COL item will further ensure that the site-specific ISRS under soil separation are
bounded by the corresponding design-basis ISRS of the NuScale DC.

3.7.2.4.4.4  Soil-Structure Interaction Analysis of Deeply Embedded Structure

DSRS Section 3.7.2.11.4 provides guidance to consider uncertainties associated with SSI
analysis of deeply embedded structures. The applicant provided information on the sensitivity
study performed for the effects of nonvertically propagating seismic waves on seismic demand
calculations. The objective of the SSI analysis study with nonvertically propagating (or inclined)
waves was to compare the SSI results with those of the design-basis case, which uses
conventional, vertically propagating shear (SV and SH) and P-waves for the seismic input. Itis
known that a body wave (either SV- or P-wave) propagating at an inclined angle will include
both horizontal and vertical motions in the free field, whereas an inclined SH-wave generates
only horizontal motion in the free field.
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The applicant compared the ISRS from the sensitivity study with the design-basis ISRS and
reported exceedances at a few locations at narrow frequency bandwidths. The applicant
explained that these exceedances result because the free-field within motions for inclined
waves at the foundation level exceed the corresponding motions from the CSDRS with vertically
propagating waves, resulting in an effective SSI input motion that is higher than the CSDRS
input motion. Therefore, the applicant concluded that combining the coupling responses from
nonvertically propagating waves (SV or P) can lead to overly conservative and incorrect
structural responses. The applicant also reported that nonvertically propagating SH-waves
have an insignificant effect on the RXB torsional responses and that increasing RXB design
forces by 5 percent to account for accidental torsion will conservatively cover any additional
torsional responses from inclined SH-waves. The applicant also proposed COL Item 3.7-13,
which requires a COL applicant referencing the NuScale Power Plant DC to perform
site-specific analysis that assesses the effects of nonvertically propagating seismic waves on
the free-field ground motions and seismic responses of seismic Category | SSCs for the site
conditions.

The staff reviewed the applicant’s evaluation of the effects of nonvertically propagating seismic
waves on seismic demand calculations and found them acceptable because (1) combining the
coupling responses from nonvertically propagating SV- and P-waves may lead to overly
conservative structural responses because the corresponding effective SSI input motion at the
foundation level exceeds the design-basis CSDRS input motion, (2) additional torsional
responses from nonvertically propagating SH-waves are insignificant and are covered by the
provisions of accidental torsion, and (3) the applicant provided a COL information item to cover
any site-specific seismic issues associated with nonvertically propagating seismic waves. The
staff recognizes that seismic SSI analysis of deeply embedded nuclear structures subject to
nonvertically propagating seismic waves is a relatively new area of concern to the nuclear
industry, and the level of its understanding and sophistication of implementation are still
evolving. Therefore, any site-specific analysis that assesses the effects of nonvertically
propagating seismic waves on the seismic demand of nuclear structures should employ the
analysis techniques available at the time of the COL application.

3.7.2.4.4.5 Design-Basis Seismic Soil-Structure Interaction Analysis Cases

In DCA Part 2, Tier 2, Section 3.7.1.1.1, and in DCA Part 2, Tier 1, Section 5.0, the applicant
stated that the NuScale seismic design basis for all seismic Category | SSCs is the CSDRS.
The applicant further stated that it expanded the seismic design basis for the seismic Category |
structures, the RXB and CRB, to include the CSDRS-HF to broaden the site applicability for
these structures. In DCA Part 2, Tier 2, Section 3.7.2.4, the applicant indicated that 540 SSI
analysis cases with five CSDRS-compatible time history inputs and 72 SSI analysis cases with
one CSDRS-HF-compatible time history input are considered for seismic demand calculations
for the RXB and CRB. The applicant also indicated that all NuScale seismic Category | SSCs
are not analyzed for the same set of SSI analysis cases. The seismic analysis cases used to
establish seismic demands for the SSCs are discussed in DCA Part 2, Tier 2, Section 3.7.2.4.6.
The detailed modeling and analysis parameters used to establish the seismic demand for the
SSCs are shown in DCA Part 2, Tier 2, Tables 3.7.2-33 through 3.7.2-35. The response
parameters considered in developing seismic analysis cases for the RXB and CRB include

(1) RXB Standalone Structural Response, (2) RXB Triple Building Structural Response, (3) RXB
Standalone ISRS, (4) RXB Triple Building ISRS, (5) NPM ISRS, (6) CRB Standalone ISRS,

(7) CRB Standalone Structural Response, (8) CRB Triple Building Structural Response, and

(9) CRB Triple Building ISRS. The staff reviewed the information and found that the applicant
used an approach consistent with the guidance in DSRS Section 3.7.2 in developing seismic
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SSI analysis cases to establish the design-basis seismic demands for the RXB, CRB, and other
seismic Category | SSCs. Therefore, the staff determined the applicant’s seismic SSI cases are
acceptable.

3.7.2.4.5  Development of In-Structure Response Spectra

The staff reviewed the procedures and methods used in developing ISRS, in accordance with
DSRS Section 3.7.2.11.5 and RG 1.122. These documents provide guidance and criteria for
methods acceptable to the staff for developing two horizontal and vertical ISRS from the
response time histories.

The staff reviewed DCA Part 2, Tier 2, Section 3.7.2.5, for procedures used in developing the
ISRS for seismic Category | structures. In this section, the applicant stated that the ISRS are
generated according to the procedures in RG 1.122. The applicant developed the ISRS from
time histories at selected locations computed from separate SSI analyses with three directions
of the input ground motion. The applicant then obtained the total ISRS at each location by
applying the square root of the sum of the squares (SRSS) method to the three codirectional
ISRS. The ISRS from different analysis cases are enveloped as appropriate, and then the
peaks in the total ISRS are widened by +15 percent on the frequency axis. The ISRS are
computed at damping values of 2, 3, 4, 5, 7, and 10 percent. The staff found that the applicant’s
process for the development of the ISRS from time histories, computation of the ISRS at a
minimum number of frequencies, combining the ISRS at each location using the SRSS method,
and the 15-percent widening of the peaks in the total ISRS, conform to the guidance in

RG 1.122 and DSRS Section 3.7.2.11.5 and therefore are acceptable.

3.7.2.4.6  Three Components of Earthquake Motion

The staff reviewed the method the applicant used in combining the responses from the three
components of earthquake ground motion in accordance with the guidance in DSRS
Section 3.7.2.11.6. The DSRS references RG 1.92, for methods acceptable to the staff for
combining three spatial components of seismic responses.

In DCA Part 2, Tier 2, Section 3.7.2.6, “Three Components of Earthquake Motion,” the applicant
stated that the three components of the earthquake ground motion are developed as separate
time histories, which are applied to the building models as input to the SASSI2010 analysis, and
that the three codirectional responses for the structure are combined using the SRSS method in
conformance with RG 1.92, Revision 3. The staff found the applicant’'s method of combining the
three spatial components of seismic responses using the SRSS method to be in conformance
with the guidance in RG 1.92 and therefore acceptable.

3.7.2.4.7  Combination of Modal Responses

DSRS Section 3.7.2.11.7 provides guidance for the combination of modal responses, including
consideration of closely spaced modes and high-frequency modes, when using the response
spectrum method or the modal superposition time history method of analysis to determine the
dynamic response of damped linear systems.

In DCA Part 2, Tier 2, Section 3.7.2.7, the applicant stated that the analysis of the seismic
Category | structures, the RXB and CRB, does not use modal combination. Rather, the analysis
applies the SASSI2010 code that uses time history analysis in the frequency domain in which
the equations of motion are solved for the soil and structural elements. The staff found that,
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since the applicant does not use a method based on modal combination, no further review of
the combination of modal responses is needed.

3.7.2.4.8 Interaction of Nonseismic Category | Structures with Seismic Category | Structures,
Systems, and Components

The staff reviewed the methods the applicant used to assess nonseismic Category | structures
to determine whether their failure under SSE conditions could impair the integrity of seismic
Category | SSCs, or result in incapacitating injury to control room occupants, in accordance with
the guidance in DSRS Section 3.7.2.11.8.

In DCA Part 2, Tier 1, Section 4.1, the applicant stated that failure of any of the site-specific
structures not within the scope of the NuScale Power Plant certified design will not cause any of
the seismic Category | structures within the scope of the NuScale Power Plant DC to fail. In
DCA Part 2, Tier 2, Section 3.7.2.8, the applicant described the criteria used to provide
reasonable assurance that the failure of nonseismic Category | structures under the effect of a
design-basis seismic event does not impair the integrity of an adjacent seismic Category | SSC.
In DCA Part 2, Tier 2, Section 3.2, the applicant identified seismic Category Il SSCs as those
SSCs that perform no safety-related function but whose structural failure or adverse interaction
could degrade the function or integrity of a seismic Category | SSC to an unacceptable level or
could result in incapacitating injury to occupants of the control room during or following an SSE.
Because such SSCs are not required to remain functional, the seismic Category Il classification
is applied only to the portions of systems with a potential for adverse interaction with a seismic
Category | SSC.

In DCA Part 2, Tier 2, Section 3.7.2.8, the applicant indicated that the upper portion of the CRB
located above elevation 37 m (120 ft) and the RWB adjacent to the RXB are classified as
seismic Category Il. These seismic Category Il structures (the upper portion of the CRB and the
RWB) are designed for the CSDRS and CSDRS-HF, the standard for seismic Category I, to
ensure that there are no unacceptable interactions. Specifically, the results from the seismic
analysis performed using the triple building model indicate no unacceptable seismic interaction
between the RWB and RXB. In the same DCA section, the applicant described the turbine
generator buildings, central utilities building, and annex buildings, which DCA Part 2, Tier 2,
Section 3.2.1, lists as seismic Category lll, as structures adjacent to seismic Category |
structures. The applicant stated that the turbine generator buildings, central utility buildings, and
annex buildings are not included in the scope of the NuScale certified design and are provided
for conceptual design information only. The staff notes that DCA Part 2, Tier 2, also includes
three COL information items (COL Items 3.3-1, 3.4-6, and 3.7-4) to ensure that nearby
structures will not adversely affect the RXB or the seismic Category | portion of the CRB and
that analysis and justification will be handled on a site-specific basis to ensure that nonseismic
Category | structures will not impair the integrity of an adjacent seismic Category | structure.
Based on its review, the staff finds that the applicant’s evaluation of potential interaction of
nonseismic Category | structures with seismic Category | SSCs is acceptable because the
method is consistent with the acceptance criteria in DSRS Section 3.7.2.11.8.

3.7.2.4.9  Effects of Parameter Variations on Floor Response Spectra
3.7.2.4.9.1  Effect of Structural Stiffness Variations

The staff reviewed the applicant’s consideration of the effects of parameter variations on floor
response spectra in accordance with the guidance in DSRS Section 3.7.2.11.9. DSRS
Section 3.7.2.11.9 refers to the acceptance criteria in DSRS Section 3.7.2.11.5 on ISRS and to
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DSRS Section 3.7.2 11.3 for addressing the effect of potential concrete cracking on the stiffness
of the concrete structures. DSRS Section 3.7.2.11.5 references RG 1.122, and DSRS

Section 3.7.2.11.3 references ASCE 43-05 (2005), “Seismic Design Criteria for Structures,
Systems, and Components in Nuclear Facilities,” for acceptable stiffness reduction factors for
cracked concrete members (e.g., 0.5 for cracked walls for flexure and shear).

The staff reviewed information in DCA Part 2, Tier 2, Section 3.7.2.9, on the effects of
parameter variation on floor response spectra; DCA Part 2, Tier 2, Sections 3.7.1.2.2 and
3.7.2.1.1.3, on reduced stiffness for cracked concrete; and DCA Part 2, Tier 2, Section 3.7.2.5,
on development of the ISRS. The applicant reduced the bending and shear stiffness by

50 percent for cracked concrete walls and diaphragms in accordance with the criteria in

ASCE 43-05. For each seismic Category | structure, the design-basis ISRS are developed by
appropriately enveloping the results from different combinations of analysis parameters,
including ground motion spectra, soil profiles, damping values, and stiffness variation (cracked
and uncracked), and by broadening the enveloped ISRS by +£15 percent on a linear frequency
scale in accordance with RG 1.122. The staff’s review found the applicant’s method of taking
into account the effects of parameter variations on floor response spectra to be acceptable
because the method is consistent with the relevant guidance in DSRS Section 3.7.2, RG 1.122,
and a recognized industry standard (ASCE 43-05).

3.7.2.4.9.2  Effect of Operating with Less than the Full Complement of 12 NuScale Power
Modules

DCA Part 2, Tier 2, Section 3.7.2.9.1, provides information about the effects of operation with
less than 12 NPMs. 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 7 NPMs and
reported the results obtained from the study. The applicant concluded that the difference in
results between operation with 12 NPMs and operation with fewer NPMs in place is small and
within the capacity of the building design. The applicant stated that, 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 is used as a sensitivity case to
replicate how NPMs will be brought into the RXB and to model potential torsional behavior in an
asymmetrical configuration.

To address the site-specific operational configurations, outside the scope of the presented

12 NPM and 7 NPM cases, the DCA also established COL Item 3.7-10, which states that a COL
applicant that references the NuScale Power Plant DC will perform a site-specific configuration
analysis that includes the RXB with the applicable configuration layout of the desired NPMs.
The COL applicant will confirm that the following quantities are bounded by the corresponding
certified design seismic demands or the standard design will be shown to have appropriate
margin or should be appropriately modified to accommodate the site-specific demands:

. the ISRS of the standard design at the foundation and roof; see DCA Part 2, Tier 2,
Figures 3.7.2-107 and 3.7.2-108 for foundation ISRS and Figure 3.7.2-113 for roof ISRS

. the maximum forces in the NPM lug restraints and skirts

. the site-specific ISRS for the NPM at the skirt support shown to be bounded by the ISRS
in DCA Part 2, Tier 2, Figures 3.7.2-156 and 3.7.2-157; the site-specific ISRS for the
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NPM at the lug restraints shown to be bounded by the ISRS in Figures 3.7.2-158
through 3.7.2-163

. the maximum forces and moments in the east and west wing walls and pool walls (see
DCA Part 2, Tier 2, Tables 3B-22b and 3B-23b)

o the following site-specific ISRS will be shown to be bounded by their corresponding
certified ISRS:

- RXB north exterior wall at elevation 22.86 m (75-0"): bounded by ISRS in DCA
Part 2, Tier 2, Figure 3.7.2-110

- RXB west exterior wall at elevation 48.40 m (126'-0"): bounded by ISRS in DCA
Part 2, Tier 2, Figure 3.7.2-112

- RXB crane wheels at elevation 44.35 m (145'-6"): bounded by ISRS in DCA
Part 2, Tier 2, Figure 3.7.2-114

- CRB east wall at elevation 22.32 m (76'-6"): bounded by ISRS in DCA Part 2,
Tier 2, Figure 3.7.2-119a and Figure 3.7.2-119b

- CRB south wall at elevation 36.58 m (120'-0"): bounded by ISRS in DCA Part 2,
Tier 2