UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

February 25, 2025

MEMORANDUM TO: Mahmoud Jardaneh, Chief
New Reactor Licensing
Division of New and Renewed Licenses
Office of Nuclear Reactor Regulation

FROM: James J. Shea, Project Manager  /RA/
Licensing and Regulatory Infrastructure Branch
Division of New and Renewed Licenses
Office of Nuclear Reactor Regulation

SUBJECT: U.S. NUCLEAR REGULATORY COMMISSION SUMMARY OF
NOVEMBER 20, 2024, PUBLIC MEETING WITH THE JAPAN
ATOMIC ENERGY AGENCY ON THE QUALITY ASSURANCE
PROGRAM DESCRIPTION AND THE FLOATING SEISMIC
ISOLATION SYSTEM TECHNOLOGY FOR SMALL MODULAR
REACTORS

The U.S. Nuclear Regulatory Commission (NRC) held a partially closed observation public
meeting on November 20, 2024, with the Japan Atomic Energy Agency (JAEA) and its
corporate partners, the IHI Corporation, and the JGC Corporation (hereafter the “Consortium”),
in a continuing pre-application engagement concerning its Floating Seismic Isolation System
(FSIS) for small modular reactors (SMRs). The JAEA Consortium has been engaged with the
NRC staff since September 5, 2023, concerning its FSIS Technology with a goal to submit a
license application paired with a yet to be named SMR in accordance with Title 10 of the Code
of Federal Regulations (10 CFR) Part 52, “Licenses, Certifications, and Approvals for Nuclear
Power Plants,” subpart E, for a “Standard Design Approval,” as soon as 2028. In this meeting
the JAEA Consortium provided an overview of its Quality Assurance Program Description
(QAPD), and the FSIS Technology, “white papers (WPs),” submitted for review in a letter dated
October 23, 2024 (Agencywide Documents Access Management System (ADAMS) Accession
No. ML24330A256).

The following topics were discussed during this meeting:
o WP summaries of the JAEA QAPD and FSIS Technology (Public Meeting).
¢ NRC staff review and feedback on the JAEA Consortium proprietary WPs concerning the

QAPD and the FSIS Technology and results of its large-scale testing (Proprietary Closed
Portion of Meeting).

CONTACT: James Shea, NRR/DNRL/NRLB
301-415-1388
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The NRC issued the public / closed meeting notice on October 2, 2024, (ML24276A138).
Following the meeting, the NRC staff posted the publicly available presentation slides for the
meeting (ML24320A058).

Enclosed are the meeting agenda (Enclosure 1), list of attendees of the meeting (Enclosure 2),
and the meeting summary (Enclosure 3).

Enclosures:

1. Meeting Agenda
2. List of Attendees
3. Meeting Summary
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U.S. NUCLEAR REGULATORY COMMISSION SUMMARY OF NOVEMBER 20, 2024,

PUBLIC MEETING WITH THE JAPAN ATOMIC ENERGY AGENCY ON THE QUALITY

ASSURANCE PROGRAM DESCRIPTION AND THE FLOATING SEISMIC ISOLATION

SYSTEM TECHNOLOGY FOR SMALL MODULAR REACTORS

Meeting Agenda

Time

Topic

Speaker

09:00 am — 10:00 am

[Open Meeting]
Summary of the “white papers,”
(WPs) on Quality Assurance
Program Description (QAPD) and
the Floating Seismic Isolation

System (FSIS) Technology

NRC /JAEA/Public

10:00 am — 12:00 pm [CLOSED MEETING] JAEA / NRC
WP on FSIS QAPD
12:00 pm — 2:00pm Lunch Break ALL
2:00pm — 4:30pm [CLOSED MEETING] JAEA /NRC
WP on FSIS Technology
4:30 pm Adjourn ALL
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Name Organization
Jim Shea U.S. Nuclear Regulatory Commission (NRC)
India Banks NRC
Ata Istar NRC
Michelle Hayes NRC
Kerri Kavanagh NRC
Deanna Zhang NRC
lan Tseng NRC
Xing L. Yan Japan Atomic Energy Agency (JAEA)
Takato Marufuji JAEA
Toru Nakatsuka JAEA Washington DC Office
Michael Scott Advisor to JAEA
Satoru Kai IHI Corporation
Akihito Otani IHI Corporation
Yutaka Kodama IHI Corporation
Yasutomi Morimoto JGC Corporation
Yuuki Sato JGC Corporation
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U.S. NUCLEAR REGULATORY COMMISSION SUMMARY OF NOVEMBER 20, 2024

PUBLIC MEETING WITH THE JAPAN ATOMIC ENERGY AGENCY ON THE QUALITY

ASSURANCE PROGRAM DESCRIPTION AND THE FLOATING SEISMIC ISOLATION
SYSTEM TECHNOLOGY FOR SMALL MODULAR REACTORS

Meeting Summary

On November 20, 2024, the U.S. Nuclear Regulatory Commission (NRC) staff held a partially
closed observation public meeting (Agencywide Documents Access Management System
(ADAMS) Accession No. ML24276A138) with the Japan Atomic Energy Agency (JAEA), its
corporate partners the IHI Corporation, and the JGC Corporation (hereafter the “Consortium”).
The meeting was part of the continuing pre-application engagement with the NRC staff on its
Floating Seismic Isolation System (FSIS) design for small modular reactors (SMRs). The pre-
application engagement is being conducted in anticipation of a possible application for a
Standard Design Approval (SDA) in accordance with subpart E, of Title 10 of the Code of
Federal Regulations (10 CFR) Part 52, “Licenses, Certifications, and Approvals for Nuclear
Power Plants,” using a yet to be named paired SMR design, as soon as 2028. The SDA may be
for either the final complete design for a FSIS paired SMR or for the final design of major
portions thereof.

The FSIS concept, as described by the JAEA Consortium during the September 5, 2023,
partially closed observation public meeting (ML23258A197), is designed to withstand the
terrestrial ground accelerations associated with high seismic risk zones substantially reducing
seismic accelerations of the paired SMR in horizontal and vertical directions.

To validate its seismic isolation proof-of-concept, the JAEA Consortium constructed a large-
scaled version [a 1/15 scale mockup model] of the paired FSIS / SMR system and then
performed a series of tests of the configuration on the world’s largest shaking table [3D Full-
Scale Earthquake Testing Facility named “E-Defense”] operated by the Japan National
Research Institute for Earth Science and Disaster Resilience at Hyogo Prefecture, Japan
observed in-part by select NRC staff, in January and February of 2024. The NRC staff inspected
the mockup model and test facility, observed operation for a partial series of tests, reviewed the
test data, and examined quality assurance program documentation for the design and operation
of the tests at the site.

On July 29, 2024 (ML24211A031), the JAEA Consortium submitted its proprietary Regulatory
Engagement Plan outlining its planned future pre-application activities with the NRC staff
addressing key licensing issues of its proposed FSIS paired SMR for future licensing activities.
These include the topics for this meeting on the JAEA Consortiums Quality Assurance Program
Description (QAPD), “white paper,” (WP) along with a summary of preliminary results of its
large-scale testing as part of its FSIS Technology WP, that would become the basis for future
license topical reports (LTRs) that are planned to be submitted for NRC staff review in 2025.

During the public portion of the meeting, the staff first described the JAEA Consortium
engagement with the NRC to date and then the JAEA Consortium staff provided a summary of
its FSIS design, in a public presentation submitted on November 15, 2024 (ML24320A058). The
public presentation included the preliminary summary results from its large-scale testing as part
of the FSIS Technology WP, that indicate for a FSIS paired SMR both the vertical and horizontal
seismic ground motion can be reduced by more than two thirds. Also, the JAEA Consortium
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provided an overview of the QAPD WP specifically, in its presentation, it was pointed out that
the JAEA is the Consortium lead organization, responsible for establishment and execution of
the quality assurance program for the FSIS paired SMR design activities. The JAEA Consortium
design activities will conform to the requirements of 10 CFR Part 50, “Domestic Licensing of
Production and Utilization Facilities,” Appendix B, “Quality Assurance Criteria for Nuclear Power
Plants and Fuel Reprocessing Plants,” ensured by conformance of the JAEA Consortium QAPD
with the American Society of Mechanical Engineers (ASME) NQA-1-2017, “Quality Assurance
Requirements for Nuclear Facility Applications,” and NRC Regulatory Guide (RG) 1.28,
Revision 6, “Quality Assurance Program Criteria, (Design and Construction),” September 2023
(ML23177A022), with some proposed exceptions.

The goal of the JAEA Consortium as outlined in its public presentation is a standardized FSIS
paired SMR design that can be sited essentially anywhere with little to no variation in the design
specifically due to the site-seismic characteristics including in areas within high seismic hazard
zones, enhancing safety, and reducing structural seismic design criteria for an SMR paired with
the FSIS.

The public portion of the meeting then concluded with no public questions for the staff.

The JAEA Consortium provided its, “Overview of the Quality Assurance Program for Design
Activities in Support of the Standard Design Approval Application for a Floating Seismic
Isolation System (FSIS) Paired SMR Plant,” (QAPD) proprietary WP (ML24302A167) and its
“Description of Floating Seismic Isolation System Verification, Design Criteria and Analysis
Methodology,” (FSIS Technology) proprietary WP (ML24302A168) on October 23, 2024, for
staff review and feedback as part of the closed portion of the meeting.

The JAEA FSIS QAPD WP, which describes the proposed quality assurance program that is
applied to the design of the FSIS and the FSIS Technology WP which provides the preliminary
summary results of its large-scale testing were discussed during the closed portion of the
meeting with the NRC staff. A public summary of the NRC staff feedback on the respective WPs
are presented below. These WPs will be the basis for a possible future more detailed license
topical reports (LTRs) or future license submittal that will incorporate NRC staff feedback from
its review of these WPs. The LTRs are expected to be submitted for NRC staff review beginning
in the 2nd or 3rd quarter 2025.

JAEA QAPD WP Summary Feedback

In the closed portion of the meeting the JAEA Consortium presented highlights of its draft
proprietary QAPD WP which outlined its planned compliance to Appendix B of 10 CFR Part 50,
for the FSIS design through conformance with NRC RG 1.28, Revision 6, that endorses (with
exceptions) application of the NQA-1-2017 Standard Parts I/ll, QA requirements for nuclear
facility applications that supports the design and construction of nuclear power plants. The
quality assurance program outlined in the JAEA Consortium QAPD WP addressed only the
design activities of the FSIS specifically for the design criteria that would lead to a future
Subpart E to 10 CFR Part 52, SDA application.

The NRC staff pointed out to the JAEA Consortium that the legal entity that will be the future
SDA applicant should be clearly defined. This legal entity needs to be the owner and
implementer of the NRC staff approved Appendix B to 10 CFR Part 50 compliant QA program.
As the future legal entity that is applying for an SDA, the Consortium members, affiliated sub-
contractors, companies and suppliers, that support the design of the FSIS would need to adhere



to the FSIS QAPD for design activities specifically related to the safety-related (SR) structures,
systems and components (SSCs). Each of the Consortium members, affiliated sub-contractors,
companies and suppliers, that support the design of the FSIS that have adopted the QA criteria
of the FSIS QAPD, will have their compliance verified by periodic audits and self-assessment
activities, in accordance with applicable provisions of 10 CFR Part 50, Appendix B, and the
provisions outlined in the FSIS QAPD.

The NRC staff also described a potential commercial applicant of the FSIS paired SMR as a
future combined license (COL) applicant under 10 CFR Part 52, Subpart C, or a Construction
Permit applicant under 10 CFR Part 50.23, “Construction Permits,” for the eventual construction
and operation of the FSIS paired SMR who [commercial entity] would have its own NRC
approved QAPD that would be the basis for the quality assurance program in construction and
during operation of the FSIS paired SMR.

Examples of this type of separation of responsibility for design versus construction and
operation can be found in the NRC approved 10 CFR Part 52, Subpart B, “Standard Design
Certifications,” design certifications (DCs) that were approved by the NRC with their counterpart
COL holders whose QAPD will be used for the construction and the operation of the plant
incorporating the NRC approved DC by reference in their COL.

The NRC staff also stated that the QAPD is best approved at least a year prior to a license
application. A QAPD LTR could take a year or more for NRC staff to make its safety findings.
Therefore, in the case of a FSIS paired SMR SDA application, the applicant first would need to
be identified [owner of the QAPD], and the (SR) design activities covered under 10 CFR

Part 21, 10 CFR 52.47 or other applicable SR design activities should all be addressed by the
FSIS QAPD.

The NRC staff pointed to the following other items that should be addressed in a future QAPD
LTR submittal or future QADP license submittal. Under Criterion I, “Organization,” of Appendix B
to 10 CFR Part 50, the NRC staff noted that the applicant needs to fully describe the
Organization [legal entity/ applicant/ licensee/ owner of the QAPD] including how the applicant/
licensee may delegate to others, such as contractors, agents, or consultants, the work of
establishing and executing the quality assurance program, or any part thereof, but shall retain
responsibility for the quality assurance program and the overall responsibility that activities
affecting the SR functions have been correctly performed.

Under criterion Il, “Quality Assurance Program,” of Appendix B to 10 CFR Part 50, the applicant
shall identify the SSCs to be covered by the QA program and the major organizations
participating in the program, together with the designated functions of these organizations.
Specifically, in regard to the FSIS SSCs, the NRC staff pointed to NRC RG 1.29, Revision 6,
“Seismic Design Classification for Nuclear Power Plants,” as one reference that could be used
to identify the SR SSCs that would be covered under the FSIS QAPD.

In regard to Criterion Ill, “Design Control,” of Appendix B to 10 CFR Part 50, the applicant would
need to include its computer software used for SR system validation and meet the ASME
NQA-1 standard, which includes requirements for computer software in Subpart 2.7, as
endorsed by NRC RG 1.28, Revision 6. Also, any purchase of software or computer codes used
for evaluation of SR SSCs would be considered “equipment,” concerning applicability of
Appendix B to 10 CFR Part 50, and applicants must comply with the requirements of 10 CFR
Part 21, “Reporting of Defects and Noncompliance.”



In regard to Criterion VII, “Control of Purchased Material, Equipment, and Services,” of
Appendix B to 10 CFR Part 50, the NRC staff pointed out that an approved supplier list (ASL)
could be established for activities associated with the FSIS design activities. The ASL is a list of
approved suppliers that have QA programs compliant with Appendix B to 10 CFR Part 50.

In regards to Criterion XV, “Nonconforming Materials, Parts, or Components,” of Appendix B to
10 CFR Part 50, the applicant would need to ensure that nonconforming items include any
applicable computer software.

In regards to Criterion XVII, “Quality Assurance Records,” of Appendix B to 10 CFR Part 50,
NRC RG 1.28, Section C.3.b, “Managing Quality Assurance Records in Electronic Media,”
includes the need to keep all FSIS supported data records which may be considered life-time
records.

In NRC Regulatory Issue Summary (RIS) 00-018: Guidance on Managing Quality Assurance
Records in Electronic Media, The NRC staff provides guidance on collecting, storing, and
maintaining electronic quality assurance (QA) records for nuclear power plants and other
facilities.

The RIS points to the Electronic Recordkeeping Subcommittee of the Regulations Committee of
the Nuclear Information and Records Management Association, Inc. (NIRMA) which has
prepared a set of four guidelines. These guides have been enhanced since the original

RIS 00-018.

1) NIRMA Technical Guide (TG) 11-1998, "Authentication of Records and Media"

2) NIRMA TG 15-1998, "Management of Electronic Records"

3) NIRMA TG 16-1998, "Software Configuration Management and Quality Assurance"
4) NIRMA TG 21-1998, "Electronic Records Protection and Restoration"

When implemented together, the enhanced guidelines provide an acceptable basis for
complying with the recordkeeping requirements of Appendix B of 10 CFR Part 50.

In regards to Criterion XVIII,” Audits,” of Appendix B to 10 CFR Part 50, the NRC staff pointed to
the need for detailed specific information related to the application of internal and external audits
as described in NRC RG 1.28, Revision 6 and NQA-1 requirements 7 and 18. Also, the NRC
staff made a point that the non-safety-related SSCs that are a significant contributor to plant
safety need to be identified as applicable and described as to the specific portions of the QA
program that are applied to the identified risk significant non-safety-related SSCs.

JAEA FSIS Technology WP Summary Feedback

The JAEA Consortium described the scope of the FSIS WP as the basis for selection of
principal design criteria (PDC) for the FSIS design. The design criteria applicable to the pairing
of the FSIS and a future SMR, will be described in a future submittal.

The JAEA Consortium presentation stated that the large-scale FSIS testing was done to provide
the data for verification and validation (V&V) of FSIS analysis codes. The resulting validated
analytical model would enable specific representation of the dynamic behavior of the FSIS
paired SMR to create a standard design envelope and to develop specific PDC that would be
the basis for the planned SDA license application in accordance with 10 CFR Part 52 and using



the guidance from NRC NUREG-0800, “Standard Review Plan for the Review of Safety
Analysis Reports for Nuclear Power Plants: LWR Edition” (SRP).

The instrumented three-dimensional large-scale (1/15) mockup model tests on the world’s
largest shaking table [3D Full-Scale Earthquake Testing Facility named “E-Defense”] operated
by the Japan National Research Institute for Earth Science and Disaster Resilience at Hyogo
Prefecture, completed in January and February of 2024 was done to verify the system-level
performance of the FSIS, to acquire data used for V&V of safety and analysis codes to be used
in the FSIS and paired reactor designs, and finally the large-scale testing confirmed previous
1/200 small-scale model experiments of the FSIS capabilities, using different damping
configurations and utilizing a combination of FSIS air cavities and orifice modeling.

The NRC staff pointed to common NRC seismic analysis terms and conditions that are used for
licensing under 10 CFR Part 52 for a DC, SDA and COL applications. The staff pointed to the
NRC DC/COL-ISG-017, “Interim Staff Guidance on Ensuring Hazard-Consistent Seismic Input
for Site Response and Soil Structure Interaction Analyses,” March 2010 (ML092230455). This
guidance can be used to differentiate the various seismic inputs that have been used by NRC
staff for licensing under 10 CFR Part 52 for a standard design. In regards to defining the
Certified Seismic Design Response Spectrum (CSDRS) for the proposed JAEA Consortium
FSIS where an applicable bounding Ground Motion Response Spectrum (GMRS) could be
defined for the FSIS pool structure that would then isolate the paired SMR from the GMRS
resulting in a substantially reduced Foundation Input Response Spectra (FIRS) on the SMR
Structure. That SMR FIRS would translate to specific In-Structure Response Spectra and In-
Cabinet response Spectra (ICRA) that would be compared to the seismically isolated SMR
standard design CSDRS which would be established to envelope most if not all areas of the
Continental United States. For a standard plant design, the design response spectra can be
developed based on smooth-shaped broadband spectra consistent with the site conditions
postulated for the standard design.

Other relevant documents that are used for licensing in the United States, include as follows:

o RG 1.208, entitled “A Performance-Based Approach to Define the Site-Specific
Earthquake Ground Motion” (NRC, 2007).

e NEI (2009) white paper entitled “Consistent Site-Response Soil-Structure Interaction
Analysis and Evaluation.”

e Brookhaven National Laboratory (2009) report entitled “Consistent Site Response - SSI
Calculations.” RG 1.208, in its Appendix E, provides general guidance on methods
acceptable to the Nuclear Regulatory Commission (NRC) staff for determining the
characteristics of seismic wave transmission (soil amplification) of soil and rock sites and
for determining site-specific Ground Motion Response Spectra (GMRS).

e SRP Chapter 3, “Design of Structures, Components, Equipment, and Systems,”
Sections 3.7 related to seismic matters and Sections 3.8 related to structures and
containment that JAEA should address in any future pre-application LTR as well as a
future license application.

e The requirements for site parameters SRP Chapter 2, “Site Characteristics and Site
Parameters,” for a standard design are contained in 10 CFR 52.47(a)(1). A design



certification (DC) [SDA] applicant provides postulated site parameters for the design,
and an analysis and evaluation of the design in terms of such parameters. For DC,
[SDA] applications, the acceptance criteria associated with design characteristics,
design parameters, site characteristics, and site parameters are contained in the
subsequent sections of SRP Chapter 2 and other referenced SRP sections.

The NRC staff also would like to understand the test instrumentation locations and results to
better understand the test conditions as well as the final results and how certain unrealistic test
parameters [simulated non-conservatisms] may have been filtered from the final results, with
adequate justifications provided in the future LTR or license submittal. Also, the NRC staff
asked how the center of gravity (CG) of a paired SMR would be determined and if there were
any limitation related to the location of the SMR CG as paired with the FSIS.

In discussion of potential design-basis external events that could be considered for the SDA site
parameters reviewed under SRP Chapter 2, the NRC staff provided a comprehensive list of
possible external hazards that could affect the function of the FSIS that could be evaluated as
part of the FSIS SDA design parameter envelope. The NRC staff understands that the JAEA
Consortium presented preliminary draft information in the WP and that additional analysis of the
large-scale test will be presented in a future possible LTR or license submittal. Finally, the NRC
staff pointed out that given the extent of seismic isolation that the large-scale testing has shown,
simplified analysis based on the fore-mentioned smooth-shaped broadband spectra (equivalent
static analysis) could be applied to a paired SMR that would show ample conservatism in a
future license application and could simplify the seismic analysis for future COL applicants.

The meeting was adjourned at 4:30 pm.



