NRC Staff Feedback on Japan Atomic Energy Agency (JAEA) White Paper on “Design-related

1.

Licensing Information for the FSIS Paired SMR (FSIS-R) Plant”

Whether the approaches to address the differences between {{ }} and the FSIS-R appear
reasonable and achievable

The white paper (WP) identifies major differences between the {{

}} and FSIS-R, including seismic design response spectra,
seismic analysis methodologies, design features, and plant layout. The WP indicates that FSIS-
R will comply with the same regulatory requirements as the {{ }} and provides the results
of an initial evaluation of regulatory review areas partially, fully, or not impacted by FSIS-R.

The approaches described in the WP to address these differences appear to be reasonable to
the staff. However, the staff notes that FSIS-R features a first-of-its-kind floating seismic
isolation system that intends to mitigate seismic demands in three directions (horizontal and
vertical), as opposed to the traditional two horizontal directions, and therefore the effects of
FSIS and the related design approaches are expected to require additional information to inform
the review. The feedback below is for areas where the staff expect additional details,
justifications, clarifications, or analyses to be provided in future topical reports or WPs.

The use of Seismically-Isolated Certified Seismic Design Response Spectrum (SI-CSDRS) on
the FSIS floating platform represents a significant departure from {{

Band {{ }} applications where CSDRS are provided as an outcrop motion in the free
field, at the same elevation as site-specific foundation input response spectra (FIRS). In
essence, the use of SI-CSDRS treats the FSIS as part of the site condition for FSIS-R, but not
as part of the structures as in traditional reactor designs. When the standard FSIS-R design is
considered for a particular site, the SI-FIRS will need to be compared with SI-CSDRS.

For Principal Design Criteria (PDC) 3, the bounding ground motion response spectra (GMRS) is
expected to envelope the GMRS in most if not all areas of the continental U.S. and elsewhere.
Specific information on site locations should be provided when defining the bounding seismic
design response spectra.

For PDC4, the SI-CSDRS is a smooth-shaped broadband spectrum, {{

}}, such that equivalent static analysis may be applied with conservatism to
the paired small modular reactor (SMR) SSCs. The process and technical basis on how to use
SI-CSDRS for equivalent static analysis should be provided in the future.

For PDCS5, the pool is classified as non-safety-related {{ }}. An analysis

on the impact of sloshing-induced water level reduction and large rolling and pitching of the
FSIS on the safety of the FSIS-R should be included.
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The SI-CSDRS are specified in the frequency range of {{ }}. The large pool and its
geometry appear to result in a sloshing mode with a frequency much lower than 1 Hz.
Consideration of sloshing under low frequency ground motions has not been discussed in the
WP and should be addressed in a future WP or topical report. Similar to the low frequency
seismic motions, high winds may also influence the FSIS-R and need to be considered.

In Section 4.1.1, (5) Buildings and building arrangements: “As a result, these buildings are
expected to be designed and constructed of steel and concrete with reduced mass, reducing the
carrying weight of the floating structure.” Redesigned superstructures like the reactor building
(RB), control building (CB), and turbine generator building (TGB) with reduced mass may
require additional review of the associated design and analyses.

Table 4-1, ltem 4, Turbine missiles, is identified as not being impacted. However, this conflicts
with a description in Section 3.1.1 that notes that evaluation for turbine missile protection
according to GDC4 would be required as a result of the change in the TGB (e.g., dividing the
turbine building into two).

Table 4-2, Row 5 states: “The seismic analysis model for buildings on the floating structure will
be decoupled from the soil-structure interaction (SSI) analysis model because of the low
amplification of seismic responses from the zero-period acceleration.” The significance of
the bold text is not clear to the staff.

Section 4.2.1, (2) Seismic analysis method uses a term “NRC-endorsed SSI code.” The NRC
has not endorsed any specific SSI (computer) code. Prior license applications have relied on
multiple variations of the system for analysis of soil-structure interaction (SASSI) program.

Whether the WP identifies the appropriate regulatory references, as well as the appropriate
codes and standards

The WP states that the FSIS-R design complies with the same regulatory requirements as those

identified by {{ }} and confirmed by the NRC staff in its {{ }} application
review. The WP also identifies industry codes and standards ASCE 4-16, ASCE 43-19, ACI 349-
13, AISC N690-18, {{ }} and

American Bureau of Shipping (ABS), “Requirements for Nuclear Power Systems for Marine and
Offshore Applications.” Recognizing the unique features of the FSIS-R for seismic isolation and
its operating environment, these codes and standards may not be fully applicable, and a
combination of applicable parts and additional technical evaluation may be necessary.
Application of ship-related standards and practice should be described in sufficient detail to
facilitate an adequate understanding of the technical background.

Table 4-2, Row 4 indicate that the pool structure is deeply embedded into soil as a foundation of
FSIS-R and that the SSI analyses for soil and pool structure will be performed based on

Section 12.4.1.3 “Dynamic Analysis: Frequency-Domain solution” in ASCE 4-16. Given the large
translational and rotational displacements of FSIS-R under low frequency motions, an adequate
justification on how the frequency-domain solution is applicable should be provided.

The use of design-basis event (DBE) and safe shutdown earthquake (SSE) in the WP, also

shown on Slide 14 of the presentation, is different from Title 10 of Code of Federal Regulations

(10 CFR) Part 50, Appendix S, and 10 CFR Part 100, Appendix A. The DBE in the WP appears

to be the operating-basis earthquake (OBE) described in the above sections of the regulations.
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In the context of these 10 CFR appendices, the SSE is the seismic DBE; and if the OBE is set
at a value greater than one-third of the SSE, an analysis and design must be performed for the
OBE to demonstrate that the applicable stress, strain, and deformation limits of the SSCs are
satisfied.

A description of the materials and construction methods for the pool structures/walls was
provided in the WP. This topic was discussed during the meeting, including the seismic safety of
the pool structures/walls. Additional details are expected to be provided.

In the WP discussing the {{ }} design in conjunction with the FSIS, it appears that the
safety-related reactor modules within the RB are directly connected to the non-safety-related
turbine generator system in the turbine building, which is anchored to the ground. This
connection is made through the main steam and main feedwater lines, effectively linking the
safety-related and non-safety-related structures. As a result, the non-safety-related SSCs would
also be anchored to a fixed foundation. It would be beneficial to clarify whether the FSIS design
allows the nuclear power modules to move independently from these fixed structures during a
seismic event. If independent movement is permitted, a discussion on how such movement is
accommodated should be provided. Additionally, because the main feedwater and main steam
isolation valves are relied on for reactor shutdown, {{ B2
and for maintaining containment integrity, further information on its potential effect on their
functionality under seismic conditions or why there would be no effect would also be valuable.

In Section 3.1.1, "Plant Layout,” is noted that all major safety-related SSCs of the {{ 1} are
integrated with and supported by the FSIS floating platform, while non-safety-related systems,
such as the cooling towers for the turbine steam condensers and the switchyards are located off
the floating platform. {{

}} Based on the configuration
shown, it does not appear that the turbines in TGB can be oriented in a way that provides
favorable orientation with both the RB and the CB. Therefore, the design should consider
protection against turbine missiles, either through the use of appropriate overspeed protection
systems or the incorporation of a physical turbine missile barrier.

The {{ }} (referenced in Sections 3.1.2 and 4.2) currently
has no basis. Further exploration of the basis and justification of an inclination angle would be
appropriate. This justification should include the basis for Technical Specification values. Further
discussion of the potential need for a reactor trip setpoint based on inclination angle would help
support the reasonable assurance that the control rods would be insertable during a time where
the inclination angle would be affected.

The staff reviewed Table 4-1: FSIS Impact on the Regulatory Requirements for {{

}}. The staff noted item 54, SRP 19.0 Probabilistic Risk Assessment [PRA] and Severe
Accident Evaluation for New Reactors in the referenced table. The staff did not see SRP 19.3,
the Regulatory Treatment of Nonsafety Systems (RTNSS) for Passive Advanced Light Water
Reactors, which applies to advanced light water reactors with passive emergency core cooling
systems such as the {{ }} design. The FSIS-R SSCs may need to be evaluated
under SRP 19.3 for potential risk significance. In addition, the staff notes that according to
enclosure 1 of SECY-21-0112 (ML21123A215), RTNSS components in new reactors with
passive core cooling systems would be considered "important to safety" at those specific
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nuclear power plants. The staff notes that many of the FSIS SSCs are identified as not being
safety related.

The staff understands that applicable FSIS-R SSCs are being designed in accordance with

{ }}. The staff
understands that {{ }} that decrease the natural vibration frequency of
the floating plant in the vertical direction. Title 46 of the CFR defines the regulations for hull
structures. The staff understands that structural standards developed by the ABS and Lloyd’s
Register are acceptable to applicable vessels per the requirements of Title 46 of the CFR. The
NRC staff expects additional information on the {{ }} standards being proposed,
including a comparison of this standard to equivalent United States’ standards.

During the July 30 meeting, JAEA indicated that a WP addressing the PRA, including
identification of failure modes and sequences for FSIS-specific SSCs, is expected to be
submitted in 2026. From a seismic PRA perspective, identification of failure modes is an
important step in evaluating the seismic fragilities of SSCs. For SMRs incorporating novel
technologies such as the FSIS, it would be especially beneficial to identify key failure modes
early in the design process. Doing so would allow risk-informed design decisions at an early
stage and help avoid costly redesigns in later phases due to any overlooked vulnerabilities.
Given the potential for complex dynamic behavior introduced by FSIS, such as platform rocking,
fluid-structure interaction, and large relative displacements between isolated and fixed
structures, it would be also important to understand coupled failure mechanisms during seismic
events.



