5 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

The NRC staff reviewed Chapter 5 of the TVA CPA PSAR, as supplemented, against applicable
regulatory requirements using regulatory guidance and standards to assess the sufficiency of
the preliminary information on the reactor coolant system and connected systems for the
issuance of a construction permit (CP) in accordance with Title 10 of the Code of Federal
Regulations (10 CFR) Part 50 (TN249), “Domestic Licensing of Production and Utilization
Facilities.” As part of this review, the NRC staff evaluated information on the reactor coolant
system and connected systems, with special attention given to design and operating
characteristics, unusual or novel design features, and principal safety considerations. The NRC
staff evaluated the preliminary design of the reactor coolant system and connected system to
ensure the design criteria, design bases, and information relative to construction are sufficient to
provide reasonable assurance that the final design will conform to the design basis.

The NRC staff’s reviews and evaluations for areas relevant to PSAR Chapter 5, including
regulations and guidance used, a summary of the application information reviewed, and
evaluation findings and conclusions, are discussed in the safety evaluation (SE) sections below
for each specific review area.

5.1 Summary Description

PSAR Section 5.1, “Summary Description,” contains an introductory description of the reactor
coolant system (RCS). The applicant presents an overview of the RCS, outlining its principal
safety and operational functions—primarily, transferring heat from the reactor core to the steam
turbine while maintaining the integrity of the reactor coolant pressure boundary (RCPB). This
section highlights the major components of the RCS, including the reactor vessel, main steam
lines, feedwater system, and associated piping, valves, and control systems. The applicant
describes the general system arrangement within containment, the flow paths for coolant under
normal and various operational conditions, and the interfaces with other plant systems. PSAR
Section 5.1 also references simplified diagrams, that illustrate the configuration and
relationships among major RCS components, and sets the stage for the detailed discussions of
system design bases, analyses, and safety features in the subsequent sections of Chapter 5.
The staff's review is documented in Sections 5.2 through 5.4.14 of this report.

5.2 Reactor Coolant Pressure Boundary Integrity

PSAR Section 5.2.1, “Reactor Coolant Pressure Boundary Integrity,” specifies that the BWRX-
300 RCPB is designed in accordance with American Society of Mechanical Engineers’ (ASME)
Boiler and Pressure Vessel Code (BPVC) to maintain its integrity for the design life of the plant.
The RCPB is consistent with the definition provided in 10 CFR 50.2 (TN249) and includes the
pressure-retaining components of the RCS illustrated in Figure 5.1-1, “BWRX-300 Reactor
Coolant System Simplified Diagram,” of the PSAR.

5.21 Compliance with Codes and Standards Rule, 10 CFR 50.55a

5.2.1.1 Introduction

PSAR Section 5.2.1, “Compliance with Codes and Standards Rule, 10 CFR 50.55a,” indicates
the NRC regulations that will be met in providing and maintaining RCPB integrity by

implementation of national consensus standards and applicable Code Cases for the CRN Site.
PSAR Section 5.2.1.1, “Compliance with 10 CFR 50.55a,” specifies compliance of the design,
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construction, and operation of CRN-1 with the NRC regulations in 10 CFR 50.55a, “Codes and
Standards,” and related regulations. The applicant states that CRN-1 will meet 10 CFR Part 50,
Appendix A, “General Design Criteria for Nuclear Power Plants,” General Design Criterion
(GDC) 1, “Quality Standards and Records,” with respect to RCPB integrity. The applicant
describes the components comprising the RCPB and their classification. PSAR Section 5.2.1.2,
“Applicable Code Cases,” indicates that the BWRX-300 reactor will meet the relevant
requirements of 10 CFR Part 50, Appendix A, GDC 1, and 10 CFR 50.55a in the use of ASME
Code Cases with respect to RCPB integrity as accepted in the applicable Regulatory Guides
(RG).

5.2.1.2  Regulatory Evaluation

The NRC regulations in 10 CFR 50.34, “Contents of Applications; Technical Information,”
paragraph (a), require CP applicants to submit a PSAR describing specific aspects of the
proposed nuclear power plant for NRC review. In RG 1.70 (Revision 3, November 1978) (NRC
1978-TN12879), “Standard Format and Content of Safety Analysis Reports for Nuclear Power
Plants,” the NRC provides guidance for preparation of a PSAR describing the nuclear power
plant for a CPA.

With respect to the RCPB integrity, the NRC regulations applicable to compliance with 10 CFR
50.55a include the following:

e 10 CFR Part 50, Appendix A, GDC 1, requires that structures, systems, and components
(SSCs) are designed, fabricated, erected, and tested to quality standards commensurate
with the importance of the safety function to be performed.

¢ 10 CFR 50.55a establishes minimum quality standards for the design, fabrication, erection,
construction, testing, and inspection of components within the RCPB and other fluid
systems, by requiring conformance with appropriate editions of specified published industry
codes and standards.

e 10 CFR 50.55a(f)(4)(i) and 10 CFR 50.55a(g)(4)(i) establish requirements for the Inservice
Testing (IST) Program and Inservice Inspection (ISI) Program, respectively.

The NRC regulations in 10 CFR 50.55a incorporate by reference ASME BPVC Section I,
“Rules for Construction of Nuclear Facility Components,” and Section Xl, “Rules for Inservice
Inspection of Nuclear Power Plant Components,” and ASME Operation and Maintenance of
Nuclear Power Plants, Division 1, OM Code: Section IST (OM Code), with applicable conditions.

With respect to NRC regulatory guidance, RG 1.26 (NRC 2021-TN12803), “Quality Group
Classification and Standards for Water-, Steam-, and Radioactive-Waste-Containing
Components of Nuclear Power Plants,” provides guidance for meeting 10 CFR Part 50,
Appendix A, GDC 1.

RG 1.84 (NRC 2024-TN13087), “Design, Fabrication, and Materials Code Case Acceptability,
ASME Section lll,” RG 1.147 (NRC 2024-TN13089), “Inservice Inspection Code Case
Acceptability, ASME BPVC, Section XI, Division 1 (ASME 2025-TN12979),” and RG 1.192
(NRC 2024-TN13090), “Operation and Maintenance Code Case Acceptability, ASME OM
Code,” as incorporated by reference in 10 CFR 50.55a(a)(3), indicate ASME Code Cases that
provide acceptable alternatives to the requirements in the ASME BPV Code and ASME OM
Code as incorporated by reference in 10 CFR 50.55a.
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Section 5.2, “Integrity of Reactor Coolant Pressure Boundary,” in RG 1.70 provides guidance for
the information to be provided by a CP or operating license (OL) applicant regarding the
measures to be used to provide and maintain the RCPB integrity for the plant design lifetime.
Section 5.2.1, “Compliance with Codes and Code Cases,” in RG 1.70 provides the following
guidance for preparation of Section 5.2.1 in a PSAR for a CP application:

5.2.1.1 Compliance with 10 CFR §50.55a. A table showing compliance with the
regulations of 10 CFR §50.55a, “Codes and Standards,” should be provided. This table
should identify pressure vessel components, piping, pumps, and valves. The applicable
component code, code edition, code addenda, and, when required, the component order
date of each ASME Section lll, Class 1 component within the reactor coolant pressure
boundary may be identified by reference to the table of structures, systems, and
components in Section 3.2 of the SAR; alternatively, they may be included in this section
of the SAR. In the event there are cases wherein conformance to the regulations of
§50.55a would result in hardships or unusual difficulties without a compensating
increase in the level of safety and quality, a complete description of the circumstances
resulting in such cases and the basis for proposed alternative requirements should be
provided. Describe how an acceptable level of safety and quality will be provided by the
proposed alternative requirements.

5.2.1.2 Applicable Code Cases. Provide a list of ASME Code Case interpretations that
will be applied to components within the reactor coolant pressure boundary. Each
component to which a Code Case has been applied should be identified by Code Case
number, revision, and title. Caution is advised in the use of Code Cases to ensure that
the applicable revision of a Code Case is identified for each component application.
Regulatory Guides 1.84, “Design and Fabrication Code Case Acceptability ASME
Section Il Division 1,” and 1.85, “Materials Code Case Acceptability ASME Section Ill
Division 1,” list those Section I, Division 1, ASME Code Cases that are generally
acceptable. The section should indicate the extent of conformance with the
recommendations of Regulatory Guides 1.84 and 1.85. If Code Cases other than those
listed are used, show that their use will result in as acceptable a level of quality and
safety for the component as would be achieved by following the recommendation of the
guides.

In its review, the NRC staff evaluated whether the applicant complied with the NRC regulatory
requirements in 10 CFR 50.34(a) and satisfied the NRC guidance in RG 1.70 applicable to a CP
application in describing the compliance with 10 CFR 50.55a with respect to RCPB integrity for
the CRN-1 CPA. The NRC staff technical evaluation of PSAR Section 5.2.1 with respect to the
applicable regulatory requirements and guidance is described in the following section of this
NRC SE.

521.3 Technical Evaluation

The NRC regulations in 10 CFR 50.34(a) require CP applicants to submit a PSAR describing
specific aspects of the proposed nuclear power plant for NRC review. With respect to RCPB
integrity, Section 5.2.1 in RG 1.70 provides guidance for CP applicants to meet the 10 CFR
50.34(a) requirements in describing compliance with 10 CFR 50.55a for use of national
consensus codes and Code Cases for a proposed nuclear power plant. The NRC staff reviewed
PSAR Section 5.2.1 for compliance with the NRC regulations in 10 CFR 50.34(a), 10 CFR
50.55a and applicable codes and Code Cases for CRN-1. In addition to reviewing the PSAR,
the NRC staff conducted an audit of information provided in the applicant’s electronic reading
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room and interacted with applicant personnel regarding compliance with 10 CFR 50.55a and
applicable codes and Code Cases for CRN-1.

In PSAR Section 5.2.1.1, “Compliance with 10 CFR 50.55a,” the applicant describes compliance
of the design, construction, and operation of CRN-1 with the NRC regulations in 10 CFR 50.55a
and related regulations. In particular, PSAR Section 5.2.1.1 states that CRN-1 will meet 10 CFR
Part 50, Appendix A, GDC 1, as it relates to the requirement that SSCs are designed,
fabricated, erected, and tested to quality standards commensurate with the importance of the
safety function to be performed. The provisions in RG 1.26 (NRC 2021-TN12803) will be used
to meet the requirements of GDC 1 for CRN-1. The applicant also states that CRN-1 will meet
10 CFR 50.55a as it relates to establishing minimum quality standards for the design,
fabrication, erection, construction, testing, and inspection of components within the RCPB and
other fluid systems, by requiring conformance with appropriate editions of specified industry
codes and standards. PSAR Table 3A-1, “Preliminary BWRX-300 Component Classification
List,” lists components of the RCPB and other fluid systems within the scope of 10 CFR 50.55a
and indicates the Quality Group for BWRX-300 components including RCPB components.

The applicant states that CRN-1 will be designed and fabricated in accordance with the 2021
Edition of ASME BPV Code, Section Ill, Division 1, “Rules for Construction of Nuclear Facility
Components,” with the conditions specified in 10 CFR 50.55a.

As required by 10 CFR 50.55a(f)(4)(i) and 10 CFR 50.55a(g)(4)(i), PSAR Section 5.2.1.1 states
the initial IST and ISI programs, respectively, for the CRN-1 plan will apply the edition and
addenda of the ASME OM Code and ASME BPV Code, Section XI, Division 1, “Rules for
Inspection and Testing of Components of Light-Water-Cooled Plants,” as incorporated by
reference in 10 CFR 50.55a, on a date no more than 18 months before the date of OL issuance.
The editions of the ASME OM Code and ASME BPV Code, Section XI, as required by the NRC
regulations must be addressed in the FSAR in support of OL issuance for CRN-1.

The CRN-1 RCPB will be comprised of ASME BPV Code Class 1 and Class 2 components. In
particular, the following RCPB components are identified in the PSAR as Quality Group A,
ASME BPV Code Class 1 components designed to meet the requirements of ASME BPV Code,
Section Ill, Subsection NB:

o reactor pressure vessel (RPV)
¢ reactor isolation valves (RIVs)

¢ isolation condenser system (ICS), including steam supply lines, isolation condensers (ICs),
purge lines, purge valves, condensate return lines, condensate return valves, ICS to
shutdown cooling (SDC) interface piping (including containment isolation valve [CIV] and
redundant isolation valve downstream of the CIV), and ICS to boron injection system (BIS)
interface piping, including CIVs

o control rod drive (CRD) flanges/housings

incore (nuclear) instrumentation housings

The following CRN-1 RCPB components are Quality Group B, ASME BPV Code Class 2
components designed to meet the requirements of ASME BPV Code, Section Ill, Subsection
NCD:
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¢ piping from the RIVs up to and including each respective outboard CIV except for ICS
components (this includes the redundant isolation valve downstream of the CIV connected
to the ICS to SDC interface piping)

e outboard ClVs for main steam (MS), reactor water cleanup system (CUW), and condensate
and feedwater heating system (CFS)

¢ head vent piping to the main steam line (MSL) and head vent interface piping to quench
tank up to and including the isolation valves for the quench tank

e reactor water level instrumentation lines

The RCPB piping outboard of the RIVs will be classified as ASME BPV Code Class 2, excluding
ICS piping to and from the ICs, as allowed by 10 CFR 50.55a(c)(2)(ii). The reactor water level
instrumentation lines will be classified as ASME BPV Code Class 2 per ASME BPV Code,
Section Ill, Subsection NB, paragraph NB-3630(d).

In addition to identifying Quality Group A and Quality Group B components for the CRN-1
RCPB, PSAR Table 3A-1 identifies Quality Group B and Quality Group C components for fluid
systems that are not part of the RCPB. For these other fluid systems, Quality Group B
components are ASME BPV Code Class 2 components and Quality Group C components are
ASME BPV Code Class 3 components.

PSAR Section 5.2.4, “Reactor Coolant Pressure Boundary Inservice Inspection and Testing,”
discusses compliance with the requirements of ASME BPV Code, Section XI, for RCPB
components that include ASME Code Class 1 and some ASME Code Class 2 components.
PSAR Section 6.6, “Preservice and Inservice Inspection of Class 2 and Class 3 Components,”
discusses compliance with the requirements of ASME BPV Code, Section XI, for ASME BPV
Code Class 2 and ASME BPV Code Class 3 components. The applicant discusses compliance
with 10 CFR 50.55a as related to the IST Program for the CRN-1 in PSAR Section 3.9.6.

Based on its review, the NRC staff finds that PSAR Section 5.2.1.1 provides acceptable
information related to compliance with 10 CFR 50.55a for the implementation of national
consensus standards in providing and maintaining RCPB integrity that meets 10 CFR 50.34(a)
for the CP application for CRN-1.

In PSAR Section 5.2.1.2, “Applicable Code Cases,” the applicant describes compliance of the
design, construction, and operation of CRN-1 with respect to Code Cases acceptable to the
NRC staff, with conditions as applicable, found in 10 CFR 50.55a. In particular, the following
RGs will be used for CRN-1 pursuant to 10 CFR 50.55a(a)(3):

RG 1.84, as incorporated by reference in 10 CFR 50.55a(a)(3)(i), lists ASME BPV Code,
Section Ill, Code Cases oriented to design and fabrication that are acceptable to the
NRC staff, with applicable conditions for implementation in the licensing of nuclear
power plants. PSAR Table 5.2-1, “Applicable Code Cases for ASME BPVC
Components,” lists specific Code Cases that the applicant will be apply to ASME BPV
Code, Section lll, Division 1 components.

RG 1.147, as incorporated by reference in 10 CFR 50.55a(a)(3)(ii), lists ASME BPV
Code, Section Xl Code Cases, which are acceptable to the NRC staff, with applicable
conditions, for use in the ISI of light-water-cooled nuclear power plants.
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RG 1.192, as incorporated by reference in 10 CFR 50.55a(a)(3)(iii), lists ASME OM
Code Cases, which are acceptable to the NRC staff, with applicable conditions, for
implementation of a program for IST programs for valves and dynamic restraints in
water-cooled nuclear power plants.

The applicant states that pursuant to 10 CFR 50.55a(f)(4)(i) and 10 CFR 50.55a(g)(4)(i), the
initial IST and ISI programs, respectively, will use the latest revisions to RG 1.147 and

RG 1.192, subject to the conditions identified and incorporated by reference into 10 CFR
50.55a, on a date no more than 18 months before the date of OL issuance for CRN-1. Pursuant
to 10 CFR 50.55a(f)(3)(iii), 10 CFR 50.55a(f)(3)(iv), 10 CFR 50.55a(g)(2)(ii), and 10 CFR
50.55a(g)(3)(ii), concerning design and accessibility requirements and preservice examination
requirements, the applicant will use the latest revisions to RG 1.147 and RG 1.192, subject to
the conditions identified and incorporated by reference into 10 CFR 50.55a, at the time the CP
is issued for CRN-1. The applicable revisions to these RGs must be addressed in the FSAR as
required for the OL application (OLA) for CRN-1.

Based on its review, the NRC staff finds that PSAR Section 5.2.1.2 provides acceptable
information related to compliance with 10 CFR 50.55a for the implementation of applicable
ASME Code Cases in providing and maintaining RCPB integrity that meets 10 CFR 50.34(a)
consistent with the guidance in RG 1.70 for the CPA for CRN-1.

5214 Conclusion

The NRC staff has reviewed the available information provided in the PSAR and, for the
reasons given above, concludes that the applicant’s description of its plans for conformance
with 10 CFR 50.55a for implementation of national consensus codes and standards, and
applicable Code Cases, in providing and maintaining RCPB integrity is acceptable for CP
issuance for CRN-1. Upon submittal of the OLA, the NRC staff will evaluate specific
conformance with the applicable codes and standards for OL issuance for CRN-1. Therefore,
the NRC staff concludes that the information provided by the applicant with respect to
compliance with 10 CFR 50.55a in providing and maintaining RCPB integrity complies with the
NRC regulations in 10 CFR 50.34(a) and adequately supports the issuance of a CP pursuant to
the regulations in 10 CFR 50.35.

5.2.2 Overpressure Protection
5.2.2.1 Introduction

The BWRX-300 design utilizes the ICS as the primary means of providing overpressure
protection for the RCPB. The ICS is a passive, closed-loop heat removal system that condenses
reactor steam in submerged heat exchanger bundles and returns the condensate to the RPV by
gravity. By removing heat through condensation rather than steam discharge, the ICS reduces
RPV pressure and is credited by the applicant as maintaining RPV pressure within ASME
Section Il allowable limits during off-normal conditions.

The ICS primary safety functions are emergency core cooling and overpressure protection. It is
part of the pressure boundary. The ICS has three trains, each with a condenser submerged in a
pool outside containment with a rated heat removal capacity of 33.75 MWt (3.8 percent of
reactor power) per train. The ICS has a design pressure of 1500 psig and a design temperature
of 598°F, which is the saturation temperature at the design pressure.
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Most of the detailed design description, system configuration, and functional characteristics of
the ICS are provided in PSAR Section 6.3, including the steam supply and condensate return
flow paths, heat exchanger arrangement, valve configurations, and the natural circulation
behavior that enables passive operation. For the purposes of Section 5.2.2 of this report, the
ICS is identified as the system credited to prevent exceedance of RCPB design pressure limits
and to perform overpressure protection function. ICS pressure relief is discussed in Section
6.3.2, “System Description (Isolation Condenser System),” of this report.

5.2.2.2  Regulatory Evaluation

The NRC regulations in 10 CFR 50.34(a) (TN249) require CP applicants to submit a PSAR
describing specific aspects of the proposed nuclear power plant for NRC review. For example,
paragraph (2) in 10 CFR 50.34(a) requires that the PSAR provide a summary description and
discussion of the facility, with special attention to design and operating characteristics, unusual
or novel design features, and principal safety considerations.

The NRC staff evaluated the applicant’s overpressure protection approach against the
applicable requirements of 10 CFR Part 50. The following GDC is applicable to this review:

e GDC 15, “Reactor Coolant System Design” requires that the RCS and associated auxiliary
systems be designed with sufficient margin to ensure that the design basis conditions of the
RCPB are not exceeded during normal operation and anticipated operational occurrences.
Compliance is demonstrated by providing a reliable overpressure protection capability with
adequate capacity to limit reactor pressure.

The BWRX-300 design utilizes the ICS for overpressure relief of the RCPB. ICS pressure relief
is discussed in Section 6.3.2, “System Description (Isolation Condenser System),” of this report.

5223 Technical Evaluation

The applicant describes the ICS in PSAR Section 6.3 as a passive system that removes heat
from the RPV by condensing steam and returning the condensate to the reactor pressure vessel
by gravity, thereby reducing the reactor pressure without reliance on active pumps or steam
discharge. This description establishes the design basis for providing overpressure protection
for the RCPB. The provision of multiple independent ICS trains provides redundancy consistent
with the safety significance of the overpressure protection function.

The overpressure protection system prevents over pressurization of the RCPB under the most
severe pressurization transients during a design basis accident (DBA) and limits the reactor
pressure during normal operation transients. The ICS provides overpressure protection. To
determine the ability of the overpressure protection system to prevent over pressurization, the
applicant has analyzed the most severe anticipated overpressure transients. The analysis of
these events is in PSAR Section 15.5.

Section 6.3 of the PSAR describes the function of the ICS. As stated in PSAR Section 6.3, the
ICS has a Safety Category 1 function of RCPB integrity. GDC 15 states that the RCS and
associated auxiliary, control, and protection systems shall be designed with sufficient margin to
assure that the design conditions of the RCPB are not exceeded during any condition of normal
operation, including anticipated operational occurrences. PSAR Section 3.1.2.6 describes the
overpressure protection for anticipated operational occurrence (AOQ) event sequences as
evaluated for GDC 15. The applicant states that overpressure protection functions for AOO
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sequences are provided in accordance with ASME BPVC Section lll, paragraphs NB-7120(b)
and (c) by Safety Category 3 functions and the ICS. The applicant states that the overpressure
does not exceed 1.1 times the design pressure for the expected system pressure transient
condition. For unexpected system excess pressure transient conditions, the PSAR Section
3.1.2.6 states that the calculated stress intensity and other design limitations for Service Level C
are not exceeded. The applicant also states that the mechanical design of the RCPB
components is based on conservative application of ASME BPVC stress limits. The review of
the overpressure events in Chapter 15 of the PSAR describes the NRC staff's evaluation of the
ICS ability to limit over pressurization during AOOs. The NRC staff found that the ICS was
designed to limit overpressure events acceptably based on preliminary analysis presented in
Chapter 15 of the PSAR. The staff will review conformance of the final design with RCPB
acceptance criteria at the during the review of the FSAR.

Tests and inspections will be performed on the ICS. PSAR Section 6.3.4 describes that the ICS
is designed as ASME BPVC, Section lll Class 1 and 2. The applicant states that the ICS design
will permit the appropriate tests and inspections to be performed. These tests include periodic
stroke testing of normally closed condensate return valves during plant operation, periodic
stroke testing of normally open standby gas purge valves during plant operation, surveillance
testing, ISI and IST, and heat transfer performance testing.

5224 Conclusion

Based on its review, the NRC staff finds that the applicant has identified the ICS as the credited
means of providing overpressure protection for the RCPB and has described the design concept
that, in principle, is capable of performing this function through passive heat removal. The NRC
staff further finds that the applicant has identified the applicable GDC and ASME Code
provisions that govern overpressure protection and has described overpressure events in
Chapter 15 of the PSAR.

The design of the ICS follows applicable ASME codes. It also allows for the appropriate testing
and inspections needed. Based on the NRC staff’s review of the ICS overpressure function in
PSAR Sections 6.3 and 15.5 and the above, the NRC staff concludes that the RCPB materials
are acceptable and meets the requirements of GDC 15 and 10 CFR 50.34(a). Therefore, the
NRC staff finds that the information in the PSAR is sufficient and meets the regulatory
requirements for overpressure protection and adequately supports the issuance of a CP
pursuant to the regulations of 10 CFR 50.35.

5.2.3 Reactor Coolant Pressure Boundary Materials
5.2.3.1 Introduction

PSAR Section 5.2.3 provides a description of the materials used in the RCPB. This section
addresses the selection of materials that make up the RCPB and how they are fabricated and
processed to maintain pressure boundary integrity for the design life of the plant. Ferritic
low-alloy and carbon RCPB components have either austenitic stainless steel or nickel-based
alloy cladding on surfaces exposed to the reactor coolant. The interior surfaces of the RPV are
clad with stainless steel weld overlay, except for the closure head. The section also addresses
measures to prevent material degradation mechanisms such as intergranular stress corrosion
cracking, sensitization, irradiation embrittlement, and thermal aging.

5-8



5.2.3.2  Regulatory Evaluation

The NRC staff’s review of PSAR Section 5.2.3 is guided by the following regulatory
requirements and applicable guidance:

GDC 1 and 10 CFR 50.55a requires that SSCs be designed, fabricated, erected,
constructed, tested, and inspected to quality standards commensurate with the importance
of the safety function to be performed.

GDC 4 requires that SSCs important to safety be designed to accommodate the effects of
and to be compatible with the environmental conditions associated with normal operations,
maintenance, testing, and postulated accidents, including loss of coolant accidents
(LOCAS).

GDC 14 requires that the RCPB be designed, fabricated, erected, and tested so as to have
an extremely low probability of abnormal leakage, rapidly propagating failure, and gross
rupture.

GDC 30 requires that components of the RCPB be designed, fabricated, erected, and tested
to the highest quality standards practical.

GDC 31 requires that the RCPB be designed with sufficient margin to ensure that when
stressed under operating, maintenance, testing, and postulated accident conditions (1) the
boundary behaves in a nonbrittle manner and (2) the probability of rapidly propagating
fracture is minimized.

Appendix B to 10 CFR Part 50 requires, in Criterion XllI, that measures be established to
control the cleaning of material and equipment to prevent damage or deterioration.

Appendix G to 10 CFR Part 50 requires that the fracture toughness of RCPB ferritic
materials be tested in accordance with the requirements of the ASME Code and that the
pressure-retaining components of the RCPB that are made of ferritic materials meet
requirements for fracture toughness during system hydrostatic tests and any condition of
normal operation, including AOOs.

Standard Review Plan (SRP) Section 5.2.3: Details NRC staff guidance related to material
specifications, quality control, surveillance, and programs to address material degradation
mechanisms.

RG 1.31, “Control of Ferrite Content in Stainless Steel Weld Metal,” provides an acceptable
method of implementing requirements with regard to the control of welding when fabricating
and joining austenitic stainless steel components (NRC 2013-TN13074).

RG 1.36, “Nonmetallic Thermal Insulation for Austenitic Stainless Steel,” provides guidance
regarding selecting and using nonmetallic thermal insulation to minimize contamination that
could promote stress corrosion cracking in the stainless steel portions of the RCPB and
other systems important to safety (NRC 2015-TN13075).

RG 1.44, “Control of the Use of Sensitized Stainless Steel,” provides guidance for avoiding
sensitization in stainless steel through the use of reduced carbon content and process
controls (NRC 2011-TN13084).

RG 1.50, “Control of Preheat Temperature for Welding of Low-Alloy Steel” provides
guidance that all low-alloy steel welds be maintained at the minimum preheat temperature
until postweld heat treatment is performed (NRC 2011-TN13085).
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e RG 1.71, “Welder Qualification for Areas of Limited Accessibility,” provides additional
performance qualification and requalification guidance for welding in areas of limited access
(NRC 2007-TN13086).

The NRC staff's regulatory evaluation of PSAR Section 5.2.3 ensures that the applicant has
provided the materials specifications, compatibility of materials with the reactor coolant,
fabrication and processing of ferritic materials, and fabrication and processing of austenitic
stainless steel within the RCPB that meet the relevant requirements set forth in 10 CFR 50.55a
and GDCs 1, 4, 14, 30 and 31, to maintain the integrity of the RCPB throughout the facility’s
operating life.

5.2.3.3 Technical Evaluation

The NRC staff reviewed Section 5.2.3 of the PSAR, as supplemented by letter dated
October 1, 2025 (TVA 2025-TN12880) (in regards to responses to audit questions 5.2.3-1,
5.2.3-2 and 5.2.3-3), against applicable regulatory requirements using regulatory guidance
and standards to assess the sufficiency of the preliminary information on RCPB materials
for the issuance of a CP in accordance with 10 CFR Part 50.

As discussed below, the NRC staff evaluated material specifications, compatibility of the
materials with the reactor coolant, reactor coolant chemistry, and fabrication and processing of
ferritic materials and austenitic stainless steel.

5.2.3.3.1 Material Specifications

The specifications for pressure-retaining ferritic materials, nonferrous metals, and austenitic
stainless steels, including weld materials that are used for each component in the RCPB, must
meet the requirements of GDC 1 and 30 and 10 CFR 50.55a, as they relate to quality
standards for design, fabrication, erection, and testing. These requirements are met for
material specifications by complying with the appropriate provisions of the ASME Code,
including any appropriate guidance in the ASME Code Cases identified in RG 1.84 (NRC 2024-
TN13087), and by complying with the guidelines of NUREG-0313, Revision 2 (NRC 1988-
TN8039). RCPB components include pressure-retaining components of the RCS (RPV, CRD,
and instrumentation housings, and RIVs) and connected systems up to and including their
respective outboard CIVs, which includes the main steam system, the condensate and
feedwater heating system, ICS, the BIS and the RPV head vent system.

The NRC staff reviewed PSAR Section 5.2.3, including PSAR Tables 5.2-2a and 5.2.2b, to
determine the suitability of the RCPB materials for this application. The material types include
the following:

¢ solution-annealed austenitic stainless steels (both wrought and cast), types
304/304L/316/316L (0.02% carbon maximum), CF3M, CF8M, and XM-19

¢ solution-annealed tempered martensitic stainless steels, type 410

¢ nickel-based alloys (including niobium-modified Alloy 600M with filler metal Alloy 82, Alloy
625 with filler metal ERNiCrMo-3, Alloy 718, and X-750)

o precipitation hardening stainless steels such as type 630 and type XM-13

e carbon steels and low-alloy steels
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The NRC staff determined that the applicant’s material specifications listed in PSAR

Section 5.2.3 and Tables 5.2-2a and 5.2-2b for the associated BWRX-300 RCPB components
meets the requirements of ASME Code, Section Ill, or the guidance in RG 1.84 and
NUREG-0313, Revision 2. Adhering to the guidance provided in NUREG-0313, Revision 2,
appropriately addresses the NRC positions in GL 81-03, “Implementation of NUREG-0313,
Technical Report on Material Selection & Processing GL for BWR Coolant Press Boundary
Piping,” dated February 26, 1981, and GL 88-01, “NRC Position on Intergranular Stress
Corrosion Cracking (IGSCC) in BWR Austenitic Stainless Steel Piping.”

PSAR Section 5.2.3.4.4 and Tables 5.2-2a and 5.2-2b, indicated that the RCPB includes cast
austenitic stainless steel (CASS) components. CASS components used in light-water reactors
(LWRs) can be susceptible to thermal aging embrittlement. However, the delta ferrite of the
CASS material for the BWRX-300 design will be limited to a range of 8 to 20 percent. The NRC
staff finds that this is acceptable since it is consistent with the staff’s position regarding the
control of thermal embrittlement in CASS materials.

Table 5.2-2a lists material specification SA-350/SA-350M Grade LF2 SA-350/SA-350M is an
appropriate specification for the fabrication of valves and Grade LF2 is a low-alloy steel which
matches the flow-accelerated corrosion resistance of the feedwater (FW) piping material
specified by the applicant. This material is also listed in ASME Code, Section Il, Part D, as an
acceptable material for use in Class 1 systems. Therefore, the NRC staff finds this material
acceptable.

Per PSAR Table 5.2-2a, nickel alloys such as Alloy 600, modified consistent with ASME Code
Case N-580-2, and NiCrMoCb alloy (Alloy 625), in conformance with ASME Code Case N-943,
are used in the RCPB. Although ASME Code Case N-943 is not yet included in RG 1.84, the
NRC staff finds that the use of Alloy 625 is acceptable for use in the boiling water reactor (BWR)
environment based on satisfactory operating experience supported by the ASME Code Case.
Alloy 600 modified per ASME Code Case N-580-2 is also acceptable for use in BWR
environments and is included in RG 1.84. In addition, Alloy 600 modified will be welded with
filler metal Alloy 82, while Alloy 625 will be welded with ERNiCr-3, which is consistent with the
ASME Code, Section Il filler metal specification SFA 5.14 (ASME 2021-TN12977),
“Specification for Nickel and Nickel Alloy Bare Welding Electrodes and Rods.” Filler metal Alloy
182 is not used since it is prone to stress corrosion cracking in BWR reactor coolant, but Alloy
82 is acceptable based on NUREG-0313, Revision 2.

Several operating experience issues have arisen related to the fabrication quality and in-service
performance of dissimilar metal welds (DMWs) in LWRs. Per PSAR Table 5.2-2b, these DMWs
are generally made by applying a buttering layer or layers of 309L followed by completion of the
groove weld using 308L, 316L, or 309L. Ferrite content in these welds is controlled to between 8
ferrite number (FN) and 20FN. Post-weld heat treatment of the carbon steel after buttering is
performed if dictated by ASME Code, Subsection NB-4600. DMWs may also be made using
Alloy 82 when welding nickel alloys to carbon steel, low-alloy steel, and stainless steel. The
NRC staff notes that the aforementioned low carbon weld filler materials are considered
Category A materials, in accordance with NUREG-0313, and provide an increased level of
resistance to IGSCC when compared to non-low-carbon stainless steel welding filler materials.
The NRC staff notes that the aforementioned alloys are currently in BWR service with no
observed incidences of stress corrosion cracking (SCC) or other problems, which provides
additional assurance that the welds will maintain structural integrity throughout the design life of
the plant. Based on the above, the NRC staff finds that the applicant’s proposed welding
methods and selection of weld filler materials for DMWs are acceptable, because the applicant

5-11



will follow current industry practice; the weld filler materials are consistent with staff guidance,
and these materials have had favorable operating experience.

ASME Code, Section lll, Subsection NB-3121, requires that material subject to thinning by
corrosion, erosion, mechanical abrasion, or other environmental effects must provide for these
effects during the design or specified life of the component by a suitable increase in or addition
to the thickness of the base metal over that determined by the design formulas. In PSAR
Section 5.2.3.2, the applicant indicated that it considered the extent of the corrosion of ferritic
low-alloy steels and carbon steels in contact with the reactor coolant in the design based on
ASME Code, Section lll, which provides minimum corrosion allowances. The NRC staff finds
this acceptable, given that the applicant has considered the effect of corrosion, based on
operational experience, over the design life of the plant as required by ASME Code, Section Il

The NRC staff finds that the applicant’s selection of materials for use in the RCPB meets the
requirements of the ASME Code or the guidance of RG 1.84 and complies with the guidelines of
NUREG-0313, Revision 2, and is therefore acceptable.

5.2.3.3.2 Reactor Coolant Chemistry

The NRC staff reviewed the applicant’s description of the Chemistry of Reactor Coolant in
PSAR Section 5.2.3.2.1. The PSAR states that BWR water chemistry control parameters,
recommended operating limits, and recommended monitoring frequencies will be developed to
minimize the potential for IGSCC by controlling both ionic impurity and oxidizing radiolysis
product concentrations in the reactor water. The NRC staff finds the description of the
BWRX-300 water chemistry program acceptable because it is based on Electric Power
Research Institute (EPRI) Report No. 3002025550, BWRVIP-190 (EPRI 2014-TN8110), BWR
Vessel and Internals Project, Volume 1: “BWR Water Chemistry Guidelines—Mandatory,
Needed, and Good Practice Guidance,” and Volume 2: “BWR Water Chemistry Guidelines—
Technical Basis,” Revision 2, 2024, consistent with guidance in SRP Section 5.4.8, “Reactor
Water Cleanup System (BWR),” Revision 3, March 2007.

5.2.3.3.3 Compatibility of Materials with the Reactor Coolant

The RCPB materials of construction that are in contact with the reactor coolant, contaminants,
or radiolytic products must be compatible and must meet the requirements of GDC 4, as they
relate to the compatibility of components with environmental conditions. The applicant stated
that it considered the compatibility of the materials of construction used in the RCPB with the
reactor coolant, contaminants, or radiolytic products to which the RCPB is exposed.

The applicant stated that the materials of construction are compatible with primary coolant
water, which will be chemically controlled to the values provided in PSAR Table 5.2-5 in
accordance with EPRI BWRVIP-190, BWR Water Chemistry Guidelines, Volume 1: “BWR
Water Chemistry Guidelines—Mandatory, Needed and Good Practice Guidance” and Volume 2:
“‘BWR Water Chemistry Guidelines—Technical Basis.” In addition, the applicant will use
hydrogen water chemistry, on-line Noble Chem™ and zinc injection using depleted zinc oxide to
minimize stress corrosion cracking of the RCPB materials, which have been used effectively in
current BWRs. The control of the water chemistry will be modified based on operational
experience so that the latest information is used to ensure material compatibility. PSAR

Section 5.2.3.4.1 states that the processing of RCPB materials is controlled and conforms to RG
1.44 (NRC 2011-TN13084). The NRC staff finds the applicant’s selection of materials and
control of water chemistry will ensure material compatibility. Additionally, satisfactory
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performance of these materials in operating plants for several years has proven this
compatibility. The materials meet the requirements of GDC 4 because the BWRX-300 design
complies with the applicable provisions of the ASME Code, adheres to the guidance provided in
RG 1.44, and conforms to the NRC staff positions of GL 88-01, which are based on the
technical information and recommendations provided in NUREG-0313 (NRC 1988-TN8039).
Therefore, material compatibility with primary water coolant will be maintained.

PSAR Section 5.2.3.2.1 states that stainless steel is used for the FW piping to preclude any risk
of flow accelerated corrosion (FAC). Although not a part of the RCPB, stainless steel is also
used for the condensate piping upstream of the FW piping. Other components, such as the MS
piping, do not require higher chromium carbon steels to mitigate the risk of FAC because the
temperature in the MS piping is not within the susceptible range of 100°C to 150°C. The NRC
staff finds the use of stainless steel for the FW and condensate piping is acceptable to preclude
the occurrence of FAC.

5.2.3.3.4 Fabrication and Processing of Ferritic Materials

The fracture toughness of ferritic materials in the RCPB must meet the requirements of
Appendix G to 10 CFR Part 50. These criteria satisfy the requirements of GDC 14 and 31
regarding prevention of fracture of the RCPB.

Appendix G to 10 CFR Part 50 requires the pressure-retaining components of the RCPB to be
made of ferritic materials to meet the requirements for fracture toughness during system
hydrostatic tests and any condition of normal operation, including AOOs. For piping, pumps, and
valves, this requirement is met through compliance with the requirements of ASME Code,
Section Ill, Subsection NB-2331 or Subsection NB-2332, and the C, values specified in

Table NB-2332(a)-1. Materials for bolting must meet the impact test requirements of ASME
Code, Section Ill, Subsection NB-2333. Calibration of temperature instruments and C, impact
test machines must meet the requirements of ASME Code, Section lll, Subsection NB-2360.
The NRC staff reviewed PSAR Section 5.2.3.3.1, and verified that the design meets the
aforementioned requirements regarding fracture toughness of RCPB piping, components, and
bolting and equipment calibration. Section 5.3 of this report presents the NRC staff's evaluation
of the fracture toughness requirements of the RPV.

Control of ferritic steel welding by following NRC RGs and adhering to the ASME Code satisfies
the quality standards requirements of GDC 1 and 30 and 10 CFR 50.55a. Adherence to the
guidance provided in RG 1.50 (NRC 2011-TN13085); RG 1.43, “Control of Stainless Steel Weld
Cladding of Low-Alloy Steel Components,” issued Marc 2007; RG 1.71 (NRC 2007-TN13086);
and ASME Code Nonmandatory Appendix D, “Non-mandatory Preheat Procedures,” Subsection
D-1010, satisfies the aforementioned quality standards requirements.

PSAR Section 5.2.3.3.2 states that RG 1.50 will be used for preheat requirements when welding
low-alloy steel, which is only used in the RPV and FW valves. RG 1.50 provides guidance that
all low-alloy steel welds be maintained at the minimum preheat temperature until post-weld heat
treatment is performed. The use of RG 1.50 will ensure that delayed cracking of the weld metal
or weld heat-affected zone (HAZ) will not occur, and therefore the NRC staff finds this
acceptable.

PSAR Section 5.2.3.3.2 states that electroslag welding is not allowed on structural weld joints of

low-alloy steel. Therefore, RG 1.34, “Control of Electroslag Weld Properties,” does not apply to
the BWRX-300 design. RG 1.43 applies to cladding of low-alloy steel, and the applicant
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identifies the RPV as the only stainless steel clad low-alloy steel component in the RCPB.
Section 5.3 of this report evaluates the applicant’s adherence to the guidance in RG 1.43
related to RPV fabrication.

PSAR Section 5.2.3.4.2 states that the BWRX-300 design meets the intent of RG 1.71 directly
or by an alternative method. Although PSAR Table 1.9-20 indicates that the applicant conforms
with RG 1.71 without use of alternative methods, the applicant described an alternative method
to RG 1.71. Specifically, the applicant stated that restricted access qualifications are required
when access to a non-volumetrically examined production weld is less than 300 mm (about 12
in) in any direction and allows welding from one access direction only. Requalification is
required if the production weld is more restricted than the welder’s performance qualification.
The NRC staff reviewed the applicant’s alternative to RG 1.71 as stated PSAR Section 5.2.3.4.2
and has determined that the applicant’s alternative is consistent with the intent of RG 1.71. The
applicant’s alternative will assure that welders working in restricted access positions will be
appropriately qualified and thus produce sound welds.

5.2.3.3.5 Fabrication and Processing of Austenitic Stainless Steel

All stages of component manufacturing and construction must include process control
techniques, in accordance with the requirements of GDC 1, as it relates to nondestructive
testing (i.e., examination) to quality standards; GDC 4; and Criterion XllII, “Handling, Storing,
and Shipping,” of Appendix B to 10 CFR Part 50 for material cleaning control. These
requirements prevent severe sensitization of the material by minimizing exposure of stainless
steel to contaminants that could lead to SCC and reduce the likelihood of component
degradation or failure through contaminants.

The applicant meets the requirements of GDC 4 and Criterion Xlll of Appendix B to 10 CFR Part
50 by complying with the applicable provisions of the ASME Code and the guidance found in the
regulatory positions of RG 1.31, Revision 4 (NRC 2013-TN13074), “Control of Ferrite Content in
Stainless Steel Weld Metal,” issued October 2013; RG 1.36 (NRC 2015-TN13075); RG 1.44
(NRC 2011-TN13084) and RG 1.71 (NRC 2007-TN13086).

The NRC staff reviewed PSAR Section 5.2.3.4, to ensure that austenitic stainless steel RCPB
components are (1) compatible with environmental conditions to avoid sensitization and SCC,
(2) compatible with thermal insulation, (3) have appropriate controls on welding and material
preservation, and (4) receive appropriate non-destructive examination (NDE).

PSAR Section 5.2.3.4.1 states that all austenitic stainless steels are supplied in the solution
heat-treated condition, and special sensitization tests are applied to confirm and ensure proper
heat treatment. In addition, RG 1.44 and the guidelines of GL 88-01 and NUREG-0313 (NRC
1988-TN8039), Revision 2 are used, including tests to determine susceptibility to SCC. Per
Tables 5.2-2a and 5.2-2b, wrought stainless steels and its associated weld filler metal will have
a carbon content of 0.02% maximum. This lower carbon content is used to prevent sensitization
of the stainless steel and is in accordance with RG 1.44. The NRC staff finds that using the RG
1.44 guidance and the guidelines of GL 88-01 and NUREG-0313, Revision 2 are acceptable to
ensure that sensitized austenitic stainless steels will not be used in the BWRX-300, and
therefore minimize SCC. PSAR Section 5.2.3.2.3 states that nonmetallic insulation conforms to
the guidance in RG 1.36, which the NRC staff finds acceptable as it provides the necessary
controls to minimize contamination that can initiate stress corrosion cracking in stainless steel
materials.
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For NDE of ferritic steel and austenitic stainless steel tubular products, the applicant complied
with the requirements of GDC 1 and 30 and 10 CFR 50.55a regarding quality standards by
specifying the appropriate provisions of the ASME Code, which are in Section Il of the ASME
Code, and therefore the NRC staff finds this acceptable. The NRC staff notes that Subsection
NB-2550 provides the requirements for seamless tubular products, and Subsection NB-2570
provides the requirements for cast tubular products.

PSAR Section 5.2.3.4.1 states that the cold working of RCPB materials, including bending or
forming, final machining, grinding, and polishing, are controlled and conform to RG 1.44. The
processes that are to be controlled include bending or forming, final machining, grinding, and
polishing. The NRC staff finds that controlling cold working of materials in accordance with
RG 1.44 is acceptable and will minimize stress corrosion cracking.

PSAR Section 5.2.3.4.2 states that RCPB austenitic stainless steel weld filler materials are
required by specification to have an average minimum delta ferrite content of 8FN and a
maximum of 20FN for 308L and 16FN for 316L, as determined on undiluted weld pads by
magnetic measuring instruments calibrated in accordance with American National Standards
Institute (ANSI)/American Welding Society (AWS) A4.2M/A4.2, “Standard Procedures for
Calibrating Magnetic Instruments to Measure the Delta Ferrite Content of Austenitic and Duplex
Ferritic-Austenitic Stainless Steel Weld Metal.” The NRC staff finds the ferrite content
acceptable and is consistent with the guidance in RG 1.44 in minimizing stress corrosion
cracking in weld metal and wrought stainless steel. The limitation placed upon the delta ferrite in
austenitic stainless steel castings is 8 percent minimum and a maximum value of 20 percent.
The maximum limit is used for those castings designed for a 60-year life to limit the effects of
thermal aging degradation. The NRC staff finds the ferrite content acceptable and is consistent
with the guidance in RG 1.31 (NRC 2013-TN13074) in minimizing thermal aging of CASS.

The applicant’s criteria in PSAR Section 5.2.3 references PSAR Section 5.3.3.4 for cleaning and
cleanliness controls, which complies with 10 CFR Part 50, Appendix B, Criterion XIIl and ASME
NQA-1-2015, “Quality Assurance Requirements for Nuclear Facility Applications.” ASME NQA-
1-2015 has strict process controls for cleaning and protection against contamination of materials
during all stages of component manufacture and installation. For example, tools used in
abrasive work on austenitic stainless steel, such as grinding, should not contain and should not
have been contaminated with ferritic carbon steel or other materials that could contribute to
intergranular cracking or SCC. Therefore, the NRC staff finds the applicant’s cleaning and
cleanliness controls for RCPB components acceptable.

5.2.3.4 Conclusion

The NRC staff finds that the applicant provided sufficient information on the selection of
materials, fabrication processes, compatibility of materials, and cleaning and cleanliness
controls to be acceptable because they satisfy regulatory requirements or positions described
above, or because they have been demonstrated to be acceptable based on appropriate
materials selections and acceptable operating experience.

Based on the above, the NRC staff concludes that the RCPB materials are acceptable and meet
the requirements of GDC 1, 4, 14, 30, 31, and 35; 10 CFR 50.34(a); Appendix B to 10 CFR Part
50; and 10 CFR 50.55a. Therefore, the NRC staff finds that the information in PSAR Section
5.2.3 is sufficient and meets the regulatory requirements identified in this section and
adequately supports the issuance of a CP pursuant to the regulations 10 CFR 50.35.
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5.2.4 Reactor Coolant Pressure Boundary Inservice Inspection and Testing
5.24.1 Introduction

PSAR Section 5.2.4 describes the planned preservice inspection (PSI) program and the
planned ISI program to be implemented at CRN-1 Site. This includes how the BWRX-300
design will allow for the periodic inspections required by 10 CFR 50.55a (TN249) and Section Il
and XI of the ASME Code.

5.2.4.2  Regulatory Evaluation

The NRC staff’s review of PSAR Section 5.2.4 is guided by the following regulatory
requirements and applicable guidance:

e GDC 32 requires, in part, that all components that are part of the RCPB be designed to
permit periodic inspection and testing of important areas and features to assess structural
and leak-tight integrity. Meeting the requirements of GDC 32 ensures an effective periodic
inspection program for the RCPB to identify aging effects or other incipient degradation
phenomena, thus enabling licensees to take prompt preventive measures to preclude
potential loss-of-coolant or impaired reactor core cooling.

¢ 10 CFR 50.55a requires that SSCs be designed, fabricated, erected, constructed, tested,
and inspected to quality standards commensurate with the importance of the safety function
they are intended to perform. By reference, 10 CFR 50.55a incorporates Section Xl of the
ASME Code.

¢ NRC RG and SRP guidance:

— RG 1.70: Specifies the content and detail for PSI, ISI and testing program descriptions in
the PSAR.

— SRP Section 5.2.4: Provides detailed NRC staff expectations for the PSI, ISI and testing
program, including examination methods, intervals, acceptance standards, corrective
actions, and Quality Assurance (QA) requirements.

¢ QA requirements: All PSI, ISI and testing activities must be conducted under a quality
assurance program consistent with 10 CFR Part 50, Appendix B.

The NRC staff's regulatory evaluation of Section 5.2.4 ensures that the applicant’s in-service
inspection and testing program for the BWRX-300 RCPB will be developed and implemented in
full compliance with NRC regulations and ASME Code, Sections Ill and Xl requirements,
assuring that the integrity and reliability of the RCPB will be maintained throughout the plant’s
operating life.

5.2.4.3 Technical Evaluation

The NRC staff reviewed PSAR Section 5.2.4 of the TVA CPA PSAR, as supplemented by letter
dated October 1, 2025 (TVA 2025-TN12880) (with regard to responses to audit questions 5.2-
4), against applicable regulatory requirements using regulatory guidance and standards to
assess the sufficiency of the preliminary information on the PSI and ISI programs for the
issuance of a CP in accordance with 10 CFR Part 50.

The NRC staff’s evaluation of the PSI and ISI program description of ASME Code Class 1 and 2
components is contained in the following seven sections, which cover: (1) components subject
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to inspection, (2) accessibility, (3) examination categories and methods, (4) examination
intervals (5) evaluation of examination results, (6) system pressure tests, and (7) augmented
ISI.

5.2.4.3.1 Components Subject to Inspection

PSAR Section 5.2.4 specifies that ASME Code Class 1 and 2 components that are part of the
RCPB are examined in accordance with ASME Code Section XI. PSAR Section 5.2.2.1 and
PSAR Table 3A-1, “Preliminary BWRX-300 Component Classification List,” provide the RCPB
components to be examined in accordance with ASME Code Section XI. The components
include:

ASME Code Class 1 RCPB components:
e RPV

¢ RIVs the ICS, including steam supply lines, ICs, purge lines, purge valves, condensate
return lines, condensate return valves, ICS to SDC interface piping (including CIV and
redundant) isolation valve downstream of the CIV, and ICS to BIS interface piping, including
ClVs

¢ the CRD flanges/housings

¢ the incore (nuclear) instrumentation housings

ASME Code Class 2 RCPB components:

¢ the piping from the RIVs up to and including each respective outboard CIV, except for ICS
components (ICS components include the redundant isolation valve downstream of the CIV
connected to the ICS to SDC interface piping)

¢ the outboard ClVs for MS, CUW, and CFS

¢ the head vent piping to the MSL and head vent interface piping to quench tank up to and
including the isolation valves for the quench tank

o the reactor water level instrumentation lines

The NRC staff finds this acceptable since the applicant specified the Class 1 and 2 components
to be inspected. However, the classification of ASME Code Class 1 and 2 components in
accordance with either the NRC quality group classification system (RG 1.26; NRC 2021-
TN12803) or the definitions in Article NCA-2000 of Section Il of the ASME Code is evaluated in
Section 3.2 of this report.

5.2.4.3.2 Accessibility

PSAR Section 5.2.4 and Table 1.9-5, “Conformance with NUREG-0800 (Chapter 5 Reactor
Coolant System and Connected Systems),” specify that the ASME Code, Section lll, Class 1
and 2 components are designed to provide access for the preservice and in-service inspections
required by ASME Code, Section Ill and XI. In addition, PSAR Section 5.2.4 specifies that the
BWRX-300 design meets the requirements for periodic inspection and testing of Class 1 and 2
components as specified in 10 CFR 50.55a and as detailed in ASME Code, Section XI,
including any inspections specified in NUREG-0313, Revision 2 (NRC 1988-TN8039) and
Generic Letter 88-01, by designing the components to be inspectable and by providing
adequate clearances and arrangement of the system components. The NRC staff notes that:
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e 10 CFR 50.55a(g)(2), “Accessibility Requirements,” provides the requirements for
accessibility such that components must be designed and provided with the access
necessary to perform the required preservice and in-service examinations set forth in
editions and addenda of Section Ill and Section Xl of the ASME Code.

e 10 CFR 50.55a(g)(3)(ii), “Preservice Examination Requirements,” provides that Class 1 and
2 components must meet the preservice examination requirements set forth in the editions
and addenda of Section Ill and Section Xl of the ASME BPV Code (with regard to access to
both sides of the weld, removable insulation, etc.).

The NRC staff finds it acceptable that the applicant will base their ISI and PSI programs on the
requirements of 10 CFR 50.55a and the ASME Code, Sections Il and XI, and will design the
components to provide access for inspection. The NRC staff will review the applicant's PSI and
ISI programs, including verifying accessibility for inspection, at the operating licensing phase,
consistent with the milestones for developing the PSI and ISI programs based on PSAR
Section 5.2.4 and PSAR Table 13.4-1, “Operational Programs and Implementation Milestones.”

5.2.4.3.3 Examination Categories and Methods

PSAR Section 5.2.4 and Table 1.9-5 states that the PSI and ISI programs will follow ASME
Code, Section Xl, including Table IWB-2500, as required by 10 CFR 50.55a. In addition, PSI will
be specified in the design specifications and will be in accordance with ASME Code Section I,
Subsections NB-5281 and NB-5282, and Table IWB-2500 of ASME Code Section XI. PSI will be
implemented during construction to meet the requirements of ASME Code, Section Ill. The
applicant also stated that the reactor coolant pressure boundary is examined by appropriate
inspection and testing methods provided in ASME BPVC, Section XI, and the examination
categories, and procedures for RCPB components are in accordance with ASME BPVC,
Section Xl, Subsection IWA, Subsection IWB, and Subsection IWC. Thus, the examination
categories and methods specified are acceptable since they are consistent with the
requirements in Articles IWA-2000, IWB-2000, and IWC-2000 of Section Xl of the ASME Code.
The NRC staff will review the applicant’s PSI and ISI programs, including how the methods are
specified in the PSI and ISI program, at the operating licensing phase, consistent with the
milestones for developing the PSI and ISI programs based on PSAR Section 5.2.4 and PSAR
Table 13.4-1, “Operational Programs and Implementation Milestones.”

5.2.4.3.4 Examination Intervals

PSAR Section 5.2.4 specifies that the I1SI program complies with 10 CFR 50.55a as discussed
in PSAR Sections 5.2.1.1 and 5.2.1.2. PSAR Section 5.2.1.1 states that the ISI program will use
the edition and addenda of the ASME Code, Section XI, subject to the conditions in 10 CFR
50.55a, on a date no more than 18 months before the date of issuance of the OL, and will be
addressed in the FSAR. Per 10 CFR 50.55a and ASME Code, Section XlI, the required
examinations and pressure tests must be completed during each 10-year interval of service,
and must comply with the provisions of ASME Code, Section Xl, Article IWA-2000, concerning
inspection intervals. The NRC staff finds that the inspection intervals specified for the Class 1
and 2 components will be consistent with Section XI of the ASME Code and, therefore, are
acceptable. In addition, the NRC staff will review the ISI program as part of the NRC staff’s
review of a future OL application and will confirm as part of that review which edition of the
ASME Code, Section XI, will be used.
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5.24.3.5 Evaluation of Examination Results

PSAR Section 5.2.4 specifies that examination results are evaluated, including acceptance
criteria, in accordance with ASME Code, Section XI, Subsection IWA and Subsection IWB for
Class 1 components, and in accordance with ASME Code, Section Xl, Subsection IWA and
Subsection IWC for Class 2 components. This description of the evaluation of examination
results is consistent with ASME Code, Section XI, and meets the acceptance criteria in SRP
Section 5.2.4, Section Il.5, and is therefore acceptable.

5.2.4.3.6 System Pressure Tests

PSAR Section 5.2.4 states that the RCPB Class 1 and 2 components are designed to allow
performance of system leakage and hydrostatic pressure tests in accordance with the
requirements of ASME Code, Section XI. PSAR Section 5.2.4 also states that the performance
of these tests, and the evaluation of the test results, will be in accordance with ASME Code,
Section Xl, Subsections IWA, IWB, and IWC. The NRC staff finds that this is acceptable since it
is consistent with performing system leakage test and hydrostatic pressure tests in accordance
with ASME Code, Section XI.

5.2.4.3.7 Augmented Inservice Inspection to Protect against Postulated Piping Failure

PSAR Section 5.2.4 references PSAR Section 3.6.1.1.3, which specifies the additional
inspection requirements for the break exclusion zone (associated with the GDC 4 evaluation of
the dynamic effects of postulated breaks and corresponding need for whip restraints and jet
shields). A 100 percent volumetric in-service inspection is performed before start up and during
each inspection interval, using NDE techniques that have been demonstrated and qualified to
detect threshold values of metal loss, cracking, or embrittlement at the break exclusion zone.
The break exclusion zone piping is designed and arranged to provide access for PSI and ISI of
every pipe segment, bend, and weld. The NRC staff finds that the augmented inspection of the
break exclusion welds to be acceptable since a 100 percent volumetric examination will be
performed each inspection interval, which is consistent with Branch Technical Position (BTP) 3-
4, “Postulated Rupture Locations in Fluid System Piping Inside and Outside Containment,”
Revision 2, March 2007 (NRC 2021-TN8013). BTP 3-4 describes the NRC staff's position on
excluding postulated pipe ruptures (break exclusion) from the design basis when analyses
demonstrate that the probability of piping rupture is extremely low. In PSAR Table 1.9-3, the
applicant indicates their intent to conform with BTP 3-4. The NRC staff notes that these
augmented inspections are an essential part of assuring that piping in the break exclusion zone
is not subjected to leakage or rupture. The evaluation of the break exclusion zone is discussed
in Section 3.6 of this report. The NRC staff will review the applicant’s PSI and ISI programs,
including verifying the performance of the inspection for PSI, at the operating licensing phase,
consistent with the milestones for developing the PSI and ISI programs based on PSAR Section
5.2.4 and PSAR Table 13.4-1, “Operational Programs and Implementation Milestones.”

5.2.4.3.8 Augmented Inspection of Boiling Water Reactor Piping Susceptible to IGSCC

PSAR Section 5.2.4 specify that augmented inspections for IGSCC are performed in
accordance with NUREG-0313, Revision 2 (NRC 1988-TN8039), and Generic Letter 88-01.
Details of augmented inspections for IGSCC will be provided as part of the ISI program
description in the FSAR. The NRC staff finds that this is consistent with the NRC staff position
on IGSCC and will be evaluated once the PSI and ISI programs are developed and documented
in the FSAR and implemented based on the schedule in PSAR Table 13.4-1.
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5244 Conclusion

The NRC staff concludes that the PSI and ISI programs for RCPB ASME Code Class 1 and 2
components that will be developed based on the schedule milestones in PSAR Table 13.4-1 is
acceptable and will meet the inspection and pressure-testing requirements of 10 CFR 50.55a,
as detailed in ASME Code, Section Xl, and therefore satisfies the applicable requirements of
GDC 32 and 10 CFR 50.34(a). Therefore, the NRC staff finds that the information in PSAR
Section 5.2.4 is sufficient and meets the regulatory requirements identified in this section and
adequately supports the issuance of a CP pursuant to the regulations of 10 CFR 50.35. The
NRC staff will review the applicant’s PSI and IS| programs, at the operating licensing phase,
consistent with the milestones for developing the PSI and ISI programs based on PSAR Section
5.2.4 and PSAR Table 13.4-1, “Operational Programs and Implementation Milestones.”

5.2.5 Reactor Coolant Pressure Boundary Leakage Detection
5.2.5.1 Introduction

PSAR Section 5.2.5, “Reactor Coolant Pressure Boundary Leakage Detection,” describes the
applicant’s approach to monitoring and detecting leakage from the RCPB. The applicant
provides an overview of the leakage detection systems and instrumentation designed to
promptly identify and quantify any loss of reactor coolant from the RCPB. The section identifies
the types and locations of installed leak detection equipment, including sump level and flow
monitors, airborne radioactivity monitors, humidity sensors, and other instrumentation positioned
in areas such as the drywell, containment, and reactor building. The applicant describes how
these systems are integrated with plant alarm and control systems to provide continuous
monitoring and rapid operator notification of abnormal leakage. The section outlines the
sensitivity, response time, and reliability of the leakage detection systems and explains how
leakage data is trended and used to support operational decision-making, technical specification
compliance, and timely corrective action. The applicant also discusses the program for routine
surveillance, calibration, and maintenance of leakage detection instrumentation, and compliance
with the applicable regulatory requirements and industry standards for leak detection.

5.2.5.2  Regulatory Evaluation

The NRC regulations in 10 CFR 50.34 (TN249), paragraph (a), require CP applicants to submit
a PSAR describing specific aspects of the proposed nuclear power plant for NRC review. For
example, paragraph (2) in 10 CFR 50.34(a) requires that the PSAR provides a summary
description and discussion of the facility, with special attention to design and operating
characteristics, unusual or novel design features, and principal safety considerations. Paragraph
(3), item (i), in 10 CFR 50.34(a) requires that the PSAR provide a preliminary design of the
facility including the principal design criteria for the facility with reference to Appendix A in 10
CFR Part 50 for minimum requirements for the principal design criteria for water-cooled nuclear
power plants similar in design and location to plants for which CPs have previously been issued
by the NRC.

The NRC regulations in 10 CFR Part 50, Appendix A, include requirements for leakage
detection of the RCPB in nuclear power plants. With respect to RCPB leakage detection in
CRN-1, these requirements include, for example, the following GDC:

e GDC 1—AQuality standards and records

o GDC 2—Design bases for protection against natural phenomena
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e GDC 14—Reactor coolant pressure boundary
e GDC 30—AQuality of reactor coolant pressure boundary

o GDC 32—Inspection of reactor coolant pressure boundary

The NRC regulations in Appendix B, “Quality Assurance Criteria for Nuclear Power Plants and
Fuel Reprocessing Plants,” to 10 CFR Part 50 specify quality assurance requirements for
activities affecting safety-related functions of SSCs in a nuclear power plant, including design,
fabrication, construction, testing, and records control.

The NRC regulations in 10 CFR 50.43, “Additional Standards and Provisions Affecting Class
103 Licenses and Certifications for Commercial Power,” paragraph (e), state, in part, that
applications for a design certification, combined license, manufacturing license, operating
license or standard design approval that propose nuclear reactor designs that differ significantly
from light-water reactor designs that were licensed before 1997, or use simplified, inherent,
passive, or other innovative means to accomplish their safety functions will be approved only if
(1) the performance of each safety feature of the design has been demonstrated through either
analysis, appropriate test programs, experience, or a combination thereof; (2) interdependent
effects among the safety features of the design are acceptable, as demonstrated by analysis,
appropriate test programs, experience, or a combination thereof; and (3) sufficient data exist on
the safety features of the design to assess the analytical tools used for safety analyses over a
sufficient range of normal operating conditions, transient conditions, and specified accident
sequences, including equilibrium core conditions. The BWRX-300 design includes design
features that might be within the scope of 10 CFR 50.43(e). As 10 CFR 50.43(e) is not
applicable to CP applications, the NRC staff will evaluate compliance with 10 CFR 50.43(e) as
part of the NRC staff’s review of the OLA for CRN-1.

The NRC regulations in 10 CFR 50.55a incorporate by reference with conditions the ASME BPV
Code, Section Il and Section XI, and ASME OM Code, for the design, inspection, and testing of
applicable nuclear power plant components. These regulatory requirements apply to certain
aspects of the RCPB leakage detection for the CRN-1.

In RG 1.70 (Revision 3, November 1978) (NRC 1978-TN12879), the NRC provides guidance for
preparation of a PSAR describing the nuclear power plant for a CP application. Section 5.2.5,
“Detection of Leakage through Reactor Coolant Pressure Boundary,” in RG 1.70 specifies that
the application should describe the program with sufficient leak detection system information
furnished to indicate the extent to which the recommendations of RG 1.45, “Guidance on
Monitoring and Responding to Reactor Coolant Pressure Boundary Leakage,” will be followed.
Specifically, the application should provide information that will permit comparison with the
regulatory positions of the guide, giving a detailed description of the systems employed, their
sensitivity and response time, and the reliance placed on their proper functioning. Also, the
application should provide the limiting leakage conditions that will be included in the technical
specifications. The application should identify the leakage detection systems that are designed
to meet the sensitivity and response guidelines of RG 1.45. The application should describe
these systems as discussed in Section 7.5, “Safety-Related Display Instrumentation,” of RG
1.70. Also, the application should identify these systems that are used for alarm as an indirect
indication of leakage and provide the design criteria. The application should describe how
signals from the various leakage detection systems are correlated to provide information to the
plant operators on conditions of quantitative leakage flow rate. The application should discuss
the provisions for testing and calibration of the leak detection systems.
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In its review, the NRC staff evaluated whether the applicant complied with the NRC regulatory
requirements in 10 CFR 50.34(a) as applicable for a new CPA with respect to RCPB leakage
detection for CRN-1. The NRC staff technical evaluation of the CRN-1 PSAR Section 5.2.5 with
respect to the applicable regulatory requirements and guidance is described in the following
section of this NRC SE.

5.2.5.3 Technical Evaluation

The NRC regulations in 10 CFR 50.34, paragraph (a), require CP applicants to submit a PSAR
describing specific aspects of the proposed nuclear power plant for NRC review. 10 CFR
50.34(h)(ii) requires construction permit applications for a light water cooled nuclear power plant
to include an evaluation of the facility against the SRP in effect six months before the docket
date of the application. NUREG-0800, SRP Section 5.2.5, “Reactor Coolant Pressure Boundary
Leakage Detection,” provides guidance for the review of reactor coolant leakage detection
systems. In PSAR Table 1.9-5, the applicant describes how the CP conforms to the SRP
Section 5.2.5 acceptance criteria and the use of alternate approaches. The NRC staff reviewed
PSAR Section 5.2.5 for compliance with the NRC regulations in 10 CFR 50.34 as applicable to
a new CPA, for the content of the PSAR with respect to RCPB leakage detection for CRN-1. In
addition to reviewing the PSAR, the NRC staff conducted an audit of information provided in the
applicant’s electronic reading room and interacted with applicant personnel regarding RCPB
leakage detection in CRN-1. This SE section describes the NRC staff review of Section 5.2.5
with respect to the information required by 10 CFR 50.34 for the contents of the PSAR as part of
a CPA with applicable guidance contained in SRP Section 5.2.5 for RCPB leakage in CRN-1.

The integrated design of the RCPB leakage detection system will be in accordance with the
following regulatory criteria, with identified alternatives:

e GDC 2in 10 CFR Part 50, Appendix A, as it relates to the capability of the systems to
maintain and perform their safety functions following an earthquake, and meets the
guidelines of RG 1.29 (NRC 2021-TN12804), Positions C.1 and C.2. In PSAR Table 1.9-
5, the applicant states that an alternate position is used and conformance with GDC 2 is
based on the guidelines in RG 1.29, Position C.1.

e GDC 30in 10 CFR Part 50, Appendix A, as it relates to the detection, identification and
monitoring of the source of reactor coolant leakage and meets the guidelines of RG
1.45, with alternatives to General Positions 1.1 and 1.2. In PSAR Table 1.9-5, the
applicant states that an alternate position is used and conformance with RG 1.45
General Positions 1 and 2 is based on monitoring only unidentified leakage without
leakage separation.

5.2.5.3.1 Identified and Unidentified Leakage

The BWRX-300 reactor is a natural circulation design and has no pumps within the RCPB. By
eliminating pump seal leakage, this significantly reduces anticipated leakage that could be
identified. Additionally, the BWRX-300 design does not make use of traditional safety or relief
valves within the RCPB. Thus, the BWRX-300 design has eliminated many sources of identified
reactor coolant leakage such that total leakage is reduced. As a result, the BWRX-300 design
includes only unidentified leakage that is potentially from the RCPB. Since identified leakage is
not defined in this design, no distinction is made between identified and unidentified leakage.
This approach is considered an alternative to RG 1.45, General Positions 1.1 and 1.2. Based on
the discussion above, the NRC staff finds that it is unnecessary to separate identifiable leakage
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to maintain a low threshold for unidentifiable leakage as was required with previous reactor
designs. Leakage within containment of the BWRX-300 design is routed to the containment
sump and measured as unidentified.

5.2.5.3.2 Leakage Detection Systems

PSAR Section 5.2.5 states that to limit the potential for a gross failure, leakage monitoring
systems in a BWRX-300 reactor are designed to detect RCPB degradation and to assist in
locating the source of leakage. For the BWRX-300 design, the primary methods used for
monitoring unidentified leakage are containment sump pump use, containment sump level and
rate-of-rise, containment cooler condensate flow rate and increase, and an increase in
radioactive fission product (noble gas and particulate) activity. These parameters are
continuously monitored and/or recorded in the Main Control Room (MCR). Instrumentation for
leakage rate monitoring is designed to detect changes in the containment leakage rate of 3.8
L/min increase within the previous 1 hour, which satisfies RG 1.45, Regulatory Position 2.2. The
BWRX-300 plant variables monitored for leakage/break detection are listed in PSAR Table 5.2-
6.

The containment sump collects leakage from floor drains and cooler condensate. Excessive
leakage is identified through changes in sump level and pump run frequency/duration. Leakage
detection logic operates continuously during both normal and abnormal conditions. Upon

a containment isolation signal, the sump is isolated and later restored by operator action. All
leakage data and trip functions are available in the MCR for display, recording, and retrieval. In
addition to the monitoring systems detailed above, the applicant detailed in PSAR

Section 5.2.5.1 other systems to detect and monitor for leakage, as discussed below.

Leaks from line breaks in ICS piping upstream of the condensate return valves are detected by
high flow rate in the ICS steam supply line, and downstream of the condensate return valves by
high flow rate in the ICS condensate return line. Gross unidentified leakage is detected by high
containment pressure or temperature, low reactor pressure, low reactor water level, or high flow
rate in steam piping for breaks downstream of the MS flow elements. To prevent leakage within
containment, the reactor vessel head flange inner O-ring seal drain line pressure is monitored to
detect failure of the inboard seal.

With respect to the areas outside containment, PSAR Section 5.2.5 indicates that the areas
monitored for leakage are the equipment areas in the Reactor Building (RB), the MS tunnel
area, the Turbine Building (TB), and the Radioactive Waste Building (RWB). Methods for
determining leakage include monitoring the differential mass flow rate for specific systems, and
temperatures in specific areas. The differential flow rate for CUW is measured in the supply
lines from the RPV and discharge or overboard lines. The differential flow rate in the SDC is
measured in the supply line that is connected to the ICS and the return or overboard lines, such
that a SDC leak/break can be detected and isolated as needed. The ICS condensate return flow
element is located to optimize the ability to separately sense and isolate leaks in the SDC and
the ICS.

The ambient temperatures in the MS tunnel area, SDC area, CUW area, and FW heater area
are monitored for indications of steam leakage. The MS tunnel is also monitored for area
differential temperature. For room temperatures, the ambient temperature sensors are located
near the ceiling, away from process piping and ventilation. Temperature elements used for
differential temperature monitoring are located as near as possible to the area inlet and outlet
ventilation flows.
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Based on the discussion above, the NRC staff finds that the applicant has adequately
addressed RG 1.45, Regulatory Position 2.3, since the applicant’s design features include
supplemental methods used to provide an indication for locating leakage and identifying its
source.

5.2.5.3.3 Leakage Detection Capability, Sensitivity, and Response Time

RG 1.45 states that the capability of the leakage monitoring system includes overall response
time, detector sensitivity, and accuracy. The instrument should be able to detect leakage of
1 gpm within an hour.

PSAR Section 5.2.5.5 identifies the capabilities of monitoring systems and PSAR Table 5.2-6
provides the monitored leakage parameters; however, the associated capabilities of the
monitoring systems (such as for the containment sump level and airborne particulate activity) to
meet the specified leakage limitations will be addressed in the FSAR. The applicant provided
details that the leakage detection instrumentation detects leakage in containment at or above
the specified rate of 0.19 L/min. The containment sump level and rate-of-change monitoring
instrumentation provides the sensitivity necessary to meet the 0.19 L/min leak detection
threshold and leakage detection systems with a response time of no greater than 1 hour for a
leakage rate of 3.8 L/min include the containment sump level and airborne particulate activity,
which satisfies RG 1.45, Regulatory Position 2.2. As detailed above, the applicant has identified
at least two independent and diverse instruments and/or methods that have detection and
monitoring capabilities, in addition to the methods used to detect and monitor for leakage
identified in PSAR Table 5.2-6. Therefore, the NRC staff finds this satisfies RG 1.45, Regulatory
Position 2.3.

5.2.5.3.4 Leakage Detection Instrumentation and Monitoring

Section 5.2.5.2 of the PSAR describes the leakage detection instrumentation and monitoring for
CRN-1. The instrumentation detects leakage in containment at or above the specified rate.
Containment sump level and rate-of-change are the primary means of meeting the detection
threshold. Containment airborne particulate activity provides a means of detection that is
diverse and independent from containment sump monitoring. The instrumentation is designed to
detect changes in the leakage rate outside containment, and the required sensitivity can vary
depending upon the radiological release risk. The instrumentation is designed to provide
leakage detection for lines within the containment and those that penetrate the containment and
are a part of or are connected to the RCPB. The instrumentation is designed to provide leakage
detection for lines that penetrate the containment and are neither a part of RCPB nor connected
directly to the containment atmosphere. This instrumentation is an operational aid to help
diagnose the source of potential leakage inside containment. The NRC staff finds that the
design features listed above are consistent with RG 1.45.

Leakage detection instrumentation and monitoring inside containment includes reactor water
level detection; low RPV pressure; pressure buildup at reactor pressure vessel head flange
inner O-ring seal; reactor pressure vessel head vent valve discharge temperature; containment
pressure and temperature; containment fission product particulate and noble gas; containment
cooler condensate drain flow; isolation condenser steam supply line and condensate return line
flow; containment sump level; MSL differential pressure; process radiation level; shutdown
cooling system flow and temperature; reactor water cleanup flow rate; and condensate and
feedwater system differential pressure and air temperature.
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PSAR Section 5.2.5.2.2 states that real-time measurements are displayed in the MCR with
alarms to notify personnel when measurements exceed preset limits. Local indication and
alarms are provided where necessary to alert personnel of hazardous conditions. The applicant
states that associated capabilities for monitoring leakage and plant procedures for RCPB
leakage monitoring will be addressed in the FSAR.

PSAR Section 5.2.5 indicates that several aspects of the RCPB leakage detection system for
CRN-1 are currently under development. These include, for example, the RCPB leakage
detection display and indications in the MCR, reactor coolant leakage rate limits, and testing,
calibration, and inspection of the leakage detection systems. The applicant also indicated that
the line break indication signal, including its leak detection performance, is currently under
development. The applicant states that these aspects will be addressed in the FSAR for the
OLA for CRN-1. The NRC staff will review these aspects of the RCPB leak detection in
accordance with GDC 30 and the guidance in RG 1.45, as part of its review of the OLA.

5.2.5.3.5 Intersystem Leakage

The regulatory positions in RG 1.45 state that the plant should monitor intersystem leakage for
systems connected to the RCPB. PSAR Section 5.2.5 indicates that the applicant should
identify all potential intersystem leakage paths and the instrumentation to monitor intersystem
leakage.

The applicant addressed intersystem leakage in PSAR Section 5.2.5.2, “Leakage Detection
Instrumentation and Monitoring.” In this section, the applicant described systems that are
connected to the RCS and identified potential RCS leakage paths and instrumentation provided
to monitor intersystem leakage. PSAR Table 5.2-6 provides monitored leakage parameters for
the intersystem leakage. Additionally, intersystem leakage of radioactive material into the plant
cooling water system (PCW) from the fuel pool cooling and cleanup system (FPC) and
shutdown cooling system can be identified by use of sample points upstream of the PCW and
downstream of each FPC heat exchanger. Based on review of the above PSAR section, the
NRC staff finds the intersystem leakage has been adequately identified, which satisfies RG
1.45, Regulatory Position 1.4.

5.2.5.3.6 GDC 2 and Seismic Qualification

GDC 2 requires that SSCs important to safety be designed to withstand the effects of seismic
events and other natural phenomena without losing the capability to perform their intended
safety functions. The RCPB leakage detection system detects leakage after an earthquake for
an early indication of degradation so corrective action can be taken before such degradation
becomes severe enough to result in a leak rate greater than the capability of the makeup
system to replenish the coolant loss. Application of GDC 2 to the RCPB leakage detection
system ensures that plant operators have the capability to detect and respond to RCPB leakage
after an earthquake. The prompt detection of, and response to, RCPB leakage after an
earthquake reduces the possibility of a severe LOCA. Specifically, RG 1.45 describes an
acceptable method for RCPB leakage detection systems.

RG 1.45 states that, “If a seismic event comparable to a safe-shutdown earthquake occurs, it is
important for the operator to quickly assess the condition within the containment. The proper
functioning of at least one leakage monitoring system would be necessary to evaluate the
magnitude of any leakage that may develop in the containment as a result of a seismic event.”
RG 1.45, Regulatory Position C.2.4, indicates that “at least one of the leakage monitoring
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systems required by the plant technical specifications...should be capable of performing its
function(s) following any seismic event that does not require plant shutdown.”

PSAR Section 5.2.5.8 states that, “Plant shutdown is required for any seismic event for which
ground motion exceeds that of the Operating Basis Earthquake (OBE). For BWRX-300, the
OBE is set as one-third of the Safe Shutdown Earthquake (SSE) Ground Motion design
response spectra. With the OBE set to this value, explicit response or design analysis is not
required.”

Since the required plant shutdown OBE value is set so low for the BWRX-300 design (one-third
of the SSE), the NRC staff finds that the instrumentation associated with leakage detection will
be functional for seismic events not requiring a shutdown, which satisfies RG 1.45, Regulatory
Position C.2.4. Therefore, the BWRX-300 design is consistent with GDC 2 with respect to the
leakage monitoring systems withstanding the effects of seismic events. Further, the CP holder
will need to justify the capability of the monitoring systems to identify the allowable leakage
limitations in the FSAR to support OL issuance.

The NRC regulations in 10 CFR 50.35 state, in part, that the NRC may issue a CP for a nuclear
power plant if the NRC finds that safety features or components, if any, which require research
and development have been described by the applicant and the applicant has identified, and
there will be conducted, a research and development program reasonably designed to resolve
any safety questions associated with such features or components. During the audit of the
electronic reading room information associated with PSAR Section 15.2, “Identification,
Categorization and Grouping of Postulated Initiating Events and Accident Scenarios,” the NRC
staff requested that the applicant describe the line break indication signal and its leak detection
performance that is an essential portion of the accident analyses for CRN-1. In response dated
April 1, 2026 (NRC 2026-TN13261) the applicant stated that the details for the performance
characteristics of the leak detection instrumentation are not available at the PSAR phase. The
applicant indicated that the PSAR describes the approach for leak detection with preliminary
leak detection features provided in Sections 5.4.7, 5.4.8, 6.3.2, and 7.3.1 of the PSAR. The
applicant asserts that the conservatism in the break assumptions and margin will provide
confidence that the final design, including performance of the leak detection instrumentation, will
be acceptable. The NRC staff will review the specific details of the line break indication signal,
including its leak detection performance, as part of its review for the OLA for CRN-1. For
example, the NRC staff will evaluate applicable aspects of the RCPB leakage detection for
compliance with the 10 CFR 50.43(e) requirements.

Based on its review, the NRC staff finds that PSAR Section 5.2.5 provides acceptable
information related to RCPB leakage detection that meets 10 CFR 50.34(a) consistent with the
applicable guidance in RG 1.70 to support the CPA for CRN-1.

5.2.5.4 Conclusion

The NRC staff has reviewed the information provided in PSAR Section 5.2.5 and, for the
reasons given above, concludes that the applicant’s description of RCPB leakage detection is
acceptable for CP issuance for CRN-1. Therefore, the NRC staff concludes that the information
provided by the applicant is sufficient and meets the regulatory requirements of 10 CFR
50.34(a) and adequately supports the issuance of a CP pursuant to the regulations in 10 CFR
50.35.The NRC staff will review the specific details of RCPB leakage detection as part of its
review for the OLA.
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5.3 Reactor Vessel

Section 5.3 of the PSAR provides a description of the reactor vessel for CRN-1. The applicant
describes the major design features, materials of construction, fabrication methods, and key
dimensions of the reactor vessel. The section identifies the reactor vessel as a principal
component of the RCPB and outlines its role in containing the reactor core, providing structural
support for internal components, and maintaining integrity under all operating and accident
conditions. The applicant details the vessel’'s geometry, wall thickness, nozzles, penetrations,
and closure heads, and discusses the design considerations for irradiation effects,
embrittlement, stress analysis, and support of in-vessel structures. The section also summarizes
the applicable codes and standards used in the design and fabrication of the vessel, including
ASME BPVC requirements, and addresses provisions for inspection, testing, and surveillance to
ensure continued vessel integrity throughout the plant’s operating life.

5.3.1 Reactor Vessel Materials
53.1.1 Introduction

Section 5.3.1 of the PSAR describes the materials selected for the BWRX-300 RPV and their
compliance with applicable regulatory requirements. The RPV is a Safety Class 1 (SC1)
component designed to the standards of ASME BPVC, Section Ill, Division 1, Subsection NB,
and serves as the primary pressure-retaining boundary for the reactor coolant. Section 5.3.1
details the material specifications, fabrication processes, nondestructive examination methods,
special controls for ferritic and austenitic stainless steels, fracture toughness requirements, and
the reactor vessel material surveillance program. The PSAR also discusses the selection and
qualification of vessel fasteners, as well as the methods for monitoring irradiation effects and
ensuring the ongoing integrity of vessel materials. The information is provided to demonstrate
that the RPV materials will provide adequate strength, fracture toughness, fabricability, and
compatibility with the BWR environment over the design life of the plant.

5.3.1.2  Regulatory Evaluation

This section summarizes the regulatory requirements and guidance applicable to the
establishment and maintenance of pressure-temperature limits for the reactor vessel and
RCPB. The following regulatory bases form the acceptance criteria for staff review:

Applicable GDC from 10 CFR Part 50 (TN249), Appendix A:

e GDC 1 (Quality Standards and Records): Requires that SSCs important to safety be
designed, fabricated, erected, and tested to quality standards commensurate with the
importance of the safety function to be performed.

e GDC 14 (RCPB): Requires the RCPB to have an extremely low probability of abnormal
leakage, rapidly propagating failure, and gross rupture.

e GDC 31 (Fracture Prevention of RCPB): Requires the RCPB to be designed with sufficient
margin to ensure non-brittle behavior under all conditions and to minimize the probability of
rapidly propagating fracture.

o GDC 32 (Inspection of RCPB Materials): Requires an appropriate material surveillance
program for the reactor vessel beltline region to monitor changes in fracture toughness due
to irradiation.
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Applicable Federal Regulations:

¢ 10 CFR 50.55a—Codes and Standards: Requires conformance with ASME BPVC
Section Il for construction and Section Xl for in-service inspection, including the
establishment of pressure-temperature (P-T) limits.

e 10 CFR 50.60—Acceptance Criteria for Fracture Prevention Measures: Mandates
compliance with the fracture toughness and surveillance program requirements of
Appendices G and H to 10 CFR Part 50.

e 10 CFR Part 50, Appendix G—Fracture Toughness Requirements: Requires that P-T limits
for ferritic RCPB materials be at least as conservative as those obtained by following ASME
BPVC Section XI, Nonmandatory Appendix G, during all phases of operation and testing.

¢ 10 CFR Part 50, Appendix H—Reactor Vessel Material Surveillance Program Requirements:
Mandates a surveillance program to monitor irradiation effects, using test specimens and
withdrawal schedules as specified in ASTM E185.

Applicable Regulatory Guidance:

e RG 1.99, Revision 2 “Radiation Embrittlement of Reactor Vessel Materials,” provides
methods for predicting neutron irradiation embrittlement (reference temperature shifts and
upper-shelf energy reduction) used to support conservative development of P-T limits (NRC
1988-TN12882). In PSAR Table 1.9-20, the applicant states that the CP application
conforms with RG 1.99.

Codes and Standards:
¢ ASME BPVC:

— Section II: Materials, specifies the requirements, properties, and acceptance criteria for
ferrous and nonferrous materials used in the fabrication of pressure-retaining
components. Section Il provides the specifications for material procurement, chemical
composition, mechanical properties, and testing requirements that must be met to
ensure the integrity and suitability of materials used in the RPV and associated
components (ASME 2021-TN12977).

— Section lll: Rules for Construction of Nuclear Facility Components (Class 1 for the RPV),
establishes the rules, design requirements, construction methods, and quality assurance
standards for components of nuclear power plants. Subsection NB of Section Il applies
specifically to Class 1 components, such as the reactor vessel, which are part of the
RCPB. It covers requirements for design, material selection, fabrication, examination,
testing, inspection, and certification for nuclear pressure boundary components (ASME
2021-TN13224).

— Section XI: Rules for Inservice Inspection of Nuclear Power Plant Components, specifies
the requirements and methods for the ISI, examination, and testing of nuclear power
plant components after they have been placed into service. Section Xl establishes the
inspection intervals, examination techniques (e.g., ultrasonic, radiographic, magnetic
particle), acceptance criteria, and evaluation methods to detect and assess
service -induced degradation, ensuring continued integrity of the RPV and other
pressure boundary components throughout the operational life of the plant (ASME 2025-
TN12979).

— Nonmandatory Appendix G—Guidelines for Pressure-Temperature Limit Curves,
provides guidance for establishing P-T limit curves for ferritic RCPB components,
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including the RPV. The appendix describes the analytical methods and fracture
mechanics principles to be used in determining safe P-T operating envelopes, taking into
account material properties, irradiation embrittlement, and stress analysis. The
requirements of Appendix G are intended to prevent non-ductile (brittle) fracture of the
reactor vessel by ensuring that the vessel is operated within limits that maintain
adequate fracture toughness under all anticipated temperature and pressure conditions,
including heat-up, cooldown, and hydrostatic/leak testing. Compliance with these
guidelines is mandated by 10 CFR Part 50, Appendix G, and forms the technical basis
for regulatory approval of plant-specific P-T limits.

o ASTM E185, “Standard Practice for Design of Surveillance Programs for Light-Water
Moderated Nuclear Power Reactor Vessels,” specifies requirements for selection, testing,
and withdrawal of surveillance specimens.

5.3.1.3 Technical Evaluation

The applicant states that the BWRX-300 RPV meets fracture toughness requirements through
compliance with Appendix G to 10 CFR Part 50, ASME BPVC, Section lll, Section IX (ASME
2025-TN12978), and Section Xl (ASME 2025-TN12979). The applicant stated that RG 1.34
does not apply to the BWRX-300 design as electroslag welding is not employed in structural
welds of low-alloy steel. Electroslag welding is not used except for RPV cladding. The applicant
stated that RG 1.43 does not apply to the BWRX-300 design as stainless steel weld cladding is
not used except for RPV cladding.

5.3.1.3.1 Material Specifications

The materials specifications for the RPV are acceptable if they are in accordance with ASME
Code, Section Ill, Article NB-2000. ASME Code, Section lll, Subarticle NB-2121, states that
pressure-retaining material shall conform to the requirements of one of the specifications for
material given in ASME Code, Section Il, Part D, Subpart 1, Tables 2A and 2B. ASME Code,
Section Ill, Subarticle NB-2128, states that materials for bolts and studs shall conform to the
requirements of one of the specifications listed in ASME Code, Section Il, Part C, except as
otherwise permitted in ASME Code, Section IX.

PSAR Section 5.3.1.1 states that Table 5.2-2a lists the materials used in the RPV. Ferrous
materials used to fabricate the RPV include SA-508/SA-508M Grade 3 Class 1 (RPV Shells and
Heads, Shell and Head Flange, and Nozzles); SA-533/SA-533M (RPV Shells and Heads), SA-
540/SA-540M Gr B23 or B24 Class 3 (RPV main closure bolting, standard flange bolting); with
RPV level instrumentation nozzles being SA-182 or SA-965. SB-168, SB-166, or SB-564 are
also considered for the RPV level instrumentation nozzles. Based on the review of the
information described above, the NRC staff determined that the material specifications are
acceptable because they meet the requirements of ASME Code, Section lll, and are appropriate
for the relevant service conditions.

Table 5.2-2 also specifies the weld materials used in the RPV, and PSAR Section 5.3.1.2 states
that welding materials for the RPV conform to ASME Code, Section I, and ASME Code, Section
I1l. The weld materials used to fabricate the RPV include SFA-5.5, SFA-5.23, or SFA-5.28 for
low-alloy steel welds; SFA-5.4 and SFA-5.9 for stainless steel welds; and SFA-5.14 for
nickel-based alloy welds. Based on the review of the information described above, the NRC
staff determined that the material specifications are acceptable because they meet the
requirements of ASME Code, Section lll, and are appropriate for the relevant service conditions.
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5.3.1.3.2 Special Methods for Nondestructive Examination

PSAR Section 5.3.1.3 states the RPV pressure-retaining and integrally attached materials
examinations are to meet the requirements specified in ASME Code, Section Ill. Specifically,
the applicant stated that examinations will meet the requirements of ASME Code, Section lll.
The applicant provided further details concerning the preservice examinations. The NRC staff
discusses this topic as it pertains to the RCPB in more detail in its review of PSAR Section
5.2.3. The NRC staff reviewed the information in PSAR Section 5.3.1.3, for accuracy and
consistency with Section 5.2.3, and found it acceptable, as it is in accordance with ASME Code,
Section llI.

5.3.1.3.3 Special Controls for Ferritic and Austenitic Stainless Steels

PSAR Section 5.3.1.4 references several RGs with applicability to the design of the RPV. The
applicant states that RPV conforms to requirements in RG 1.31 (NRC 2013-TN13074), “Control
of Ferrite Content in Stainless Steel Weld Metal,” and that these controls are discussed in more
detail in PSAR Section 5.2.3.4.2. PSAR Section 5.3.1.4 also states that RG 1.34 is not
applicable, with further discussion in PSAR Section 5.2.3.3.2. RG 1.43 is concerned with
cracking of low-alloy steel under stainless steel weld deposited cladding. The applicant states
that this RG is not applicable because the RPV is constructed using SA-508/SA-508M Grade 3
Class 1 or SA-533/SA-533M Type B Class 1 alloys, which produce fine grain structures. These
fine grain structures prevent underclad cracking. PSAR Section 5.3.1.4 further states that the
BWRX-300 design conforms to the requirements of RG 1.44 (NRC 2011-TN13084), “Control of
the Processing and Use of Stainless Steel,” through the use of low-carbon materials and
processing steps; these controls are discussed further in PSAR Section 5.2.3.4.1. RG 1.50
(NRC 2011-TN13085), “Control of Preheat Temperature for Welding of Low-Alloy Steel,” is
discussed in more detail in PSAR Section 5.2.3.3.2. RG 1.71 (NRC 2007-TN13086), “Welder
Qualification for Areas of Limited Accessibility,” is discussed in more detail in PSAR Section
5.2.3.4.2. RG 1.99 (NRC 1988-TN12882), “Radiation Embrittlement of Reactor Vessel
Materials,” requires prediction for changes in reference temperature and upper-shelf energy for
the RPV. Conformance with this RG is discussed in the following sections of this report.

The NRC staff reviewed each RG and referenced section and found the use of the RGs and
explanations for applicability to be acceptable. Additional discussion on the conformance with
RG 1.31 can be found in Section 5.2.3.3.5 of this report and additional discussion on the
applicability of RG 1.34 and implementation of RG 1.71 can be found in Section 5.2.3.3.4 of this
report. The NRC staff also notes that RG 1.34 does not apply because electroslag welding is
only used in the RPV cladding, not the low-alloy steel structural components. The NRC staff
further notes that RG 1.43 does not apply because stainless steel weld cladding is only used in
the RPV cladding. The design follows all requirements for controls on ferritic and austenitic
stainless steels in the referenced RGs, ASME Sections, and relevant generic letters.

5.3.1.3.4 Fracture Toughness

PSAR Section 5.3.1.5, “Fracture Toughness,” describes how the fracture toughness
requirements of 10 CFR Part 50, Appendix G, are met for RPV beltline materials in the
applicant’s design. The applicant stated that RCPB pressure-retaining materials will comply with
the requirements of 10 CFR Part 50, Appendix G; ASME Code, Section Ill, NB-2200, NB-2300,
and ASME Code, Section XI, Nonmandatory Appendix G. PSAR Section 5.3.1.5 references
Sections 5.3.2 and 5.2.3.3.1 for fulfilling these requirements.
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The NRC staff verified that application of ASME Code, Section XI, Nonmandatory Appendix G,
analysis in concert with testing required by ASME Code, Section lll, Subarticle NB-2300 will
ensure that the construction materials subjected to design stresses and conditions will have
sufficient fracture toughness to appropriately withstand these stresses and conditions.
Specifically, the toughness requirements of NB-2331 testing will ensure that materials that fail
testing requirements will not be used. ASME Code, Section XI, Nonmandatory Appendix G
analysis provides allowable loadings for materials with properties compliant with ASME Code,
Section Ill, Subarticle NB-2331 requirements based on postulated flaws and linear elastic
fracture mechanics.

The NRC staff reviewed the information above and finds that the applicant has addressed
fracture toughness appropriately, specifically through reference to 10 CFR Part 50, Appendix G,
and ASME Code Section Ill, Paragraph NB-2331 testing requirements.

5.3.1.3.5 Material Surveillance

PSAR Section 5.3.1.6.1 provides discussion of how the applicant intends to meet the
surveillance requirements of 10 CFR Part 50, Appendix H. The applicant has used ASTM E185-
21 for the design of their materials surveillance program. Justification of this deviation from the
requirements of 10 CFR Part 50, Appendix H, which incorporates ASTM E185-82 by reference,
will be provided in the FSAR. ASTM E185-21 requires 15 unirradiated Charpy specimens, while
ASTM E185-82 requires 18 such specimens. All other material specimen and surveillance
capsule requirements in ASTM E185-21 are greater or equal to those in E185-82. The
difference of three specimens in unirradiated Charpy specimens is due to the applicant’s desire
to no longer test HAZ material. 10 CFR Part 50, Appendix H, no longer requires HAZ specimens
otherwise required in ASTM E185-82 to be tested. Because this portion of E185-82 is no longer
required, and because all other material specimen and surveillance capsule requirements in
ASTM E185-21 are greater or equal to those in E185-82, the proposed quantity and selection of
specimens for unirradiated testing and capsules are acceptable.

PSAR Section 5.3.1.6.2 references the Neutron Flux and Fluence calculations in Table 5.3-4 to
determine limiting welds in the beltline region. The NRC staff reviewed these calculations and
agreed that they show that a material surveillance program is necessary due to meeting the
threshold of peak fluence at the end of design life.

PSAR Section 5.3.1.6.3 describes the use of RG 1.99 in determining the worst case in ductile-
to-brittle transition temperature shift for the RPV beltline materials. As exact chemistry is not
known at this time, residual limits in Table 5.3-1 were used to determine ultimate end of life shift
in Table 5.3-2. The NRC staff reviewed this information and finds the preliminary determination
of irradiation effects on beltline materials acceptable.

PSAR Section 5.3.1.6.4 describes the positioning of the surveillance capsules and method of
attachment of the capsules. The capsules will be inserted into surveillance sample holders to
allow insertion and removal of specimen capsules. The applicant states that the holders are
designed, fabricated, and analyzed to requirements of ASME, Section lll, Subsection NG. The
NRC staff finds this acceptable as it allows for changing of the specimen removal plan as
necessary and follows ASME Code, Section Il requirements.

5-31



5.3.1.3.6 Reactor Vessel Fasteners

PSAR Section 5.3.1.7 states that the design and analysis of RPV bolting materials complies
with ASME Code, Section Ill, Subsection NB requirements, with RPV main closure bolting
materials specified in Table 5.2-2a. The NRC staff’s evaluation of the bolting materials is
provided in Section 3.13 of this report.

PSAR Section 5.3.1.7 provides a detailed discussion of the configuration, design, and function
of the RPV threaded fasteners. The NRC staff reviewed this description and finds that the RPV
threaded fasteners are acceptable because their configuration, design, and function provide a

level of safety that matches GDCs and ASME Code requirements.

5.3.1.4 Conclusion

Given the NRC staff’s evaluation of the PSAR as summarized above, the NRC staff concludes
that the plant design is acceptable and meets the requirements of GDC 1, 4, 14, 30, 31, and 32
of Appendix A to 10 CFR Part 50; the requirements of Appendices B, G and H to 10 CFR Part
50; 10 CFR 50.34(a); and the requirements of 10 CFR 50.55a. Therefore, the NRC staff finds
that the information in PSAR Section 5.3.1 is sufficient and meets the regulatory requirements
identified in this section and adequately supports the issuance of a CP pursuant to the
regulations of 10 CFR 50.35.

5.3.2 Pressure-Temperature Limits
5.3.2.1 Introduction

Section 5.3.2 of the PSAR describes the regulatory requirements, technical bases, and
methodologies used to establish the P-T limits for the BWRX-300 RCPB. The applicant
identifies the relevant regulations—primarily 10 CFR 50.55a, 10 CFR 50.60, and 10 CFR

Part 50, Appendices G and H—as well as the associated GDC that require the RCPB to be
designed, fabricated, erected, and tested to withstand operational, testing, and postulated
accident conditions without brittle failure or rapidly propagating fracture. The P-T limits are
based on the fracture toughness properties of ferritic materials in the RCPB, accounting for the
effects of neutron irradiation on the reactor vessel beltline region. The applicant states that the
limits will be determined using methodologies consistent with 10 CFR Part 50, Appendix G, and
ASME BPVC Section XI, Nonmandatory Appendix G. The PSAR commits to development of
plant-specific, bounding P-T limit curves for heat-up, cooldown, and test conditions, using
conservative material properties and margins as required by NRC regulations and RG 1.99
(NRC 1988-TN12882) for irradiation embrittliement. These limits will be addressed in the
technical specifications or a BWRX-300 P-T limits report in the FSAR. The applicant also
addresses compliance with reactor vessel material surveillance requirements in accordance
with 10 CFR Part 50, Appendix H and ASTM E185. The P-T limit curves are based on the most
limiting locations within the RPV, considering the initial reference temperature, predicted shift
due to irradiation, and upper-shelf energy requirements, with supporting data provided in
referenced tables.

5.3.2.2 Regulatory Evaluation
This section summarizes the regulatory requirements and guidance that form the acceptance

criteria for the staff's review of pressure-temperature limits for the BWRX-300 reactor vessel
and RCPB.
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Applicable GDC from 10 CFR Part 50, Appendix A:

e GDC 1 (Quality Standards and Records): Requires that SSCs important to safety be
designed, fabricated, erected, and tested to quality standards commensurate with the
importance of the safety function to be performed.

e GDC 14 (RCPB): Requires that the RCPB have an extremely low probability of abnormal
leakage, rapidly propagating failure, and gross rupture.

e GDC 31 (Fracture Prevention of RCPB): Requires that the RCPB be designed with sufficient
margin to ensure that when stressed under operating, maintenance and testing, and
postulated accident conditions, the boundary behaves in a non-brittle manner and the
probability of rapidly propagating fracture is minimized.

e GDC 32 (Inspection of Reactor Coolant Pressure Boundary Materials): Requires that a
material surveillance program be established to monitor changes in the fracture toughness
properties of the reactor vessel beltline region, accounting for effects of neutron irradiation.

Applicable Federal Regulations:

¢ 10 CFR 50.55a (Codes and Standards): Requires compliance with ASME BPVC Section Il
for construction and Section Xl for in-service inspection, including the establishment of P-T
limits in accordance with code requirements.

¢ 10 CFR 50.60 (Acceptance Criteria for Fracture Prevention Measures): Requires
compliance with fracture toughness and material surveillance program requirements in
10 CFR Part 50, Appendices G and H.

¢ 10 CFR Part 50, Appendix G (Fracture Toughness Requirements): Requires that P-T limits
for ferritic RCPB materials be at least as conservative as those obtained by following ASME
BPVC Section XI, Nonmandatory Appendix G, during all phases of operation and testing.

¢ 10 CFR Part 50, Appendix H (Reactor Vessel Material Surveillance Program Requirements):
Requires a surveillance program to monitor irradiation effects on RPV materials, with test
specimens and withdrawal schedules per ASTM E185.

Applicable Regulatory Guidance:

o RG 1.99, Revision 2 (Radiation Embrittlement of Reactor Vessel Materials): Provides
methods for predicting neutron irradiation embrittlement, including reference temperature
shifts and upper-shelf energy reduction, to support the development of conservative P-T
limits (NRC 1988-TN12882).

Codes and Standards:
¢ ASME BPVC:

— Section lll: Rules for Construction of Nuclear Facility Components (Class 1 for the RPV),
establishes the rules, design requirements, construction methods, and quality assurance
standards for components of nuclear power plants. Subsection NB of Section Il applies
specifically to Class 1 components, such as the reactor vessel, which are part of the
RCPB. It covers requirements for design, material selection, fabrication, examination,
testing, inspection, and certification for nuclear pressure boundary components (ASME
2021-TN13224).

— Section XI: Rules for Inservice Inspection of Nuclear Power Plant Components, specifies
the requirements and methods for the ISI, examination, and testing of nuclear power
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plant components after they have been placed into service. Section Xl establishes the
inspection intervals, examination techniques (e.g., ultrasonic, radiographic, magnetic
particle), acceptance criteria, and evaluation methods to detect and assess service-
induced degradation, ensuring continued integrity of the RPV and other pressure
boundary components throughout the operational life of the plant (ASME 2025-
TN12979).

— Nonmandatory Appendix G: Guidelines for Pressure-Temperature Limit Curves

e ASTM E185 (Standard Practice for Design of Surveillance Programs for Light-Water
Moderated Nuclear Power Reactor Vessels): Specifies requirements for selection, testing,
and withdrawal of surveillance specimens to monitor irradiation embrittlement.

5.3.2.3 Technical Evaluation

PSAR Section 5.3.2 discusses how the applicant plans to meet the requirements of 10 CFR
50.55a, 10 CFR 50.60, GDCs 1, 14, 31, and 32, and 10 CFR Part 50, Appendix G. This is
accomplished primarily through following RG 1.99 and ASME Code, Section XI, Nonmandatory
Appendix G. Section 5.3.1 demonstrated how the materials would follow 10 CFR Part 50,
Appendix G for fracture toughness requirements. The rest of Section 5.3.2 discusses heat-up
and cooldown behaviors that will be discussed in the FSAR. These operational issues are
outside of the scope of the safety evaluation for this CPA.

5.3.24 Conclusion

The NRC staff concludes that the information in the PSAR demonstrates that the fracture
toughness of ferritic materials in the RCPB will comply with the requirements of Appendix G to
10 CFR Part 50, as detailed on Section XI of the ASME Code, and that the materials in the
beltline region of the reactor vessel will comply with the requirements of 10 CFR 50.34(a), 10
CFR 50.60, and RG 1.99. (GDC1, 14, 31, 32 of Appendix A, 10 CFR 50.55a, 10 CFR 50.60).
Therefore, the NRC staff finds that the information in PSAR Section 5.3.2 is sufficient and meets
the regulatory requirements identified in this section and adequately supports the issuance of a
CP pursuant to the regulations of 10 CFR 50.35.

5.3.3 Reactor Vessel Integrity
5.3.3.1 Introduction

Section 5.3.3 of the PSAR presents a comprehensive discussion of the factors that contribute to
the structural integrity of the BWRX-300 RPV. The applicant addresses the design, materials of
construction, fabrication methods, inspection requirements, shipment and installation practices,
operating conditions, and in-service surveillance provisions that collectively ensure vessel
integrity throughout its design life. The RPV is designed and fabricated in accordance with the
ASME BPVC, Section Ill, and is subject to inspection and testing requirements to confirm quality
and suitability. Section 5.3.3 explains that fracture toughness requirements are met using ASME
BPVC Section Xl (ASME 2025-TN12979) and Nonmandatory Appendix G. Fabrication and
inspection methods are described in Section 5.3.3. The PSAR also outlines operational controls
to manage thermal stresses and maintain the vessel within established pressure-temperature
limits. The applicant describes the quality assurance program, including documentation,
inspection, and surveillance during vessel fabrication and installation, as well as the
implementation of a material surveillance program to monitor irradiation effects. These
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measures are intended to ensure the RPV maintains its structural integrity and complies with all
applicable regulatory and code requirements throughout its service life.

5.3.3.2  Regulatory Evaluation

This section summarizes the regulatory requirements and guidance that form the acceptance
criteria for the NRC staff’s review of reactor vessel integrity for the BWRX-300.

Applicable GDC from 10 CFR Part 50 (TN249), Appendix A:

GDC 1 (Quality Standards and Records): Requires that SSCs important to safety be
designed, fabricated, erected, and tested to quality standards commensurate with the
importance of the safety function to be performed.

GDC 4 (Environmental and Dynamic Effects Design Bases): Requires that SSCs important
to safety be designed to accommodate the effects of and be compatible with the
environmental conditions associated with normal operation, maintenance, testing, and
postulated accidents, including dynamic effects such as vibration, water hammer, and pipe
whip.

GDC 14 (RCPB): Requires that the RCPB have an extremely low probability of abnormal
leakage, rapidly propagating failure, and gross rupture.

GDC 30 (Quality of RCPB): Requires that components which form part of the RCPB be
designed, fabricated, erected, and tested to the highest quality standards practical.

GDC 31 (Fracture Prevention of RCPB): Requires that the RCPB be designed with sufficient
margin to ensure that when stressed under operating, maintenance and testing, and
postulated accident conditions, the boundary behaves in a non-brittle manner and the
probability of rapidly propagating fracture is minimized.

GDC 32 (Inspection of RCPB Materials): Requires that a material surveillance program be
established to monitor changes in the fracture toughness properties of the reactor vessel
beltline region, accounting for the effects of neutron irradiation.

Applicable Federal Regulations:

10 CFR 50.55a (Codes and Standards): Requires compliance with the ASME BPVC
Section Il for construction and Section Xl for in-service inspection, including requirements
pertinent to vessel integrity.

10 CFR 50.60 (Acceptance Criteria for Fracture Prevention Measures): Requires
compliance with fracture toughness and material surveillance program requirements in
10 CFR Part 50, Appendices G and H.

10 CFR Part 50, Appendix G (Fracture Toughness Requirements): Requires that the reactor
vessel and RCPB materials demonstrate adequate fracture toughness and that P-T limits
are established and maintained based on conservative assumptions.

10 CFR Part 50, Appendix H (Reactor Vessel Material Surveillance Program Requirements):
Requires a surveillance program to monitor irradiation effects on RPV materials, with test
specimens and withdrawal schedules in accordance with ASTM E185.

10 CFR Part 50, Appendix B (Quality Assurance Criteria): Requires a quality assurance
program that ensures materials, equipment, and services associated with activities affecting
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safety-related functions of SSCs in a nuclear power plant, including the reactor vessel,
conform to design requirements.

Applicable Regulatory Guidance:

RG 1.31 (Control of Ferrite Content in Stainless Steel Weld Metal): Provides guidance on
the control of weld metal ferrite content to prevent IGSCC (NRC 2013-TN13074.

RG 1.44 (Control of the Processing and Use of Stainless Steel): Provides guidance on the
processing and use of stainless steels to minimize susceptibility to stress corrosion cracking
(NRC 2011-TN13084).

RG 1.50 (Control of Preheat Temperature for Welding of Low-Alloy Steel): Provides
guidance on preheat and interpass temperature control during welding to prevent defects
(NRC 2011-TN13085).

RG 1.65 (Materials and Inspections for Reactor Vessel Closure Studs): Provides guidance
for the selection and inspection of vessel closure bolting (NRC 2010-TN8358).

RG 1.71 (Welder Qualification for Areas of Limited Accessibility): Provides guidance for
welder qualification in areas with limited access (NRC 2007-TN13086).

RG 1.99 (Radiation Embrittlement of Reactor Vessel Materials): Provides methods for
predicting neutron irradiation embrittlement to support vessel integrity assurance (NRC
1988-TN12882).

ASTM E185 (Standard Practice for Design of Surveillance Programs for Light-Water
Moderated Nuclear Power Reactor Vessels): Specifies requirements for selection, testing,
and withdrawal of surveillance specimens to monitor irradiation embrittlement.

Codes and Standards:

ASME BPVC:

— Section Il: Materials, specifies the requirements, properties, and acceptance criteria for
ferrous and nonferrous materials used in the fabrication of pressure-retaining
components. Section Il provides the specifications for material procurement, chemical
composition, mechanical properties, and testing requirements that must be met to
ensure the integrity and suitability of materials used in the RPV and associated
components (ASME 2021-TN12977).

— Section lll: Rules for Construction of Nuclear Facility Components (Class 1 for the RPV),
establishes the rules, design requirements, construction methods, and quality assurance
standards for components of nuclear power plants. Subsection NB of Section Il applies
specifically to Class 1 components, such as the reactor vessel, which are part of the
RCPB. It covers requirements for design, material selection, fabrication, examination,
testing, inspection, and certification for nuclear pressure boundary components (ASME
2021-TN13224).

— Section IX: Qualification Standard for Welding, Brazing, and Fusing Procedures,
provides the requirements for the qualification of welding, brazing, and fusing
procedures, as well as for the performance qualification of welders, brazers, and
operators. Section IX ensures that welding and joining processes used in the fabrication
and repair of nuclear components produce joints of adequate quality and mechanical
properties, thereby supporting the integrity of the RPV and other safety-related
components (ASME 2025-TN12978).
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— Section XI: Rules for Inservice Inspection of Nuclear Power Plant Components, specifies
the requirements and methods for the ISI, examination, and testing of nuclear power
plant components after they have been placed into service. Section Xl establishes the
inspection intervals, examination techniques (e.g., ultrasonic, radiographic, magnetic
particle), acceptance criteria, and evaluation methods to detect and assess
service-induced degradation, ensuring continued integrity of the RPV and other pressure
boundary components throughout the operational life of the plant (ASME 2025-
TN12979).

— Nonmandatory Appendix G: Fracture Toughness, provides guidelines for evaluating the
fracture toughness of ferritic materials in nuclear pressure-retaining components,
including the development of P-T limit curves. Nonmandatory Appendix G addresses the
prevention of non-ductile (brittle) failure by establishing conservative criteria for
allowable stresses, minimum fracture toughness requirements, and the methodology for
determining safe operating and testing conditions for the RPV, as required by 10 CFR
Part 50, Appendix G.

5.3.3.3 Technical Evaluation

The NRC staff reviewed all constituent topics of reactor vessel integrity separately in
accordance with other sections in this SER chapter, primarily Section 5.3.1 of this report. SRP
Section 5.3.3 provides the references that form the bases for this evaluation. The NRC staff
reviewed the information pertaining to design, materials of construction, fabrication methods,
inspection requirements, and threaded fasteners in Section 5.3.1 of this report. Detailed
discussions of the staff’s findings for the sections of the PSAR that reference SRP Section 5.3.3
are located elsewhere in the associated SER sections.

5.3.3.4 Conclusion

The NRC staff concludes that the structural integrity of the reactor vessel is acceptable and
meets the requirements of GDC 1, 4, 14, 30, 31, and 32 of Appendix A to 10 CFR Part 50; 10
CFR 50.34(a); the requirements of 10 CFR Part 50, Appendix B; and the requirements of 10
CFR 50.60 and associated Appendices G and H. Therefore, the NRC staff finds that the
information in PSAR Section 5.3.3 is sufficient and meets the regulatory requirements identified
in this section and adequately supports the issuance of a CP pursuant to the regulations of 10
CFR 50.35.

5.4 Reactor Coolant System Components and Subsystem Design

5.41 Reactor Coolant Pumps or Circulation Pumps

The applicant states that this section is not applicable as the BWRX-300 design does not
include reactor coolant pumps or circulation pumps. Based on this design feature, the NRC staff
concludes that PSAR Section 5.4.1 is acceptable for the CPA for CRN-1.

5.4.2 Steam Generators

The applicant states that this section is not applicable as the BWRX-300 design does not

include a steam generator. Based on this design feature, the NRC staff concludes that PSAR
Section 5.4.2 is acceptable for the CPA for CRN-1.
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5.4.3 Reactor Coolant System Piping and Valves
5.4.3.1 Introduction

The RCS for the CRN-1 will be comprised of the SC1 portion of the Nuclear Boiler System
(NBS) and the SC1 portion of the CFS. The RCS will extend to and include the outermost CIV in
the MS and FW piping. The NBS will include the RPV and provide MS flow paths from the RPV
to the steam turbine, and the CFS provides FW flow paths to the RPV. The RPV, RIVs, and
CIVs are major components of the RCS in the CRN-1. The RCS maintains adequate core
cooling conditions (i.e., pressure, temperature, and coolant flow rate) for the fuel during power
operation. The RIVs and ClVs are described with their respective connected systems in
applicable sections of the Clinch River PSAR.

5.4.3.2  Regulatory Evaluation

The NRC regulations in 10 CFR 50.34 (TN249), paragraph (a), require CP applicants to submit
a PSAR describing specific aspects of the proposed nuclear power plant for NRC review. For
example, paragraph (2) in 10 CFR 50.34(a) requires that the PSAR provides a summary
description and discussion of the facility, with special attention to design and operating
characteristics, unusual or novel design features, and principal safety considerations. Paragraph
(3)in 10 CFR 50.34(a) requires in item (i) that the PSAR provide a preliminary design of the
facility including the principal design criteria for the facility with reference to Appendix A in 10
CFR Part 50 for minimum requirements for the principal design criteria for water-cooled nuclear
power plants similar in design and location to plants for which CPs have previously been issued
by the NRC.

The NRC regulations in 10 CFR Part 50, Appendix A, include requirements for the design,
qualification, and testing of the RCS piping and valves in nuclear power plants. With respect to
the RCS piping and valves in the CRN-1, these requirements include, for example, the following
GDC:

o« GDC 1 (Quality Standards and Records), which requires that SSCs important to safety be
designed, fabricated, erected, and tested to quality standards commensurate with the
importance of the safety function to be performed.

e GDC 2 (Design Bases for Protection Against Natural Phenomena), which requires that
SSCs important to safety be designed to withstand the effects of natural phenomena, such
as earthquakes, tornadoes, and floods, without loss of capability to perform their safety
functions.

¢ GDC 4 (Environmental and Dynamic Effects Design Bases), which requires that SSCs
important to safety be designed to accommodate the effects of, and be compatible with,
the environmental conditions associated with normal operation, maintenance, testing, and
postulated accidents, including dynamic effects such as pipe whip, jet impingement, and
vibration.

e GDC 14 (RCPB), which requires that the RCPB have an extremely low probability of
abnormal leakage, rapidly propagating failure, and gross rupture.

¢ GDC 15 (Reactor Coolant System Design), which requires that the RCS be designed to
ensure that the capability for removing heat from the reactor core is provided and that the
pressure boundary is protected from overpressure conditions.
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e GDC 30 (Quality of RCPB), which requires that components which form part of the RCPB
be designed, fabricated, erected, and tested to the highest quality standards practical.

e GDC 31 (Fracture Prevention of RCPB), which requires that the RCPB be designed with
sufficient margin to ensure that when stressed under operating, maintenance and testing,
and postulated accident conditions, the boundary behaves in a non-brittle manner and the
probability of rapidly propagating fracture is minimized.

e GDC 32 (Inspection of RCPB Materials), which requires that a material surveillance
program be established to monitor changes in the fracture toughness properties of the
reactor vessel beltline region, accounting for the effects of neutron irradiation.

The NRC regulations in Appendix B to 10 CFR Part 50 specify quality assurance requirements
for activities affecting safety-related functions of SSCs in a nuclear power plant, including the
design, fabrication, construction, testing, and records control.

The NRC regulations in 10 CFR 50.43(e) state, in part, that applications for a design
certification, combined license, manufacturing license, operating license or standard design
approval that propose nuclear reactor designs that differ significantly from light-water reactor
designs that were licensed before 1997, or use simplified, inherent, passive, or other innovative
means to accomplish their safety functions will be approved only if (1) the performance of each
safety feature of the design has been demonstrated through either analysis, appropriate test
programs, experience, or a combination thereof; (2) interdependent effects among the safety
features of the design are acceptable, as demonstrated by analysis, appropriate test programs,
experience, or a combination thereof; and (3) sufficient data exist on the safety features of the
design to assess the analytical tools used for safety analyses over a sufficient range of normal
operating conditions, transient conditions, and specified accident sequences, including
equilibrium core conditions. The BWRX-300 design includes design features that might be
within the scope of 10 CFR 50.43(e). As 10 CFR 50.43(e) is not applicable to CPAs, the NRC
staff will evaluate compliance with this regulation as part of the review of the OLA for the
CRN-1.

The NRC regulations in 10 CFR 50.55a incorporate by reference with conditions the ASME BPV
Code, Section lll, and Section XI, and ASME OM Code, for the design, inspection, and testing
of applicable nuclear power plant components. These regulatory requirements apply to RCS
piping and valves for the CRN-1.

In RG 1.70 (Revision 3, November 1978) (NRC 1978-TN12879), the NRC provides guidance for
preparation of a PSAR describing the nuclear power plant for a CPA. Section 5.4.3, “Reactor
Coolant Piping,” in RG 1.70 states that the section on reactor coolant piping should present an
overall description of this system, making appropriate references to detailed information on
criteria, methods, and materials in other PSAR sections. RG 1.70, Section 5.4.3, also states that
the PSAR should include the provisions taken during design, fabrication, and operation to
control those factors that contribute to stress corrosion cracking.

In its review, the NRC staff evaluated whether the applicant complied with the NRC regulatory
requirements in 10 CFR 50.34 as applicable for a new CPA with respect to the RCS piping and
valves for the CRN-1. The NRC staff technical evaluation of the CRN-1 PSAR Section 5.4.3 with
respect to the applicable regulatory requirements and guidance is described in the following
section of this NRC safety evaluation.
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5.4.3.3 Technical Evaluation

The NRC regulations in 10 CFR 50.34(a) require CP applicants to submit a PSAR describing
specific aspects of the proposed nuclear power plant for NRC review. In RG 1.70, the NRC
provides guidance for preparation of a PSAR describing the nuclear power plant for a CP
application. Section 5.4.3 in RG 1.70 provides guidance for CP applicants to meet the 10 CFR
50.34(a) requirements with respect to the RCS piping for a proposed nuclear power plant. The
NRC staff reviewed CRN-1 PSAR Section 5.4.3 for compliance with the NRC regulations in

10 CFR 50.34(a) as applicable to a new CP application, for the content of the PSAR with
respect to the RCS piping and valves for the CRN-1.

The RCS for the CRN-1 will be comprised of the SC1 portion of the NBS and the SC1 portion of
the CFS. The RCS will extend to and include the outermost CIV in the MS and FW piping. The
NBS will include the RPV and will provide MS flow paths from the RPV to the steam turbine, and
the CFS will provide FW flow paths to the RPV. The RPV, RIVs, and CIVs are major
components of the RCS for the CRN-1. The RCS will maintain adequate core cooling conditions
(i.e., pressure, temperature, and coolant flow rate) for the fuel during power operation of the
CRN-1. The CRN-1 PSAR describes the RIVs and ClVs with their respective systems in the
applicable sections of the PSAR.

A new design feature of the BWRX-300 reactor different from currently operating U.S. nuclear
power plants is the use of integral RIVs that are directly flanged to the RPV nozzles on the
reactor vessel. The design of the integral RIVs consists of two valves with hydraulic actuators in
a single body that are independently able to isolate the respective line. RIVs on each RPV
nozzle will be designed and qualified to meet required criteria for the RPV isolation functions.
The RIVs allow LOCAs to be quickly isolated, thereby preserving the fluid inventory in the RPV
for core cooling. The RIVs are mechanically redundant and have diverse 1&C systems. RIVs will
be provided for the MS lines, FW lines, ICS lines, CUW lines, and RPV head vent line. Except
for the ICS RIVs, the RIVs will fail closed and maintain a closed position by positive mechanical
means upon loss of hydraulic power. The NRC staff considers this description of the RIVs to be
sufficient to satisfy 10 CFR 50.35 for issuance of a CP for the CRN-1. The NRC staff will
evaluate the actions taken by the applicant to satisfy 10 CFR 50.43(e) for the RIVs as part of the
review of the OL for the CRN-1.

The MS and FW CIVs in the CRN-1 will operate via hydraulic actuators. The CIVs fail closed
and maintain a closed position by positive mechanical means upon loss of hydraulic power.
PSAR Section 6.2.4 describes the containment isolation function for the CRN-1.

The CRN-1 PSAR describes specific aspects of the RCS piping and valves for the CRN-1 in
several separate sections. For example, PSAR Sections 3.9.1, 3.9.2, and 3.9.3 describe the
methods of analysis and structural integrity considerations for the RCS piping and valves. PSAR
Section 3.9.6 provides information on the functional design, qualification, and IST programs for
the RCS valves. The RCS valves will be qualified in accordance with the provisions of the
ASME QME-1 Standard as accepted in RG 1.100 (NRC 2020-TN13088), or an acceptable
alternative method. PSAR Section 3.10 provides information on the seismic and dynamic
qualification of the RCS valves, associated electrical equipment, and I&C systems. PSAR
Section 3.11 provides information on the environmental qualification of mechanical and
electrical equipment. PSAR Section 3.12 provides information on the design and analysis, and
testing, of the RCS piping, and associated piping supports. PSAR Section 5.2.3 describes the
evaluation of the RCPB piping and valve materials. PSAR Section 5.2.3 also specifies the
provisions for design, fabrication, and operation to control factors that contribute to stress
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corrosion cracking. PSAR Section 5.2.4 specifies the provisions for PSI and ISI programs for the
RCS piping and valves with requirements consistent with ASME BPV Code, Section XI. PSAR
Section 6.3 describes the emergency core cooling function of the ICS. PSAR Section 6.6
describes the PSI and ISI programs for ASME Class 2 and ASME BPV Code Class 3
components. The NRC staff describes its review of these aspects of the RCS piping and valves
in the applicable sections of this report.

Based on its review, the NRC staff finds that the CRN-1 PSAR Section 5.4.3 provides
acceptable information related to the RCS piping and valves that meets 10 CFR 50.34(a)
consistent with the applicable guidance in RG 1.70 to support the CPA for the CRN-1. The NRC
staff will evaluate applicable aspects of the RCS piping and valves (such as the 10 CFR
50.43(e) requirements for the RIVs) as part of the review of the OLA for the CRN-1.

54.3.4 Conclusion

The NRC staff has reviewed the information provided in the CRN-1 PSAR and, for the reasons
given above, concludes that the CP applicant’s description of RCS piping and valves is
acceptable for CP issuance for the CRN-1. Therefore, the NRC staff concludes that the
information provided by the applicant is sufficient and meets the regulatory requirements of 10
CFR 50.34(a) and adequately supports the issuance of a CP pursuant to the regulations in 10
CFR 50.35.

5.4.4 Main Steam Line Flow Restrictors
5441 Introduction

The applicant describes the design and function of the MSL flow restrictors installed in each
RPV main steam nozzle. The MSL flow restrictors are passive devices that limit steam flow in
the event of a postulated main steam line break. By limiting the rate of steam discharge, the flow
restrictors support core cooling, limit radiological releases prior to isolation, and work in
conjunction with main steam isolation valves to prevent uncovering of the reactor core.

This section of the safety evaluation addresses the design bases, functional role, and safety
classification of the MSL flow restrictors as described in PSAR Section 5.4.4, with accident
analyses referenced in Chapter 15.

5.4.4.2 Regulatory Evaluation

Applicable GDC from 10 CFR Part 50, Appendix A:

e GDC 1 (Quality Standards and Records): Requires that SSCs important to safety—including
main steam line flow restrictors—be designed, fabricated, erected, and tested to quality
standards commensurate with the importance of the safety function to be performed.

e GDC 2 (Design Bases for Protection Against Natural Phenomena): Requires that SSCs
important to safety be designed to withstand the effects of natural phenomena, such as
earthquakes and tornadoes, without loss of capability to perform their safety functions.

e GDC 4 (Environmental and Dynamic Effects Design Bases): Requires that SSCs important
to safety be designed to accommodate the effects of, and be compatible with, the
environmental conditions associated with normal operation, maintenance, testing, and
postulated accidents, including dynamic effects such as pipe whip, jet impingement, and
vibration.
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e GDC 14 (RCPB): Requires that the RCPB have an extremely low probability of abnormal
leakage, rapidly propagating failure, and gross rupture.

e GDC 15 (Reactor Coolant System Design): Requires that the RCS be designed with
sufficient capability to remove heat from the core and protect the RCPB from over
pressurization.

e GDC 30 (Quality of RCPB): Requires that components that form part of the RCPB be
designed, fabricated, erected, and tested to the highest quality standards practical.

e GDC 31 (Fracture Prevention of RCPB): Requires that the RCPB be designed with sufficient
margin to ensure that when stressed under operating, maintenance and testing, and
postulated accident conditions, the boundary behaves in a non-brittle manner and the
probability of rapidly propagating fracture is minimized.

e GDC 32 (Inspection of RCPB Materials): Requires a material surveillance program to
monitor changes in fracture toughness properties due to irradiation.

Applicable Federal Regulations:

¢ 10 CFR 50.55a (Codes and Standards): Requires compliance with the ASME BPVC Section
Il for design, materials, fabrication, examination, and testing of Class 1 components,
including MSL flow restrictors, and Section Xl for in-service inspection.

¢ 10 CFR Part 50, Appendix B (Quality Assurance Criteria): Specifies quality assurance
requirements for activities affecting safety-related functions of SSCs in a nuclear power
plant, including design, fabrication, construction, and testing.

Applicable Regulatory Guidance:

e RG 1.26 (Quality Group Classifications and Standards for Water-, Steam-, and Radioactive-
Waste-Containing Components): Provides guidance for the classification of components
such as main steam line flow restrictors and the corresponding design and quality standards
(NRC 2021-TN12803).

¢ RG 1.84 (Design, Fabrication, and Materials Code Case Acceptability, ASME Section IlI):
Identifies acceptable ASME Section Il Code Cases for the design and construction of
nuclear plant components (NRC 2024-TN13087).

o RG 1.147 (In-service Inspection Code Case Acceptability, ASME BPVC, Section Xl, Division
1): Identifies acceptable ASME Section XI Code Cases for use in the in-service inspection of
nuclear plant components (NRC 2024-TN13089).

Codes and Standards:
¢ ASME BPVC:

— Section lll—Rules for Construction of Nuclear Facility Components (Class 1 for the RPV
and connected components): Establishes requirements for the design, material
selection, fabrication, examination, and testing of nuclear pressure boundary
components. For main steam line flow restrictors, compliance with Section llI,
Subsection NB, ensures construction to the highest safety and quality standards
appropriate for RCPB components (ASME 2021-TN13224).

— Section XI—Rules for In-service Inspection of Nuclear Power Plant Components:
Specifies requirements and methods for periodic inspection, examination, and testing of
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nuclear plant components, including static components such as flow restrictors, to verify
continued integrity during service life (ASME 2025-TN12979).

— Section IX—Qualification Standard for Welding, Brazing, and Fusing Procedures:
Provides requirements for qualification of welding and joining procedures and personnel,
ensuring that any welds associated with installation or maintenance of flow restrictors
meet stringent quality requirements (ASME 2025-TN12978).

o ASME “Fluid Meters Their Theory and Application” (ASME Research Committee on Fluid
Meters): This standard, referenced in the PSAR, governs the design of flow restrictors as
fluid meters, ensuring accurate flow measurement and robust, reliable construction with no
moving parts.

These regulations, criteria, guidance, and codes collectively ensure that the main steam line
flow restrictors in the BWRX-300 are designed, constructed, and maintained to rigorous
standards, providing confidence in their function to limit steam flow and mitigate the
consequences of main steam line breaks without compromising the integrity or safety of the
RCPB.

5.4.4.3 Technical Evaluation

The applicant states that an MSL flow restrictor is installed in each of the two RPV main steam
line nozzles. The flow restrictors are designed as a fixed geometry device with no moving parts
and are intended to limit steam flow following a postulated break in the main steam line.

The applicant identifies the MSL flow restrictors as performing Safety Category 1 functions,
including limiting steam flow following an MSL break, preventing uncovering of the core in
conjunction with main steam isolation valves, and limiting radiological releases outside the
primary containment prior to isolation.

The NRC staff notes that the applicant credits the MSL flow restrictors, together with the fast
closing main steam isolation valves, to prevent excessive reactor coolant inventory loss
following an MSL break. Accident analyses supporting this function are provided in PSAR
Section 15.5.4.5, with additional discussion in Chapter 15 of this report. The NRC staff also
notes that at the CP stage, the NRC staff does not require detailed quantitative confirmation of
the limiting flow rates.

The applicant also described the use of pressure taps at the restrictor throat to support
differential pressure measurement for main steam isolation and reactor level control functions.
The instrumentation included in the MS nozzles supports safety functions and plant control.

The NRC staff further notes that the applicant states that the MSL flow restrictors meet
applicable material and construction standards as discussed in PSAR Section 5.2.3. Because
the restrictors for a permanent part of the RPV main steam outlet nozzles and have no moving
components, the applicant does not propose a separate testing program beyond RPV in-service
inspection. The NRC staff finds this approach acceptable for a passive, non-actuated
component at the construction permit stage.

54.4.4 Conclusion

Based on its review, the NRC staff finds that the applicant has adequately described the design
and safety functions of the main steam line flow restrictors and has identified their role in
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mitigating the consequences of a main steam line break. The NRC staff finds that the applicant
has provided sufficient design information and appropriate references to Chapter 15 analysis
and meets the regulatory requirements of 10 CFR 50.34(a) and meets the other regulatory
requirements identified in this section and adequately supports the issuance of a CP pursuant to
the regulations of 10 CFR 50.35.

5.4.5 Main Steam and Feedwater Isolation
5451 Introduction

This section identifies and describes the isolation design that will be used for the MS and FW
systems. PSAR Section 5.4.5, “Main Steam and Feedwater Isolation,” describes that the
isolation functions are achieved through a combination of RIVs directly attached to the RPV and
ClVs located at containment penetrations. Each MS and FW line is equipped with two
independent isolation valves to provide rapid and reliable isolation in the event of accidents or
abnormal operating conditions.

The PSAR outlines the safety categories assigned to these components, with MS and FW
isolation classified as Safety Category 1 functions (primary containment and RPV isolation) and
Safety Category 3 functions (isolation during shutdown). I&C systems provide isolation signals,
status indication, and alarms, and are designed to meet the requirements for redundancy and
diversity. Preoperational and periodic in-service testing and inspection are specified to ensure
continued operability.

54.5.2 Regulatory Evaluation

In accordance with 10 CFR 50.34, “Contents of Applications; Technical Information”, GDC 54,
and GDC 55, piping systems penetrating the primary containment must be provided with CIVs,
along with isolation and leak detection capabilities.

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

e In GDC 2, the NRC requires, in part that safety-related SSCs to accommodate the effects of
and to be compatible with environmental conditions associated with normal operation,
maintenance, testing, and postulated accidents, and these SSCs shall be appropriately
protected against dynamic effects, including the effects of missiles, pipe whipping, and
discharging fluids.

¢ In GDC 4, the NRC requires, in part, that safety-related SSCs shall be appropriately
protected against dynamic effects and designed to accommodate the effects of, and to be
compatible with, the environmental conditions of normal operation, maintenance, testing,
and postulated accidents.

¢ In GDC 54, the NRC requires, in part, that piping systems penetrating the containment be
provided with leak detection, isolation, and containment capabilities having redundancy,
reliability, and performance capabilities that reflect their importance to safety and as it
relates to designing such piping systems, a capability to periodically test the operability of
the isolation valves and associated apparatus and determine whether valve leakage is
within acceptable limits.

¢ In GDC 55, the NRC requires, in part, that lines penetrating the primary containment
boundary as parts of the RCPB shall be provided with isolation valves as follows:
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— one locked-closed isolation valve inside and one outside containment

— one automatic isolation valve inside and one locked-closed isolation valve outside
containment

— one locked-closed isolation valve inside and one automatic isolation valve outside
containment

— one automatic isolation valve inside and one outside containment

The following regulatory guidance provides acceptable methods that may be used to meet the
relevant regulatory requirements:

¢ Branch Technical Position (BTP) 3-4, “Postulated Rupture Locations in Fluid System Piping
Inside and Outside Containment,” describes the NRC staff’s position on pipe rupture
postulation for complying with the GDC 4 requirements regarding dynamic effects (NRC
2021-TN8013).

5453 Technical Evaluation

The NRC staff reviewed the CRN-1 preliminary design provisions that will permit MS and FW
isolation in accordance with the guidance and requirements listed above. The results of the
NRC staff’s review are provided below.

In PSAR Section 5.4.5.2, the applicant described that the MS and FW containment piping and
ClVs are designed to ASME Code, Section lll, Subsection NCD and meet Quality Group B
specifications, which is consistent with RG 1.26 (NRC 2021-TN12803), “Quality Group
Classifications and Standards for Water-, Steam-, and Radioactive-Waste-Containing
Components of Nuclear Power Plants.” In addition, as indicated in PSAR Table 3A-1, the MS
and FW piping and CIVs are designed to meet Seismic Category 1 requirements, which is
consistent with the guidance in RG 1.29 (NRC 2021-TN12804), “Seismic Design Classification.”
Furthermore, the NRC staff notes that the MS and FW piping and CIVs are protected from
natural phenomena hazards (e.g., earthquakes, winds, tornadoes, and floods) by the reactor
building (a Seismic Category 1 structure). Therefore, the NRC staff finds that the BWRX-300
design is consistent with the requirements of GDC 2, as it relates to MS and FW isolation.

In PSAR Section 5.4.5 the applicant indicated that the components needed for MS and FW
isolation are designed to accommodate the effects of and are compatible with environmental
conditions associated with normal operation, maintenance, testing, and postulated accidents
(including LOCASs). In addition, PSAR Section 3.1 states that for piping in containment
penetration areas, the probability of fluid system piping rupture is demonstrated to be extremely
low under conditions consistent with the design basis for the piping, such that line breaks do not
need to be postulated for the purpose of the evaluation of potential dynamic effects. The
applicant states that SC1 SSCs do not require protection against dynamic effects, including the
effects of pipe whipping, jet impingement, and blast wave and blowdown loads that may result
from piping failure.

The applicant described missile protection in PSAR Section 3.5, “Missile Protection”; protection
against dynamic effects in PSAR Section 3.6, “Protection against Dynamic Effects Associated
with Postulated Rupture of Piping”; and environmental conditions in PSAR Section 3.11,
“Environmental Qualification of Mechanical and Electrical Equipment.” The NRC staff confirmed
that the safety-related MS and FW isolation function was appropriately identified in these PSAR
sections and that the BWRX-300 design complies with BTP 3-4. The NRC staff’s finding on
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GDC 4 is primarily made in these interfacing review sections (e.g., Sections 3.5, 3.6, and 3.11 of
this report). Based on the review discussions above, the NRC staff finds that the MS and FW
isolation design is consistent with GDC 4, because environmental conditions and dynamic
effects have been appropriately considered in the design of the safety-related MS and FW
isolation function.

The MS RIVs and MS CIVs provide Safety Category 1 isolation of the Primary Containment
System (PCS) during accident conditions or other abnormal events. As described in PSAR
Section 5.4.4, each of the two RPV main steam nozzles is equipped with an MSL flow restrictor.
These restrictors limit steam flow in the event of a break in the main steam subsystem. Working
in conjunction with the fast-closing MS RIVs, the flow restrictors help prevent core uncovery
following an MSL break. Additionally, the MS RIVs and MS CIVs ensure isolation of the main
steam lines when necessary, during plant shutdown operations. Upon receipt of a containment
isolation signal, MS and FW isolation valves move to their post-accident configuration as
indicated in PSAR Table 6.2-4. The RIVs are actuated by hydraulic systems that fail to the
closed position upon loss of power. The ClVs are also hydraulically actuated and fail closed.

As described in PSAR Section 6.2.4, CIVs have individual leakage testing performed to support
the overall requirement to verify containment leakage is within the allowable limits. MS and FW
lines both contain test connections to support leakage testing of the CIVs. Closure of CIVs for
leakage test is accomplished by normal means and without preliminary exercising or
adjustment. Additional discussion on valve leakage is provided in Section 6.2.6 of this report.

The MS flow instruments are differential pressure flow transmitter (FTs) used to determine MS
flow for the purpose of MS isolation. Additionally, the CFS provides instrumentation for
measuring the necessary FW parameters required by the reactor isolation function logic to
detect a FW line break. The MS RIVs, MS CIVs, FW RIVs, and FW CIVs are all equipped to
provide manual control and position indication data in the MCR. This supports the conclusion
that there are adequate leakage detection provisions to enable the operators to detect leakage
and identify lines that should be isolated.

Based on the discussion above, the NRC staff finds that the MS and FW isolation design is
consistent with GDC 54, as it relates to piping systems that penetrate the primary reactor
containment to have leak detection, isolation, and containment capabilities with redundancy,
reliability, and performance capabilities that reflect the safety importance of isolating these
piping systems.

The MS subsystem consists of two MSL, each equipped with an MS RIV (inboard) consisting of
two independent isolation valves in a single body and an MS CIV (outboard). For the FW
subsystem, downstream of the FW heaters, the FW line divides into two lines that penetrate the
PCS. Each line then splits to provide four connections to the RPV. Each of the four RPV
connections is equipped with a FW RIV. Both PCS penetrations are equipped with a FW CIV
located outside the PCS. Each of these process lines that penetrate the containment boundary
and is part of the RCPB is equipped with two ClVs arranged in series. These valves are
independently capable of isolating the line and are designed to automatically isolate with single
failure proof reliability. For the integral RIVs, either RIV can serve as the inboard CIV. CIVs
located outside the containment are positioned as close to the containment boundary as
practicable. The integral RIV design incorporates redundant components and features to ensure
isolation capability. In the event of a worst-case single failure, only one valve would be affected,
and the remaining valve within the RIV assembly can still fulfill the isolation function. Based on
the discussion above, the NRC staff finds that the MS and FW isolation design is consistent with
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GDC 55 for each line that is part of the RCPB and penetrates primary reactor containment.
Because of the arrangement of the MS and FW RIVs and the outer containment isolation valve,
a MS or FW line break inside containment could lead to a direct path from containment to the
environment if the outer CIV were to fail to close. Although the RIVs are single failure proof and
would isolate the RPV from the environment in this scenario, the staff will evaluate the
radiological consequences of any reactor coolant activity release that occurs prior to RPV
isolation to ensure it remains appropriately bounded during the OL review.

5454 Conclusion

The NRC staff review concludes that the applicant’s preliminary MS and FW isolation function
design for CRN-1 is consistent with the NRC regulations as set forth in 10 CFR 50.34(a), 10
CFR Part 50, Appendix A, GDC 2, GDC 4, GDC 54, and GDC 55, for piping systems
penetrating the primary containment as discussed above. Therefore, the NRC staff finds that the
information in PSAR Section 5.4.5 is sufficient and meets the regulatory requirements identified
in this section and adequately supports the issuance of a CP pursuant to the regulations of CFR
50.35.

5.4.6 Isolation Condenser System

The BWRX-300 is a passive design and only credits the ICS. With regard to conformance with
SRP 5.4.6, “Reactor Core Isolation Cooling System (BWR),” PSAR Table 1.9-5 notes that the
BWRX-300 design does not include a Reactor Core Isolation Cooling (RCIC) system.

The ICS is an SC1 system and performs the function of overpressure protection and decay heat
removal during normal operation, AOOs, and design basis accidents. The overpressure
protection aspect of the ICS is reviewed in Section 5.2.2 and 6.3 as well as analysis in Chapter
15 of this report. Residual heat removal is covered in Section 6.3. As described in PSAR
Section 3.1.4.4, “GDC 33 — Reactor Coolant Makeup,” the SC3 high-pressure CRD system
pumps can provide reactor coolant makeup during normal operations and for small leaks.

5.4.7 Shutdown Cooling System
5.4.7.1 Introduction

Section 5.4.7 of the Clinch River PSAR describes the design bases, system configuration, and
operational functions of the SDC for the BWRX-300. The section details the division of residual
heat removal functions between the passive ICS and the SDC. The ICS is credited with Safety
Category 1 functions, including decay heat removal and core cooling during off-normal
conditions and isolation events, while the SDC provides Safety Category 3 functions for residual
and decay heat removal during startup, hot shutdown, cold shutdown, and refueling operations.
The SDC consists of two independent trains, each containing a pump and heat exchanger, and
is capable of operating at pressures up to full reactor pressure, though operation under such
conditions is not expected during normal operation. The SDC system includes features for
overboarding excess reactor water inventory and is designed for manual initiation and automatic
control of key parameters (e.g., temperature and flow). The SDC is also equipped with a
leakage detection and isolation subsystem that provides continuous monitoring and rapid
isolation capability to prevent loss of reactor water inventory. The PSAR identifies the applicable
safety classifications, quality groups, and seismic categories, and references compliance with
relevant GDC, regulatory guidance, and ASME BPVC standards. Preoperational testing,

5-47



instrumentation, and operational alignments are described to ensure the SDC meets its
intended safety and operational functions throughout all plant operating modes.

5.4.7.2  Regulatory Evaluation

This section summarizes the regulatory requirements and guidance that form the acceptance
criteria for the staff’s review of the SDC design bases for the BWRX-300.

Applicable GDC from 10 CFR Part 50, Appendix A and PDC:

GDC 1 (Quality Standards and Records): Requires that SSCs important to safety—including
the SDC—be designed, fabricated, erected, and tested to quality standards commensurate
with the importance of the safety function to be performed.

GDC 2 (Design Bases for Protection Against Natural Phenomena): Requires that 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.

GDC 4 (Environmental and Dynamic Effects Design Bases): Requires that SSCs important
to safety be designed to accommodate the effects of, and be compatible with, the
environmental conditions associated with normal operation, maintenance, testing, and
postulated accidents—including dynamic effects such as water hammer, pipe whip, and
vibration.

GDC 5 (Sharing of Structures, Systems, and Components): Requires that SSCs important to
safety shall not be shared among nuclear power units unless it can be shown that such
sharing will not significantly impair their ability to perform their safety functions.

GDC 34 (Residual Heat Removal): Requires that a system be provided to remove residual
heat from the reactor core so that specified acceptable fuel design limits and the design
conditions of the RCPB are not exceeded.

In addition to the GDC in Appendix A to 10 CFR Part 50; PDC 19 (Control room) as it relates
to control room requirements for normal operation and shutdown for the CRN-1. PDC 19
does not apply for SDC normal instrumentation.

Applicable Federal Regulations:

10 CFR 50.34(f)(2)(xxi) (Residual Heat Removal): Requires that a residual heat removal
system be capable of removing heat generated in the reactor core following any postulated
LOCA. In PSAR Table 1.9-21, the applicant states that they comply with this requirement as
discussed in PSAR Section 6.3.3, “Safety Evaluation (Isolation Condenser System).”

10 CFR 50.34()(2)(xxvi) (Post-Accident Monitoring): Requires that systems be provided for
the monitoring and isolation of leakage from systems important to safety. In PSAR Table
1.9-21, the applicant states that they comply with this requirement as discussed in PSAR
Sections 5.4.7, “Shutdown cooling System,”, 6.2.1, “Primary containment System,”, and
6.3.3.

10 CFR 50.55a (Codes and Standards): Requires compliance with the ASME BPVC Section
Il for the design, materials, fabrication, examination, and testing of Class 2 components,
including the SDC, and Section Xl for in-service inspection.

10 CFR Part 50, Appendix B (Quality Assurance Criteria): Specifies quality assurance
requirements for activities affecting safety-related functions of SSCs in a nuclear power
plant, including design, fabrication, construction, and testing.
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Applicable Regulatory Guidance:

e RG 1.26 (Quality Group Classifications and Standards for Water-, Steam-, and Radioactive-
Waste-Containing Components): Provides guidance for classifying components such as the
SDC and the corresponding design and quality standards (NRC 2021-TN12803).

¢ Branch Technical Position (BTP) 5-4 (Design Requirements of the Residual Heat Removal
System):Provides staff positions on the necessary redundancy, isolation capability, and
operational features for residual heat removal systems (NRC 2021-TN8013).

e SECY-94-084 (Policy and Technical Issues Associated with the Regulatory Treatment of
Non-Safety Systems in Passive Plant Designs): Provides policy for regulatory treatment of
non-safety systems and defense-in-depth provisions (NRC 1994-TN12883).

Codes and Standards:
¢ ASME BPVC:

— Section lll—Rules for Construction of Nuclear Facility Components (Class 2 for the
SDC): Establishes requirements for the design, material selection, fabrication,
examination, and testing of Class 2 safety-related systems and components, such as the
SDC. Section lll, Subsection NC, applies specifically to Class 2 systems, ensuring
construction to rigorous standards for safety and quality.

— Section XI—Rules for Inservice Inspection of Nuclear Power Plant Components:
Specifies requirements and methods for periodic inspection, examination, and testing of
nuclear plant components, including the SDC, to verify continued integrity and operability
during service life (ASME 2025-TN12979).

— Section IX—Qualification Standard for Welding, Brazing, and Fusing Procedures:
Provides requirements for qualification of welding and joining procedures and personnel,
ensuring that any welds associated with installation or maintenance of SDC components
meet stringent quality and mechanical property requirements (ASME 2025-TN12978).

o ASME B31.1—Power Piping Code: Establishes design, materials, fabrication, examination,
and testing requirements for power piping systems, referenced for SDC piping outside the
scope of ASME BPVC Class 2 (ASME 2022-TN13091).

These regulations, criteria, guidance, and codes collectively ensure that the shutdown cooling
system for the BWRX-300 is designed, constructed, and maintained to rigorous standards,
providing confidence that the SDC will perform its safety functions—removing residual heat and
supporting safe shutdown—under all design basis and operational conditions.

54.7.3 Technical Evaluation

As described above, the BWRX-300 has a shared responsibility of shutdown cooling between
the ICS and the SDC. The ICS is the credited Safety Category 1 residual and decay heat
removal system during off-normal conditions. The SDC has the Safety Category 3 residual and
decay heat removal functions as described above.

The applicant summarized the GDCs that the BWRX-300 SDC design complies with GDCs 2, 4,

5, 34 and PDC 19 were all included. The noted exception is that for GDC 34 the SDC does not
perform Safety Category 1 heat removal function. This function is performed by the ICS.
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Based on the following, the NRC concludes that the design of the residual heat removal (RHR)
system is acceptable for issuance of a CP and meets the requirements of GDCs 2, 4, 5, and 34,
PDC 19, 10 CFR 50.34(f)(2)(xxi) and 10 CFR 50.34(f)(2)(xxvi):

A. The applicant has met GDC 2 with respect to Regulatory Position C-2 of RG 1.29
concerning the seismic design of SSCs whose failure could cause an unacceptable
reduction in the capability of the RHR system. The applicant stated that SDC leakage
detection function is Safety Category 2 and will meet the RG 1.29 Position C.2 (NRC
2021-TN12804).

B. The applicant has met GDC 4 with respect to dynamic effects associated
with flow instabilities and loads (e.g., water hammer). The SDC is water solid and the
piping is filled and vented to minimize water hammer.

C. The applicant has met the requirements of GDC 5 with respect to the sharing of SSCs
by demonstrating that such sharing does not significantly impair the ability of the RHR
system to perform its safety function, including, in the event of an accident to one unit,
an orderly shutdown and cooldown of the remaining units.

D. The applicant has met PDC 19, with respect to the MCR requirements for normal
operations and shutdown.

E. GDC 34, which specifies requirements for the RHR system by meeting the regulatory
positions in BTP 5-4. CRN-1 provides for shutdown cooling however the SDC design
pressure is the same as the RPV design pressure. This allows for non-applicability of
BTP 2.A.ii, 2.A.iii and 3. The system design provides for avoidance of cavitation, water
hammer, and overheading and damage, and specific operational features will be
provided at later licensing activities.

F. The applicant has met the parameters of Item 111.D.1.1 of NUREG-0737 (NRC 1980-
TN6233), equivalent to 10 CFR 50.34(f)(2)(xxvi) for applicants subject to 10 CFR
50.34(f), with respect to leakage detection and control in the design of SDC and allows
for isolation as necessary.

54.7.4 Conclusion

The NRC staff has reviewed the information provided in the CRN-1 PSAR and, for the reasons
given above, concludes that the CP applicant’s description of the shutdown cooling system is
acceptable for CP issuance for the CRN-1. Therefore, the NRC staff concludes that the
information provided by the applicant is sufficient and meets the regulatory requirements of 10
CFR 50.34(a) and adequately supports the issuance of a CP pursuant to the regulations in 10
CFR 50.35.

5.4.8 Reactor Water Cleanup System
5.4.8.1 Introduction

Section 5.4.8 of the CRN-1 PSAR describes the design, function, and safety bases for the
Reactor Water Cleanup System (CUW) for the BWRX-300 reactor. The CUW is responsible for
maintaining water quality within the RCS by removing particulate and ionic impurities through
blowdown type cleanup flow, thereby supporting the long-term integrity of the reactor pressure
boundary and minimizing the buildup of corrosion and activation products. The CUW is also
designed to draw reactor water from the RPV and condition it to a temperature that allows the
Condensate Filters and Demineralizer System (CFD) to process it through filtration and
demineralization units and return it to the reactor. The PSAR specifies that the CUW includes
isolation features to prevent uncontrolled loss of reactor coolant, particularly during abnormal
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and accident conditions. The system design incorporates redundancy and isolation valves to
ensure operability and containment integrity. The CUW is classified according to safety, quality,
and seismic criteria, and interfaces with the plant’s I&C systems for monitoring, control, and
alarm functions. The section references compliance with applicable GDC, Federal regulations,
and ASME BPVC requirements, and provides details on inspection, testing, and operational
features to ensure the system’s continued reliability and effectiveness throughout the plant’s life.

5.4.8.2  Regulatory Evaluation

This section summarizes the regulatory requirements and guidance that form the acceptance
criteria for the staff’s review of the CUW for the BWRX-300.

Applicable GDC from 10 CFR Part 50, Appendix A:

e GDC 1 (Quality Standards and Records): Requires that SSCs important to safety—including
the CUW—be designed, fabricated, erected, and tested to quality standards commensurate
with the importance of the safety function to be performed.

e GDC 2 (Design Bases for Protection Against Natural Phenomena): Requires that 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.

e GDC 14 (Reactor Coolant Pressure Boundary): Requires that the RCPB have an extremely
low probability of abnormal leakage, rapidly propagating failure, and gross rupture.

e GDC 54 (Piping Systems Penetrating Containment): Requires that each line that penetrates
primary reactor containment and connects directly to the RCPB or to a system connected to
the RCPB be provided with CIVs and the capability for leakage detection and containment.

e GDC 60 (Control of Releases of Radioactive Materials to the Environment): Requires that
the nuclear power unit design include means to control releases of radioactive materials in
effluents produced during normal reactor operation and anticipated operational occurrences.

e GDC 61 (Fuel Storage and Handling and Radioactivity Control): Requires that the design
include systems to control, handle, process, and store radioactive materials, with adequate
containment, shielding, and radiological controls.

Applicable Federal Regulations:

¢ 10 CFR 50.55a (Codes and Standards): Requires compliance with the ASME BPVC Section
Il for design, materials, fabrication, examination, and testing of Class 2 components,
including CUW piping and valves, and Section Xl for in-service inspection.

¢ 10 CFR Part 50, Appendix B (Quality Assurance Criteria): Specifies quality assurance
requirements for activities affecting safety-related functions of SSCs in a nuclear power
plant, including design, fabrication, construction, and testing.

Applicable Regulatory Guidance:

¢ RG 1.26 (Quality Group Classifications and Standards for Water-, Steam-, and Radioactive-
Waste-Containing Components): Provides guidance for classifying components such as the
CUW and the corresponding design and quality standards (NRC 2021-TN12803).

¢ RG 1.29 (Seismic Design Classification): Provides criteria for seismic design classification of
SSCs important to safety, including the CUW (NRC 2021-TN12804).
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Codes and Standards:

o EPRI BWRVIP-190, BWR Vessel and Internals Project, Volume 1: “BWR Water Chemistry
Guidelines — Mandatory, Needed, and Good Practice Guidance” and Volume 2: “BWR
Water Chemistry Guidelines — Technical Basis” (EPRI 2014-TN8110)

These regulations, criteria, guidance, and codes collectively ensure that the CUW for the
BWRX-300 is designed, constructed, and maintained to rigorous standards, providing
confidence that the CUW will perform its safety and operational functions—ensuring reactor
coolant purity, supporting containment integrity, and minimizing radioactive releases—under all
design basis and operational conditions.

5.4.8.3 Technical Evaluation

The NRC staff reviewed the applicant’s description of the CUW in Section 5.4.8 of the PSAR.
The CUW provides blowdown cleaning for the RPV during power operations. It also conditions
water from the RPV via a regenerative heat exchanger to allow the CFD to perform filtering and
demineralization (see Section 10.4.6). The NRC staff found the applicant’s description of the
CUW acceptable for these two functions because the piping, heat exchanger, and flow control
valves are capable of safely and effectively performing their intended function.

The primary safety function associated with the CUW is leakage detection and isolation of the
system. The CUW leakage detection and isolation subsystem continuously monitors for leakage
utilizing density-compensated differential flow measurements. If a leak is detected, the isolation
function isolates the system from the RCPB through the closure of the CUW RIVs and CUW
CIV. The NRC staff reviewed the details of the leakage detection and isolation capabilities of the
CUW and find that they meet the regulatory requirements of GDCs 54, 60, and 61.

5.4.84 Conclusion

The NRC staff concludes that the proposed design of CUW is acceptable and meets the
relevant requirements of 10 CFR 50.34(a), GDCs 1, 2, 14, 54, 60, and 61 of Appendix A to 10
CFR Part 50. Therefore, the NRC staff finds that the information in PSAR Section 5.4.8 is
sufficient and meets the regulatory requirements identified in this section and adequately
supports the issuance of a CP pursuant to the regulations of 10 CFR 50.35.

5.4.9 Main Steam Line and Feedwater Piping

As stated in the application, Main Steam Line and Feedwater Piping lines from the RIVs to the
CIVs, including isolation functions, are discussed in PSAR Subsection 5.4.3 and Subsection
5.4.5. Main Steam and Feedwater piping beyond the CIVs is discussed in PSAR Section 10.3
and Subsection 10.4.7, respectively; see those safety evaluation sections for evaluations.
5.4.10 Pressurizer

The applicant states that this section is not applicable as the BWRX-300 design does not

include a pressurizer. Based on this design’s features, the NRC staff concludes that PSAR
Section 5.4.10 is acceptable for the CPA for CRN-1.
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5.4.11 Pressurizer Relief Discharge System

The applicant states that this section is not applicable as BWRX-300 design does not include a
pressurizer relief discharge system. Based on this design’s features, the NRC staff concludes
that PSAR Section 5.4.11 is acceptable for the CPA for CRN-1.

5.4.12 Reactor Coolant System High Point Vents
5.4.12.1  Introduction

Section 5.4.12 of the CRN-1 PSAR describes the design approach and safety functions of the
RCS high point vents for the BWRX-300. The PSAR states that RPV systems with stagnant
lines during normal plant operation are designed with downward-sloped piping to prevent the
accumulation of noncondensible gases and to promote proper drainage. Where it is not possible
to maintain a continuous slope, high point vents and vent valves are provided to ensure that
gases do not collect in horizontal piping sections and that complete filling and venting can be
accomplished. These high point vents are essential for removing noncondensible gases that
could inhibit core cooling, particularly during accident scenarios, shutdown, or refueling
operations.

5.4.12.2 Regulatory Evaluation

This section summarizes the regulatory requirements and guidance that form the acceptance
criteria for the staff’'s review of the Reactor Coolant System High Point Vents for the BWRX-300.

Applicable GDC from 10 CFR Part 50, Appendix A and PDC:

e GDC 1 (Quality Standards and Records): Requires that SSCs important to safety—including
high point vents—be designed, fabricated, erected, and tested to quality standards
commensurate with the importance of the safety function to be performed.

o GDC 2 (Design Bases for Protection Against Natural Phenomena): Requires that 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.

o GDC 4 (Environmental and Dynamic Effects Design Bases): Requires that SSCs important
to safety be designed to accommodate the effects of, and be compatible with, the
environmental conditions associated with normal operation, maintenance, testing, and
postulated accidents—including dynamic effects such as vibration and water hammer.

¢ GDC 14 (Reactor Coolant Pressure Boundary): Requires that the RCPB have an extremely
low probability of abnormal leakage, rapidly propagating failure, and gross rupture.

e GDC 30 (Quality of Reactor Coolant Pressure Boundary): Requires that components which
form part of the RCPB be designed, fabricated, erected, and tested to the highest quality
standards practical.

e GDC 32 (Inspection of Reactor Coolant Pressure Boundary Materials): Requires a material
surveillance program to monitor changes in fracture toughness properties due to irradiation.

¢ In addition to the GDC in Appendix A to 10 CFR Part 50, PDC 17 (Electric Power Systems),
requiring that electric power systems be provided to permit functioning of SSCs important to
safety, including remote operation of vent valves; and PDC 19 (Control Room), as it relates
to control room requirements for normal operation and shutdown for CRN-1.
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Applicable Federal Regulations:

¢ 10 CFR 50.34(a)(4) requires analysis and evaluation of the need for high point vents
following postulated loss-of-coolant accidents in accordance with the requirements of
§50.46a.

e 10 CFR 50.46a (Acceptance Criteria for Reactor Coolant System Venting Systems):
Requires provision for high point vents on the RCS, reactor vessel head, and other systems
required to maintain adequate core cooling, to remove noncondensible gases that could
cause loss of function.

¢ 10 CFR 50.49 (Environmental Qualification of Electric Equipment Important to Safety):
Requires environmental qualification of electrical equipment, including remotely operated
vent valves and controls.

e 10 CFR 50.55a (Codes and Standards): Requires compliance with the ASME BPVC Section
Il for the design, materials, fabrication, examination, and testing of components associated
with the RCPB, and Section Xl for in-service inspection.

e 10 CFR Part 50, Appendix B (Quality Assurance Criteria): Specifies quality assurance
requirements for activities affecting safety-related functions of SSCs in a nuclear power
plant, including design, fabrication, construction, and testing.

5.4.12.3 Technical Evaluation

The NRC staff reviewed CRN-1 PSAR Section 5.4.12 for compliance with the NRC regulations
and consistency with the NRC regulatory guidance, as applicable to a new CP application, for
the content of the PSAR with respect to high point vents for the CRN-1..The RPV head vent
system is evaluated in Section 5.4.13 of this report.

Section 6.3 of the PSAR discusses how the ICS is credited for removing noncondensible gases
during and following accidents, in accordance with plant-specific safety strategies. The design
includes accessible vent valves, remote actuation from the MCR, and testing and inspection
features. The PSAR also addresses compliance with applicable GDC, Federal regulations, and
ASME BPVC requirements to ensure that the high point vents are reliable, maintainable, and do
not compromise the integrity of the RCPB.

Based on the description of the systems provided in the PSAR Section 6.3, ICS has the
capability of venting non-condensables as well as the reactor head vent. The remaining high
point vents are located on systems where it is not possible to slope or otherwise remove non
condensable gas. However, these high point vents are not needed to meet the regulatory
requirements laid out in 10 CFR 50.46a. These requirements are met through the ICS and the
head vent systems.

5.4.12.4 Conclusion

The NRC staff concludes that the design of the RCS high point vents is acceptable and meets
the relevant requirements of 10 CFR 50.34(a). The review has included the applicant’s
proposed design criteria and design bases, and these meet the requirements identified in this
section and adequately supports the issuance of a CP pursuant to the regulations of 10 CFR
50.35. This conclusion is based on the discussion in Section 6.3 as well as 5.4.13. The RPV
head vent system is evaluated in Section 5.4.13 of this report.
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5.4.13 Reactor Pressure Vessel Head Vent Subsystem
5.4.13.1 Introduction

Clinch River PSAR Section 5.4.13, “Reactor Pressure Vessel Head Vent Subsystem,” describes
the RPV head vent subsystem in the BWRX-300 reactor that handles noncondensible gas
buildup in the RPV head. The RPV head vent subsystem is designed to transport steam and
noncondensible gases from underneath the RPV head to MSL Train A during startup and
normal plant operation.

5.4.13.2 Regulatory Evaluation

The NRC regulations in 10 CFR 50.34(a) require CP applicants to submit a PSAR describing
specific aspects of the proposed nuclear power plant for NRC review. For example, paragraph
(2) in 10 CFR 50.34(a) requires that the PSAR provide a summary description and discussion of
the facility, with special attention to design and operating characteristics, unusual or novel
design features, and principal safety considerations. Paragraph (3) in 10 CFR 50.34(a) requires
in item (i) that the PSAR provide a preliminary design of the facility including the principal design
criteria for the facility with reference to Appendix A in 10 CFR Part 50 for minimum requirements
for the principal design criteria for water-cooled nuclear power plants similar in design and
location to plants for which CPs have previously been issued by the NRC.

The NRC regulations in 10 CFR Part 50, Appendix A, include design requirements for SSCs in
nuclear power plants. With respect to the RPV head vent subsystem in the CRN-1, these
requirements include, for example, the following GDC:

e GDC 1 - Quality standards and records

¢ GDC 2 - Design bases for protection against natural phenomena

GDC 14 — Reactor coolant pressure boundary

GDC 30 — Quality of reactor coolant pressure boundary

GDC 32 - Inspection of reactor coolant pressure boundary

In addition to the GDC in Appendix A to 10 CFR Part 50, PDC 17 (Electric power systems), as it
relates to the provision of normal and emergency power, and PDC 19 (Control room) as it
relates to controls being operable from the control room, apply to the RPV head vent subsystem
for the CRN-1.

The NRC regulations in Appendix B to 10 CFR Part 50 specify quality assurance requirements
for activities affecting safety-related functions of SSCs in a nuclear power plant, including the
design, fabrication, construction, testing, and records control.

The NRC regulations in 10 CFR 50.34(a)(4), 10 CFR 50.46a and 10 CFR 50.49 apply to the
RPV head subsystem with respect to accident analyses and environmental qualification,
respectively.

The NRC regulations in 10 CFR 50.55a incorporate by reference with conditions the ASME BPV
Code, Section Il and Section XI, and ASME OM Code, for the design, inspection, and testing of
applicable nuclear power plant components. These regulatory requirements apply to certain
aspects of the RPV head vent subsystem for the CRN-1.
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NUREG-0800 SRP Section 5.4.12, “Reactor Coolant System High Point Vents,” contains review
guidance for the staff in assessing the capability to remove noncondensible gases from the
coolant system and assessment of the integrity of vent systems. In PSAR Table 1.9-5, the
applicant states they conform with this SRP section, but use the ICS system to remove
noncondensible gases during and following accidents and to vent gases that inhibit core
cooling.

RG 1.100 (NRC 2020-TN13088) and RG 1.92 (NRC 2024-TN13087), “Combining Modal
Responses and Spatial Components in Seismic Response Analysis,” provide guidance
regarding qualification of components in the RPV head vent subsystem.

In its review, the NRC staff evaluated whether the applicant complied with the NRC regulatory
requirements in 10 CFR 50.34(a) for a new CPA with respect to the RPV head vent subsystem
for the CRN-1. The NRC staff technical evaluation of the Clinch River PSAR Section 5.4.13 with
respect to the applicable regulatory requirements and guidance is described in the following
section of this NRC safety evaluation.

5.4.13.3 Technical Evaluation

The NRC regulations in 10 CFR 50.34(a) require CP applicants to submit a PSAR describing
specific aspects of the proposed nuclear power plant for NRC review.

The NRC staff reviewed Clinch River PSAR Section 5.4.13 for compliance with the NRC
regulations in 10 CFR 50.34(a), and consistency with the NRC regulatory guidance, as
applicable to a new CPA, for the content of the PSAR with respect to the RPV head vent
subsystem for the CRN-1. This SE section describes the NRC staff review of the CRN-1 PSAR
Section 5.4.13 with respect to the information required by 10 CFR 50.34(a) for the contents of
the PSAR as part of a CPA with applicable regulatory guidance for the RPV head vent
subsystem in the CRN-1.

CRN-1 PSAR Section 5.4.13 states that the BWRX-300 reactor will be equipped with an RPV
head vent subsystem that handles noncondensible gas buildup in the RPV head. The RPV head
vent subsystem will be designed to transport steam and noncondensible gases from underneath
the RPV head to MSL Train A during startup and normal plant operation. The RPV head vent
subsystem will include piping internal to the RPV head, an RIV consisting of two independent
isolation valves in a single body flange mounted on the reactor, and piping to the MSL Train A
or quench tank, both located inside the PCS. This will permit the gases to be released from the
RPV so that the RPV can be filled with water for hydrostatic testing and provides the upper tap
for RPV level measurement during reactor shutdown. The RPV head vent piping will penetrate
the RPV through a nozzle on the side of the reactor. The internal piping will be split into a
portion mounted inside the RPV closure head and a portion mounted below the vessel flange
with an intersection of the internal piping at a guide rod bracket where the two ends will be
joined.

The Safety Category 1 functions of the RPV head vent subsystem will be containment of
radioactive materials via isolation of the RCPB, and isolation of the RPV to minimize the loss of
reactor coolant. The Safety Category 3 functions of the RPV head vent subsystem will be
transport steam and noncondensible gases from underneath the RPV head to MSL Train A
during startup and normal plant operation. The RPV head vent subsystem will not have Safety
Category 2 or Safety Category N functions. PSAR Table 3A-1 lists the Safety Classifications,
Quality Groups, and Seismic Categories of the RPV head vent SSCs.
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The BWRX-300 RPV design includes internal piping routed from the inside of the top of the RPV
steam dome area to below the RPV shell flange. The head vent piping will penetrate the RPV
through a nozzle on the side of the reactor with a flange mounted RIV consisting of two
independent isolation valves in a single body. This RIV will be classified as SC1 and will perform
the RPV single failure proof automatic isolation function. The RPV head vent subsystem will be
designed to transport steam and noncondensible gases from underneath the RPV head to MSL
Train A during startup and normal plant operation. The noncondensible gases will be extracted
by differential pressure between the reactor dome and MSL Train A and then swept from the
steam line to the condenser. The RPV head vent connection on the side of the RPV will permit
air and noncondensible gases to be released from the RPV into the quench tank inside the PCS
when the plant is shutdown. Horizontal portions of the head vent line piping to either the quench
tank or the MSL Train A have a minimum slope in the direction of normal flow to ensure that no
condensate stays in the line, thereby minimizing the potential for hydrogen and other
noncondensible gases collecting in the lines. The RPV head vent line will be cross connected to
MSL Train A upstream of the PCS penetration. A single solenoid valve will be provided on the
cross-connection to the MSL Train A, which can close the head vent line cross-connection for
routine operation, maintenance, and testing. RPV head vent internal piping inside the RPV
closure head will be a discharge line that is integrated into and through the bracket of one of the
internal guide rods. The internal piping will be split into a portion mounted inside the RPV
closure head and a portion mounted below the vessel flange with an intersection of the internal
piping at a guide rod bracket where the two ends will be joined. The piping in the RPV closure
head will be mounted with at least two brackets that hold the vent in place while allowing for
thermal expansion and mitigating flow induced vibration effects. The brackets will be designed
to ASME BPV Code, Section lll, Subsection NF, categorized as SC1, and Seismic Category |.
The RPV head vent RIV will be designed to fail closed and maintain a closed position by
positive mechanical means upon loss of hydraulic power.

The RPV head vent subsystem will comply with the following GDC and PDC:

e GDC 14 — Reactor coolant pressure boundary, as it relates to the RCPB being designed,
fabricated, erected, and tested to have an extremely low probability of abnormal leakage, of
rapidly propagating failure, and of gross rupture. PSAR Section 5.4.13 refers to Section 5.2
for a description of compliance with this requirement.

e GDC 32 — RCPB periodic inspection and testing, as it relates to the RPV head vent
subsystem being designed to permit periodic inspection. Areas requiring I1SI inspection will
be provided with access spaces and routes and with removable and reusable insulation
coverings. The RPV head vent RIV will be equipped for remote manual functional testing
from the MCR. PSAR Section 5.4.13 refers to Section 3.1 for compliance with these GDC
and PDC.

e PDC 17 — Electric power systems, as it relates to the provision of normal and emergency
power for the RPV head vent subsystem components. The RPV head vent subsystem RIV
automatic closure function will use SC1 battery-backed AC power.

e PDC 19 — Control room, as it relates to the RPV head vent subsystem controls being
operable from the control room. PDC 19 does not apply for the RPV head vent subsystem
normal instrumentation.

PSAR Section 5.4.13 states that the RPV head vent subsystem will comply with 10 CFR 50.46a,
as it relates to the provision of, and requirements related to, high point vents for the RCS, the
reactor vessel head, and other systems required to maintain adequate core cooling if the
accumulation of noncondensible gases would cause the loss of function of these systems.
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Horizontal process lines are sloped downward in the direction of flow to promote proper
drainage. Where horizontal process lines cannot be continuously sloped, the lines are equipped
with high point vents and accessible vent valves to ensure that the piping can be filled and
vented.

The applicant states that the RPV head vent subsystem will comply with 10 CFR 50.49, as it
relates to environmental qualification of electrical equipment necessary to operate the RPV
head vent subsystem. The RIVs, which include the RPV head vent RIV, are designed to
withstand the effects of, and to be compatible with, the environmental conditions associated with
normal operation, maintenance, testing, and postulated accidents, including LOCAs.

The applicant states that the RPV head vent subsystem will meet the requirements of 10 CFR
50.55a and GDC 1 for quality standards and records and GDC 30 for reactor coolant pressure
boundary, as they relate to the RPV head vent subsystem components that are part of the
RCPB being designed, fabricated, erected, and tested and maintained to high quality standards.
PSAR Section 5.4.13 refers to Section 5.2 for discussion of these requirements.

The applicant states in PSAR Section 5.4.13 that the RPV head vent subsystem will satisfy RG
1.100 and RG 1.92 for qualification in accordance with IEC/IEEE 60980-344, “Nuclear Facilities
— Equipment Important to Safety — Seismic Qualification,” as supplemented by RG 1.100 and
RG 1.92. The RIVs, which include the RPV head vent RIV, will be designed to withstand the
effects of, and to be compatible with, the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents, including LOCAs. In addition, the
components in the RPV head vent subsystem will be qualified in accordance with the ASME
QME-1 Standard as accepted in RG 1.100 for their seismic, environmental, and functional
qualification.

PSAR Section 5.4.13 specifies that the components in the RPV head vent subsystem will have
IST and ISI programs in accordance with 10 CFR 50.55a(f)(4)(i) and (g)(4)(i), respectively, that
meet the requirements of the applicable editions and addenda of the ASME OM Code and
ASME BPV Code, Section XI, subject to the conditions identified and incorporated by reference
in 10 CFR 50.55a, on the date no more than 18 months before the date of issuance of the
operating license. Accordingly, the applicant states that required editions of these codes will be
identified in the FSAR for the CRN-1. The RPV head vent subsystem will comply with the Initial
Test Program as described in PSAR Chapter 14.

The RPV head vent RIV will be designed for remote manual functional testing from the MCR.
The RPV head vent RIV will be equipped with open and close position switches to provide
position indication data to the MCR. A temperature element will be included on the RPV head
vent nozzle line between the quench tank and the second isolation valve upstream of the
quench tank. The purpose of this temperature element will be to provide leakage detection
capability. During reactor shutdown periods, the reactor water level can be measured using the
RPV head vent connection as the upper tap for the RPV level instrumentation sensors.

Based on its review, the NRC staff finds that the CRN-1 PSAR Section 5.4.13 provides
acceptable information related to the RPV head vent system that meets 10 CFR 50.34(a)
consistent with applicable regulatory guidance to support the CP application for the CRN-1. The
NRC staff will evaluate applicable aspects of the RPV head vent subsystem as part of the
review of the OLA for the CRN-1.
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5.4.13.4 Conclusion

The NRC staff has reviewed the information provided in the CRN-1 PSAR and, for the reasons
given above, concludes that the CP applicant’s description of RPV head vent subsystem is
acceptable for CP issuance for the CRN-1. Therefore, the NRC staff concludes that the
information provided by the applicant is sufficient and meets the regulatory requirements of 10
CFR 50.34(a) and adequately supports the issuance of a CP pursuant to the regulations in 10
CFR 50.35.

5.4.14 Reactor Coolant System Pressure Relief Devices/Reactor Coolant
Depressurization

As stated in the application the BWRX-300 design utilizes the ICS for pressure relief of the
RCPB. ICS pressure relief is discussed in PSAR Section 5.2.2 and 6.3. The review of the
reactor coolant pressure relief and depressurization capabilities of the ICS can be found in
those sections of this report. In a letter dated January 7, 2026 (TVA 2026-TN13051) the
applicant states that the BWRX-300 also has an ultimate pressure regulation (UPR)
complementary design feature. It protects the RCPB from failing if the ICS cannot keep the
system pressure below 1,800 psig. It has an automatic valve that opens and vents the
containment emergency vent piping. The RCS is protected from losing inventory in the event of
an inadvertent actuation by a rupture disk system. There are three trains of UPR. Each is
connected to an ICS train so a break in the UPR piping can be isolated using the ICS train
isolation. The NRC staff is not reviewing the UPR for the CPA except as noted in SE Section
15.2.
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