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Weidong,

Attached are several preliminary chapters from the safety evaluation for the Hermes
construction permit application. These chapters have been reviewed by branch chiefs and
received a preliminary review by OGC. However, these chapters are not final because they
still need to be reviewed by division management and receive the final OGC review. Thus,
these preliminary chapters could change between now and the approved SE that will be

sent to ACRS for formal review.

I am sending these chapters in advance so that members can become familiar with the
safety evaluation and begin preparing for the formal review. The NRC staff is willing to

answer any questions that members may have.

| expect to send the remaining preliminary chapters to you around the end of January.

Ben
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5 REACTOR COOLANT SYSTEM

THIS NRC STAFF DRAFT SE HAS BEEN PREPARED AND IS BEING RELEASED TO SUPPORT
INTERACTIONS WITH THE ACRS. THIS DRAFT SE HAS NOT BEEN SUBJECT TO FULL NRC
MANAGEMENT AND LEGAL REVIEWS AND APPROVALS, AND ITS CONTENTS SHOULD NOT BE
INTERPRETED AS OFFICIAL AGENCY POSITIONS.

For the Hermes non-power test reactor, the reactor coolant system consists of the primary heat
transport system (PHTS) that circulates coolant through the reactor core to a radiator that rejects
energy to the atmosphere.

This chapter of the Kairos Power, LLC (Kairos) Hermes test reactor construction permit (CP) safety
evaluation (SE) describes the U.S. Nuclear Regulatory Commission (NRC) staff’s (the

staff’s) technical review and evaluation of the preliminary information regarding the Hermes PHTS.
This information is presented in Chapter 5, “Heat Transport Systems,” of the Hermes preliminary
safety analysis report (PSAR), Revision XX. The staff reviewed PSAR Chapter 5 against applicable
regulatory requirements using regulatory guidance and standards to assess the sufficiency of the
preliminary information Kairos provided regarding the Hermes facility PHTS for the issuance of a CP in
accordance with Title 10, Code of Federal Regulations (10 CFR) Part 50, “Domestic Licensing of
Production and Utilization Facilities.” As part of this review, the staff evaluated descriptions and
discussions of the Hermes PHTS, with special attention to design and operating characteristics,
unusual or novel design features, and principal safety considerations. The staff evaluated the
preliminary design of the Hermes PHTS to ensure the design criteria, design bases, and information
relative to construction is sufficient to provide reasonable assurance that the final design will conform
to the design basis. In addition, the staff reviewed Kairos’s identification and justification for the
selection of those variables, conditions, or other items which are determined to be probable subjects of
technical specifications (TS) for the facility, with special attention given to those items which may
significantly influence the final design.

The staff's reviews and evaluations for areas relevant to PSAR Chapter 5, including regulations and
guidance used, summaries of the application information reviewed, and evaluation findings and
conclusions, are discussed in the SE section below for the major area of review (the reactor coolant
system) covered in this SE chapter. A summary and overall conclusions on the staff’s technical
evaluation of Hermes PHTS are provided in SE Section 5.2, “Summary and Conclusions on Reactor
Coolant System.”

5.1 Primary Heat Transport System

Introduction

The PHTS transfers heat from the reactor core by circulating reactor coolant between the reactor core
and the heat rejection radiator (HRR) subsystem during normal operations. The PHTS includes a
primary salt pump (PSP), heat rejection system, and associated piping. The PHTS also includes
thermal management features to maintain the reactor coolant in the liquid phase when the reactor core
is not generating heat and the capability to drain external piping and the HRR to allow cooldown,
inspection, and maintenance. The PHTS performs non-safety related functions as described in PSAR
Section 5.1.1, “Description.” The PHTS interfaces with various systems, including the reactor thermal
management system, inert gas system, tritium management system, and inventory management
system as described in PSAR Chapter 9.

Regulatory Evaluation





The applicable regulatory requirements for the evaluation of the Hermes non-power test reactor PHTS
design criteria are as follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report.”

o 10 CFR 50.34(a)(3)(ii) requires “The design bases and the relation of the design bases
to the principal design criteria”

o 10 CFR 50.34(a)(3)(iii) requires “Information relative to materials of construction,
general arrangement, and approximate dimensions, sufficient to provide reasonable
assurance that the final design will conform to the design bases with adequate margin
for safety.”

o 10 CFR 50.34(a)(4) which requires “A preliminary analysis and evaluation of the design
and performance of structures, systems, and components [SSCs] of the facility...”

¢ 10 CFR 50.35, “Issuance of construction permits.”
e 10 CFR 50.40, “Common standards.”

The applicable guidance for the evaluation of Hermes Reactor Coolant System is as follows:

¢ NUREG-1537, “Guidelines for Preparing and Reviewing Applications for the Licensing of Non-
Power Reactors,” Part 1, “Format and Content,” and Part 2, “Standard Review Plan and
Acceptance Criteria,” Chapter 5, “Reactor Coolant Systems.” Based on the role of the PHTS in
the Hermes design, the staff evaluated the system using the applicable acceptance criteria in
Section 5.2, “Primary Coolant System” for a non-light water reactor.

Technical Evaluation
PSAR System Description

PSAR Section 5.1.1 states that the PHTS is a non-safety related system which serves the function of
the reactor coolant system. The PSAR states that the PHTS is used to remove heat from the reactor
core and transfer the heat to the HRR subsystem, which functions as the ultimate heat sink. If the
PHTS is not available to remove heat from the core, the decay heat removal system (DHRS) is the
safety-related system which will remove the heat to maintain the core within proper temperature limits.
PSAR Section 5.1.3 states that the PHTS piping and supports are designed to American Society of
Mechanical Engineers (ASME) B31.3 Code, “Process Piping,” and the primary heat exchanger is
designed to ASME Boiler and Pressure Vessel Code (BPVC) Section VIII standards. PSAR Section
5.1.1.4 states that the PHTS piping is made of austenitic stainless steel.

PSAR Section 5.1.1.1 states that the reactor coolant is a mixture of fluorine, lithium, and beryllium (i.e.,
Flibe) in a composition that is described in KP-TR-005-NP-A, Revision 1 “Reactor Coolant for the
Kairos Power Fluoride Salt-Cooled High-Temperature Reactor.” PSAR Section 5.1.1.1 states that the
safety functions of the coolant are to support reactivity control and to serve as a fission product barrier.
PSAR Chapter 14 contains a proposed TS LCO to maintain the reactor coolant composition within
allowable limits to ensure that the thermophysical properties are maintained.

The staff notes that while the PHTS piping is not credited as a fission product retention barrier, as is
typically assumed in light water reactors, the reactor coolant is credited for fission product retention.
Additionally, the staff notes that it is important for the Flibe coolant to maintain the expected
thermophysical properties needed for natural circulation heat transfer. Flibe purity and its effect on
corrosion is evaluated by the staff in SE Section 4.3.





Staff Evaluation of Design Basis and System Design

PSAR Section 3.1.1, “Design Criteria,” describes the principal design criteria (PDC) that are applicable
to the Hermes reactor. These PDC were reviewed and approved by the staff in KP-TR-003-NP-A,
Revision 1, “Principal Design Criteria for the Kairos Power Fluoride Salt-Cooled, High Temperature
Reactor”. PSAR Section 5.1.2, “Design Basis,” identified the design bases for the PHTS. The PSAR
states that the following PDCs are applicable to the PHTS:

e PDC 2, “Design bases for protection against natural phenomena,” which requires safety
significant SSCs be designed to withstand the effects of natural phenomena.

o PDC 10, “Reactor design,” which requires the reactor core be designed to ensure specified
acceptable system radionuclide release design limits (SARRDLSs) are not exceeded.

e PDC 12, “Suppression of reactor power oscillations,” which requires the reactor core be
designed to ensure power oscillations that can result in conditions that exceed SARRDLSs are
not possible or can be reliably and readily detected and suppressed.

e PDC 16, “Containment design,” which requires a functional containment to control the release
of radioactivity to the environment.

e PDC 33, “Reactor coolant inventory maintenance,” which requires a system to maintain coolant
inventory to protect against small breaks in the safety significant elements of the reactor
coolant boundary.

e PDC 60, “Control of releases of radioactive materials to the environment,” which requires the
plant design to control the release of radioactive materials, including during postulated events.

e PDC 70, “Reactor coolant purity control,” which requires systems to maintain reactor coolant
purity considering chemical attack, fouling and plugging of passages, radionuclide
concentrations, and air or moisture ingress.

PSAR Section 5.1.3, “System Evaluation,” relates the design bases to the design criteria and identifies
how the PHTS satisfies the PDC applicable to the design of the PHTS. In the following paragraphs, the
staff addresses each PDC by summarizing the information presented in the PSAR and explaining the
staff evaluation of the adequacy of the preliminary information in the Kairos PSAR relative to NUREG-
1537 acceptance criteria.

PDC 2, Design bases for protection against natural phenomena:

PSAR Section 5.1.3 states that the design of the nonsafety-related PHTS SSCs is such that a
failure of PHTS SSCs would not affect the performance of safety-related SSCs due to a design
basis earthquake. The nonsafety-related PHTS pipe connections to the reactor vessel nozzles
have sufficiently small wall thickness such that, if loaded beyond elastic limits, an inelastic
response would occur in the nonsafety-related PHTS piping prior to any impacts to the safety-
related SSCs, such as the reactor vessel or DHRS.

PSAR Section 6.3 states that a failure of the PHTS piping or HRR does not lead to inadequate
heat removal because the safety-related DHRS or parasitic heat loss removes the residual heat.
PSAR Section 5.1 describes how adequate reactor coolant inventory is maintained following a
failure in the PHTS by anti-siphon design features on the hot and cold legs. This aspect of the
design is described and evaluated under PDC 33 below.

The staff notes that the ability of the Hermes design to remove residual heat following a failure in
the PHTS is consistent with the guidance given in NUREG-1537, Part 2, Section 5.2, which
states, the primary coolant system (of a forced-convection coolant flow) should be designed to
convert in a passive or fail-safe method, to natural-convection flow sufficient to avoid loss of fuel
integrity. Therefore, the staff finds there is reasonable assurance that the anti-siphon features of





the design will ensure sufficient heat removal and maintain reactor coolant inventory if a failure
in the PHTS piping or HRR occurs due to a natural phenomenon.

Because failures in the PHTS would not affect the ability of safety-related SSCs to perform their
safety function, the staff finds there is reasonable assurance that the preliminary design of the
PHTS is consistent with PDC 2 in accordance with 10 CFR 50.34(a). Further, the preliminary
design of the PHTS is consistent with the guidance provided in NUREG-1537, Part 2, Section
5.2, which states the primary coolant system should be designed to ensure sufficient heat
removal to maintain fuel integrity and prevent uncontrolled leakage or discharge of contaminated
coolant to the unrestricted environment.

PDC 10, Reactor design:

PSAR Section 5.1.3 states that thermal hydraulic analysis of the core ensures adequate coolant
flow is maintained to ensure SARRDLs are not exceeded. PDC 10 has two components: (1)
normal operation, which is evaluated by the staff in SE Sections 4.3 and 4.6, and (2) during
postulated events, when the normal PHTS heat removal path is unavailable, which is evaluated
by the staff in SE Section 6.3.

Relative to the PHTS design, the staff notes that it is important for the Flibe coolant to maintain
the expected thermophysical properties needed for natural circulation heat transfer. In order for
the reactor coolant to maintain the thermophysical properties specified in KP-TR-005-NP-A,
Revision 1, the staff finds that the composition of the coolant needs to be controlled. The staff
finds there is reasonable assurance that the preliminary design will allow the composition of the
coolant to be controlled because the chemistry control system (CCS) provides means for
adjusting salt chemistry, as needed. Additionally, the proposed TS in PSAR Chapter 14 include
a Limiting Condition for Operation (LCO) to maintain the reactor coolant composition within
allowable limits to ensure that the thermophysical properties are maintained. This will allow the
coolant to maintain the thermophysical properties needed to achieve adequate heat removal.

Based on the conclusions documented in the preceding paragraphs and in SE Sections 4.3, 4.6
and 6.3, the staff finds there is reasonable assurance that the preliminary design provides
adequate heat removal during normal operation and postulated events and is consistent with
PDC 10 in accordance with 10 CFR 50.34(a). This is also consistent with the guidance and
associated acceptance criteria in NUREG-1537, Part 2, Section 5.2, which state that the system
should be designed to remove sufficient heat from the fuel without exceeding SARRDLs.

PDC 12, Suppression of reactor power oscillations:

PSAR Section 5.1.3 states that the reactor coolant is designed, in part, to ensure power
oscillations can't exceed SARRDLs consistent with PDC 12. The PHTS supports this design
objective through its ability to detect and suppress, if needed, inlet temperature and mass flow
rate oscillations, limiting entrained gas in the coolant (via a proposed TS LCO in PSAR Chapter
14), maintaining coolant specifications, and the resistance of the coolant to thermal-hydraulic
instability events. PSAR Section 4.5 describes the inherent features of the nuclear design which
tend to limit flow- and inlet temperature-induced power oscillations, including a small core height
and diameter and a long neutron diffusion length. PSAR Chapter 7 further details the Hermes
instrumentation and controls, including the reactor coolant auxiliary control system. SE Chapter
7 provides the staff evaluation of the Hermes instrumentation and controls, including the reactor
coolant auxiliary control system.

SE Chapter 4 evaluates PSAR Section 4.5 and finds that the inherent features of the nuclear





design, including a small core height and diameter and long neutron diffusion length, make
uncontrolled power oscillations unlikely. The proposed TS LCO to limit air in the reactor coolant
provides further assurance that voiding in the coolant will be limited such that power oscillations
exceeding SARRDLSs are not possibly or can be detected and suppressed. Based on these
inherent features and the proposed TS LCO, the staff finds there is reasonable assurance the
preliminary design of the reactor coolant is consistent with PDC 12 in accordance with 10 CFR
50.34(a).

PDC 16, Containment design; and PDC 60, Control of releases of radioactive materials to the
environment:

PSAR Section 5.1.3 states that the Flibe reactor coolant provides retention of fission products
that may escape the fuel. These retention properties are credited in the safety analysis as a
barrier to release of radionuclides accumulated in the coolant. PSAR Section 5.1.3 notes that
the design aspects of the Flibe reactor coolant are discussed in KP-TR-005-NP-A, Revision 1.
PSAR Chapter 14 states that a proposed TS LCO related to limiting circulating activity in the
Flibe will be established.

The staff previously evaluated the ability of Flibe to serve as a fission product barrier in KP-TR-
012-NP-A, Revision 1, “Mechanistic Source Term Methodology for the Kairos Power Fluoride
Salt-Cooled High-Temperature Reactor.” Based on the evaluation in KP-TR-012-NP-A, Revision
1, the staff finds there is reasonable assurance the Flibe will perform consistent with PDCs 16
and 60 because the reactor coolant can retain certain radionuclides in a salt-soluble form, as
described in the referenced topical report. The staff finds there is reasonable assurance this
preliminary design will be consistent with PDCs 16 and 60 in accordance with 10 CFR 50.34(a)
because the proposed TS LCO on circulating activity will provide assurance that key
assumptions in the topical report (KP-TR-012-NP-A, Revision 1) are maintained (e.g., to limit
positive deviations from ideal vapor pressures). As per Appendix A to this SE, the staff will
review the thermodynamic data used to model radionuclide retention and release in Flibe during
the OL review.

The full analysis of the functional containment is contained in SE Section 6.2 and tritium
transport and processing are described in SE Section 9.1.3. In addition to the proposed TS LCO
related to limiting circulating activity in the Flibe, additional proposed TS LCOs related to Flibe
performance that support PDCs 16 and 60 include LCOs to maintain the Flibe coolant
composition, limit the radionuclide inventory of the reactor coolant in steady state conditions
within an upper bound limit, to maintain PHTS pressure and flow rate within an upper bound
limit, and to maintain air in the reactor coolant within an acceptable limit based on
considerations for voiding and corrosion.

PDC 33, Reactor coolant inventory maintenance:

PSAR Sections 4.3 and 5.1 state that there are anti-siphon features to limit loss of reactor
coolant in the event of breaks in the PHTS cold leg. The hot leg anti-siphon design feature is
formed by the elevation difference between the pump inlet and DHRS natural circulation flow
path allowing air or cover gas to break the siphon. On the cold leg, a cut-out in the core barrel
allows air or cover gas to expand into the downcomer, breaking the syphon as the cold leg
inventory drains down.

The staff notes that adequate reactor coolant inventory is maintained following a failure in the
PHTS by anti-siphon design features on the hot and cold legs. The design’s ability to remove
residual heat following a failure in the PHTS is consistent with the guidance given in NUREG-





1537 which states, the primary coolant system (of a forced-convection coolant flow) should be
designed to prevent coolant loss and convert, in a passive or fail-safe method, to natural-
convection flow sufficient to avoid loss of fuel integrity. Accordingly, the staff finds there is
reasonable assurance that this preliminary information for the PHTS design is consistent with
PDC 33 in accordance with 10 CFR 50.34(a) and with the relevant guidance in NUREG-1537.

PDC 70, Reactor coolant purity control:

The staff evaluated the PHTS’ ability to maintain reactor coolant purity considering fouling and
plugging of passages, radionuclide concentrations, chemical attack, and air or moisture ingress.

PSAR Section 5.1.3 states that fouling or plugging of the reactor coolant flow path is not
expected as a result of a reduction in coolant purity, but the temperature of the reactor coolant in
the downcomer and core can be monitored to determine if coolant purity affects heat removal
capability as a result of fouling or plugging.

The staff finds there is reasonable assurance that the information provided regarding
temperature monitoring in the downcomer and core will allow Kairos to design the system to
detect potential fouling or plugging, and, if detected, coolant purity can be restored by the CCS
as described in PSAR Section 9.1.1 and SE Chapter 9. The staff finds there is reasonable
assurance that the preliminary information regarding monitoring and the CCS is consistent with
the PDC 70 criteria to control coolant purity based on the potential for fouling or plugging.

The ability of the reactor coolant to retain radionuclides is discussed in KP-TR-005-NP-A,
Revision 1 and PSAR Section 5.1.3. Based on the evaluation in KP-TR-005-NP-A, Revision 1,
the staff finds that there is reasonable assurance the Flibe is consistent with PDC 70 in
accordance with 10 CFR 50.34(a) with respect to radionuclide retention, because, as described
in the referenced topical report, the reactor coolant can retain certain radionuclides in a salt-
soluble form. Further discussion of this topic can be found above under PDCs 16 and 60.

KP-TR-013-PNP, Revision 4, “Metallic Materials Qualification for the Kairos Power Fluoride Salt-
Cooled High-Temperature Reactor,” and KP-TR-014-NP, Revision 4, “Graphite Material
Qualification for the Kairos Power Fluoride Salt-Cooled High-Temperature Reactor” both
address the issue of chemical attack or corrosion of primary system components within the
broader discussion of materials qualification. PSAR Section 9.1.1 describes the CCS and its
ability to adjust Flibe purity.

The staff evaluated the impact of Flibe as a coolant on the corrosion of primary system
components as described in PSAR Chapter 5, as well as KP-TR-013-NP, Revision 4 and KP-
TR-014-NP, Revision 4. The staff finds there is reasonable assurance that Flibe purity can be
maintained in a manner that minimizes corrosion, consistent with NUREG-1537, Part 2, Section
5.2. This finding is based on the following: (1) Kairos will perform qualification testing that will
quantify degradation rates of high carbon 316 austenitic stainless steel (316H SS) and graphite
in contact with Flibe, and (2) the CCS, as described in PSAR Section 9.1.1 and evaluated in SE
Chapter 9, will be able to adjust Flibe purity, if needed.

PSAR Section 5.1.3 states that air ingress could affect the purity and inventory of the reactor
coolant in the vessel, but significant forced air ingress into the PHTS is excluded by the design
basis due to design features of the HRR and reactor trip system. PSAR Chapters 4 and 13
discuss air entrapment events which are considered separate from forced air events. The
response to Request for Additional Information (RAI) Package 350, Question 410
(ML22251A400) states that structural integrity of metallic and graphite components will remain





within bounding conditions as per the KP material qualification programs described in KP-TR-
013-PNP, Revision 4, and KP-TR-014-NP, Revision 4. Additionally, PSAR Chapter 14 contains
a proposed TS LCO to limit the quantity of air in the reactor coolant during operations.

The staff notes that material qualification programs will provide data to analyze degradation of
both metallic materials in the PHTS, as well as the graphite reflector, for postulated air ingress
events. This data can be used to ensure these components can maintain their safety functions
because it will allow for appropriate corrosion and oxidation allowances to be incorporated into
the design. Additionally, the staff notes that the response to RAI Package 350, Question 410
describes design features to limit forced air ingress and the availability of compensatory
measures after the anticipated seven day postulated accident time to ensure that the material
qualification programs bound postulated air ingress scenarios. Therefore, the staff finds there is
reasonable assurance that the PHTS will be able to be designed consistent with PDC 70, in
accordance with 10 CFR 50.34(a), with respect to air ingress. The full staff assessment of the
structural integrity of safety-related components is documented in Chapter 4 of this SE.

Based on the preliminary information provided in PSAR Chapter 5 and the referenced topical
report, the staff finds there is reasonable assurance that the final design will be consistent with
PDC 70 in accordance with 10 CFR 50.34(a) and the guidance in NUREG-1537, Part 2, Section
5.2, such that the quality of the primary coolant will be maintained to limit corrosion of fuel
components, control rod cladding, vessel material, and other essential components in the
primary system.

10 CFR Part 20

PSAR Section 5.1.3 states that because the reactor coolant contains radiological contaminants,
the system will be designed to minimize contamination and support eventual decommissioning
as described in PSAR Chapter 11. PSAR Sections 4.4 and 11.1.5 further discuss radiation
shielding considerations.

The broader staff evaluation of radiation protection and waste management, including radiation
shielding, is provided in SE Chapter 11.

Testing and Inspection

PSAR Section 5.1.4 states that any tests and inspections of the PHTS will be included with the
submission of the OL. The testing and surveillance program will be submitted as part of the Hermes
FSAR and evaluated at the OL stage. These programs will be tracked in Appendix A of this SE and
evaluated during the OL review.

Technical Evaluation Summary

The staff evaluated the sufficiency of the preliminary information on the design of the Hermes PHTS,
as described in PSAR Chapter 5 and other relevant portions of the PSAR, using the guidance and
acceptance criteria from Section 5.2 of NUREG-1537, Parts 1 and 2. As part of its review, the staff
evaluated if PSAR Section 5.1 identifies the appropriate PDC and offers sufficient information and
design description to provide reasonable assurance that the design bases will be met at the OL stage;
that evaluation is described above in the “Design Basis and System Evaluation” section.

Based on the information provided by Kairos and the staff evaluation documented above, the staff
finds that the applicant provided sufficient preliminary information in accordance with 10 CFR 50.34 to
develop a primary coolant system design that staff has reasonable assurance will be able to





accomplish the design functions of fuel integrity and sufficient heat removal, coolant loss prevention,
conversion to passive natural-convection flow, limited corrosion of essential components, and
sufficient radiation shielding for limiting personnel exposures. Accordingly, the staff finds that there is
reasonable assurance that Hermes reactor will comply with applicable requirements.





Conclusion

Based on its findings above, the staff concludes the information in Hermes PSAR Chapter 5 is
sufficient and meets the applicable guidance and regulatory requirements identified in this chapter for
the issuance of a CP in accordance with 10 CFR Part 50. Further information as may be required to
complete the review of Hermes reactor coolant system can reasonably be left for later consideration at
the OL stage since this information is not necessary for the review of a CP application.

5.2 Summary and Conclusions on the Reactor Coolant System

The staff evaluated the descriptions and discussions of the Hermes reactor coolant system as
described in PSAR Chapter 5 and finds that the preliminary information and design criteria of the
reactor coolant system, including the PDC, design bases, and information relating to materials of
construction and coolant composition and properties: (1) provide reasonable assurance that the final
design will conform to the design bases, and (2) meet all applicable regulatory requirements and
acceptance criteria discussed in NUREG-1537. Based on these findings, the staff makes the following
conclusions regarding issuance of a CP in accordance with 10 CFR Part 50:

e Kairos has described the proposed facility design criteria for the reactor coolant system,
including, but not limited to, the principal engineering criteria for the design, and has identified
the major features or components incorporated therein for the protection of the health and
safety of the public.

e Such further technical or design information as may be required to complete the safety analysis
of the reactor coolant system, and which can reasonably be left for later consideration, will be
provided in the FSAR as noted in Appendix A to the staff SE.

o There is reasonable assurance that: (i) safety questions will be satisfactorily resolved at or
before the latest date stated in the application for completion of construction of the proposed
facility, and (ii) taking into consideration the site criteria contained in 10 CFR Part 100, the
proposed facility can be constructed and operated at the proposed location without undue risk
to the health and safety of the public.

o There is reasonable assurance: (i) that the construction of the Hermes facility will not endanger
the health and safety of the public, and (ii) that construction activities can be conducted in
compliance with the Commission’s regulations.

e The issuance of a permit for the construction of the Hermes facility would not be inimical to the
common defense and security or to the health and safety of the public.
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7 INSTRUMENTATION AND CONTROL SYSTEMS

THIS NRC STAFF DRAFT SE HAS BEEN PREPARED AND IS BEING RELEASED TO SUPPORT
INTERACTIONS WITH THE ACRS. THIS DRAFT SE HAS NOT BEEN SUBJECT TO FULL NRC
MANAGEMENT AND LEGAL REVIEWS AND APPROVALS, AND ITS CONTENTS SHOULD NOT BE
INTERPRETED AS OFFICIAL AGENCY POSITIONS.

Chapter 7 of the Kairos Power LLC (Kairos) Hermes construction permit safety evaluation report (SER)
describes the U.S. Nuclear Regulatory Commission (NRC) staff technical review and evaluation of the
preliminary design of the Hermes non-power test reactor structures, systems, and components (SSCs)
as presented in Chapter 7.0, “Instrumentation and Controls,” of the Hermes Preliminary Safety Analysis
Report (PSAR), Revision 1 (Agencywide Documents Access and Management System (ADAMS)
Accession No. ML22272A595). The Hermes construction permit application is for a non-power reactor
facility and is to test and demonstrate the key technologies, design features, and safety functions of the
Kairos Power-FHR technology and its SSCs.

As part of this review, the staff evaluated descriptions and discussions of Hermes PSAR’s
Instrumentation and Control (I&C) systems, with special attention to design and operating
characteristics, unusual or novel design features, and principal safety considerations. The preliminary
design of Hermes PSAR’s 1&C systems was evaluated to ensure the appropriate Principal Design
Criteria (PDC) and design bases have been established and information relative to materials of
construction, general arrangement, and approximate dimensions are sufficient to provide reasonable
assurance that the final design will conform to the design basis.

Areas of review for this section included I&C process control systems, reactor protection system, main
control room (MCR), remote onsite shutdown panel (ROSP), display information, and sensors. Within

these review areas, the staff assessed the preliminary analysis of the I&C systems needed to monitor

key parameters and variables, maintain parameters and variables within prescribed operating ranges,

alert operators when operating ranges are exceeded, assure safety limits are not exceeded.

NUREG-1537, “Guidelines for Preparing and Reviewing Applications for the Licensing of Non-Power
Reactors,” Part 2, “Standard Review Plan and Acceptance Criteria” can be found in ML042430048 and
provides guidance to the staff for performing safety reviews of applications to construct, modify, or
operate a nuclear non-power reactor. The staff used NUREG-1537, Part 2 as guidance and acceptance
criteria to review the Hermes construction permit application for a non-power reactor facility.

The NRC staff’s findings and conclusions in this SER are limited to whether the Hermes non-power test
reactor satisfies the Title 10 Code of Federal Regulations (10 CFR) Part 50 requirements for the
issuance of a construction permit.

71 Instrumentation and Controls Overview

Hermes PSAR, Section 7.1.1, “Summary Description,” states that the 1&C systems monitor and control
plant operations during normal operations and planned transients. The systems also monitor and
actuate protection systems in the event of unplanned transients. The I&C is comprised of four parts,
described in the bulleted list below. Each of the four parts are described in further detail in subsequent
subsections of this SER. The architectural design of the system accounts for interconnection interfaces
for plant I&C SSCs. PSAR Figure 7.1-1, “Instrumentation and Controls System Architecture,” provides
an overview of the 1&C system architecture.





e The plant control system (PCS) provides the capability to reliably control the plant systems
during normal, steady state, and planned transient power operations, including normal plant
startup, power maneuvering, and shutdown. The PCSJ is evaluated in Section 7.2 of this
SER.

e The reactor protection system (RPS) provides protection for reactor operations by initiating
signals to mitigate the consequences of postulated events and to ensure safe shutdown.
The RPS is evaluated in Section 7.3 of this SER.

e The MCR and ROSP provide the capability for plant operators to monitor plant systems,
control plant systems, and to initiate plant shutdown. The MCR and ROSP are evaluated in
Section 7.4 of this SER.

e Sensors provide input to multiple control and protection systems and are evaluated in
Section 7.5 of this SER.

As stated in the PSAR, the 1&C system implements the Institute of Electrical and Electronics Engineers
(IEEE) Standard 603-2018, “Standard Criteria for Safety Systems for Nuclear Power Generating
Stations,” IEEE Standard 7-4.3.2-2003, “IEEE Standard Criteria for Programmable Digital Devices in
Safety Systems of Nuclear Power Generating Stations,” and other consensus standards for safety-
related 1&C functions. The I&C system incorporates the principles of independence, redundancy and
diversity. Features reflecting those principles are discussed in the specific subsystem descriptions.
The RPS is the safety-related system credited for tripping the reactor and actuating engineered safety
features. Accordingly, the RPS is isolated and independent from the other I&C systems and uses input
signals from independent instrumentation. RPS instrumentation signals are provided to the PCS via a
data diode, which is part of the RPS hardware platform. As described in PSAR Section 7.3, “Reactor
Protection System,” the RPS is isolated from other 1&C systems, including the MCR and the ROSP,
using safety-related isolation hardware. Isolation is achieved through features built into the hardware
platform or through separate isolation devices. The 1&C system includes the capability for both manual
and automatic control. The sensors for temperature, pressure, neutron count rates, level, flow, radiation
level, and other analog and digital field detectors provide input to the RPS and PCS.

The PSAR states that the RPS includes sensors, trips and interlocks to shut down the reactor when
operating parameters exceed operational limits. This includes release of the control and shutdown
elements within a set of defined parameters after the onset of a postulated event. As shown on PSAR
Figure 7.1-1, the RPS sensors are separate from the PCS sensors, which input into the PCS. Specific
trips and interlocks are discussed in Section 7.3. The PSAR states that RPS actuate setpoints for trips
and interlocks are calculated based on the following design approaches:

¢ Simulation models: Time to reach operational limits based on system qualification
(environments, process conditions, etc.) as demonstrated by actual empirical data collected
during simulation testing.

o RPS Technical Specifications: Measurement time, process parameters as informed by safety
case assumptions and bounded by Technical Specification limits.

¢ Mechanical design and testing - response time for actuation to complete: Time to detect,
process, and actuate the required controls; this time should be less than the time between event
onset and parameter reaching a limiting condition for continued operation.





o Tiered (graded) approach to protection: The RPS utilizes highly reliable safety-related
parameters as the final level of protection for public health and safety.

The PDC for the facility SSCs are described in PSAR Chapter 3, “Design of Structures, Systems and
Components,” and are based on those specified in the NRC-approved Kairos Power Topical Report,
KP-TR-003-NP-A, “Principal Design Criteria for the Kairos Power Fluoride Salt-Cooled, High
Temperature Reactor,” can be found in ML20167A174. Hermes PSAR Table 3.1-3, “Design Related 10
CFR Regulations Applicable to the Design,” identify the 10 CFR Regulations applicable to the design.

7.2 Plant Control System

Introduction

Hermes PSAR, Section 7.2.1, “Description,” states that the PCS is a non-safety -related control system
which controls reactor startup, changes in power levels, and shuts down the reactor. The PCS is made
up of three subsystems:

e reactor control system (RCS)
e reactor coolant auxiliary control system (RCACS)
e primary heat transport control system (PHTCS)

The PCS maintains plant parameters within the normal operating envelope and provides data to the
control consoles located in the main control room.

As described in the PSAR, the Hermes PCS is a microprocessor-based distributed control system that
individually controls plant systems using applicable inputs. The subsystems listed above are integrated
into the PCS using non-safety related signal wireways which are terminated at local cabinets and using
redundant, non-safety, real time data highways. The plantwide sensor inputs are used to verify interlock
and permissive rules for the various plant states. The sensor data is also used to provide feedback and
alarms to the operators via the control consoles. The PCS is powered by alternating current (AC) and
direct current (DC) power supplies which are discussed in Hermes PSAR, Chapter 8, “Electric Power
System.” The PCS uses non-safety related sensor inputs as well as safety-related sensor inputs from
the RPS as described in PSAR Section 7.3.3.

Regulatory Evaluation
The applicable regulatory requirements for the evaluation of Hermes PSAR Section 7.2 are as follows:

¢ 10 CFR 50.35, “Issuance of construction permits.”
e 10 CFR 50.40, “Common standards.”

For its evaluation of the PCS, the staff used the guidance and following acceptance criteria found in
NUREG-1537, Part 2, Section 7.3, “Reactor Control System.”

e Application of the functional design and analyses to the development of bases of technical
specifications, including surveillance tests and intervals.

e Description, including logic, schematics, and functional diagrams, of the overall system and
component subsystems.





o PCS failure modes to determine if any malfunction of the RCS could prevent the RPS from
performing its safety function or could prevent safe shutdown of the reactor.

The Design Specific Review Standard (DSRS) for NuScale Small Modular Reactor Design, Chapter 7,
“Instrumentation and Controls,” found in ML15355A295, was used to evaluate I&C design principals of
independence, redundancy and diversity, and the I&C architecture for the PCS.

The PDC for the facility SSCs are described in Hermes PSAR Section 3.1 and are based on those
specified in the NRC-approved Kairos Power Topical Report, KP-TR-003-NP-A, “Principal Design
Criteria for the Kairos Power Fluoride Salt-Cooled, High Temperature Reactor” found in
ML20167A174. Hermes PSAR, Section 3.1, Table 3.1-3, “Principal Design Criteria” identifies PDC 13
as applicable to Section 7.2.

Technical Evaluation
Architecture

The PCS is made up with three subsystems: RCS, RCACS, and PHTCS. As shown in Figure 7.1-1 in
the PSAR, each of the subsystems are independent from one another. The PCS is independent from
the MCR, isolated via a gateway, and is independent and isolated from the RPS sensor inputs via a
one-way data diode. The non-safety sensors provide input signals using non-safety related signal
wireways that are terminated at local cabinets using redundant, non-safety, real time data highways.

For the RCS, PSAR Section 7.2.1.1 states that the RCS controls and monitors systems and
components that support normal operation, planned transients, and normal shutdown of the reactor.
The RCS controls the systems listed in Figure 7.1-1 in the PSAR. The RCS controls reactivity for
normal operations and normal shutdown using reactor control elements and reactor shutdown elements
in the reactivity control and shutdown system (RCSS), which is evaluated in Section 4.2 of this SER.
The RCS is capable of incrementally changing the position of reactor control elements and of releasing
the control and shutdown elements. The RCS inputs include reactor outlet and inlet temperature
sensors and source and power range neutron excore detectors. The RCS provides a reactor monitoring
function to monitor plant components that are associated with reactor functions. The RCS uses source
and power range sensors that are located outside the reactor vessel for reactor control. The RCS
controls pebble insertion and extraction, in-vessel pebble handling, and ex-vessel pebble handling in
the pebble handling and storage system (PHSS), which is evaluated in Section 9.3 of this SER, and is
capable of counting linearized pebbles external to the vessel, controlling the rate of pebble insertion
and removal from the vessel, and controlling pebble distribution within the PHSS. Additionally, the RCS
controls the reactor thermal management system (RTMS), evaluated in Section 9.1 of this SER, which
monitors the temperature of the primary system to maintain it within the normal operating envelope and
to implement planned transients. The RCS also controls external heating elements in the RTMS to
prevent overcooling.

For the RCACS, PSAR Section 7.2.1.2 states that the RCACS controls the chemistry control system
that monitors reactor coolant chemistry, which is evaluated in Section 9.1 of this SER. The monitoring
systems provide information to facilitate maintaining coolant purity and circulating activity within
specifications for the system. The RCACS also controls the inert gas system, evaluated in Section 9.1
of this SER.

For the PHTCS, PSAR Section 7.2.1.3 states that the PHTCS controls and monitors systems and
components that support normal operation of the primary heat transport system (PHTS). The purpose
of the PHTCS is to control the transport of primary coolant through the PHTS, to maintain the primary





coolant in a liquid state, to control the rejection of heat from the PHTS, and to monitor the inventory of
primary coolant in the PHTS. The PHTCS maintains the parameters in the PHTS within the normal
operating envelope. The PHTCS controls the primary salt pump, the primary loop thermal management
subsystem, and the heat rejection subsystem. The PHTCS does not provide a safety function; however,
as discussed in Section 7.3 of this SER, the RPS trips the primary salt pump (PSP) on a reactor trip, as
a protection feature for the reactor system related to the pump.

The staff finds that the architecture shown in Figure 7.1-1 and the descriptions provided in Section 7.2
of the Hermes PSAR demonstrate an adequate design basis for the preliminary design of the PCS to
meet the 1&C design principals of independence, redundancy and diversity and maintain the plant
within its normal operation. DSRS Chapter 7, Sections 7.1.2, 7.1.3, and 7.1.5 provide guidance to
review the I1&C principals of independence, redundancy, and diversity. DSRS Appendix B provides
guidance for reviewing 1&C architectures. The descriptions provided by the applicant are consistent with
the guidance found in the DSRS and in Appendix B of the DSRS and the staff finds the information to
be adequate at this stage of the licensing process. Further information can reasonably be left for later
consideration at the OL stage.

Communications

As shown on PSAR Figure 7.1-1 and described in PSAR Section 7.2.1, there is no communication from
the PCS to the RPS; communication is from the RPS to the PCS through safety-related isolation and
data diode. Additionally, the RPS provides interlocks that remove the power from the RCSS control,
PHSS, RTMS, PSP, PLTMS, and HRCS controllers. The description of communication paths between
the PCS and RPS provided by the applicant is consistent with the guidance in DSRS Section 7.1.2. on
independence because the proposed design exhibits communication independence between safety
and non-safety systems. The staff finds the information to be adequate at this stage of the licensing
process and that further information can reasonably be left for later consideration at the OL stage.

Codes and Standards

Hermes PSAR, Table 7.2-2, “Standards Applicable to the Plant Control System” states that the Hermes
software development process will follow Annex C, Sections C.2.2.2, C.2.2.3 and C.2.3 of IEEE Std. 7-
4.3.2-2003, IEC 61131 for the programable controllers, and IEC 62443 for cyber security. The staff
reviewed PSAR Table 7.2-2, which lists the standards for the digital platform. The staff finds that the
standards provided by the applicant are adequate for the design of the PCS, because the standards
listed provide sufficient guidance for software development, hardware/software for controllers, and
cyber security and are consistent with the applicable acceptance criteria in NUREG-1537, Part 2,
Section 7.3, identified above. The staff finds the information to be adequate at this stage of the
licensing process and that further information can reasonably be left for later consideration at the OL
stage.

Technical Specifications

PSAR Table 14.1-1, “Proposed Variables and Conditions for Technical Specifications” states that the
RCS “objective is to infer or calculate reactivity coefficients during normal plant operation to limit the
severity of a reactivity transient.” The staff reviewed the information provided in PSAR Section 7.2.1.1
that describes how the RCS controls reactivity for normal operations and limits rapid reactivity insertion
via the reactor control elements. Additionally, PSAR Section 7.2.3 describes that the PCS, which is
designed to monitor plant parameters and maintain systems with normal operation and to control
planned transients associated with anticipated operational occurrences. The staff finds the information
provided is adequate to support the preliminary development of the technical specifications because





setpoints are adjusted automatically based on plant modes or adjusted by operators to limit the severity
of reactivity transients, thus, maintaining reactivity coefficients within limits over the allowable range of
operation. The staff finds the information is consistent with the applicable acceptance criteria in
NUREG-1537, Part 2, Section 7.3. The staff finds the information to be adequate at this stage of the
licensing process, and that further information can reasonably be left for later consideration at the OL
stage.

Logic, Displays, and Alarms

As stated in Hermes PSAR Section 7.2.1, the PCS includes trips, interlocks, and annunciations to
monitor the operation of the PCS. The staff reviewed PSAR Sections 7.2.1.1,7.2.1.2,7.2.1.3,7.2.1.4,
Tables 7.2-1 and 7.2-3, and finds that the trips, interlocks, and annunciations as described are able to
monitor and maintain variables and systems over their anticipated ranges for normal operation and over
the range defined in postulated events. The descriptions provided by the applicant are consistent with
the applicable acceptance criteria in NUREG-1537, Part 2, Section 7.3. The staff finds the information
to be adequate at this stage of the licensing process and that further information can reasonably be left
for later consideration at the OL stage.

Failure Modes

Hermes PSAR, Section 7.2.3, states that the PCS is designed so that it cannot interfere with the
RPS’s ability to perform its safety functions. This is accomplished by isolating the RPS from the PCS
and other non-safety SSCs. Additionally, the PSAR states that the RPS deactivates non-safety
related SSCs controlled by the PCS that would affect the RPS from performing its safety functions.
The isolation and deactivation of non-safety SSCs are described and evaluated in Section 7.3 of this
SER. The descriptions of how failure modes of the PCS do not interfere with the RPS performance of
its safety functions provided by the applicant are reasonable because they are consistent with the
applicable acceptance criteria in NUREG-1537, Part 2, Section 7.3. The staff finds the information to
be adequate at this stage of the licensing process and that further information can reasonably be left
for later consideration at the OL stage.

Conclusion

The staff finds that the level of detail provided on PCS, including its RCS, is consistent with the
applicable acceptance criteria in NUREG-1537, Part 2, Section 7.3, “Reactor Control System,” and
demonstrates an adequate design basis for a preliminary design.

A more detailed evaluation of information (e.g., ranges of transient and steady-state conditions,
requirements for multiple setpoints and trip criteria, PCS platform) will occur during the review of
Hermes’s FSAR, at which time the staff will confirm that the final design conforms to PDC 13 for
the facility SSCs based on the NRC-approved Kairos Power Topical Report, KP-TR-003-NP-A and
applicable regulations.

Based on its review, the staff finds that the preliminary design of the Hermes PCS, as described in
Hermes PSAR Section 7.2, is sufficient and meets the applicable regulatory requirements and guidance
for the issuance of a construction permit in accordance with 10 CFR 50.35 and 10 CFR 50.40.

7.3 Reactor Protection System

Introduction





Hermes PSAR, Section 7.3.1, “Description,” states that the RPS provides protection for reactor
operations by initiating signals to mitigate the consequences of postulated events and to ensure safe
shutdown. The RPS is the only portion of the I&C system that is safety-related and that is credited for
tripping the reactor and actuating engineered safety features. The purpose of the RPS is to actuate
upon receipt of a trip signal in response to out-of-normal conditions and provide automatic initiating
signals to protection functions. There are three possible trip sources that can cause the RPS to actuate:

e process variables reach or exceed specified setpoints, as measured by RPS sensors;
e manual initiation from the MCR or ROSP; and
e plant electric power is lost (with a time delay).
There are three protection functions that result from RPS actuation:
e actuate the RCSS that inserts control and shutdown elements into the reactor core;
¢ inhibit actions from the PCS so that it does not interfere with the functioning of the RPS; and

e ensure an actuation of the decay heat removal system (DHRS) that passively removes heat
from the PHTS to the atmosphere.

Actuation of the RPS to trip the reactor includes several actuations that stop specific non-safety related
SSCs, normally controlled by PCS, to ensure that those non-safety related SSCs do not prevent a
safety-related SSC from performing its safety function. The non-safety related functions that are
stopped via removal of power to controllers are shown in Hermes PSAR, Figure 7.1-1. The RCSS
element withdrawal is inhibited after a loss of power to prevent inadvertent positive reactivity insertion
when power returns. The PSP is stopped to maintain a low-pressure fluoride-lithium-beryllium (Flibe)
salt coolant inventory in the core. The heat rejection subsystem blower is stopped to prevent potential
forced air ingress into the PHTS and inadvertent overcooling. Pebble extraction and insertion in the
PHSS is stopped to prevent removing pebbles from the core in the event of a PHSS extraction line
break. Finally, RTMS actuation is prohibited to prevent a challenge to the heat removal capability of the
DHRS. These inhibitions are accomplished through safety-related trip devices as shown in PSAR
Figure 7.1-1.

The RPS is built on a logic-based platform that does not utilize software or microprocessors for
operation. It is composed of logic implementation using discrete components and field programmable
gate array (FPGA) technology. The RPS is isolated from other I&C systems, including MCR and the
ROSP, using safety-related isolation hardware. Isolation is achieved through features built into the
hardware platform or through separate isolation devices.

Reactor trip functions are hardcoded into FPGA logic and are not dependent on plant operating state.
Operating conditions are compared against the trip setpoints and actuate protection functions according
to established programmable logic. The RPS cabinets are located within the safety-related portion of
the reactor building within an environmentally separated enclosure.

The RPS uses inputs from the reactor core temperature, reactor vessel level, and source and power
range neutron excore detectors.

Regulatory Evaluation





The applicable regulatory requirements for the evaluation of Hermes PSAR Section 7.3 are as follows:

10 CFR 50.35, “Issuance of construction permits”
10 CFR 50.40, “Common standards”

For its evaluation of the RPS, the staff used the guidance and following acceptance criteria found in
NUREG-1537, Part 2, Section 7.4, “Reactor Protection System.”

Descriptive information, including system logic and schematic diagrams, showing all
instruments, computer hardware and software, electrical, and electromechanical equipment
used in detecting reactor conditions requiring scram or other reactor protective action and in
initiating the action.

Analysis of adequacy of the design to perform the functions necessary to ensure reactor safety,
and its conformance to the design bases, acceptance criteria, and the guidelines used.

Assessment of the suitability of detector channels for initiating reactor protection (scrams).

Proposed trip setpoints, time delays, accuracy requirements, and actuated equipment response
to verify that the RPS is consistent with the PSAR.

Analyses of safety limits, limiting safety system settings (LSSS), and limiting conditions of
operation (LCOs), and that this information is adequately included in the technical specifications
as discussed in Chapter 14, “Technical Specifications.”

Computer hardware, software, and software verification and validation programs for reactor
designs that use computerized protection subsystems.

Consideration of the PSAR analyses for the RPS to be designed to perform its safety function
after a single failure and to meet requirements for seismic and environmental qualification,
redundancy, diversity, and independence.

DSRS for NuScale Small Modular Reactor Design, Chapter 7 was used to evaluate 1&C design
principals of independence, redundancy and diversity, plant safety function allocation, communication
between safety-related and non-safety-related 1&C systems, and the I&C architecture for the Hermes
RPS.

The PDC for the facility SSCs are described in Hermes PSAR Section 3.1 and are based on those
specified in the NRC-approved Kairos Power Topical Report, KP-TR-003-NP-A. Hermes PSAR,
Section 3.1, Table 3.1-3 identifies PDCs 1, 2, 3, 4, 10, 13, 15, 20, 21, 22, 23, 24, 25, 28, and 29 as
applicable to Chapter 7.3.

Technical Evaluation

Architecture

Hermes overall I1&C architecture is shown in Hermes PSAR, Figure 7.1-1 and the specific RPS
architecture is shown in Hermes PSAR, Figure 7.3-1. The staff reviewed the Hermes I&C architecture
using the guidance found in DSRS Chapter 7, Sections 7.1.2, 7.1.3, and 7.1.5 and Appendix B. The





I&C architecture for the RPS demonstrates adherence to the fundamental I&C design principles by
having four channels, with separate sensors for each channel, identifies trip outputs, and isolation
devices, either data diodes or safety-related isolation devices for signals going in and out of the RPS.
The staff finds that the architecture shown in Figure 7.1-1, Figure 7.3-1 and the descriptions provided in
Section 7.3 of the Hermes PSAR demonstrate an adequate design basis for the preliminary design of
the RPS to meet the fundamental 1&C design principles of independence, redundancy, and diversity for
a safety system. DSRS Chapter 7, Sections 7.1.2, 7.1.3, and 7.1.5 provide guidance to review the I&C
principals of independence, redundancy, and diversity. DSRS Appendix B provides guidance for
reviewing I&C architectures. The descriptions provided by the applicant are consistent with the
guidance found in the DSRS and in Appendix B of the DSRS and the staff finds the information to be
adequate at this stage of the licensing process and that further information can reasonably be left for
later consideration at the OL stage

Protective Functions

Hermes PSAR, Section 7.3.1 states that the three Kairos Power Fluoride Salt-Cooled High
Temperature Reactor (KP-FHR) protection functions resulting from RPS actuation have separate
channels of sensor electronics and input devices, redundant and separate groups of signal
conditioning, and redundant and separate groups for trip determination to ensure that the three KP-
FHR protection functions that result from RPS actuation: 1) actuate the RCSS that inserts control and
shutdown elements into the reactor core, 2) inhibit actions from the PCS so that it does not interfere
with the functioning of the RPS, and 3) ensure an actuation of the DHRS that passively removes heat
from the PHTS to the atmosphere can be met. The staff finds that the descriptions provided in PSAR
Section 7.3.1 of how the three KP-FHR protection functions are to be implemented are adequate and
consistent with the applicable acceptance criteria found in NUREG-1537, Part 2, Section 7.4. The staff
finds that the information provided is adequate at this stage of the licensing process and that further
information can reasonably be left for later consideration at the OL stage.

Communications

As shown in Figure 7.1-1, all communications between safety-related and non-safety-related I1&C
systems are accomplished using a data diode or a safety-related isolation device. Actuation of the RPS
to trip the reactor includes several actuations that stop specific non-safety related SSCs actuations,
normally controlled by the PCS, to ensure that those non-safety related SSCs do not prevent a safety-
related SSC from performing its safety function. The staff finds that the communications scheme for the
RPS demonstrates an adequate design basis for the preliminary design of the RPS to provide
independence for the communication between safety and non-safety systems. The descriptions
provided by the applicant are consistent with the guidance found in the DSRS Section 7.1.2 and the
staff finds the information to be adequate at this stage of the licensing process and that further
information can reasonably be left for later consideration at the OL stage.

Codes and Standards

Hermes PSAR, Sections 7.3.2, “Design Bases,” and 7.3.3, “System Evaluation,” identify regulatory
requirements as applicable for the RPS. The RPS is to be designed in accordance with IEEE Std 603-
2018. Additional design-related information for the RPS is shown in PSAR Table 7.3-1, “Codes and
Standards Applied to the Reactor Protection System.” The staff reviewed Table 7.3-1 and Sections
7.3.2 and 7.3.3 and finds that the codes and standards and descriptions, provided by the applicant, are
adequate because sufficient guidance is provided for development of the safety-related RPS and are
consistent with the applicable acceptance criteria in NUREG-1537, Part 2, Section 7.4. The staff finds
the information to be adequate at this stage of the licensing process and that further information can





reasonably be left for later consideration at the OL stage.





Logic and Schematics

Hermes PSAR, Figure 7.3-1, “Reactor Protection System Trip Logic Schematic,” and PSAR Sections
7.3.1, 7.3.2, and 7.3.3 provide the information, including system logic and schematic diagrams, showing
all instruments, computer hardware and software, electrical, and electro-mechanical equipment used in
detecting reactor conditions requiring scram or other reactor protective action and in initiating of the
actions. The staff reviewed Figure 7.3-1 and PSAR Sections 7.3.1, 7.3.2, and 7.3.3 and finds that the
trip logic scheme provides protection for reactor operations by initiating signals to mitigate the
consequences of postulated events and to ensure safe shutdown. The descriptions provided by the
applicant are consistent with the applicable acceptance criteria in NUREG-1537, Part 2, Section 7.4
and the staff finds the information to be adequate at this stage of the licensing process and that further
information can reasonably be left for later consideration at the OL stage.

Trip Functions

Hermes PSAR Figure 7.3-1 and Section 7.3.1 describe that there are three possible trip sources,
which are: 1) process variables reach or exceed specified setpoints, as measured by the RPS sensors;
2) manual initiation from the MCR or ROSP; and 3) plant electric power is lost (with a time delay).

The three protection functions that result from RPS actuation are: 1) activate the RCSS that inserts
control and shutdown elements into the reactor core; 2) inhibit actions from the PCS so that it does

not interfere with the functioning of the RPS; and 3) ensure activation of the DHRS that passively
removes heat from the PHTS to the atmosphere. The staff reviewed the adequacy of the preliminary
design to perform the functions necessary to ensure reactor safety for the three protective functions
specified in the safety analysis and the design of hardware and software relevant to trip functions using
relevant guidance, including IEEE standards and guidance listed by the applicant in PSAR Table 7.3-1.
The staff finds that the descriptions provided by the applicant are consistent with the applicable
acceptance criteria in NUREG-1537, Part 2, Section 7.4 and the relevant IEEE standards because the
trip functions, as described, will be able to perform the functions necessary to ensure reactor safety.
The staff finds the information to be adequate at this stage of the licensing process and that further
information can reasonably be left for later consideration at the OL stage.

Accident Mitigation

PSAR Chapters 5, “Heat Transport System,” 6, “Engineered Safety Features,” and 13, “Accident
Analysis,” describe the systems, safety features, and safety functions necessary to mitigate the
consequences of postulated events and to ensure safe shutdown. PSAR Sections 7.3.1.1 and 7.3.1.2
describe the I&C components and logic to actuate systems, safety features, and safety functions that
are necessary to mitigate the consequences of postulated events and to ensure safe shutdown. The
staff finds that PSAR Sections 7.3.1.1 and 7.3.1.2 adequately describes the RPS safety features to
ensure initiation of the three protective functions. The descriptions provided by the applicant are
consistent with the applicable acceptance criteria in NUREG-1537, Part 2, Section 7.4 and the staff
finds the information to be adequate at this stage of the licensing process and that further information
can reasonably be left for later consideration at the OL stage.

Safety Settings

Hermes PSAR Chapter 7 does not provide any information for proposed trip setpoints, time delays, and
accuracy criteria. The Hermes PSAR does not identify the 1&C platform or sensors; therefore the staff
cannot verify trip setpoints, time delays, and accuracy criteria. However, based on the staff’s review of
the architecture and descriptions to perform the functions necessary to ensure reactor safety and the
use of ANSI/ISA 67.04.01-2018, as described in PSAR Section 7.1.2, to establish the safety-related





setpoints, the staff finds that the information provided is adequate for the preliminary design of the RPS
to support tripping of the reactor when called upon. Once the design is final, sensors with appropriate
ranges established to protect the analytical limits specified in the plant safety analysis will be selected
as shown in PSAR Table 7.5-1 and setpoints will be established using methodology described in PSAR
Section 7.1.2. The descriptions provided by the applicant are consistent with the applicable acceptance
criteria in NUREG-1537, Part 2, Section 7.4 and the staff finds the information to be adequate at this
stage of the licensing process and that further information can reasonably be left for later consideration
at the OL stage.

Response Time

Hermes PSAR, Chapters 7 and 13, do not provide any information on the RPS equipment response
times to satisfy the response times allocated from trip initiation to trip completion for the I&C equipment.
However, Chapter 13, “Transient Assumption,” in various sections, states that the postulated event
analysis assumes conservative trip and actuation delays to account for any uncertainty in the signal
time associated with the RPS. The staff finds the assumption for response time in Chapter 13, to be
acceptable as an adequate design basis for the preliminary design because the assumed conservative
trip will account for all I&C response times. The descriptions provided by the applicant are consistent
with the applicable acceptance criteria in NUREG-1537, Part 2, Section 7.4 and the staff finds the
information to be adequate at this stage of the licensing process and that further information can
reasonably be left for later consideration at the OL stage.

Technical Specifications

The technical specifications described in PSAR Chapter 14 are evaluated in Section 14 of this SER by
the staff to verify appropriate safety limits, LSSS, LCOs, surveillance tests and intervals. PSAR Section
7.3.1 describes the RPS features required to be in the technical specifications that are credited for
tripping the reactor and actuating engineered safety features. PSAR Section 7.3.4 states that the RPS
parameters to which operability controls are applied are reactor core temperature, reactor vessel
level, source and power range neutron detectors. Surveillance intervals are established based on
operating experience, engineering judgement, and available vendor recommendations. The staff finds
that the information provided in Section 7.3 describing operational limits, design parameters, and
surveillance/testing information to be adequate for the preliminary development of technical
specifications and safety-related trip settings, as necessary, for the RPS. Once the design is final and
the I&C equipment requirements have been specified, the staff will be able to verify that appropriate
safety limits, LSSS, LCOs, surveillance tests and intervals are adequate to ensure reactor safety.

The descriptions provided by the applicant are consistent with the applicable acceptance criteria in
NUREG-1537, Part 2, Section 7.4 and the staff finds the information to be adequate at this stage of
the licensing process and that further information can reasonably be left for later consideration at the
OL stage.

1&C Platform

Hermes PSAR, Section 7.3.1, states that the RPS is built on a logic-based platform that does not utilize
software or microprocessors for operation and is composed of logic implementation using discrete
components and field programmable gate array (FPGA) technology. The staff reviewed the descriptions
provided in PSAR Section 7.3.1 and finds they are consistent with the applicable acceptance criteria in
NUREG-1537, Part 2, Section 7.4 because they describe the appropriate software development
guidance documents, including verification and validation, that are necessary when developing FPGA-
based systems. Once the platform has been identified and more information is available, the staff can
confirm the implementation and then evaluate if the 1&C platform can perform its safety-related





functions. The staff finds the information to be adequate at this stage of the licensing process and that
further information can reasonably be left for later consideration at the OL stage.

Single Failure

Hermes PSAR Section 7.3.3 states that no single failure results in loss of the RPS protective functions
and PSAR Tables 3.1-3 and 7.3-1, list the codes and standards applicable to the RPS. IEEE Std. 603-
2018, specifically Section 5, specifies that the RPS is designed to perform its safety function after a
single failure and to meet seismic and environmental qualification, redundancy, diversity, and
independence criteria. Additionally, IEEE Std. 379-2014, “IEEE Standard Application of the Single-
Failure Criterion to Nuclear Power Generating Station Safety Systems,” is also listed in Table 7.3-1,
as a means to meet the single failure criterion. The staff reviewed PSAR Section 7.3.3 and PSAR
Tables 3.1-3 and 7.3-1 and finds they provide sufficient guidance to ensure that the RPS can be
designed to perform its safety function after a single failure and to meet seismic and environmental
qualification, redundancy, diversity, and independence criteria. The descriptions provided by the
applicant are consistent with the applicable acceptance criteria in NUREG-1537, Part 2, Section 7.4,
and the staff finds the information to be adequate at this stage of the licensing process and that further
information can reasonably be left for later consideration at the OL stage.

Conclusion

The staff finds that the level of detail provided on RPS satisfies the acceptance criteria in NUREG-
1537, Part 2, Section 7.4, “Reactor Protection System,” and demonstrates an adequate design basis for
a preliminary design.

A more detailed evaluation of information (e.g., ranges of transient and steady-state conditions,
requirements for multiple setpoints and trip criteria, and RPS platform) will occur during the review of
Hermes’s FSAR, at which time the staff will confirm that the final design conforms to the PDCs 1, 2, 3,
4,10, 13, 15, 20, 21, 22, 23, 24, 25, 28, and 29 for the facility SSCs, based on in the NRC-approved
Kairos Power Topical Report, KP-TR-003-NP-A and applicable regulations.

Based on its review, the staff finds that the design of the Hermes RPS, as described in Hermes PSAR
Section 7.3, is sufficient to meet the applicable regulatory requirements and guidance for the issuance
of a construction permit in accordance with 10 CFR 50.35 and 10 CFR 50.40.

7.4 Main Control Room and Remote Shutdown Panel

Introduction

Hermes PSAR, Section 7.4.1, “Description,” states that the MCR provides means for operators to
monitor the behavior of the plant, control performance of the plant, and manage the response to
postulated event conditions in the plant. The ROSP provides separate means to shutdown the plant
and monitor plant parameters in response to postulated event conditions.

Hermes PSAR, Section 7.4.1.1, states that the MCR contains equipment related to normal operation of
the plant. This equipment includes operator and supervisor workstation terminals, which provide
alarms, annunciations, personnel and equipment interlocks, and process information. This equipment is
the main point of interaction (human/system interface (I)) between operators and the PCS and the
information coming from the RPS. The terminals are connected to the main plant network through a
network switch. The system uses redundant fiber optic communication channels between the PCS and
the MCR. Communication from the RPS to the MCR utilizes a data diode for one-way communication.





The MCR console displays plant parameters to allow operators to monitor conditions during and
following postulated events. The MCR console contains a manual trip switch that propagates through
safety-related isolation, which allows operators to initiate a plant trip, but this is not a safety-related
function nor credited in the accident analyses. The MCR also contains a central alarm panel for the fire
protection system so that operators can monitor the status of fire protection equipment inside the
reactor building. The central alarm panel includes controls for the ventilation and extinguishing systems
related to the response to fires.

Hermes PSAR, Section 7.4.1.2, states that the ROSP provides tIHSI for plant staff to monitor
indications from the reactor protection system including operating status of the RPS and the DHRS in
the event that the MCR becomes inaccessible or uninhabitable. The ROSP communicates (one-way,
read-only) with the RPS instrumentation using a safety-related isolation device, with the ability to initiate
a trip signal from a manual trip button that actuates RPS. The ROSP is not safety-related and is located
in the safety-related portion of the reactor building.

Regulatory Evaluation
The applicable regulatory requirements for the evaluation of Hermes PSAR Section 7.4 are as follows:

¢ 10 CFR 50.35, “Issuance of construction permits”
¢ 10 CFR 50.40, “Common standards”

For its evaluation of the MCR and ROSP, the staff used the guidance and following acceptance criteria
in NUREG-1537, Part 2, Section 7.6, “Control Console and Display Instruments.”

o Regulations, bases, criteria, standards, and guidelines that the applicant intends to comply with
for the MCR and ROSP design.

Analysis of the adequacy of the design to perform the necessary, control and protection
actuation, and information management, storage, and display funct
e jons.

Coordination with review of other PSAR chapters to verify control inputs and displayed
parameters apply for the systems invo
e |ved.

Coordination with technical specifications review to verify that appropriate surveillance tests
and intervals are specified to ensure that the instruments and equipment will perform
their functions as desi

e gned.

DSRS for NuScale Small Modular Reactor Design, Chapter 7 was used to evaluate 1&C design
principals of independence, redundancy and diversity, the I&C architecture, and communication
between safety and non-safety system for the MCR, ROSP, and other I&C Platforms.

The PDC for the facility SSCs are described in Hermes PSAR Section 3.1 and are based on those
specified in the NRC-approved Kairos Power Topical Report, KP-TR-003-NP-A. Hermes PSAR,
Section 3.1, Table 3.1-3 identifies PDC 19 as applicable to Section 7.4.





Technical Evaluation
Architecture

The staff reviewed the overall I&C architecture as shown in Hermes PSAR, Figure 7.4-1, “Architecture
of the Main Control Room and the Remote Shutdown Onsite Panel,” for the MCR and ROSP for
adherence to the fundamental I&C design principles. DSRS Chapter 7, Sections 7.1.2, 7.1.3, and 7.1.5
provide guidance to review the 1&C principals of independence, redundancy, and diversity. Appendix B
of the DSRS provides guidance for reviewing I1&C architectures. The MCR and ROSP are physically
separated from one each other, and both are physically separated from the PCS and RPS as shown in
Figure 7.4-1 and described in Hermes PSAR Section 7.4. The descriptions provided by the applicant
are consistent with the guidance found in the DSRS and in Appendix B of the DSRS. The staff finds the
information to be adequate at this stage of the licensing process and that further information can
reasonably be left for later consideration at the OL stage.

Communication

As shown on PSAR Figures 7.1-1 and 7.4-1 and PSAR Section 7.4.1.1, the communication scheme
uses redundant fiber optic communication channels between the PCS and MCR. Data diodes and
safety-related isolation devices are used between safety-related and non-safety related 1&C systems.
A non-safety related gateway is used to control the flow of data between the 1&C systems. The data
flow can be either bi-directional or one way between systems. The staff reviewed PSAR Figures
7.1-1 and 7.4-1 and Section 7.4.1.1 and finds that the MCR, ROSP, PCS and the RPS have sufficient
isolation between all systems. The staff finds the design of the MCR and ROSP is sufficient because
it adheres to independence requirements for communication between safety and non-safety systems.
The descriptions provided by the applicant are consistent with the guidance found in the DSRS,
Section 7.1.2 and the staff finds the information to be adequate at this stage of the licensing process
and that further information can reasonably be left for later consideration at the OL stage.

Codes and Standards

Hermes PSAR, Table 7.4-1, “Codes and Standards Applied to the Main Control Room and Remote
Onsite Shutdown Panel,” reflects the standards or guidance to be used for the design of MCR and
ROSP for developing computer software and software verification and validation programs for reactor
designs that use computerized protection subsystems. The staff reviewed the codes and standards
provided in PSAR Table 7.4-1 and finds that they are sufficient for developing and controlling the
software design for the MCR and ROSP. The staff finds this information to be adequate for the
preliminary design of the MCR and ROSP because sufficient guidance is provided for developing
software necessary for the controls, displays, and alarms. The descriptions provided by the applicant
are consistent with the applicable acceptance criteria in NUREG-1537, Part 2, Section 7.6 and the staff
finds the information to be adequate at this stage of the licensing process and that further information
can reasonably be left for later consideration at the OL stage.

Controls, Displays, and Alarms

Hermes PSAR, Sections 7.4.1.1 and 7.4.1.2 describe the controls, displays, and alarms to perform
the necessary control and protection actuation and information management, storage, and display
functions required. Hermes PSAR, Section 7.4.3 describes the system evaluation for both the MCR
and the ROSP. The staff finds that the information in Section 7.4.3 is adequate in describing the
displays and organization of consoles for both MCR and ROSP. PSAR Section 7.4.3.1 also states that
no operator actions are required to mitigate the consequences of postulated events. As a result of no





operator actions required to mitigate the consequences of postulated events, no safety-related displays
are required for the HERMES design. The staff reviewed the elements described in PSAR Sections
7.4.1.1 and 7.4.1.2 for the MCR and ROSP and finds this information to be adequate because sufficient
guidance is provided for performing the necessary control and protection actuation, and information
management, storage, and display functions. The descriptions provided by the applicant are consistent
with the applicable acceptance criteria in NUREG-1537, Part 2, Section 7.6 and the staff finds the
information to be adequate at this stage of the licensing process and that further information can
reasonably be left for later consideration at the OL stage.

Technical Specifications

The MCR is described in PSAR Sections 7.4.1.1 and 7.4.3.1. PSAR Chapter 14, Table 14.1-1, Item
3.0, contains proposed Technical Specifications for controls and monitoring systems to ensure the

safe operation of the facility. The staff reviewed the above sections and finds that the MCR controls,
displays, and alarms descriptions are adequate because they provide the necessary information to
support the preliminary development of the technical specifications, specifically Table 14.1-1, Item 3.0,
for controls and monitoring systems to ensure the safety operation of the facility. The descriptions
provided by the applicant are consistent with the applicable acceptance criteria in NUREG-1537, Part 2,
Section 7.6 and the staff finds the information to be adequate at this stage of the licensing process and
that further information can reasonably be left for later consideration at the OL stage.

Conclusion

The staff evaluated the sufficiency of the preliminary design of Hermes’s MCR and ROSP, as described
in Hermes PSAR Section 7.4, in part, by reviewing the operator interface description, operator interface
data entry, display interface hardware and software human factors engineering, static annunciator and
fixed status display, alarm and event display, human machine interface, and display independence
using the applicable acceptance criteria from Section 7.6, “Control Console and Display Instruments,”
of NUREG-1537, Part 2. The staff finds the level of detail provided is consistent with the applicable
acceptance criteria in NUREG-1537, Part 2, Section 7.6 and demonstrates an adequate design basis
for a preliminary design.

A more detailed evaluation of information (e.g., ranges of transient and steady-state conditions,
requirements for multiple setpoints and trip criteria, and MCR and ROSP consoles) will occur during the
review of Hermes’s FSAR, at which time the staff will confirm that the final design conforms to PDC 19
for the facility SSCs based on in the NRC-approved Kairos Power Topical Report, KP-TR-003-NP-A
and applicable regulations.

Based on its review, the staff finds that the preliminary design of the Hermes control console and
display information, as described in Hermes PSAR Section 7.4, is sufficient and meets the applicable
regulatory requirements and guidance for the issuance of a construction permit in accordance with 10
CFR 50.35 and 10 CFR 50.40.

7.5 Sensors

Introduction

Hermes PSAR, Section 7.5.1, “Description,” states that the sensors are used to provide information
about temperature, pressure, neutron count rates, level, flow of the primary coolant and area radiation

levels as input to multiple control and protection subsystems. Independent sensors are provided to the
RPS and the PCS. Sections in PSAR Chapter 7 provide information on specific I&C subsystems





including a discussion of the sensors that support that subsystem and the type of sensor used (i.e.,
analog or digital).

Temperature, pressure, level, and flow sensors measure and monitor plant operating process
parameters and are used to control operations and to initiate reactor protective actions. Neutron source
range sensors provide indication of power level during the initial stages of startup. Gamma radiation
monitors provide information about area radiation levels during all plant modes of operation.

Regulatory Evaluation
The applicable regulatory requirements for the evaluation of Hermes PSAR Section 7.5 are as follows:

¢ 10 CFR 50.35, “Issuance of construction permits”
¢ 10 CFR 50.40, “Common standards”

For its evaluation of sensors, the staff followed portions of the guidance and acceptance criteria in
NUREG-1537, Part 2, Sections 7.3, “Reactor Control System” and 7.4, “Reactor Protection System,” for
criteria applicable to sensors, as follows:

¢ Regulations, bases, criteria, standards, and guidelines that the applicant intends to comply with
for the sensor design.

e The range of operation of sensor (detector) channels should be sufficient to cover the expected
range of variation of the monitored variable during normal and transient (pulsing or square
wave) reactor operation.

e Coordination with technical specifications review to verify that appropriate surveillance tests and
intervals are specified to ensure that the instruments and equipment will perform their functions
as designed.

DSRS for NuScale Small Modular Reactor Design, Chapter 7 was used to evaluate 1&C design
principals of independence, redundancy and diversity, the I&C architecture, and communication
between safety and non-safety sensors and other I&C Platforms.

The PDC for the facility SSCs are described in Hermes PSAR Section 3.1 and are based on those
specified in the NRC-approved Kairos Power Topical Report, KP-TR-003-NP-A. Hermes PSAR,
Section 3.1, Table 3.1-3 identifies PDCs 1, 2, 3, 13, 21, 22, 24, and 29 as applicable to Section 7.5

Technical Evaluation
Architecture

The overall I&C architecture as shown in Hermes PSAR, Figure 7.1-1 provides a set of independent
safety-related sensors for each RPS channel. PSAR Section 7.3.1.1 states that the RPS receives input
from sensors through hardwired, analog, safety-related wireways. Once the signal inputs are converted
to digital, these safety-related signals are sent to the PCS via a one-way data diode. The non-safety
related sensors signals are sent to their respective non-safety local cabinets via non-safety wireways.
The signals are then sent to the PCS in redundant, non-safety, real time data highways. The staff
reviewed PSAR Figure 7.1-1 and PSAR Section 7.3.1.1 and finds that the description of overall I&C
architecture is adequate because it demonstrates adherence to the fundamental 1&C design principles





of independence, redundancy, and diversity for sensors. The descriptions provided by the applicant of
the overall 1&C architecture are consistent with the guidance found in the DSRS and in Appendix B of
the DSRS and the staff finds the information to be adequate at this stage of the licensing process.
Further information can reasonably be left for later consideration at the OL stage.

Codes and Standards

As shown on Figure 7.1-1, both the non-safety and safety-related sensors input directly to their
respective PCS and RPS platforms. Accordingly, the codes and standards, as evaluated in Sections
7.2 and 7.3 of this SER, apply to the respective sensors of each platform. The staff reviewed PSAR
Sections 7.5.2 and 7.5.3, in conjunction with the review of codes and standards, as they apply to
Sensors per NUREG-1537, Part 2, in Sections 7.2 and 7.3 of this SER, and finds the information
adequate because the sensors are designed to monitor and maintain variables and systems over
their anticipated ranges for normal operation, and over the range defined in postulated events.

The descriptions provided by the applicant are consistent with the applicable acceptance criteria in
NUREG-1537, Part 2 and the staff finds the information to be adequate at this stage of the licensing
process and that further information can reasonably be left for later consideration at the OL stage.

Sensors

Hermes PSAR, Table 7.5-1, “Parameter Range for Safety-Related Sensors” Table 7.5-2, “Parameter
Range for Non-Safety Related Sensors,” and PSAR Section 7.5.1 provide the temperature range of
operation for both the safety-related and non-safety related sensors and descriptions. The remaining
sensor channels (vessel level, area radiation, source range neutronics, intermediate range neutronics,
and power range neutronics) are to be provided in the OL application. Section 7.5.3 and Table 7.5-1
provide the temperature safety-related sensors range of 450°C — 816°C, which are designed to monitor
temperatures between the freezing temperature of the primary coolant, and up to the highest design
temperature determined by the safety analysis, 816°C. For the non-safety-related temperature sensors,
the staff reviewed Section 7.5.3 and Table 7.5-2. Table 7.5-2 provides a range of 550°C — 650°C, which
as described in Section 7.5.3 are designed to monitor process variables to reflect the range for
postulated events and bounds, with margin, the range for normal operation.

The staff reviewed PSAR Tables 7.5-1 and 7.5.2, and Sections 7.5.1 and 7.5.3 and finds that the
proposed ranges for the safety-related temperature sensor are adequate because the range bounds,
with margin, to monitor normal operation and postulated temperature events. Additionally, the staff finds
the proposed ranges for the non-safety related temperature sensor are adequate because the range
bounds, with margin, to monitor normal operation. The descriptions provided by the applicant are
consistent with the applicable acceptance criteria in NUREG-1537, Part 2 and the staff finds the
information to be adequate at this stage of the licensing process and that further information can
reasonably be left for later consideration at the OL stage.

Technical Specifications

As shown in PSAR Figure 7.1-1 and described in Section 7.5.1 and 7.5.3, both the non-safety and
safety-related sensors input exclusively to the PCS or the RPS, to support the respective trips
described in Table 14.1-1. TS evaluated in Sections 7.2 and 7.3 of this SER apply to the respective
sensors. The staff finds the descriptions provided by the applicant are consistent with the applicable
acceptance criteria in NUREG-1537, Part 2 and that the information to be adequate at this stage of the
licensing process and that further information can reasonably be left for later consideration at the OL
stage.

Conclusion





The staff finds the level of detail provided on safety-related and non-safety related sensors, as
described in Hermes PSAR Section 7.5, is consistent with the applicable acceptance criteria in
Sections 7.2, “Design of Instrumentation and Control Systems,” and 7.3, “Reactor Control System,” of
NUREG-1537, Part 2 and demonstrates an adequate design basis for a preliminary design.

A more detailed evaluation of information (e.g., ranges of transient and steady-state conditions and
requirements for both non-safety and safety-related sensors) will occur during the review of Hermes’s
FSAR, at which time the staff will confirm that the final design conforms to PDCs 1, 2, 3, 13, 21, 22, 24
and 29 for the facility SSCs based on the NRC-approved Kairos Power Topical Report, KP-TR-003-NP-
A and applicable regulations.

Based on its review, the staff finds that the preliminary design of the safety-related and
non-safety-related sensors, as described in Hermes PSAR Section 7.5, is sufficient and meets the
applicable regulatory requirements and guidance for the issuance of a construction permit in
accordance with 10 CFR 50.35 and 10 CFR 50.40.
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8 ELECTRICAL POWER SYSTEMS

THIS NRC STAFF DRAFT SE HAS BEEN PREPARED AND IS BEING RELEASED TO SUPPORT
INTERACTIONS WITH THE ACRS. THIS DRAFT SE HAS NOT BEEN SUBJECT TO FULL NRC
MANAGEMENT AND LEGAL REVIEWS AND APPROVALS, AND ITS CONTENTS SHOULD NOT BE
INTERPRETED AS OFFICIAL AGENCY POSITIONS.

This chapter of the Hermes construction permit safety evaluation report (SER) describes the technical
review and evaluation by the U.S. Nuclear Regulatory Commission (NRC) staff (the staff) of the
preliminary design of the Kairos Power LLC (Kairos) Hermes Non-Power Reactor facility as presented in
Chapter 8, “Electric Power Systems,” of the Hermes preliminary safety analysis report (PSAR) and
supplemented by Kairos’ letter dated June 20, 2022 (Agencywide Documents Access and Management
System (ADAMS) Accession No. ML22171A015). The staff reviewed Hermes PSAR Chapter 8 against
applicable regulatory requirements using regulatory guidance and standards to assess the sufficiency of
the preliminary design of the Hermes facility. The following sections of the SER describe the areas
reviewed as specified in NUREG-1537, “Guidelines for Preparing and Reviewing Applications for the
Licensing of Non-Power Reactors,” Part 2, “Standard Review Plan and Acceptance Criteria” (ADAMS
Accession No. ML042430048).

8.1 Electrical Systems

Hermes PSAR Section 8.1, “Summary Description,” states that the purpose of the electrical system is to
provide power to plant equipment for operation and that the electrical system consists of the non-Class
1E normal power system and the backup power system. Further, Kairos states that, due to the passive
design of Hermes, safety-related structures, systems, and components (SSCs) do not require electric
power to perform safety-related functions following a design basis event. The design has no emergency
electrical power systems as described in NUREG-1537, Part 2, Section 8.2. In addition, Kairos states
that alternating current (AC) power from off-site or backup power sources is not required to mitigate a
design basis event.

8.2 Normal Power System

Introduction

Hermes PSAR Section 8.2, “Normal Power System,” states that the normal power system is supplied by
an offsite power source from the local utility, which provides a medium voltage feeder. Further, Kairos
states that the nominal bus voltage of 480 volts (V) is distributed to plant loads and a loss of voltage or a
degraded voltage condition on the normal power system does not adversely affect the performance of
safety-related functions.

Regulatory Evaluation
The applicable regulatory requirements for the evaluation of Hermes are as follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary safety
analysis report,” including:

o 10 CFR 50.34(a)(3), which requires “The preliminary design of the facility including: (i) The principal
design criteria for the facility” and “(ii) The design bases and the relation of the design bases to the
principal design criteria.”





o 10 CFR 50.34(a)(4), which requires “[a] preliminary analysis and evaluation of the design and
performance of structures, systems, and components [SSCs] of the facility...”; and

10 CFR 50.35, “Issuance of construction permits.”
10 CFR 50.40, “Common standards.”

NUREG-1537, Part 2, Section 8.1, “Normal Electrical Power Systems,” states that the acceptance
criteria for normal electrical power systems are:

o The design and functional characteristics should be commensurate with the design bases, which
are derived from other chapters of the PSAR.

. The facility should have a dedicated substation, or a shared system designed to provide
reasonable assurance that other uses could not prevent safe reactor shutdown.

. The system should be designed to permit safe reactor shutdown and to prevent uncontrolled
release of radioactive material if offsite power is interrupted or lost. Reactor shutdown is generally
achieved by a reactor scram.

. Electrical power circuits should be isolated sufficiently to avoid electromagnetic interference with
safety-related instrumentation and control functions.

) Technical specifications should be provided to ensure operability commensurate with power
requirements for reactor shutdown and to prevent uncontrolled release of radioactive material.

The Principal Design Criteria (PDC) for the facility SSCs are described in Hermes PSAR Section 3.1 and
are based on those specified in the NRC-approved Kairos Power Topical Report, KP-TR-003-NP-A,
“Principal Design Criteria for the Kairos Power Fluoride Salt-Cooled, High Temperature Reactor”
(ADAMS Accession No. ML20167A174). Hermes PSAR, Section 3.1, Table 3.1-3, “Principal Design
Criteria” identifies PDC 17 and 18 as applicable to Chapter 8.

Technical Evaluation

The normal power system provides AC and direct current (DC) electrical power by an offsite power
source and is designed in accordance with National Fire Protection Association (NFPA) 70, “National
Electrical Code 2020,” as stated in PSAR Section 8.2.3, “System Evaluation.”

In PSAR Section 8.2.1.1, “AC Electrical Power,” Kairos states that AC electrical power components
include the following:

o A single incoming feeder from the utility to the normal power system with nominal feeder voltage of
4.16 kilovolt (kV),

. A 4.16 kV/480 V step down transformer, and

o The low voltage AC electrical power distribution with nominal bus voltages of 480 V and 120 V.

Further, Kairos stated that selected loads are supplied continual AC power via uninterruptible
power supplies (UPS), which provides power during normal operations and backup power during loss of
normal electrical power.

In PSAR Section 8.2.1.2, “DC Electrical Power,” Kairos states that 24 VDC is provided to instrumentation
and control (1&C) functions during normal operations and for a specified maximum duty cycle following a
loss of AC power.

In PSAR Section 8.2.2, “Design Bases,” Kairos states that the normal power system does not perform
any safety-related functions, is not credited for the mitigation of postulated events, and is not credited





with performing safe shutdown functions. Further, Kairos states in PSAR Section 8.2.3, “System
Evaluation” that malfunction of the normal power system will not cause reactor damage or prevent safe
reactor shutdown. Section 8.2.3 also states that adequate independence is maintained between the
non-safety normal power system and Class 1E Instrumentation and Control System. The 1&C system is
evaluated in Chapter 7 of this document. In the staff’'s review of PSAR Chapter 8 and, particularly, Figure
8.1-1, “Electrical Configuration Diagram,” the staff notes a dedicated connection from the utility to the
normal power system.

PDC 17, “Electric power systems,” requires that “electric power systems shall be provided when required
to permit functioning of SSCs.” PDC 18, “Inspection and testing of electric power systems,” requires that
“electric power systems which are safety significant shall be designed to permit appropriate inspection
and testing.” During an audit, the staff requested clarification on the electrical systems that Kairos stated
met PDC 17 and 18. Kairos affirmed the information in Section 8.2, that no electrical systems were
required for performing any safety-related function for safe shutdown of the plant or to keep the plant in
the safe shutdown condition. The staff finds the PSAR statements that the normal power system is not
credited for accident mitigation or safe shutdown, is classified as non-Class 1E or non-safety, no
technical specifications for the normal power system are required, and that PDCs 17 and 18 are not
applicable since there are no Class 1E electric power systems.

Conclusion

The NRC staff finds that the level of detail provided on the normal power system meets the applicable
criteria of NUREG-1537,” Part 2, Section 8.1, and demonstrates an adequate design basis for a
preliminary design. The design bases of the normal electrical power systems for the facility have been
reviewed. Because AC power from off-site sources will not be required to perform safe shutdown
functions in the preliminary design, the reactor can be safely shut down in the event of a loss or
interruption of the normal electrical power system. A more detailed evaluation of information will occur
during the review of Hermes’ final safety analysis report (FSAR), at which time the NRC staff will confirm
that the final design conforms to this design basis.

Based on its review, the NRC staff finds that the design of the Hermes normal power system, as
described in Hermes PSAR Section 8.2, is sufficient and meets the applicable regulatory requirements
and guidance for the issuance of a construction permit in accordance with Title 10, Code of Federal
Regulations (10 CFR), Part 50.35. The staff also finds that PDCs 17 and 18 are not applicable since
there are no Class 1E electrical power systems.

8.3 Backup Power System

Introduction

While there are no emergency electrical power systems, Hermes PSAR Section 8.3, “Backup Power
System (BPS),” states the backup power system’s design function is to provide AC electrical power to
the essential facility loads when the normal AC power supply is not available and includes backup
generators and UPS, as well as electrical equipment and circuits used to interconnect the backup
generators to the low voltage AC electrical power distribution. The PSAR further states that the facility is
equipped with a plug-in connection for use with a portable 480 VAC generator to provide power to
essential loads in the event the backup generators are unavailable.

Regulatory Evaluation

The applicable regulatory requirements for the evaluation of Hermes are as follows:





e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary safety
analysis report,” including:

o 10 CFR 50.34(a)(3), which requires “The preliminary design of the facility including: (i) The
principal design criteria for the facility” and “(ii) The design bases and the relation of the design
bases to the principal design criteria.”

o 10 CFR 50.34(a)(4), which requires “[a] preliminary analysis and evaluation of the design and
performance of structures, systems, and components [SSCs]_of the facility...”; and

e 10 CFR 50.35, “Issuance of construction permits.”

¢ 10 CFR 50.40, “Common standards.”

The PDC for the facility SSCs are described in PSAR Section 3.1 and are based on those specified in
the NRC-approved Kairos Power Topical Report, KP-TR-003-NP-A. Hermes PSAR, Chapter 3, Table
3.1-3, “Principal Design Criteria” identifies the PDC 17 and 18 as applicable to electrical power systems.

Technical Evaluation

PSAR Section 8.3.1.1, “Backup generators,” states that the backup generators automatically start in the
event of a loss of offsite power and provide power to essential facility loads. Further, Kairos states that
there will be at least one redundant generator. In addition, PSAR Section 8.3.1.2, “Uninterruptible Power
Supplies,” states that selected loads are supplied with AC power via UPS and the UPS provides backup
power during a loss of normal electrical power. Kairos stated in PSAR Section 8.3.2, “Design Bases,”
that the BPS does not perform any safety-related functions, is not credited for the mitigation of postulated
events, and is not credited with performing safe shutdown functions. The BPS, as stated in Section 8.3.3,
“System Evaluation,” is designed according to NFPA 70, National Electric Code 2020, so that postulated
failures of SSCs in the system do not preclude a safety-related SSC from performing its safety function.
In the PSAR, Kairos addressed the classification and design attributes of the BPS and the staff finds that
PDCs 17 and 18 are not applicable since there are no Class 1E electric power systems.

The NRC staff finds that the level of detail provided on the backup power system satisfies the applicable
acceptance criteria of NUREG-1537, Part 2, Section 8.1, and demonstrates an adequate design basis for
a preliminary design. A more detailed evaluation of information will occur during the review of Hermes’s
FSAR, at which time the NRC staff will confirm that the final design conforms to this design basis.

Conclusion

Based on its review, the NRC staff finds that the description of the Hermes backup power system, as
described in Hermes PSAR Section 8.3, is sufficient and meets the applicable regulatory requirements
and guidance for the issuance of a construction permit in accordance with 10 CFR 50.35. The staff also
finds that PDCs 17 and 18 are not applicable since there are no Class 1E electrical power systems.
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9 AUXILIARY SYSTEMS

THIS NRC STAFF DRAFT SE HAS BEEN PREPARED AND IS BEING RELEASED TO SUPPORT
INTERACTIONS WITH THE ACRS. THIS DRAFT SE HAS NOT BEEN SUBJECT TO FULL NRC
MANAGEMENT AND LEGAL REVIEWS AND APPROVALS, AND ITS CONTENTS SHOULD NOT BE
INTERPRETED AS OFFICIAL AGENCY POSITIONS.

The auxiliary systems of the Hermes non-power test reactor consist of the reactor coolant auxiliary
systems (the chemistry control system, the inert gas system, the tritium management system, the
inventory management system, and the reactor thermal management system); the reactor building
heating, ventilation and air conditioning system (RBHVAC); the pebble handling and storage system
(PHSS); the fire protection systems; the communication system; facilities for possession and use of
byproduct, source, and special nuclear material; the plant water systems (service water system, Treated
Water System, Component Cooling Water System, Chilled Water System); and other auxiliary systems
(remote maintenance and inspection system, Spent Fuel Cooling System, Compressed Air System,
cranes and rigging, and auxiliary site services).

The principal design criteria (PDC) for the facility structures, systems, and components (SSCs) are
described in Section 3.1 of the Preliminary Safety Analysis Report (PSAR). The PDC are based on the
NRC approved Kairos Power Topical Report, KP-TR-003-NP-A, “Principal Design Criteria for the Kairos
Power Fluoride Salt-Cooled, High Temperature Reactor, Revision 1,” (Agencywide Documents Access
and Management System ADAMS Accession No. ML20111A118,) dated May 22, 2020. Each of the
sections below identify the applicable PDC for the system being evaluated.

9.1 Reactor Coolant Auxiliary Systems

The RCAS consist of five systems providing support for the functionality and performance of the Flibe
coolant. Each of the five systems is evaluated in a separate section below.

9.1.1 Chemistry Control System

Introduction

The PSAR describes the chemistry control system (CCS) as being used to monitor coolant chemistry

in the reactor vessel system and primary heat transport system (PHTS) for compliance with Flibe
specifications found in KP-TR-005, “Reactor Coolant for the Kairos Power Fluoride Salt-Cooled High
Temperature Reactor Topical Report,” Revision 1. The CCS allows for offline analysis of Flibe chemistry
and can remove and replace a sufficient amount of coolant to restore conformance with the Flibe
specification via the inventory management system (IMS). The CCS does not perform any safety-related
functions, nor is it credited to mitigate postulated events.

Regulatory Evaluation
The applicable regulatory requirements for the evaluation of the Hermes CCS design criteria are as
follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report,” Including subparagraphs 50.34(a)(3)(ii), 50.34(a)(3)(iii), 50.34(a)(4), and
50.34(a)(5)

¢ 10 CFR 50.35, “Issuance of construction permits”

e 10 CFR 50.40, “Common standards”

As provided in § 20.1002, “Scope,” the regulations in 10 CFR Part 20, “Standards for Protection Against
Radiation,” “apply to persons licensed by the Commission to receive, possess, use, transfer, or dispose





of byproduct, source, or special nuclear material or to operate a production or utilization facility.” Kairos
has applied for a construction permit and has not specifically requested approval of any design
information. A construction permit does not provide a license to operate the facility. In its Hermes
construction permit application, Kairos also has not applied for licenses to receive, possess, use,
transfer, or dispose of byproduct, source, or special nuclear material at the facility. Therefore, the NRC
staff did not evaluate whether requirements in 10 CFR Part 20 would be met for the construction of the
Hermes reactor. Instead, the NRC staff assessed whether Kairos had identified the relevant
requirements for an operating facility and provided descriptions of the preliminary facility design to
determine whether the PSAR provides an acceptable basis for the development of the auxiliary systems
and whether there is reasonable assurance that Kairos will comply with the regulations in 10 CFR Part
20 during Hermes facility operation. This is consistent with 10 CFR 50.40(a), which provides that in
determining whether a construction permit may be issued, the Commission will be guided by
consideration of reasonable assurance that Kairos will comply with the regulations, including the
regulations in 10 CFR Part 20, and that the health and safety of the public will not be endangered.

The applicable guidance for the evaluation of the CCS is NUREG-1537, Part 2, Section 5.4, “Primary
Coolant Cleanup System.” This guidance was developed for water chemistry and does not contain
specific guidance for molten salts. However, the rationale for maintaining coolant purity (e.g., limit
corrosion, minimize radioactivity release) remains the same. The NRC staff’s review was based on the
guidance in NUREG-1537 Part 2 but did not use portions of the guidance only applicable to water
chemistry (e.g., pH ranges).

Technical Evaluation

The PDC for Hermes are described in PSAR Chapter 3, “Design of Structures, Systems and
Components,” and are based on those specified in the NRC approved Kairos Power Topical Report, KP-
TR-003-NP-A, “Principal Design Criteria for the Kairos Power Fluoride Salt-Cooled, High Temperature
Reactor,” ML20167A174. The PDC applicable to the Hermes CCS are:

e PDC 2, Design Bases for Protection Against Natural Phenomena
e PDC 4, Environmental and Dynamic Effects Design Bases
e PDC 70, Reactor Coolant Purity Control.

The NRC staff evaluated the preliminary design of the CCS to determine whether it can meet its design
functions stated above. Section 9.1.1.3, “System Evaluation,” of the PSAR states that the CCS may

be located near safety-related SSCs but that the safety-related SSCs will be protected from failure of
the CCS. The NRC staff’s evaluation of seismic damage and effects of natural phenomena are
contained in Sections 3.4 and 3.5, respectively, of this safety evaluation. Therefore, consistent with the
evaluations in Safety Evaluation Report (SER) Sections 3.4 and 3.5, the staff has reasonable assurance
that the preliminary design of the CCS is consistent with PDC 2 because the PSAR describes potential
methods which will be employed to ensure that a postulated failure of the CCS does not impact safety-
related SSCs.

The PSAR states that the CCS is consistent with PDC 4 because safety-related systems in the area of
the CCS are protected against failures of the CCS equipment by being physically separate, the use of
barriers, or by the design of the safety-related components. The staff finds that the preliminary design is
sufficient to provide reasonable assurance that the CCS will not adversely impact safety-related SSCs.
Final design details in the Final Safety Analysis Report (FSAR) will allow the staff to verify any potential
impacts of failures of the CCS.

PDC 70 addresses the ability to monitor and correct coolant chemistry. Section 9.1.1.3, “System
Evaluation,” of the PSAR states that the CCS can periodically monitor the reactor coolant chemistry.
It describes some of the impurities that can be examined and states that if specifications are only





marginally met then the IMS can remove and replace enough coolant to increase the margin of
conformance to specifications. The staff has reasonable assurance that the preliminary design is
consistent with PDC 70 because the CCS can monitor coolant chemistry and because removing coolant
and replacing it with cleaner coolant provides a way to maintain coolant purity.

The guidance in NUREG-1537, Part 2, Section 5.4, states that coolant purity should be maintained
consistent with limits established in Chapters 4 and 11 of the safety analysis report. The NRC staff will
review specific coolant purity limits in the FSAR. The management of coolant purity limits is part of
Operational Programs and is appropriate to review at the operating license (OL) stage. The NRC staff
reviewed the description of CCS capabilities in the PSAR and finds that the description provides the staff
assurance that the CCS will be able to achieve the necessary functions. Details of specific purity limits
required actions to be taken if the purity limits are not met, and time limits to complete required actions
can be provided in the FSAR. Additionally, as confirmed in the response to Request for Confirmation of
Information (RCI) 349 ML22231B228, the FSAR will describe how the CCS measures a well-mixed
representative sample of the reactor coolant. This will allow the staff to ensure that purity specifications
can be met throughout the primary system. The provisions for representative sampling support proposed
technical specifications to measure various aspects of coolant purity and composition. The NRC staff will
evaluate the specific methods to monitor and maintain coolant specifications during the FSAR review.

The PSAR states that the CCS is designed to meet 10 CFR 20.1406. As a sampling system, the CCS
is not credited to correct coolant chemistry and therefore should not experience a build-up of
radionuclides within the system relative to the bulk reactor coolant. Additionally, because the CCS is
not credited to remove radionuclides from the coolant, the generation of radioactive waste should be
minimized. The NRC staff finds the CCS will be consistent with the requirements of 10 CFR 20.1406
because it is designed, in conjunction with the IMS, to contain radionuclides from the reactor coolant.
The NRC staff will review the final details of how the CCS minimizes contamination in the FSAR.

Chapter 14, “Technical Specifications,” of the PSAR describes proposed technical specifications to

be contained in the Hermes OL. Some of the proposed technical specifications relate to reactor coolant
purity requirements (e.g., LiF to BeF2 ratio, circulating activity). The NRC staff has reasonable
assurance that the preliminary design of the CCS will be able to support the proposed technical
specifications related to the reactor coolant chemistry because the CCS has the ability to analyze and
correct coolant chemistry (via the IMS). The NRC staff will evaluate the required samples and
frequencies needed to meet the technical specification as part of its review of the OL application

Conclusion

Based on the discussion above, the NRC staff concludes that the information in Hermes PSAR Section
9.1.1 is sufficient and meets applicable guidance and regulatory requirements for issuance of a
construction permit identified in the Regulatory Evaluation. The information provided gives the NRC staff
reasonable assurance that the CCS will be built to maintain and monitor required coolant purity, will

not lead to radiation exposure or releases that exceed limits in 10 CFR Part 20, and that it can support
proposed technical specifications related to coolant chemistry. The information also gives the NRC staff
reasonable assurance that the CCS design will conform with guidance in NUREG-1537 to maintain
coolant purity in order to limit degradation of essential components in the primary system. Further
information will be required before approving operation of the Hermes CCS (e.g., basis of sampling
location to provide a well-mixed and representative chemistry sample, ability of CCS to correct coolant
chemistry within specified timeframes) and will be reviewed at the OL stage.

9.1.2 Inert Gas System

Introduction
Section 9.1.2 of the PSAR describes the inert gas system (IGS). The design functions of the IGS are to:





Maintain an inert environment for components using argon
Provide inert gas purge flow

Remove impurities from cover gas

Provide transport for tritium for treatment

Provide reactor coolant motive force during filling and draining

The PSAR also states that the IGS does not perform any safety-related functions.

Regulatory Evaluation
The applicable regulatory requirements for the evaluation of the Hermes IGS design criteria are as
follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report,” including subparagraphs 50.34(a)(3)(ii), 50.34(a)(3)(iii), 50.34(a)(4), and
50.34(a)(5). 10 CFR 50.35, “Issuance of construction permits”

¢ 10 CFR 50.40, “Common standards”

As described in subsection 9.1.1 above, the staff did not evaluate whether requirements in 10 CFR Part
20 would be met for the construction of the Hermes reactor. Instead, the staff assessed whether Kairos
identified the relevant requirements for an operating facility and provided descriptions of the preliminary
facility design. The NRC staff assessed this to determine whether the PSAR provides an acceptable
basis for the development of systems and whether there is reasonable assurance that Kairos will comply
with the regulations in 10 CFR Part 20 during Hermes facility operation.

Section 9.6, “Cover Gas Control in Closed Primary Coolant Systems,” of NUREG-1537, Part 2, provides
the review scope and acceptance criteria for evaluating cover gas systems. Although the staff used the
NUREG-1537 guidance in its review, this guidance was developed for reactors that use water as a
coolant and does not contain specific guidance for cover gas systems for reactors with a molten salt
coolant. However, the rationale for cover gas control (e.g., providing required pressure differential,
assessing purity, processing and storing gases) remains the same. The staff used concepts from the
guidance and did not use portions of the guidance only applicable to water chemistry (e.g.,
recombination of hydrogen and oxygen from radiolysis of the coolant).

Technical Evaluation
The PDC applicable to the Hermes IGS are as follows:

. PDC 2, Design Bases for Protection Against Natural Phenomena
. PDC 4, Environmental and Dynamic Effects Design Bases
. PDC 64, Monitoring Radioactivity Releases.

The NRC staff evaluated the preliminary design of the IGS to determine whether it can meet its design
functions stated above. The NRC staff has reasonable assurance that the design bases and functional
descriptions of the IGS provided in the PSAR will allow the NRC staff to verify that the primary coolant
system remains a closed system, helps to prevent the uncontrolled release of radionuclides, maintains
cover gas purity, allows for tritium to move downstream for treatment, and can provide the reactor
coolant motive force during filling and draining operations. The preliminary design information in the
PSAR provides reasonable assurance that the IGS will be able to ensure the required type of gas,
concentrations of constituents, and design basis pressure. Additionally, the staff has reasonable
assurance that the IGS will be able to provide an appropriate purging flow to system components
because gas flow rates, temperature, and pressures will be individually regulated to meet design
requirements for each component. The NRC staff also has reasonable assurance the IGS will be able to





provide Flibe vapor/aerosol control because it will allow for the forced flow of gas to different
components and systems to prevent Flibe deposits. The IGS only provides a pathway for tritium to be





transported to the tritium management system and the IGS does not perform any tritium management
functions. Tritium capture is discussed and evaluated in Section 9.1.3, “Tritum Management System,”
of this SER.

The NRC staff reviewed the preliminary design of the IGS to ensure the purity of the gas can be
assessed, and the gas can be processed, decontaminated and stored. The NRC staff has reasonable
assurance that the preliminary design of the IGS will allow for management of the inert gas because
Figure 9.1.2-1, “Process Flow Diagram for the Inert Gas System,” shows the appropriate subsystems
needed to achieve these functions. Additionally, in the response to RCI 349, Kairos confirmed that the
IGS will be capable of measuring both air and moisture in the cover gas. Therefore, based on the
preliminary design of the IGS, the NRC staff has reasonable assurance that the IGS can ensure purity
of the argon cover gas consistent with operational limits and proposed technical specifications. This is
consistent with the guidance in NUREG-1537 which states the staff should review systems for assessing
the required purity of contained gases as well as systems for processing and storing the contained
gases.

Section 9.1.2.3 of the PSAR states that although the IGS is not safety-related, it may be in proximity or
connect to safety-related SSCs. These safety-related SSCs will be protected from seismic failures of the
IGS such that postulated failures of the IGS do not prevent safety-related SSCs from performing safety
functions. The NRC staff’s evaluation of seismic damage and effects of natural phenomena are
contained in Sections 3.4 and 3.5, respectively, of this SER. Therefore, consistent with the evaluations in
Sections 3.4 and 3.5 of this SER, the NRC staff has reasonable assurance that the IGS will be designed
to meet PDC 2 because the PSAR describes potential methods which will be employed to ensure that a
postulated failure of the IGS does not impact safety-related SSCs.

The PSAR states that the IGS is consistent with PDC 4 because pipe whip is precluded by design of the
IGS and because escape of inert argon gas will not affect safety-related SSCs. The staff finds that this
preliminary information is sufficient to provide reasonable assurance that the IGS will be designed
consistent with PDC 4. The NRC staff will review the final design details in the FSAR to assess any
potential impacts of pipe whip on safety-related SSCs. The NRC staff agrees that argon is an inert gas
and its release will not cause damage to other SSCs.

The PSAR states that the IGS includes sampling systems that can evaluate gas radioactivity levels.
Additionally, Figure 9.1.2-1 of the PSAR shows subsystems that will be able to measure radioactivity in,
and remove radioactive particles from, the cover gas. Based on this information, the NRC staff has
reasonable assurance that the IGS will be designed consistent with PDC 64 because the IGS will be
able to monitor for radioactivity that can potentially be released. Additionally, the NRC staff finds it
acceptable to include a technical specification on circulating activity to support the determination of the
specified acceptable radiological release design limit. This is consistent with PDC 64 which requires a
means to monitor for radioactivity that may be released and guidance in NUREG-1537 which states
systems should assess purity of gases.

Section 9.1.2.4, “Testing and Inspection,” of the PSAR states that the IGS backup argon system will be
periodically checked for quantity leakage, argon volumes and gas purity will be included in the technical
specifications. Additionally, the Kairos response to RCI 349 confirmed that the entirety of the IGS can be
periodically checked for leakage.

The NRC staff has reasonable assurance that these capabilities will allow the IGS to meet its design
functions to maintain an inert environment. The NRC staff also finds the proposed technical
specifications for argon volume and purity acceptable as this is consistent with the guidance in NUREG-
1537 that gas purity should be assessed. Based on the preliminary design, the NRC staff has
reasonable assurance that leaks from the system that could release radionuclides, or introduce





contaminants (e.g., air or moisture), can be detected and appropriate action taken prior to exceeding
operational limits. This is consistent with NUREG-1537 guidance which states that systems should be
designed to ensure control and detection of leaks so there is no uncontrolled release of radioactive
material.

The NRC staff has reasonable assurance that the preliminary design of the IGS will meet 10 CFR
20.1406 as there are systems provided to remove radioactive material from the IGS if necessary, and
because the IGS can be monitored for leaks which would allow for action to limit release of radioactivity.
The NRC staff will verify the capability to monitor activity and releases with the design details provided in
the FSAR and the OL application.

Conclusion

Based on the review described above, the staff concludes that the information in Hermes PSAR Section
9.1.2 is sufficient and meets applicable guidance and regulatory requirements for issuance of a
construction permit identified in the Regulatory Evaluation. The information provided gives the NRC staff
reasonable assurance that the IGS can meet its design functions and will not lead to radiation exposure
or releases that exceed limits in 10 CFR Part 20. The information also gives the NRC staff reasonable
assurance that the IGS will be designed consistent with the guidance in NUREG-1537 to assess and
maintain cover gas purity and meet any technical specification applicable to the IGS. Further information
will be required to approve operation of the Hermes IGS (e.g., limit on circulating activity in the cover
gas, details for allowable impurities, leakage detection) and will be reviewed at the OL stage.

9.1.3 Tritium Management System

Introduction

PSAR Section 9.1.3, “Tritium Management System,” describes a preliminary design for the tritium
management system (TMS), which monitors and removes tritium from the vapor spaces of the reactor
coolant system and the reactor building during normal operation. PSAR Section 9.1.3 states that the
system does not perform safety-related functions.

Regulatory Evaluation
The applicable regulatory requirements are as follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report,” including subparagraphs 50.34(a)(3)(ii), 50.34(a)(3)(iii), 50.34(a)(4), and
50.34(a)(5)

e 10 CFR 50.35, “Issuance of construction permits”

e 10 CFR 50.40, “Common standards”

e 10 CFR 100.11, “Determination of exclusion area, low population zone, and population center
distance”

As described in subsection 9.1.1 above, the NRC staff did not evaluate whether requirements in 10 CFR
Part 20 would be met for the construction of the Hermes reactor. Instead, the NRC staff assessed
whether Kairos identified the relevant requirements for an operating facility and provided descriptions of
the preliminary facility design. The NRC staff assessed this to determine whether the PSAR provides an
acceptable basis for the development of systems and whether there is reasonable assurance that Kairos
will comply with the regulations in 10 CFR Part 20 during Hermes facility operation.

The applicable guidance for the NRC staff’'s evaluation is as follows:

o NUREG-1537, Parts 1 and 2, Section 9.7, “Other Auxiliary Systems.” The guidance notes that
the design, functions, and potential malfunctions of the auxiliary systems should not result in





reactor accidents or uncontrolled release of radioactivity and no function or malfunction of the
auxiliary systems should interfere with or prevent safe shutdown of the reactor.

Technical Evaluation

Principal design criteria applicable to the TMS are:
e PDC 2, Design Bases for Protection Against Natural Phenomena
e PDC 60, Control of Releases of Radioactive Materials to the Environment
o PDC 64, Monitoring Radioactivity Releases

PSAR Section 9.1.3 states that the TMS does the following: (1) provides tritium separation from argon
in the IGS, (2) provides tritium separation from air in the reactor building cells, and (3) provides final
collection and disposal of tritium. The system captures tritium to reduce environmental releases.

The system is integrated into other Hermes systems based on expected tritium distribution among
possible transport pathways and the feasibility of tritium capture in each environment. To accomplish
these functions, getter alloy capture beds are used to separate tritium from argon, and molecular sieve
capture beds are used to separate tritium from air. Following their in-service duty cycles, the tritium
capture materials are stored in sealed canisters.

PSAR Section 9.1.3 states that the TMS’s functions are not safety related. However, portions of the TMS
may be near safety-related SSCs. Therefore, PSAR Section 9.1.3 states that TMS components will be
designed and positioned to preclude adverse interactions with safety-related SSCs, consistent with PDC
2. Consistent with the evaluations in Sections 3.4 and 3.5 of this SER, the staff has reasonable
assurance that the TMS will be designed to meet PDC 2 because the PSAR describes potential methods
which will be employed to ensure that a postulated failure of the TMS does not impact safety-related
SSCs.

PSAR Section 9.1.3 states that, consistent with PDC 13, “Instrumentation and control,” tritium
inventories will be monitored to comply with the inventory limits set by Maximum Hypothetical Accident
(MHA) assumptions. This will ensure that the dose due to accidental releases from the TMS are
bounded by the MHA and would therefore meet the accident dose criteria in 10 CFR 100.11. PSAR
Section 9.1.3 states that the TMS maintains a minimum level of overall tritium capture capacity to
minimize tritium releases from the plant and satisfy PDC 60. PSAR Section 9.1.3 states that radiation
monitoring is provided in the TMS for the evaluation of tritium levels in TMS subsystems which satisfies,
in part, PDC 64. PSAR 9.1.3 states that, because the system contains radiological contaminants, the
system is designed to minimize contamination and support eventual decommissioning consistent with 10
CFR 20.1406. The NRC staff finds the TMS will be consistent with the requirements of 10 CFR 20.1406
because it is designed, in conjunction with other system, to collect and contain tritium generated from
reactor operation.

For the TMS, the NRC staff used the guidance and acceptance criteria in NUREG-1537, Parts 1 and 2,
Section 9.7, “Other Auxiliary Systems,” to review the TMS preliminary design description in PSAR
Section 9.1.3, “Tritium Mitigation System.” As part of its review, the NRC staff assessed whether PSAR
Section 9.1.3 identifies the appropriate PDC for the TMS. Based on the staff's evaluation of the
preliminary design features described above, the staff finds that Kairos has described the design bases
for the TMS and that the preliminary information on the design and functional description of the TMS
provides reasonable assurance that the TMS will conform to the design bases. The NRC staff finds that
the TMS is a non-safety-related system that will be designed such that it will (1) not result in reactor
accidents, (2) not prevent safe shutdown of the reactor, and (3) not result in unacceptable radioactivity
releases or exposures. Therefore, based on its review, the NRC staff determined that the level of detail
provided on the TMS, including the design bases, and identification of relevant PDC, is adequate for a
preliminary design and is consistent with the applicable acceptance criteria of NUREG-1537, Part 2,





Section 9.7. Accordingly, the NRC staff finds that the PSAR’s preliminary information regarding the
Hermes TMS provides reasonable assurance that it will comply with applicable requirements.

Conclusion

Based on the review described above, the staff concludes that the information on the TMS in PSAR
Section 9.1.3 is sufficient and meets applicable guidance and regulatory requirements for issuance of a
construction permit identified in the Regulatory Evaluation. The NRC staff concludes that the preliminary
design features intended to minimize contamination, support eventual decommissioning, and control
releases to the environment will comply with the requirements of 10 CFR 20.1406 and 10 CFR 100.11.
Based on the information provided, the NRC staff concludes that the TMS will be designed to collect and
contain tritium, consistent with the guidance in NUREG-1537 to prevent uncontrolled release of
radioactivity, to limit potential radiation exposures to within 10 CFR Part 20 requirements, and for no
function or malfunction of the TMS to interfere with or prevent safe shutdown of the reactor.

9.1.4 Inventory Management System

Introduction

PSAR Section 9.1.4, “Inventory Management System,” describes a preliminary design for the IMS, which
adds and removes reactor coolant to maintain the desired level and volume within reactor-coolant-
containing systems and components (e.g., reactor vessel, CCS). PSAR Section 9.1.4 states that the
system does not perform safety-related functions.

Regulatory Evaluation
The applicable regulatory requirements are as follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report,” including subparagraphs 50.34(a)(3)(ii), 50.34(a)(3)(iii), 50.34(a)(4), and
50.34(a)(5)

e 10 CFR 50.35, “Issuance of construction permits”

e 10 CFR 50.40, “Common standards”

As described in subsection 9.1.1 above, the staff did not evaluate whether requirements in 10 CFR Part
20 would be met for the construction of the Hermes reactor. Instead, the staff assessed whether Kairos
identified the relevant requirements for an operating facility and provided descriptions of the preliminary
facility design. The staff assessed this to determine whether the PSAR provides an acceptable basis for
the development of systems and whether there is reasonable assurance that Kairos will comply with the
regulations in 10 CFR Part 20 during Hermes facility operation.

The applicable guidance for the staff's evaluation is as follows:

e NUREG-1537, Parts 1 and 2, Section 9.7, “Other Auxiliary Systems.” The guidance notes that
the design, functions, and potential malfunctions of the auxiliary systems should not result in
reactor accidents or uncontrolled release of radioactivity and no function or malfunction of the
auxiliary systems should interfere with or prevent safe shutdown of the reactor.

Technical Evaluation

Principal design criteria applicable to the IMS are:

PDC 2, Design Bases for Protection Against Natural Phenomena
PDC 4, Environmental and Dynamic Effects Design Bases

PDC 15, Reactor Coolant System Design

PDC 33, Reactor Coolant Inventory Maintenance





e PDC 70, Reactor Coolant Purity Control

PSAR Section 9.1.4 states that the IMS does the following: (1) adds and removes reactor coolant to
maintain the desired level and volume within the reactor vessel and the CCS and (2) provides an
interface for new reactor coolant delivery and used reactor coolant removal. The free volume in the
system is filled with inert gas from the IGS. The IGS can apply inert gas pressure or vacuum on the IMS
tanks to circulate cover gas through the TMS or initiate reactor coolant transfers between tanks.
Electrical heating and thermal insulation of the tanks, pumps, and piping is provided to maintain the
reactor coolant in a liquid phase for system operations. Process sensors are included for use by the
plant control system to monitor the reactor coolant inventory (e.g., load cells and coolant level sensors)
and temperature in the system tanks.

The IMS reactor coolant transfer lines will be constructed of stainless steel and designed per ASME
B31.3 2016. The IMS tanks will be constructed of stainless steel and designed per ASME BPVC, Section
VIII 2015. The tanks and reactor coolant transfer lines are being designed and fabricated to meet the
pressure, mechanical loads, corrosion, and the temperature requirements of the system.

The reactor vessel coolant level management tank provides a means to maintain the level of reactor
coolant in the reactor vessel through a transfer line, a dip tube, and an overflow weir. The transfer into
the reactor vessel is pump driven through the dip tube. The return flow is collected by an overflow weir
and the transfer is gravity driven back into the reactor vessel coolant level management tank.

The reactor vessel fill/drain tank provides a means of filling and draining the reactor vessel through a
transfer line and a dip tube. The transfer to the reactor vessel is pump driven, and the transfer out of the
reactor vessel is gravity driven. The reactor vessel fill/drain tank transfer line is equipped with a passive
reactor vessel isolation system to prevent unintentional draining. The reactor vessel fill/drain tank is
sized to hold the reactor vessel coolant inventory.

The system is being designed to preclude the inadvertent draining of the reactor vessel via siphoning.
PSAR Section 4.3 describes the anti-siphoning function.

PSAR Section 9.1.4 states that the IMS’s functions are not safety related. However, portions of the IMS
may be near safety-related SSCs. Therefore, PSAR Section 9.1.4 states that IMS components will be
designed and positioned to preclude adverse interactions with safety-related SSCs, consistent with PDC
2. Consistent with the evaluations in Sections 3.4 and 3.5 of this SER, the staff has reasonable
assurance that the IMS will be designed to meet PDC 2 because the PSAR describes potential methods
which will be employed to ensure that a postulated failure of the IMS does not impact safety-related
SSCs.

PSAR Section 9.1.4 states that the IMS will be designed such that safety-related systems near the IMS
are protected against the dynamic effects potentially created by the failure of IMS equipment, consistent
with PDC 4. PSAR Section 9.1.4 states that the system will be designed to prevent inadvertent draining
of the reactor vessel, consistent with PDC 15. Safety-related portions of the reactor coolant boundary
are limited to the reactor vessel, such that failures of other SSCs containing reactor coolant do not result
in unacceptable consequences, consistent with PDC 33. The CCS will be used to monitor the coolant
chemistry, and the IMS may be used to replace coolant to restore conformance to the Flibe specification,
consistent with PDC 70. PSAR Section 9.1.4 states that the system will be designed to minimize
contamination and support eventual decommissioning, consistent with 10 CFR 20.1406, “Minimization of
Contamination.”

For the IMS, the NRC staff used the guidance and acceptance criteria in NUREG-1537, Parts 1 and 2,
Section 9.7, “Other Auxiliary Systems,” to review the IMS preliminary design description in PSAR





Section 9.1.4, “Inventory Management System.” As part of its review, the staff assessed whether PSAR
Section 9.1.4 identifies the appropriate PDCs for the IMS. Based on the staff’s evaluation of the
preliminary design features described above, the staff finds that Kairos has provided the design bases
for the IMS and that the preliminary information on the design and functional description of the IMS
provides reasonable assurance that the IMS will conform to the design bases. The staff finds that the
IMS is a non-safety-related system that will be designed such that it will 1) not result in reactor accidents,
2) not prevent safe shutdown of the reactor, and 3) not result in unacceptable radioactivity releases or
exposures. Therefore, based on its review, the staff determined that the level of detail provided on the
IMS, including the design bases and identification of relevant PDC, is adequate for a preliminary design
and is consistent with the applicable acceptance criteria of NUREG-1537, Part 2, Section 9.7.
Accordingly, the staff finds that the PSAR’s preliminary information regarding the Hermes IMS provides
reasonable assurance that it will comply with applicable requirements.

The NRC staff’s technical evaluation of the anti-siphoning function is in Section 4.3 of this SER.

Conclusion

Because of the review of IMS features to maintain coolant level, volume, and purity described above, the
NRC staff concludes that the information on the IMS in PSAR Section 9.1.4 is sufficient and meets
applicable guidance and regulatory requirements for issuance of a construction permit identified in the
Regulatory Evaluation. The NRC staff concludes that the preliminary design features intended to
minimize contamination and support eventual decommissioning will comply with the requirements of 10
CFR 20.1406. Based on the information provided, the NRC staff concludes that the preliminary design of
the IMS satisfies the applicable acceptance criteria in NUREG-1537 to prevent uncontrolled release of
radioactivity and for no function or malfunction of the IMS to interfere with or prevent safe shutdown of
the reactor.

9.1.5 Reactor Thermal Management System

Introduction

PSAR Section 9.1.5, “Reactor Thermal Management System,” describes a preliminary design for the
reactor thermal management system (RTMS) which consists of two subsystems — the equipment and
structural cooling subsystem (ESCS) and the reactor auxiliary heating system (RAHS). The purpose of
the ESCS is to remove heat from SSCs in the reactor cavity to maintain the temperatures within
operational limits. The purpose of the RAHS is to preheat the reactor vessel and to ensure Flibe in the
vessel is maintained above a minimum operating temperature. PSAR Section 9.1.5 states that the
RTMS does not perform safety-related functions.

Regulatory Evaluation
The applicable regulatory requirements are as follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report,” including subparagraphs 50.34(a)(3)(ii), 50.34(a)(3)(iii), 50.34(a)(4), and
50.34(a)(5)

e 10 CFR 50.35, “Issuance of construction permits”

e 10 CFR 50.40, “Common standards”

As described in subsection 9.1.1 above, the staff did not evaluate whether requirements in 10 CFR Part
20 would be met for the construction of the Hermes reactor. Instead, the NRC staff assessed whether
Kairos identified the relevant requirements for an operating facility and provided descriptions of the
preliminary facility design. The NRC staff assessed this to determine whether the PSAR provides an
acceptable basis for the development of systems and whether there is reasonable assurance that Kairos
will comply





with the regulations in 10 CFR Part 20 during Hermes facility operation. The applicable guidance for the
staff's evaluation is as follows:

o NUREG-1537, Parts 1 and 2, Section 9.7, “Other Auxiliary Systems.” The guidance notes that
the design, functions, and potential malfunctions of the auxiliary systems should not result in
reactor accidents or uncontrolled release of radioactivity and no function or malfunction of the
auxiliary systems should interfere with or prevent safe shutdown of the reactor.

Technical Evaluation
Principal design criteria applicable to the RTMS are:

e PDC 2, Design Bases for Protection Against Natural Phenomena
PDC 44, Structural and Equipment Cooling
PDC 45, Inspection of Structural and Equipment Cooling Systems
PDC 46, Testing of Structural and Equipment Cooling Systems
PDC 71, Reactor Coolant Heating Systems

PSAR Section 9.1.5 states the ESCS removes heat from SSCs in the reactor cavity area to maintain the
operational temperature limits of those structures and components. This is accomplished by active heat
removal features (see below) as well as high temperature, load-bearing, irradiation-hardened insulation
on SSCs. Heat removed by the subsystem is transferred to the Component Cooling Water System.

The systems that are actively cooled by the ESCS during normal operation are the steel liner of the
concrete structure, the reactivity control and shutdown system, and the primary salt pump. The steel
liner of the concrete structure is water cooled. The primary salt pump is gas cooled by active
components (fans, blowers, pumps) in a closed loop system.

PSAR Section 9.1.5 states the RAHS pre-heats the reactor vessel and ensures coolant is maintained
above a minimum operating temperature. This is accomplished by electric heaters adjacent to the
heated surface. The system provides the initial startup heating required to achieve and maintain
operational temperature for the reactor vessel, primary salt pump, reactor vessel internals, IMS, IGS,
and PHSS reactor vessel head penetrations prior to the availability of nuclear heating. For initial
commissioning, the system will be used to evaporate residual moisture out of the reactor vessel, internal
graphite structures, and the reactor vessel, to preclude corrosion upon contact with the introduction of
the molten salt coolant. Because the reactor coolant melting point is high, preheating of the vessel and
internals prevents thermal shock damage to the reactor.

PSAR 9.1.5 states that the RTMS’s functions are not safety related. However, portions of the RTMS may
be near safety-related SSCs. Therefore, PSAR Section 9.8.2 states that RTMS components will be
designed and positioned to preclude adverse interactions with safety-related SSCs, consistent with PDC
2. Consistent with the evaluations in Sections 3.4 and 3.5 of this SER, the staff has reasonable
assurance that the RTMS will be designed to meet PDC 2 because the PSAR describes potential
methods which will be employed to ensure that a postulated failure of the RTMS does not impact safety-
related SSCs.

PSAR 9.1.5 states that the ESCS will be designed to detect gas and water leaks and isolate breaches in
the system via the plant control system, and that the ESCS will be designed to permit inspection and
testing to ensure the capability of the ESCS to cool SSCs and interface with the Component Cooling
Water System (CCWS) to transfer heat to the ultimate heat sink, consistent with PDC 44, PDC 45, and
PDC 46.

PSAR Section 9.1.5 states that the RAHS will ensure sufficient heat is added to components to
compensate for parasitic heat loss during periods when the reactor is not supplying fission heat and to





heat the vessel and vessel head components uniformly to prevent thermal shock, consistent with PDC
71.

PSAR Section 9.1.5. states that the RTMS will be designed to minimize contamination and support
eventual decommissioning, consistent with 10 CFR 20.1406.

For the RTMS, the NRC staff used the guidance and acceptance criteria in NUREG-1537, Parts 1 and 2,
Section 9.7, “Other Auxiliary Systems,” to review the RTMS preliminary design description in PSAR
Section 9.1.5, “Reactor Thermal Management System.” As part of its review, the NRC staff assessed
whether PSAR Section 9.1.5 identifies the appropriate PDC for the RTMS. Based on staff’s evaluation
of the preliminary design features described above, the NRC staff finds that Kairos has described the
design bases for the RTMS and that the preliminary information on the design and functional description
of the RTMS provides reasonable assurance that the RTMS will conform to the design bases. The NRC
staff finds that the RTMS is a non-safety-related system that will be designed such that it will 1) not result
in reactor accidents, 2) not prevent safe shutdown of the reactor, and 3) not result in unacceptable
radioactivity releases or exposures. Therefore, based on its review, the NRC staff determined that the
level of detail provided on the RTMS, including the design bases, and identification of relevant PDC, is
adequate for a preliminary design and is consistent with the applicable acceptance criteria of NUREG-
1537, Part 2, Section 9.7. Accordingly, the NRC staff finds that the PSAR’s preliminary information
regarding the Hermes RTMS provides reasonable assurance that it will comply with applicable
requirements.

Conclusion

Based on the review of RTMS features described above to maintain Flibe above a minimum operating
temperature and cool nearby structures and equipment, the staff concludes that the information on the
RTMS in PSAR Section 9.1.5 is sufficient and meets applicable guidance and regulatory requirements
for issuance of a construction permit identified in the Regulatory Evaluation. The NRC staff concludes
that the preliminary design features intended to minimize contamination and support eventual
decommissioning will comply with the requirements of 10 CFR 20.1406. Based on the information
provided, the NRC staff concludes that the preliminary design of the RTMS satisfies the applicable
acceptance criteria in NUREG-1537 to not result in accidents or unacceptable radioactivity releases and
for no function or malfunction of the RTMS to interfere with or prevent safe shutdown of the reactor.

9.2 Reactor Building Heating, Ventilation, and Air Conditioning System

Introduction

Section 9.2 of the Hermes PSAR describes the RBHVAC. The RBHVAC is not proposed to provide any
safety-related function or support any safety-related SSCs. Although radiation monitoring and filtration
will be provided, the RBHVAC is not needed to mitigate any postulated event. No technical specifications
are proposed for the RBHVAC. The RBHVAC performs the following non-safety-related functions:

¢ Maintain environmental conditions (air quality, temperature, humidity, pressure, and noise levels)
for personnel health, habitability, and for SSC operability
Provide a means to control and monitor tritium, beryllium, and other controlled effluents
Monitor exhaust air vented from the reactor building for controlled effluents
Ensure ventilation flow from areas of low hazard to areas of higher hazard potential
Minimize contamination of facility areas





Regulatory Evaluation

The applicable regulatory requirements for the evaluation of the Hermes non-power test reactor
RBHVAC are as follows:
e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary safety
analysis report,” including subparagraphs 50.34(a)(3)(ii), 50.34(a)(3)(iii), and 50.34(a)(4)
o 10 CFR 50.35, “Issuance of construction permits”
¢ 10 CFR 50.40, “Common standards”

As described in subsection 9.1.1 above, the staff did not evaluate whether requirements in 10 CFR Part
20 would be met for the construction of the Hermes reactor. Instead, the NRC staff assessed whether
Kairos identified the relevant requirements for an operating facility and provided descriptions of the
preliminary facility design. The NRC staff assessed this to determine whether the PSAR provides an
acceptable basis for the development of systems and whether there is reasonable assurance that Kairos
will comply with the regulations in 10 CFR Part 20 during Hermes facility operation.

Guidance for this review includes:

e NUREG-1537, “Guidelines for Preparing and Reviewing Applications for the Licensing of Non-
Power Reactors, Parts 1 and 2.” Specifically, Section 9.1 “Heating, Ventilation, and Air
Conditioning Systems” provides review criteria and procedures. The guidance notes that HYAC
systems will support functions like the ALARA program, radiation monitoring, and contamination
control which are described in Chapter 11, “Radiation Protection Program and Waste
Management,” of the PSAR and this safety evaluation.

e Regulatory Guide 4.20, “Constraint on Releases of Airborne Radioactive Materials to the
Environment for Licensees Other than Power Reactors,” Revision 1. The constraint of 10 CFR
20.11.1(d) may be interpreted as that fraction of the public dose limit allocated to airborne
emissions to ensure that doses are ALARA through this particular release pathway. Licensees are
required to design their facilities and structure operations such that airborne emissions of
radioactive materials generated from operations result in doses to the public that are below the
constraint. The constraint serves as a starting point, or upper level, for ALARA assessments. If
licensees exceed the constraint on airborne emissions, they are required to report the radiation
dose to the NRC and to take corrective actions to lower the dose below the constraint value.

Technical Evaluation

Principal design criteria applicable to the RBHVAC are:
e PDC 2, Design Bases for Protection Against Natural Phenomena
e PDC 60, Control of Releases of Radioactive Materials to the Environment
e PDC 64, Monitoring Radioactivity Releases

The NRC staff reviewed material presented in the PSAR against acceptance criteria of NUREG-1537,
Part 2 Section 9.1. The PSAR describes the design of the RBHVAC but does not provide details of
design features. The NRC staff expects that the FSAR submitted with the OL application will provide
details on design features.

The RBHVAC supplies filtered fresh air to the reactor building and monitors and filters air that is
exhausted to the environment. The RBHVAC contains return air flow paths throughout the reactor
building, including from the reactor and PHSS cells. The TMS (described in Section 9.1.3 of the PSAR
and evaluated in Section 9.1.3 of this safety evaluation) has a subsystem within the RBHVAC to collect
airborne tritium and convert it to water. The tritiated water is collected and handled as radioactive waste
(described in Section 11.2.2 of the PSAR and evaluated in Section 11.2 of this safety evaluation).





This process assures that normal sources of airborne radioactive material are diverted and filtered to
maintain occupational doses and doses to the public are ALARA. The NRC staff finds that Kairos has
shown that the preliminary Hermes design will acceptably meet the requirements of 10 CFR 20.1101(b)
because of RBHVAC design features, including the supply of fresh air to the reactor building, the filtering
of exhaust air, and the integration of the TMS with the RBHVAC.

The RBHVAC is designed to direct flow and leakage toward areas of higher radioactivity to minimize
diffusion or other uncontrolled release of airborne radioactive material from the reactor cell and the
PHSS cell. The NRC staff finds that Kairos has shown that the description and level of detail on the
RBHVAC will acceptably meet the requirements of 10 CFR 20.1101(b) and 10 CFR 20.1406(a) based on
the design of the system to move contaminated air to areas of higher radioactivity.

The design of the reactor building and the RBHVAC minimize the uncontrolled release of airborne
radioactive material to the environment. All exhaust paths will be monitored, filtered with high efficiency
particulate air filters, and can be isolated. Final details of the design and isolation capability will be
provided in the operating license application. Higher radiation areas will be sealed to minimize leakage
and will be fully contained within lower radiation areas.

Analyses of the operation of the RBHVAC described in PSAR Section 11.1.5 demonstrate that planned
releases of airborne radioactive material to the environment will be within regulatory limits. The analyses
calculate a peak dose of 0.10 mrem/year at a nearby location accessible to the public. This dose is well
within the constraint of 10 mrem/year required by 10 CFR 20.1101(d). Because Kairos demonstrated a
peak dose of 0.10 mrem/year to the public, the staff finds that Kairos has shown that the Hermes design
will acceptably meet the requirements of 10 CFR 20.1101(d).

Conclusion

In the PSAR Sections 9.1.3, 9.2, and 11.2.2, Kairos has identified design features for the RBHVAC and
the TMS. Based on the review described above, the NRC staff concludes that the information in Hermes
PSAR Section 9.2 is sufficient and meets applicable guidance and regulatory requirements for issuance
of a construction permit identified in the Regulatory Evaluation. On the basis of its review, the NRC staff
has determined that the level of detail provided regarding the RBHVAC demonstrates an adequate basis
for a preliminary design and satisfies the applicable acceptance criteria of NUREG-1537 to support the
ALARA program, radiation monitoring and contamination control functions. Because of these
descriptions and the findings discussed above, the NRC staff concludes that Kairos will meet the
requirements of 10 CFR 50.34(a) for the RBHVAC. Based on the NRC staff review and findings above,
the NRC staff concludes that the design features and analyses described in the PSAR demonstrate that
Kairos will meet 10 CFR 20.1101(b), 10 CFR 20.1101(d), and 10 CFR 20.1406(a).

9.3 Pebble Handling and Storage System

Introduction

PSAR Section 9.3, “Pebble Handling and Storage System,” describes a preliminary design for the
PHSS, which provides for handling and storing fuel and other pebbles. The system encompasses receipt
and inspection of new fuel upon delivery, core loading, sensing, inspection and sorting during
downstream circulation, re-insertion, core unloading, and removal and transfer to storage.

Regulatory Evaluation

The applicable regulatory requirements are as follows:
e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary





safety analysis report.” including subparagraphs 50.34(a)(3)(ii), 50.34(a)(3)(iii), 50.34(a)(4), and
50.34(a)(5)

¢ 10 CFR 50.35, “Issuance of construction permits”

¢ 10 CFR 50.40, “Common standards”
10 CFR 70.24, “Criticality accident requirements,” paragraph (a)(1). Paragraph (a)(1) requires
monitoring in areas of the plant where nuclear material is handled or stored

As described in subsection 9.1.1 above, the NRC staff did not evaluate whether requirements in 10 CFR
Part 20 would be met for the construction of the Hermes reactor. Instead, the staff assessed whether
Kairos identified the relevant requirements for an operating facility and provided descriptions of the
preliminary facility design. The NRC staff assessed this to determine whether the PSAR provides an
acceptable basis for the development of systems and whether there is reasonable assurance that Kairos
will comply with the regulations in 10 CFR Part 20 during Hermes facility operation.

The applicable guidance for the NRC staff’s evaluation is NUREG-1537, Parts 1 and 2, Section 9.2,
“Handling and Storage of Reactor Fuel.”

Technical Evaluation

Principal design criteria applicable to the RBHVAC are:

e PDC 2, Design Bases for Protection Against Natural Phenomena
PDC 3, Fire Protection
PDC 4, Environmental and Dynamic Effects Design Bases
PDC 33, Reactor Coolant Inventory Maintenance
PDC 61, Fuel Storage and Handling and Radioactivity Control
PDC 62, Prevention of Criticality in Fuel Storage and Handling
PDC 63, Monitoring Fuel and Waste Storage

PSAR Section 9.3 states the PHSS provides for receipt and inspection of new fuel upon delivery;
performs core loading, sensing, inspection and sorting during downstream circulation; re-insertion;

core unloading; and removal and transfer to storage. Major components, features, and functions include
the pebble extraction machine, debris removal, off-head conveyance line, pebble processing, pebble
inspection, pebble insertion, inert gas boundary, pebble storage, and new pebble introduction.

The spent fuel storage portion of the system is composed of stainless steel storage canisters and a
transporter device to move canisters. Individual storage canisters will be designed to hold 1900 to 2100
pebbles. After the canister is filled with pebbles, the canister’s fill valve is closed, and the canister is
moved via an automated transfer system for sealing. After sealing, the canister is moved with a canister
transporter to a water-filled cooling pool for initial spent fuel storage. After cooling in pool storage, the
canister is moved to an air-cooled storage bay.

Consistent with PDC 2, the concrete structures associated with the storage bay, pool, and support
restraints in the pool are being designed as Seismic Design Category 3 structures to ensure the
geometry of the storage area is maintained to prevent inadvertent criticality during a design basis
earthquake. For a postulated earthquake, the TRISO fuel is passively cooled by the transporter and
the pool which provides passive cooling and spacing to restrict pebble movement to prevent criticality.
Other portions of the PHSS that do not perform a safety function will be either seismically mounted or
physically separated to preclude adverse interactions with other safety-related SSCs during a design
basis earthquake.





Consistent with PDC 3, the PHSS is being designed to minimize the probability of a fire or explosion

by limiting the accumulation of potentially combustible material such as graphite dust within the system.
The PHSS is not located near nor interfaces with pneumatic systems with the potential for air leakage
into the PHSS. The PHSS is filled with inert gas at a positive pressure to help prevent air ingress.
Locations within the PHSS where pebbles are not submerged in coolant, such as the pebble extraction
machine, will either not exceed temperatures that would induce pebble oxidation or are expected to
quickly cool such that oxidation, if any, would be minimal and not affect the acceptability of the pebble for
reuse.

Consistent with PDC 4, the pebble handling portion of the PHSS is protected from the effects of
discharging fluids. There are no pressurized piping systems in or around the PHSS thus precluding the
need to consider high energy lines and related dynamic effects in the design. A hypothetical water line
break does not pose a criticality risk, because the storage system criticality analysis assumes complete
submergence and internal flooding of canisters in water. The PHSS is designed to handle the high
radiation environment. The PHSS accounts for the temperature within the system to preclude oxidation
of pebbles. The canisters are designed for the internal pressure due to accumulation of radionuclides
and thermal loads associated with the spent fuel loaded in each canister. The canisters are designed for
the tensile stress exerted during transfer. The canister interior is designed to handle radiolysis products
from spent fuel to ensure the integrity of the canister, seal, and weld precluding release of radionuclides
from the canister.

Consistent with PDC 33, the design of the PHSS minimizes the coolant drained from the reactor system
in the event of a PHSS failure. The pebble extraction machine elevation is near the free surface of the
coolant so that only a small amount of coolant is lost if the extraction machine breaks. Similarly, the
pebble insertion line elevation is no lower than the salt pump elevation, limiting the amount of coolant
lost with an insertion line break.

Consistent with PDC 61, the safety-related portions of the PHSS that contain reactivity will be designed
to ensure (1) capability to permit appropriate inspection and testing of components, (2) suitable shielding
for radiation protection, (3) appropriate containment, confinement, and filtering, (4) residual heat removal
capability, and (5) precluding significant reduction in fuel storage cooling under postulated event
conditions. Regarding the inspection and testing of components, pebbles exiting the core are inspected
to identify abnormal wear, cracking, and missing surfaces due to pebble chipping, as well as to
determine the burnup. Regarding shielding for radiation protection, the PHSS will be adequately shielded
to limit worker dose, in accordance with the radiation protection program described in PSAR Chapter 11.
Containment and confinement of radioactivity within the fuel is maintained for the limiting PHSS
malfunction event as discussed in Section 13.1.5. Regarding residual heat removal capability, heat
removal mechanisms within the system, such as thermal radiation and convection via natural circulation
are sufficient to remove decay heat produced by pebbles moving through the system. Regarding
precluding significant reduction in fuel storage cooling under postulated event conditions, the PHSS is
designed to ensure decay heat loads from pebbles in the spent fuel pool are passively cooled by water
in the pool in the event of a loss of power. The canisters in the storage bay are cooled during postulated
events by natural convection due to the spacing which allows sufficient air flow.

Consistent with PDC 62, the system design will incorporate design features needed to ensure criticality
is prevented. Examples include (1) removing pebbles at a rate that prohibits formation of a critical
configuration in the event a PHSS line breach spills pebbles outside the PHSS, (2) maintaining an inert
gas environment precluding moisture intrusion in fuel handling areas, (3) including physical constraints
and system interlocks in the fuel handling equipment, and (4) making conservative assumptions in
determining spacing requirements for each spent fuel canister such as assuming the canisters are
submerged under water but are not flooded internally. A summary of the criticality analyses confirming
the system design maintains a geometrically safe configuration will be provided in the FSAR.





Consistent with PDC 63, the PHSS is designed to ensure thermal and mechanical loads to the pebble
and oxidation during handling, inspection, and loading into canisters do not exceed pebble design limits.
Pebble inspection and sorting performed by the PHSS ensures that damaged pebbles extracted from the
reactor are removed from use. Monitoring of the cover gas and reactor coolant radioactivity provides
early indication of potential TRISO failure.

The PHSS includes a monitoring system capable of detecting criticality which satisfies the requirement
of paragraph (a)(1) of 10 CFR 70.24, “Criticality Accident Requirements.”.

PSAR Section 9.3 states that the PHSS contains radiological contaminants, and therefore, the PHSS will
be designed to minimize such contamination and support eventual decommissioning, consistent with the
requirements of 10 CFR 20.1406, “Minimization of contamination.”

For the PHSS, the staff used the guidance and acceptance criteria in NUREG-1537, Parts 1 and 2,
Section 9.2, “Handling and Storage of Reactor Fuel,” to review the PHSS preliminary design description
in PSAR Section 9.3, “Pebble Handling and Storage System.” As part of its review, the staff assessed
whether PSAR Section 9.3 identifies the appropriate PDC for the PHSS. The staff finds that Kairos has
described the design bases for the PHSS and that the preliminary information on the design and
functional description of the PHSS provides reasonable assurance that the PHSS will conform to the
design bases. The staff finds that the PHSS will be designed such that 1) criticality will not occur, 2) fuel
handling tools and procedures will be designed to avoid damaging fuel, 3) methods for assessing fuel
radioactivity and potential exposure rates will be adequate to avoid personnel overexposure, and 4)
shielding methods will ensure doses are below occupational exposure limits and as low as reasonably
achievable. Therefore, based on its review, the staff determined that the level of detail provided on the
PHSS, including the design bases, and identification of relevant PDC, is adequate for a preliminary
design and is consistent with the applicable acceptance criteria of NUREG-1537, Part 2, Section 9.2.
Accordingly, the staff finds that the PSAR’s preliminary information regarding the Hermes PHSS
provides reasonable assurance that it will comply with applicable requirements.

Conclusion

On the basis of its review, the staff has determined that the level of detail provided regarding the Hermes
PHSS demonstrates an adequate basis for a preliminary design and satisfies the applicable acceptance
criteria of NUREG-1537 to support functions like maintaining subcriticality, preventing damage to
pebbles, limiting radiation exposure, and material control and accounting. Based on the review described
above, the NRC staff concludes that information provided in the PSAR meets the requirements of
50.34(a). Based on the staff findings above, the staff concludes that the preliminary design of the PHSS,
as described in the PSAR, is sufficient and meets the applicable regulatory requirements and guidance
for the issuance of a construction permit identified in the Regulatory Evaluation. Based on the monitoring
capability described above, the NRC staff concludes that the preliminary design will meet the
requirements of 10 CFR 70.24. The NRC staff concludes that the preliminary design features intended to
minimize contamination and support eventual decommissioning will acceptably meet the requirements of
10 CFR 20.1406. Further technical or design information required to approve operation of the PHSS will
be evaluated in the review of the FSAR at the OL stage.

9.4 Fire Protection Systems and Programs

Introduction

PSAR Section 9.4 “Fire Protection Systems and Programs,” describes a preliminary design for fire
protection systems and related programs. The fire protection program integrates components,
procedures, analysis, and personnel used to define and carry out all activities of fire protection. The fire





protection system is designed to detect, control, and extinguish fires so that a continuing fire will not
prevent safe shutdown or result in an uncontrolled release of radioactive material that exceeds
acceptance criteria. Kairos stated that a description of the fire protection program and a fire hazards
analysis will be provided with the application for an OL.

Regulatory Evaluation
The applicable regulatory requirements are as follows:

e 10 CFR 50.34(a) “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report,” including subparagraphs 50.34(a)(3)(ii), 50.34(a)(3)(iii), 50.34(a)(4), and
50.34(a)(5)

¢ 10 CFR 50.35, “Issuance of construction permits”

¢ 10 CFR 50.40, “Common standards”

The NRC staff used guidance from NUREG 1537 and “Interim Staff Guidance Augmenting NUREG
1537,” (ADAMS Accession Nos. ML12156A069 and ML12156A075). Specifically, criteria from NUREG-
1537 Section 9.3, “Fire Protection Systems and Programs” were applied in the review.

Technical Evaluation

Kairos states in PSAR Section 9.4.2.3 that the fire protection systems conform to local building and fire
codes. Additionally, PSAR Section 9.4.2.3 states that the fire protection systems will be designed to
ANSI/ANS 15.17, “Fire Protection Program Criteria for Research Reactors,” and National Fire Protection
Association 801, “Standard for Fire Protection for Facilities Handling Radioactive Materials,” 2020
edition. Life safety provisions are included in the facility design in accordance with the National Fire
Protection Association 101, “Life Safety Code,” 2021 edition.

Kairos states in PSAR Section 9.2.2.2 that noncombustible and fire-resistant materials are used
whenever practical, particularly in locations with SSCs that are safety-related or required for safe
shutdown. Safety-related SSCs and equipment required for safe shutdown of the reactor are located
within the reactor building. The floors, walls, and ceilings of the reactor building are constructed almost
entirely of reinforced concrete.

According to PSAR Section 9.4.2.1, the fire protection system is designed to detect, control, and
extinguish fires so that a continuing fire will not prevent safe shutdown or result in an uncontrolled
release of radioactive material that exceeds acceptance criteria. Design features such as fire barriers
and fire area penetration protection are also included to provide for life safety provisions and to minimize
the spread of fire. Fire protection system elements and design features will be identified and installed in
defined fire areas based on the results of the fire hazards analysis. Kairos states in PSAR Section
9.4.2.4 that functional tests of the fire protection system will be performed prior to startup.

Kairos states in PSAR Section 9.4.2.1 that the fire protection system includes fire detection and alarm
systems as well as automatic and manual fire suppression systems. These fire detection and firefighting
systems will be of appropriate capacity and capability and are designed to minimize the adverse effects
of fires on SSCs that are safety-related or required for safe shutdown. The PDC applicable to fire
protection systems are evaluated below based on the information provided in PSAR Section 9.4.





PDC 2 “Design Bases for Protection Against Natural Phenomena”

Kairos states in PSAR Section 9.4.2.3 that fire water piping is routed such that a rupture or inadvertent
operation of the fire protection system does not significantly impair safety-related or safe shutdown
functions. Kairos stated that the fire protection systems are not safety-related but portions of these
systems may cross the isolation moat discussed in Section 3.5 of the PSAR, and that SSCs that

cross a base-isolation moat may experience differential displacements as a result of seismic events.
Kairos stated that the fire protection systems are designed so that postulated failures of SSCs in these
systems from differential displacements will not preclude a safety-related SSC from performing its safety
function. Based on these features of the fire protections systems, staff finds that the preliminary design
is consistent with PDC 2.

PDC 3 “Fire Protection”

The NRC staff reviewed Kairos’s submittal against the four criteria described in PDC 3. The fire
protection features described in the paragraphs above demonstrate that the preliminary design will 1)
minimize the effect of fires, 2) will minimize the use of combustible materials, 3) will provide fire detection
and fighting systems, and 4) will not impair the function of safety-related SSC and is thus consistent with
PDC 3.

PDC 19 Control Room

The NRC staff reviewed the PSAR as it applies to providing the capability both inside and outside the
control room to operate plant systems necessary to achieve and maintain safe shutdown conditions.

In Section 7.4 of the PSAR “Main Control Room and Remote Onsite Shutdown Panel,” Kairos stated
that the main control room provides the means for operators to monitor the behavior of the plant, control
performance of the plant, and manage the response to postulated event conditions in the plant.

The MCR also contains a central alarm panel for the fire protection system so that operators can monitor
the status of fire protection equipment inside the reactor building. The central alarm panel includes
controls for the ventilation and extinguishing systems related to the response to fires.

The remote onsite shutdown panel (ROSP) provides separate means to shut down the plant and monitor
plant parameters in response to postulated event conditions. The ROSP is located in the safety-related
portion of the reactor building and is used in the event that the MCR becomes uninhabitable. The NRC
staff finds that capabilities to monitor and control the plant in the event of a fire demonstrate consistency
with PDC 19.

PDC 23 Protection System Failure Modes

The NRC staff reviewed the PSAR as it applies to the protection system being designed to fail into a safe
state or into a state demonstrated to be acceptable on some other defined basis if the plant experiences
adverse environments such as from a fire. In Section 4.2.2 of the PSAR, “Reactivity Control and
Shutdown System,” (RCSS) Kairos stated that the RCSS fails into a safe state in the event of adverse
conditions or environments. In Section 7.3 of the PSAR, “Reactor Protection System,” (RPS) Kairos
stated that the RPS fails to a safe state upon detection of adverse environmental conditions, such as a
fire. The NRC staff finds that the preliminary design for the protection system to fail in a safe state in the
event of a fire are consistent with PDC 23.

Conclusion

On the basis of its review, the NRC staff has determined that the level of detail provided regarding the
fire protection program and fire protection systems demonstrates an adequate basis for a preliminary
design and satisfies the applicable acceptance criteria of NUREG-1537: prevention of fires and limitation
of combustible materials, methods to detect, control, and extinguish fires, and ensuring safe shutdown in
the event of a fire. Therefore, the NRC staff concludes that information provided in the PSAR meets the
regulatory requirements identified above. Based on the review described above, the NRC staff concludes
that the preliminary description of the fire protection program and the fire protection systems, as





described in the PSAR, provides reasonable assurance that the applicable regulatory requirements and
guidance for the issuance of a construction permit are met. Further programmatic, technical, or design
information required to approve operation of the test reactor will be evaluated in the review of FSAR at
the OL stage.

9.5 Communication Systems

Introduction

PSAR Section 9.5 “Communication,” describes a preliminary design for the Hermes communication
systems. Hermes PSAR, Section 9.5.1, states that the communication system provides communications
during normal and emergency conditions between essential areas of the facility and between locations
remote to the facility. The communication system is not safety-related; it is not credited for mitigation of
design basis events and has no safe shutdown function.

Regulatory Evaluation
The applicable regulatory requirements are as follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report,” including subparagraphs 50.34(a)(3)(ii), and 50.34(a)(3)(iii)

¢ 10 CFR 50.35, “Issuance of construction permits”

e 10 CFR 50.40, “Common standards”

e 10 CFR 50.47(b)(6) and 10 CFR 50.47(d)(3) for capability of communication to emergency
personnel and the public

e 10 CFR 50, Appendix E, Section IV.E.9.

The applicable guidance for the staff's evaluation is NUREG-1537, Parts 1 and 2, Section 9.4,
“Communication Systems.” The guidance notes the need for communication capabilities among plant
operating staff.

Technical Evaluation

As stated in Hermes PSAR, Section 9.5.2, the communication system provides the capabilities for both
normal and emergency communications and has the following subsystems: plant radio, public address
and general alarm, communication capability in the event of a loss of normal power, distributed antenna,
and security communications.

Two-way communication is provided between the main control room and other locations in the reactor
facility. The communication system uses diverse voice over internet protocol, commercial land, and
cellular phone lines in combination in the control room and several other locations within and outside the
reactor building to provide communications between key areas of the facility. The communication system
is designed so that a failure of any one station does not impact the other stations. In an emergency, the
public address system is used to alert personnel.

The NRC staff evaluated the sufficiency of the preliminary information on Hermes communication
systems, as described in PSAR Section 9.5, using the guidance and acceptance criteria from NUREG-
1537, Parts 1 and 2. Based on its review, the NRC staff determined that the level of detail provided on
Hermes communication systems is adequate and meets the applicable acceptance criteria of NUREG-
1537, Part 2, Section 9.4 (Ref. 9) because:





e The facility communication systems are designed to provide two-way communication between
the main control room and all other locations necessary for safe reactor operation.

¢ The communication systems allow the reactor operator on duty to communicate with the
supervisor on duty and with health physics personnel.

e The communication systems allow a facility-wide announcement of an emergency.

e The communication systems have provisions for summoning emergency assistance from
designated personnel, as discussed in the physical security and emergency plans. Physical
security and emergency plans will be evaluated as part of the operating license application
review.

Conclusion

On the basis of its review, the NRC staff has determined that the level of detail provided regarding the
Hermes communication systems demonstrates an adequate basis for a preliminary design and satisfies
the applicable acceptance criteria of NUREG-1537. Based on its findings above, the NRC staff
concludes the design of the Hermes communication systems, as described in Hermes PSAR Section
9.5, is sufficient and meets the applicable regulatory requirements and guidance for the issuance of a
construction permit identified in the Regulatory Evaluation and demonstrates an adequate design basis
for a preliminary design. Based on the review and the findings discussed above, the NRC staff
concludes that the preliminary design of communication systems meet the requirements of 10 CFR
50.47(b)(6), 50.47(d)(3), and Part 50 Appendix E Section IV.E.9. A more detailed evaluation of
information will occur during the review of the Hermes OL application, at which time the NRC staff will
confirm that the final design conforms to this design basis.

9.6 Possession and Use of Byproduct, Source, and Special Nuclear Material

Introduction

PSAR Section 9.6, “Possession and Use of Byproduct, Source, and Special Nuclear Material,” discusses
radioactive materials, including byproduct material, source material, and special nuclear material (SNM)
that will be present at the Hermes facility. PSAR Section 9.6 also discusses locations where these
materials will be stored or used at the facility, systems that interact with these materials and controls for
handling these materials. PSAR Section 9.6 states that the design bases for systems interacting with
byproduct, source, or SNM are to prevent uncontrolled release of radioactive materials and to maintain
any Kairos personnel exposures within 10 CFR Part 20 dose limits and ALARA objectives.

PSAR Section 9.6 states that Kairos’ construction permit application does not request authorization to
possess any radioactive material, and that amendments or applications for license(s) allowing such
possession of such material would be submitted at later date(s). During the General Audit, Kairos stated
that it planned to possess byproduct, source and SNM associated with Hermes operation under a 10
CFR Part 50 OL for Hermes, but that it might also request authorization to possess such materials prior
to the issuance of an OL, for example, through a CP amendment request. Possession of radioactive
material by Kairos would be evaluated when an application is submitted to the NRC.

Regulatory Evaluation
The applicable regulatory requirements for the evaluation of Kairos’ possession and use of byproduct,

source, and SNM are as follows:
e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary





safety analysis report.” including subparagraphs 50.34(a)(3)(ii), 50.34(a)(3)(iii), 50.34(a)(4), and
50.34(a)(5)

10 CFR 50.35, “Issuance of construction permits”

10 CFR 50.40, “Common standards”

10 CFR Part 30, “Rules of General Applicability to Domestic Licensing of Byproduct Material”
10 CFR Part 40, “Domestic Licensing of Source Material”

10 CFR Part 70, “Domestic Licensing of Special Nuclear Material”

As described in subsection 9.1.1 above, the NRC staff did not evaluate whether requirements in 10 CFR
Part 20 would be met for the construction of the Hermes reactor. Instead, the NRC staff assessed
whether Kairos identified the relevant requirements for an operating facility and provided descriptions of
the preliminary facility design. The NRC staff assessed this to determine whether the PSAR provides an
acceptable basis for the development of systems and whether there is reasonable assurance that Kairos
will comply with the regulations in 10 CFR Part 20 during Hermes facility operation.

The applicable guidance for the evaluation of Kairos’ possession and use of byproduct, source, and
SNM is as follows:

o NUREG-1537, Parts 1 and 2, Section 9.5, “Possession and Use of Byproduct, Source, and
Special Nuclear Material.”

Technical Evaluation

The Hermes core will contain two types of pebbles: fuel pebbles that contain enriched fuel particles and
moderator pebbles that contain unenriched uranium particles. In PSAR Section 9.6.1, Kairos states that
SNM at the Hermes facility during operation would consist of the fuel particles contained in fuel pebbles.
Hermes SNM fuel pebbles will use uranium enriched to various levels less than 20 percent enrichment.
PSAR Section 9.6.2 states Hermes will also utilize moderator pebbles with unenriched uranium particles,
and therefore source material will also be present at the Hermes facility during operation. Handling, use,
and storage of SNM and source material will occur in fresh fuel handling areas, the reactor vessel, and
the PHSS.

In PSAR Section 9.6.3, Kairos states that byproduct material will be used to support Hermes operation,
and byproduct material will also be generated by Hermes operation. Byproduct material at Hermes will
include tritium, which is generated as a result of the nuclear reaction in the core, and which will be

present in the irradiated fuel pebbles (in the reactor vessel and PHSS) and the primary cooling system.

PSAR Section 9.6.4 states that byproduct material, source material, and SNM may also be handled in
laboratories at the Hermes facility for research and testing purposes. Further detail regarding the
laboratory use of radioactive materials would be provided as part of an OL application and reviewed by
the staff at the OL stage.

PSAR Sections 9.6.1 and 9.6.3 state that the designs of the fuel pebbles, reactor vessel, PHSS, and
TMS prevent uncontrolled releases of radioactive material. Shielding is also used to reduce any direct
doses from irradiated fuel pebbles, consistent with ALARA practices. PSAR Section 9.6.4 states that any
material used in laboratories under the reactor license will be handled appropriately (e.g., using glove
boxes and air exhaust systems, as applicable) to ensure any doses are ALARA and within 10 CFR Part
20 limits. In addition, as discussed in PSAR Section 9.6, spaces in which radioactive material is used
and equipment used to handle radioactive material will be subject to administrative controls to minimize
contamination, prevent radiological sabotage, theft, or diversion, and prevent uncontrolled release of the
materials. Kairos states that byproduct material, source material, and SNM at the Hermes facility will be
managed by compliance with the applicable provisions of 10 CFR Parts 30, 40, and 70, respectively.





The preliminary designs of the Hermes fuel, reactor vessel, PHSS, and TMS are discussed in further
detail in PSAR Sections 4.2, 4.3, 9.3, and 9.1.3 respectively. The NRC staff reviewed the information on
the preliminary design of these items and found it acceptable for the issuance of a CP, as discussed in
Sections 4.2.1, 4.3, 9.3, and 9.1.3 of this SER.

PSAR Section 11.2.2 describes the preliminary design of the Hermes radioactive waste handling
systems, and states that the systems will be designed to control releases of radioactive materials to
the environment such that 10 CFR Part 20 limits will not be exceeded. The NRC staff reviewed the
information on the preliminary design of the waste handling systems and found it acceptable for the
issuance of a CP, as discussed in Section 11.2 of this SER.

PSAR Section 9.6 states that further information on administrative procedures related to the use of
byproduct material, source material, and SNM during Hermes operation would be provided in an
application for an OL. These administrative procedures would cover several technical and programmatic
areas. PSAR Chapter 11 provides preliminary information on administrative controls for radioactive
material at the Hermes facility and the Hermes ALARA program. The NRC staff reviewed the preliminary
information provided in PSAR Chapter 11 and found it acceptable for the issuance of a CP as discussed
in Chapter 11 of this SER. PSAR Sections 11.2.1 and 12.8 state that a description of the radioactive
waste management program for the Hermes facility, and a description of the security plan for Hermes,
respectively, will also be provided in an OL application. PSAR Section 9.4 states that the Hermes fire
protection system will be designed to prevent a continuing fire from resulting in an unacceptable release
of radioactive material, and that details of a Hermes fire hazards analysis, and fire protection program
plan will be provided in an OL application. PSAR Chapter 12, Appendix A, provides a preliminary plan for
addressing emergencies (including emergencies involving a potential release of radioactive material) at
the Hermes facility, which the NRC staff reviewed and found acceptable for the issuance of a CP as
discussed in Section 12.7 of this SER. PSAR Chapter 14 includes the potential items or variables that
are expected topics of technical specifications for the Hermes facility. Administrative controls, including
those for managing SNM, source, and byproduct material, will be provided in the application for an OL.
The NRC staff documented its review of Kairos’ probable subjects of technical specifications for the
Hermes facility in Chapter 14 of this SER.

The NRC staff reviewed the information in PSAR Section 9.6 and other PSAR sections related to the
Hermes facility preliminary design with respect to the byproduct material, source material, and SNM that
will be used in the production facility. PSAR Section 9.6 and other PSAR sections describe a preliminary
design with appropriate systems and controls to help ensure that doses from radioactive material at
Hermes are within 10 CFR Part 20 dose limits and ALARA. In combination with this and based on its
reviews of information in other PSAR sections as summarized above, the NRC staff finds that the
information in the PSAR demonstrates an adequate design basis for a preliminary design and satisfies
the applicable acceptance criteria of NUREG-1537, Part 2, Section 9.5. Based on this review, the NRC
staff finds that: (1) the auxiliary facilities and systems are designed for the possession and use of source
material, SNM and byproduct material produced by the Hermes reactor and (2) the Hermes design
provides reasonable assurance that uncontrolled release of radioactive material to the unrestricted
environment and public will not occur. Because the design bases include limits on potential personnel
exposures, the NRC staff has reasonable assurance that Kairos will comply with the regulations in 10
CFR Part 20 and the ALARA program during Hermes facility operation.

Conclusion
Based on the review and findings described above, the NRC staff concludes that the information

provided in the PSAR and the preliminary design of the Kairos program and auxiliary facilities for the
possession and use of byproduct material, source material, and SNM at Hermes, as described in the





PSAR, is sufficient and meets the applicable regulatory requirements and guidance for the issuance of
a construction permit identified above. Based on the NRC staff review and findings above, the NRC staff
concludes that the preliminary design and programs described in the PSAR demonstrate that Kairos will
comply with 10 CFR 20.1101, 10 CFR 20.1201, and 10 CFR 20.1301. Further technical or design
information required to approve operation of the test reactor will be evaluated in the review of the OL
application.

9.7 Plant Water Systems

Section 9.7 of the Hermes PSAR describes four water systems:

Service Water

Treated Water
Component Cooling Water
Chilled Water

The auxiliary water systems do not provide any safety-related function or support any safety-related
SSCs, are not needed to mitigate any postulated event, and are not credited with performing safe
shutdown functions. No technical specifications are proposed in the PSAR for these water systems.
These water systems perform the following non-safety-related functions:

e Supply, treat, and store water

e Distribute water for cooling and maintenance
¢ Remove heat from non-essential loads

e Remove heat from essential loads

e Discharge heat to the environment

The introduction to PSAR Section 9.7 states that water systems which directly interface with systems
containing radioactive material will be designed to meet the requirements of 10 CFR 20.1406.

As indicated by PSAR Figure 9.7-1, only the CCWS interfaces with systems containing radioactive
material in the current design. Kairos confirmed in the General Audit that, in the final design, any
auxiliary water systems which connect to a system containing radioactive material will be designed
to meet the requirements of 10 CFR 20.1406.

Common Regulatory Evaluation for Auxiliary Water Systems

Common regulatory requirements and guidance for auxiliary water systems are identified here.

Any additional requirements or guidance specific to a system are identified in the subsection for that
system. The applicable regulatory requirements for the evaluation of the Hermes non-power test reactor
auxiliary water systems are:

¢ 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary safety
analysis report.” including subparagraphs 50.34(a)(3)(ii), 50.34(a)(3)(iii), and 50.34(a)(4)

e 10 CFR 50.35, “Issuance of construction permits”
10 CFR 50.40, “Common standards”

Guidance for this review includes:
o NUREG-1537, “Guidelines for Preparing and Reviewing Applications for the Licensing of Non-

Power Reactors, Parts 1 and 2.” Specifically, Section 9.7, “Other Auxiliary Systems” provides
review criteria and procedures. The guidance notes that the design, functions, and potential





malfunctions of the auxiliary systems should not result in reactor accidents or uncontrolled release
of radioactivity and no function or malfunction of the auxiliary systems should interfere with or
prevent safe shutdown of the reactor.

9.7.1 Service Water System

Introduction

The Hermes Service Water System draws water from municipal sources and provides the water to other
water systems and supports general facility services (e.g., potable water). The Service Water System is
not safety related and is not credited for the mitigation of postulated events. The Service Water System

is designed in accordance with local building codes.

Regulatory Evaluation

The requirements and guidance in the common regulatory evaluation for auxiliary water systems apply
to the Service Water System. There are no additional regulatory requirements or guidance applicable to
the Service Water System.

Technical Evaluation
Principal design criteria applicable to the Service Water System are:

e PDC 2, Design Bases for Protection Against Natural Phenomena
e PDC 4, Environmental and Dynamic Effects Design Bases

Section 9.7.1 of the PSAR describes the Service Water System as a supply to other water systems
and for general facility use. PSAR Section 9.7.1 identifies traits of the system that will enable it to meet
regulatory requirements. The detailed design of the Service Water System and its relation to safety
evaluations will be reviewed as part of the OL application.

No portion of the Service Water System will be located in the proximity of safety-related SSCs.

Thus, staff finds that the preliminary design of the Service Water System is consistent with the objective
of PDC 2 to withstand the effects of natural phenomena and is consistent with the guidance of NUREG-
1537 Part 2, Section 9.7 for auxiliary systems to not cause accidents to the reactor, uncontrolled release
of radioactivity, or interfere with safe shutdown of the reactor.

The Service Water System is a low-pressure system and thus is consistent with the objective of PDC 4
to accommodate the effects of environmental and dynamic effects during operation, maintenance,
testing, and postulated accidents.

Conclusion

Kairos has identified traits of the Service Water System in PSAR Section 9.7.1. The NRC staff finds that
the traits described in the PSAR demonstrate that the preliminary design is consistent with the objectives
of PDC 2, PDC 4, and the guidance of NUREG-1537 Part 2, Section 9.7. Based on the staff’s review and
the findings above, the NRC staff concludes that Kairos has met the requirements of 10 CFR 50.34(a)
for the Service Water System because the PSAR provides a preliminary design and a preliminary
evaluation of the design and performance of the Service Water System.

9.7.2 Treated Water System

Introduction

PSAR Section 9.7.2 states that the Treated Water System provides chemistry control for water supplied
to the CCWS, the Chilled Water System, and the Decay Heat Removal System. Portions of the Treated
Water System may be located in proximity to SSCs with safety-related functions and portions of the





system may cross the base-isolation moat that provides seismic protection for the reactor cell and PHSS
cell. The Treated Water System is not safety related and is not credited for the mitigation of postulated
events. The Treated Water System is designed in accordance with local building codes.

Regulatory Evaluation

The requirements and guidance in the common regulatory evaluation for auxiliary water systems apply
to the Treated Water System. There are no additional regulatory requirements or guidance for the
Treated Water System.

Technical Evaluation
Principal design criteria applicable to Treated Water System are:

e PDC 2, Design Bases for Protection Against Natural Phenomena
e PDC 4, Environmental and Dynamic Effects Design Bases

The PSAR identifies traits of the Treated Water System that will enable it to meet regulatory
requirements. Implementation of these traits and associated specific design features are not needed for
the preliminary design required by a CP. The detailed design of the Treated Water System and its
relation to safety evaluations will be reviewed as part of the operating license application.

Since portions of the Treated Water System may be located in proximity to SSCs with safety-related
functions, the system will be designed through various means identified in the PSAR to protect those
safety-related SSCs. Thus, staff finds that the preliminary design of the Treated Water System is
consistent with the objective of PDC 2 to withstand the effects of natural phenomena and is consistent
with the guidance of NUREG-1537 Part 2, Section 9.7 for auxiliary systems to not cause accidents to the
reactor, uncontrolled release of radioactivity, or interfere with safe shutdown of the reactor.

The Treated Water System is a low-pressure system. Since portions of the Treated Water System cross
the base-isolation moat, design features are provided to protect safety-related SSCs. Together, the low-
pressure design and protective features is consistent with the objective of PDC 4 to accommodate the
effects of environmental and dynamic effects during operation, maintenance, testing, and postulated
accidents.

Conclusion

Kairos has identified traits of the Treated Water System in PSAR Section 9.7.2. The NRC staff finds that
the traits of the system, as described in the PSAR, demonstrate that the preliminary design is consistent
with the objectives of PDC 2, PDC 4, and the guidance of NUREG-1537 Part 2, Section 9.7. Based on
the NRC staff’s review and the findings above, the staff concludes that Kairos has met the requirements
of 10 CFR 50.34(a) for the Treated Water System because the PSAR provides a preliminary design and
a preliminary evaluation of the design and performance of the Treated Water System.

9.7.3 Component Cooling Water System

Introduction

PSAR Section 9.7.3 states that the CCWS provides water cooling for the RBHVAC, the ESCS, the Spent
Fuel Cooling System (SFCS), and the IGS. The CCWS is managed by the plant control system to
maintain desired operational temperature limits. Heat from the CCWS is rejected to the environment.

The CCWS does not perform safety-related functions and is not credited for the mitigation of postulated
events. Portions of the CCWS may be located in proximity to SSCs with safety-related functions and
portions of the system may cross the base-isolation moat that provides seismic protection for the reactor
cell and PHSS cell.





Regulatory Evaluation

The requirements and guidance in the common regulatory evaluation for auxiliary water systems apply
to the CCWS. As described in subsection 9.1.1 above, the NRC staff did not evaluate whether
requirements in 10 CFR Part 20 would be met for the construction of the Hermes reactor. Instead, the
NRC staff assessed whether Kairos identified the relevant requirements for an operating facility and
provided descriptions of the preliminary facility design. The NRC staff assessed this to determine
whether the PSAR provides an acceptable basis for the development of systems and whether there is
reasonable assurance that Kairos will comply with the regulations in 10 CFR Part 20 during Hermes
facility operation.

Technical Evaluation
Principal design criteria applicable to the CCWS are:

PDC 2, Design Bases for Protection Against Natural Phenomena
PDC 4, Environmental and Dynamic Effects Design Bases

PDC 44, Structural and Equipment Cooling

PDC 45, Inspection of Structural and Equipment Cooling Systems
PDC 46, Testing of Structural and Equipment Cooling Systems

Section 9.7.3 of the PSAR provides a summary description of the CCWS and identifies traits of the
CCWS that will enable it to meet regulatory requirements. Implementation of these traits and specific
design features of the system are not needed for the preliminary design required by a CP. The detailed
design of the CCWS and its relation to safety evaluations will be reviewed as part of the OL application.

The CCWS will interface with water systems that may contain radioactive material. The CCWS will be
designed to minimize the contamination of the facility and the environment and minimize the generation
or radioactive waste. Based on these design traits, staff finds that the preliminary design of the CCWS
will acceptably meet the requirements of 10 CFR 20.1406.

Since portions of the CCWS may be located in proximity to SSCs with safety-related functions, the
system is designed, through various means identified in the PSAR, to protect those safety-related SSCs.
Because of these design features, staff finds that the preliminary design of the CCWS is consistent with
the objective of PDC 2 to withstand the effects of natural phenomena and meets the guidance of
NUREG-1537 Part 2, Section 9.7 for auxiliary systems to not cause accidents to the reactor,
uncontrolled release of radioactivity, or interfere with safe shutdown of the reactor.

The CCWS is a low-pressure system. Since portions of the CCWS cross the base-isolation moat, design
features are provided to protect safety-related SSCs. Because of the low-pressure design and protective
features, Kairos has shown that the CCWS is consistent with the objective of PDC 4 to accommodate
the effects of environmental and dynamic effects during operation, maintenance, testing and postulated
accidents.

The CCWS is designed to permit periodic inspection and testing to ensure the integrity and capability of
the system to cool SSCs and to adequately transfer heat to the ultimate heat sink. Based on this
capability, the NRC staff finds that the CCWS is consistent with the objectives of PDC 44, PDC 45, and
PDC 46.

Conclusion

Kairos has identified traits of the CCWS in PSAR Sections 9.7 and 9.7.3. The staff finds that the traits
described in the PSAR demonstrate that the preliminary design is consistent with the objectives of PDC
2, PDC 4, PDC 44, PDC 45, PDC 46, and the guidance of NUREG-1537 Part 2, Section 9.7. Based on





the staff's review and the findings above, the NRC staff concludes that Kairos has met the requirements
of 10 CFR 50.34(a) and 10 CFR 20.1406 for the CCWS because the PSAR provides a preliminary
design and a preliminary evaluation of the design and performance of the CCWS.

9.7.4 Chilled Water System

Introduction

PSAR Section 9.7.4 states that the Chilled Water System provides cooling water to the RBHVAC system
and other facility SSCs that are not safety-related. The Chilled Water System is not safety related and is
not credited for the mitigation of postulated events. The Chilled Water System is designed in accordance
with local building codes.

Regulatory Evaluation

The requirements and guidance in the common regulatory evaluation for auxiliary water systems apply
to the Chilled Water System. There are no additional regulatory requirements or guidance applicable to
the Chilled Water System.

Technical Evaluation
Principal design criteria applicable to Treated Water System are:

e PDC 2, Design Bases for Protection Against Natural Phenomena
e PDC 4, Environmental and Dynamic Effects Design Bases

The PSAR identifies traits of the Chilled Water System that will enable it to meet regulatory
requirements. Implementation of these traits and associated design features specific to the system are
not needed for the preliminary design required by a CP. The detailed design of the Chilled Water System
and its relation to safety evaluations will be reviewed as part of the OL application.

No portion of the Chilled Water System will be located in the proximity of safety-related SSCs.

Thus, staff finds that the preliminary design of the Chilled Water System is consistent with the objective
of PDC 2 to withstand the effects of natural phenomena and meets the guidance of NUREG-1537 Part 2,
Section 9.7 for auxiliary systems to not cause accidents to the reactor, uncontrolled release of
radioactivity, or interfere with safe shutdown of the reactor.

The Chilled Water System is a low-pressure system and thus is consistent with the objective of PDC 4 to
accommodate the effects of environmental and dynamic effects during operation, maintenance, testing,
and postulated accidents.

Conclusion

Kairos has identified traits of the Chilled Water System in PSAR Section 9.7.4. The NRC staff finds that
the traits described in the PSAR demonstrate that the preliminary design is consistent with the objectives
of PDC 2, PDC 4, and the guidance of NUREG-1537 Part 2, Section 9.7. Based on the NRC staff's
review and the findings above, the NRC staff concludes that Kairos has met the requirements of 10 CFR
50.34(a) for the Chilled Water System because the PSAR provides a preliminary design and a
preliminary evaluation of the design and performance of the Chilled Water System.





9.8 Other Auxiliary Systems

9.8.1 Remote Maintenance and Inspection System

Introduction

The Hermes test reactor will have a Remote Maintenance and Inspection System, as described in

PSAR Section 9.8.1. The Remote Maintenance and Inspection System will provide the ability to remotely
access, inspect, and handle components in the reactor system, the PHTS, and the PHSS. The Remote
Maintenance and Inspection System is located in the reactor building and includes manipulators, tooling,
cameras, monitors, cranes and rigging. The Remote Maintenance and Inspection System is not safety
related and does not perform safety related functions. Portions of the system may cross the base-
isolation moat that provides seismic protection for the reactor cell and PHSS cell.

Regulatory Evaluation
The applicable regulatory requirements for the evaluation of the Hermes Remote Maintenance and
Inspection System are as follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary safety
analysis report,” including subparagraphs 50.34(a)(3)(ii), 50.34(a)(3)(iii), and 50.34(a)(4)

¢ 10 CFR 50.35, “Issuance of construction permits”

e 10 CFR 50.40, “Common standards”

As described in subsection 9.1.1 above, the staff did not evaluate whether requirements in 10 CFR Part
20 would be met for the construction of the Hermes reactor. Instead, the NRC staff assessed whether
Kairos identified the relevant requirements for an operating facility and provided descriptions of the
preliminary facility design. The NRC staff assessed this to determine whether the PSAR provides an
acceptable basis for the development of systems and whether there is reasonable assurance that Kairos
will comply with the regulations in 10 CFR Part 20 during Hermes facility operation.

Guidance for this review includes:

e NUREG-1537, “Guidelines for Preparing and Reviewing Applications for the Licensing of Non-
Power Reactors, Parts 1 and 2,” Section 9.7, “Other Auxiliary Systems.”

Technical Evaluation
Principal design criteria applicable to the Remote Maintenance and Inspection System are:

e PDC 2, Design Bases for Protection Against Natural Phenomena
e PDC 4, Environmental and Dynamic Effects Design Bases

Section 9.8.1 of the PSAR provides a summary description of the Remote Maintenance and Inspection
System and identifies traits of the system that will enable it to meet applicable regulatory requirements.
Implementation of these traits and associated specific design features are not needed for the preliminary
design required by a CP. The detailed design of the system and its relation to safety evaluations will be
reviewed as part of the OL application.

The purpose of the Remote Maintenance and Inspection System is to reduce personnel radiation
exposure by providing tools for remote work on components in the reactor system, the PHTS, and the
PHSS. The NRC staff finds that Kairos has shown that the Remote Maintenance and Inspection System
will meet the requirements of 10 CFR 20.1101(b) through the use of tooling to remotely handle
potentially radioactive material.





The Remote Maintenance and Inspection System will interface with components that may contain
radioactive material. PSAR Section 9.8.1 states that the system will be designed to minimize the
contamination of the facility and facilitate decommissioning. Based on these design traits, staff finds that
the preliminary design of the system will acceptably meet the requirements of 10 CFR 20.1406.

Since portions of the Remote Maintenance and Inspection System may be located in proximity to

SSCs with safety-related functions, the system will be designed so that it cannot interfere with a safety
system’s ability to perform a safety function. Because of these design features, staff finds that the
preliminary design of the system is consistent with the objective of PDC 2 to withstand the effects of
natural phenomena and will meet the guidance of NUREG-1537 Part 2, Section 9.7 for auxiliary systems
to not cause accidents to the reactor, uncontrolled release of radioactivity, or interfere with safe
shutdown of the reactor.

Since portions of the Remote Maintenance and Inspection System cross the base-isolation moat,
design features are provided to protect safety-related SSCs. The protective features are consistent with
the objective of PDC 4 to accommodate the effects of environmental and dynamic effects during
operation, maintenance, testing, and postulated accidents.

Conclusion

In PSAR Section 9.8.1, Kairos has identified design features for the Remote Maintenance and Inspection
System. The NRC staff finds that the traits described in the PSAR demonstrate that the preliminary
design is consistent with the objectives of PDC 2, PDC 4, and the guidance of NUREG-1537 Part 2,
Section 9.7. Based on the NRC staff's review and the findings above, the NRC staff concludes that
Kairos has met the requirements of 10 CFR 50.34(a) for the Remote Maintenance and Inspection
System because the PSAR provides a preliminary design and a preliminary evaluation of the design

and performance of the system. The NRC staff also concludes that the design features described in

the PSAR demonstrate that Kairos will meet 10 CFR 20.1101(b) and 10 CFR 20.1406(a).

9.8.2 Spent Fuel Cooling System

Introduction

PSAR Section 9.8.2, “Spent Fuel Cooling System,” describes a preliminary design for the SFCS, which
cools spent fuel canisters in the spent fuel storage pool and storage bay. PSAR Section 9.8.2 states that
the system does not perform safety-related functions.

Regulatory Evaluation
The applicable regulatory requirements are as follows:

¢ 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report,” including subparagraphs 50.34(a)(3)(ii), 50.34(a)(3)(iii), 50.34(a)(4), and
50.34(a)(5)

e 10 CFR 50.35, “Issuance of construction permits”

¢ 10 CFR 50.40, “Common standards”

As described in subsection 9.1.1 above, the staff did not evaluate whether requirements in 10 CFR Part
20 would be met for the construction of the Hermes reactor. Instead, the NRC staff assessed whether
Kairos identified the relevant requirements for an operating facility and provided descriptions of the
preliminary facility design. The NRC staff assessed this to determine whether the PSAR provides an
acceptable basis for the development of systems and whether there is reasonable assurance that Kairos
will comply with the regulations in 10 CFR Part 20 during Hermes facility operation.





The applicable guidance for the staff’s evaluation is as follows:
e NUREG-1537, Parts 1 and 2, Section 9.2, “Handling and Storage of Reactor Fuel.”

Technical Evaluation
Principal design criteria applicable to Treated Water System are:

e PDC 2, Design Bases for Protection Against Natural Phenomena
e PDC 4, Environmental and Dynamic Effects Design Bases

PSAR Section 9.8.2 states that the SFCS performs the following: (1) provides forced air cooling for the
spent fuel storage canisters located in the storage bay of the PHSS and (2) recirculates water in the
spent fuel storage pool to help cool spent fuel storage canisters in the pool. The SFCS transfers heat
from the recirculating water to the CCWS. Temperatures in and around the storage canisters and other
SSCs served by the SFCS will be monitored and controlled by the plant control system such that the
SFCS fans and piping maintain the temperatures within desired limits. In addition, the SFCS will be
capable of passively cooling the spent fuel storage canisters during postulated events, for example
during a loss of power. PSAR Section 9.3.3 states that the storage part of PHSS will be designed with
spacing between canisters in the spent fuel storage pool and the storage bay to ensure passive cooling
(e.g., by natural convection) during postulated events.

PSAR Section 9.8.2 states that the SFCS’s functions are not safety related. However, portions of the
SFCS may be near safety-related SSCs. Therefore, PSAR Section 9.8.2 states that SFCS components
will be designed and positioned to preclude adverse interactions with safety-related SSCs, consistent
with PDC 2. PSAR Section 9.8.2 also states that because there will be no pressurized piping systems in
or around the SFCS, the SFCS design is precluded from high energy line considerations, consistent with
PDC 4.

PSAR Section 9.8.2 also states that the SFCS has the potential to become contaminated based on its
location and system interfaces, and therefore, the SFCS will be designed to minimize such
contamination consistent with the requirements of 10 CFR 20.1406, “Minimization of contamination.”

For the SFCS, the NRC staff used the guidance and acceptance criteria in NUREG-1537, Parts 1 and 2,
Section 9.2, “Handling and Storage of Reactor Fuel,” to review the SFCS preliminary design description
in PSAR Section 9.8.2, “Spent Fuel Cooling System.” As part of its review, the staff assessed whether
PSAR Section 9.8.2 identifies the appropriate PDC for the SFCS. The NRC staff finds that Kairos has
described the design bases for the SFCS and that the preliminary information on the design and
functional description of the SFCS provides reasonable assurance that the SFCS will conform to the
design bases. The NRC staff finds that the SFCS is a non-safety-related system that will be designed
such that irradiated fuel can be cooled as necessary to avoid radionuclide release from the fuel during
moving and storage within the facility. Therefore, based on its review, the NRC staff determined that the
level of detail provided on the SFCS, including the design base, and identification of relevant PDC is
adequate for a preliminary design and is consistent with the applicable acceptance criteria of NUREG-
1537, Part 2, Section 9.2. Accordingly, the NRC staff finds that the PSAR’s preliminary information
regarding the Hermes SFCS provides reasonable assurance that it will comply with applicable
requirements.

Conclusion

On the basis of its review, the staff has determined that the level of detail provided regarding the SFCS
demonstrates an adequate basis for a preliminary design and satisfies the applicable acceptance criteria
of NUREG-1537 to support functions like preventing thermal failure and limiting radiation exposure.
Based on the review described above, the NRC staff concludes that information provided in the PSAR





meets the requirements of 50.34(a). Based on the NRC staff findings above, the staff concludes that

the preliminary design of the SCFS, as described in the PSAR, is sufficient and meets the applicable
regulatory requirements and guidance for the issuance of a construction permit identified in the
Regulatory Evaluation. Based on the review discussed above, the NRC staff concludes that the
preliminary design features intended to minimize contamination and support eventual decommissioning
will comply with the requirements of 10 CFR 20.1406. Further technical or design information required to
approve operation of the test reactor will be evaluated in the review of the OL application.

9.8.3 Compressed Air System

Introduction

Section 9.8.3 of the PSAR states that the Compressed Air System provides compressed air for general
facility services and for use in valve operation. The Compressed Air System is not safety related and is
not credited with performing safe shutdown functions.

Regulatory Evaluation
Regulatory requirements for the Compressed Air System are:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary safety
analysis report,” including subparagraphs 50.34(a)(3)(ii), 50.34(a)(3)(iii), and 50.34(a)(4)

e 10 CFR 50.35, “Issuance of construction permits”

e 10 CFR 50.40, “Common standards”

Guidance for this review includes:

¢ NUREG-1537, “Guidelines for Preparing and Reviewing Applications for the Licensing of Non-
Power Reactors, Parts 1 and 2,” Section 9.7, “Other Auxiliary Systems.”

Technical Evaluation
Principal design criteria applicable to the Compressed Air System are:

e PDC 2, Design Bases for Protection Against Natural Phenomena
e PDC 4, Environmental and Dynamic Effects Design Bases

PSAR Section 9.8.3 identifies traits of the Compressed Air System that will enable it to meet applicable
regulatory requirements. Implementation of these traits and associated design features specific to the
system are not needed for the preliminary design required by a CP. The detailed design of the
Compressed Air System and its relation to safety evaluations will be reviewed as part of the OL
application.

The Compressed Air System will be built so that failure of the system will not interfere with the ability of
a safety-related system to perform its safety function. Thus, staff finds that the preliminary design of the
Compressed Air System is consistent with the objective of PDC 2 to withstand the effects of natural
phenomena, achieve the objective of PDC 4 to accommodate the effects of environmental and dynamic
effects, and meets the guidance of NUREG-1537 Part 2, Section 9.7 for auxiliary systems to not cause
accidents to the reactor, uncontrolled release of radioactivity, or interfere with safe shutdown of the
reactor.

Conclusion

Kairos has identified traits of the Compressed Air System in PSAR Section 9.8.3. The NRC staff
concludes that the traits described in the PSAR demonstrate that the preliminary design is consistent
with the objectives of PDC 2, PDC 4, and the guidance of NUREG-1537 Part 2, Section 9.7. Based on





the NRC staff's review and the findings above, the NRC staff concludes that Kairos has met the
requirements of 10 CFR 50.34(a) for the Compressed Air System because the PSAR provides a
preliminary design and a preliminary evaluation of the design and performance of the system.

9.8.4 Cranes and Rigging

Introduction

PSAR Section 9.8.4 describes a reactor building gantry crane that will be used to move equipment

and support material receiving and shipping. Because of the heavy loads that would be lifted by the
crane, failure or mis-operation of the crane could damage safety-related SSCs if there were a load drop.
The crane is not safety related and does not perform any safety related function.

Regulatory Evaluation
Regulatory requirements for installed cranes are:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary safety
analysis report, “including subparagraphs 50.34(a)(3)(ii), 50.34(a)(3)(iii), and 50.34(a)(4)

e 10 CFR 50.35, “Issuance of construction permits”

e 10 CFR 50.40, “Common standards”

Guidance for this review includes:

o NUREG-1537, “Guidelines for Preparing and Reviewing Applications for the Licensing of Non-
Power Reactors, Parts 1 and 2.” Section 9.7, “Other Auxiliary Systems.”

Technical Evaluation

Principal design criteria applicable to the crane are:
e PDC 2, Design Bases for Protection Against Natural Phenomena
e PDC 4, Environmental and Dynamic Effects Design Bases

Section 9.8.4 of the PSAR provides a summary description and evaluation of the reactor building crane
and identifies traits of the crane that will enable it to meet regulatory requirements. Implementation of
these traits and associated design features specific to the crane are not needed for the preliminary
design required by a CP. The detailed design of the crane and its relation to safety evaluations will be
reviewed as part of the OL application.

In PSAR Section 9.8.4.3, Kairos committed to implement the design standards in ASME B30.2-2016,
“Overhead and Gantry Cranes (Top Running Bridge, Single or Multiple Girder, Top Running Trolley
Hoist),” for the reactor building crane. As indicated in the General Audit, a description of the use of
ASME B30.2-2016 for testing, inspection, operator training, operation, and maintenance of the crane
and rigging will be provided in the OL application.

Since portions of the crane and its rigging may be located in proximity to SSCs with safety-related
functions, the crane is designed, through various means, to protect those safety-related SSCs, including
seismic mounting of certain components, physical separation, and barriers. Because of these design
features, staff finds that the preliminary design of the crane is consistent with the objective of PDC 2 to
withstand the effects of natural phenomena and meets the guidance of NUREG-1537 Part 2, Section 9.7
for auxiliary systems to not cause accidents to the reactor, uncontrolled release of radioactivity, or
interfere with safe shutdown of the reactor.

The crane will be designed in accordance with ASME B30.2-2016, “Overhead and Gantry Cranes (Top
Running Bridge, Single or Multiple Girder, Top Running Trolley Hoist).” Administrative controls will be





provided to ensure that a dropped load does not interfere with the ability of safety-related SSCs to
perform their function during operation. The crane superstructure will be built to remain standing during
and after a fire so that failure of the superstructure does not interfere with the ability of safety-related
SSCs to perform their safety function(s). Because of the design, protective features, and administrative
controls, Kairos has shown that the crane is consistent with the objective of PDC 4 to accommodate the
effects of environmental and dynamic effects during operation, maintenance, testing, and postulated
accidents.

Conclusion

Kairos has identified traits of the reactor building crane in PSAR Section 9.8.4. The NRC staff concludes
that the traits described in the PSAR demonstrate that the preliminary design is consistent with the
objectives of PDC 2, PDC 4, and the guidance of NUREG-1537 Part 2, Section 9.7. Based on the NRC
staff’'s review and the findings above, the NRC staff concludes that Kairos has met the requirements of
10 CFR 50.34(a) for the reactor building crane because the PSAR provides a preliminary design and a
preliminary evaluation of the design and performance of the crane.

9.8.5 Auxiliary Site Services

Introduction

Section 9.8.5 of the PSAR states that the Hermes auxiliary site services include non-safety-related
systems and equipment that support operation of the plant, such as machine shops, chemistry
laboratory, sewers, lighting, warehousing, and storage. The auxiliary services are not credited for the
mitigation of postulated events and will be built so that they will not interfere with the ability of safety-
related SSCs to perform their safety function(s).

Regulatory Evaluation
Regulatory requirements for the site auxiliary services are:

¢ 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary safety
analysis report,” including subparagraphs 50.34(a)(3)(ii), 50.34(a)(3)(iii), and 50.34(a)(4)

e 10 CFR 50.35, “Issuance of construction permits”

e 10 CFR 50.40, “Common standards”

Guidance for this review includes:

e NUREG-1537, “Guidelines for Preparing and Reviewing Applications for the Licensing of Non-
Power Reactors, Parts 1 and 2,” Section 9.7, “Other Auxiliary Systems.”

Technical Evaluation
The principal design criterion applicable to the Compressed Air System is:

e PDC 2, Design Bases for Protection Against Natural Phenomena

The PSAR identifies traits of the auxiliary site services that will enable the SSCs that make up these
services to meet applicable regulatory requirements. Implementation of these traits and associated
specific design features are not needed for the preliminary design required by a CP. The detailed
designs of the site services will be reviewed as part of the OL application.

Kairos states in the PSAR that safety-related SSCs located in proximity to auxiliary site service SSCs
are protected from failure of the auxiliary site services during a design basis earthquake by either
seismically mounting the applicable auxiliary site service components, physical separation, or barriers





to preclude adverse interactions. The NRC staff finds that this design requirement is consistent with the
objective of PDC 2.

Kairos states that the services will be built so that failure of the SSCs making up these services will not
interfere with the ability of safety-related SSCs to perform their safety function(s). Because auxiliary
systems will be designed to not cause accidents to the reactor, uncontrolled release of radioactivity, or
interfere with safe shutdown of the reactor, the NRC staff finds that the preliminary design of the auxiliary
site services meet the guidance of NUREG-1537 Part 2, Section 9.7.

Conclusion

Kairos has identified traits of the auxiliary site services in PSAR Section 9.8.5. The NRC staff concludes
that the traits described in the PSAR demonstrate that the preliminary design is consistent with the
objectives of PDC 2 and the guidance of NUREG-1537 Part 2, Section 9.7. Based on the NRC staff’s
review and the findings above, the NRC staff concludes that Kairos has met the requirements of 10 CFR
50.34(a) for the auxiliary site services because the PSAR provides a preliminary design and a
preliminary evaluation of the design and performance of the services.

9.9 Summary and Conclusions for Auxiliary Systems

The NRC staff evaluated the descriptions and discussions of the Hermes auxiliary systems as described
in PSAR Chapter 9 and finds that the preliminary designs and information on the Hermes auxiliary
systems meet the applicable guidelines of NUREG-1537, Part 2, allowing the staff to make findings that:

o Kairos’ preliminary information and commitments to design the reactor coolant auxiliary systems,
HVAC systems, pebble handling and storage systems, communication systems, water systems,
and other auxiliary systems are sufficient and meet the applicable regulatory requirements and
guidance for the issuance of a CP. Further information on these items can reasonably be left for
later consideration in the FSAR.

e The preliminary information on fire protection systems and programs is sufficient and meets the
applicable regulatory requirements and guidance for the issuance of a CP. Further information can
reasonably be left for later consideration in the FSAR, fire protection program, and fire hazards
analysis submitted with an OL application.

e The preliminary design of the Kairos program and auxiliary facilities for the possession and use of
byproduct material, source material, and SNM at Hermes is sufficient and meets the applicable
regulatory requirements and guidance for the issuance of a CP. Further information related to
possession and use of byproduct material, source material, and SNM during operations and
decommissioning can reasonably be left for later consideration during future reviews of a Hermes
OL application and proposed decommissioning plan, respectively.

Based on these findings referenced above, the staff concludes the following regarding the issuance of a
CP in accordance with 10 CFR Part 50:

o Kairos has described the proposed facility design criteria for auxiliary systems, including, but not
limited to, the principal architectural and engineering criteria for the design, and has identified the
major features or components incorporated therein for the protection of the health and safety of
the public.

e There is reasonable assurance that, taking into consideration the site criteria contained in 10 CFR
Part 100, the proposed facility can be constructed and operated at the proposed location without
undue risk to the health and safety of the public.





e There is reasonable assurance: (i) that the construction of the Hermes facility will not endanger the
health and safety of the public, and (ii) that construction activities can be conducted in compliance
with the Commission’s regulations.

e Kairos is technically qualified to engage in the construction of its proposed Hermes facility in
accordance with the Commission’s regulations.

e The issuance of a permit for the construction of the Hermes facility would not be inimical to the
common defense and security or to the health and safety of the public.
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10 EXPERIMENTAL FACILITIES AND UTILIZATION

THIS NRC STAFF DRAFT SE HAS BEEN PREPARED AND IS BEING RELEASED TO
SUPPORT INTERACTIONS WITH THE ACRS. THIS DRAFT SE HAS NOT BEEN SUBJECT
TO FULL NRC MANAGEMENT AND LEGAL REVIEWS AND APPROVALS, AND ITS
CONTENTS SHOULD NOT BE INTERPRETED AS OFFICIAL AGENCY POSITIONS.

Non-power reactors may have many experimental uses. Many non-power reactors have special
experimental facilities, which may penetrate the core or reflector, be located near the core, or be
an integral part of the reactor. Using these facilities, samples can be irradiated in the core, or
reflector, or neutron or other radiation beams can be extracted from the core region through the
biological shield. In addition to these traditional experimental purposes, some non-power
reactors may be operated primarily to gather information and data that could be useful for the
purposes of licensing future prototype facilities and power reactors. Such non-power reactors
may not include specific experimental facilities, but the reactor itself and/or specific structures,
systems, and components (SSCs) could be considered experimental facilities to demonstrate
technology for eventual prototype and commercial scale up.

Kairos Power LLC’s (Kairos’) Hermes preliminary safety analysis report (PSAR), Revision XX,
Chapter 10, “Experimental Facilities and Utilization,” Section 10.1, “Summary Description,”
states that Hermes will not include special facilities dedicated to the conduct of reactor
experiments or experimental programs. However, as discussed in PSAR Chapter 1, “The
Facility,” Section 1.1, “Introduction,” Kairos’ purpose for Hermes is to test and demonstrate the
key technologies, design features, and safety functions of Kairos’ fluoride salt-cooled, high
temperature reactor (KP-FHR) technology and its associated SSCs. As part of its construction
permit review, the U.S. Nuclear Regulatory Commission (NRC) staff (the staff) evaluated
descriptions and discussions of Hermes SSCs in the PSAR, paying special attention to design
and operating characteristics, unusual or novel SSCs being demonstrated by Hermes, and
principal safety considerations. The preliminary design of unusual or novel SSCs, including
special safety features for these SSCs and any added instrumentation or other features to
monitor the performance of these SSCs, was evaluated to ensure the sufficiency of principal
design criteria; design bases; information relative to materials of construction, general
arrangement, and approximate dimensions; and high-level functional descriptions, to provide
reasonable assurance that the final design will conform to the design bases. The information
provided by Kairos in the PSAR was also evaluated to determine whether it was adequate to
provide reasonable assurance that a Title 10, Code of Federal Regulations (10 CFR) Part 50
construction permit for the Hermes facility could be issued in accordance with applicable
regulatory requirements and guidance on the basis that the facility could be constructed without
undue risk to the health and safety of the public. The staff evaluations of unusual or novel
Hermes SSCs are found in other chapters of this safety evaluation report (SER), particularly
Chapter 3, “Design of Structures, Systems, and Components,” Chapter 4, “Reactor Description,”
Chapter 5, “Heat Transport System,” Chapter 6, “Engineered Safety Features,” and Chapter 9,
“Auxiliary Systems.”

In addition, the staff reviewed Kairos’ Quality Assurance Program Description (QAPD) for
ensuring the quality and performance of Hermes SSCs during the design, construction, and
operation of the facility. The staff documented its review of Kairos’s QAPD in Chapter 12,
“Conduct of Operations,” Section 12.9, “Quality Assurance,” of this SER.

The staff also reviewed Kairos’ identification and justification for the selection of those variables,





conditions, or other items which are determined to be probable subjects of technical
specifications (TSs) for the facility, with special attention given to those items which may
significantly influence the final design. The staff documented its review of Kairos’ probable
subjects of TSs for the facility in Chapter 14, “Technical Specifications,” of this SER.

PSAR Sections 4.3.1.1.1, 4.3.3, and 10.1 describe a material surveillance system (MSS), which
is supported by the reactor vessel top head and provides a means to insert and remove material
specimens (e.g., coupons) to support testing and assessment of material performance. During
the General Audit, Kairos confirmed that, consistent with PSAR Section 10.1, the MSS is not an
experimental facility because the purpose of the MSS is to monitor and evaluate the
performance of SSCs over Hermes’ operating life and Kairos does not plan to use the MSS to
evaluate or irradiate other novel’s or experimental materials, i.e., which are not representative of
Hermes SSCs. Kairos also confirmed that any use of the MSS would not affect analyses of
Hermes operation or accidents in PSAR Chapters 4 and 13.

The staff evaluated the descriptions and discussions of the Hermes facility in the PSAR and
found that the preliminary design of the facility does not include any facilities penetrating or
located near the reactor that are specifically designated as experimental facilities. The staff
notes that the Hermes facility includes unusual and novel SSCs that are an integral part of the
facility, including tri-structural isotropic particle (TRISO) fuel, Flibe salt coolant, with others, and
that the facility includes features to monitor the performance of these SSCs test to demonstrate
the key technologies, design features, and safety functions of Kairos’ KP-FHR technology.
However, these SSCs and features, as well as the QAPD and probable subjects of TSs that will
help ensure the quality, performance, and safe operation of SSCs, are evaluated in other
chapters of this SER, as discussed above. Therefore, the staff concludes that a separate
evaluation using the guidelines of NUREG-1537, “Guidelines for Preparing and Reviewing
Applications for the Licensing of Non-Power Reactors,” Part 2, “Standard Review Plan and
Acceptance Criteria,” Chapter 10, “Experimental Facilities and Utilization,” is not required.

The staff will confirm that the final design conforms to the design basis, including that Hermes
will not include special facilities dedicated to the conduct of reactor experiments or experimental
programs, during its review of a Hermes operating license application.
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11 RADIATION PROTECTION AND WASTE MANAGEMENT

THIS NRC STAFF DRAFT SE HAS BEEN PREPARED AND IS BEING RELEASED TO SUPPORT
INTERACTIONS WITH THE ACRS. THIS DRAFT SE HAS NOT BEEN SUBJECT TO FULL NRC
MANAGEMENT AND LEGAL REVIEWS AND APPROVALS, AND ITS CONTENTS SHOULD NOT BE
INTERPRETED AS OFFICIAL AGENCY POSITIONS.

The purposes of radiation protection and waste management programs and provisions are to ensure
safety of a reactor facility and to provide protection to the facility staff, members of the public, and the
environment.

This chapter of the Kairos Power, LLC (Kairos) Hermes test reactor construction permit safety evaluation
report (SER) describes the U.S. Nuclear Regulatory Commission (NRC) staff’s (the staff’s) technical
review and evaluation of the preliminary information on the Hermes radiation protection and waste
management programs and design provisions as presented in Chapter 11, “Radiation Protection and
Waste Management,” of the Hermes preliminary safety analysis report (PSAR), Revision XX. The staff
reviewed PSAR Chapter 11 against applicable regulatory requirements using regulatory guidance and
standards to assess the sufficiency of the preliminary information Kairos provided regarding Hermes
facility radiation protection and waste management for the issuance of a construction permit in
accordance with Title 10, Code of Federal Regulations (10 CFR) Part 50, “Domestic Licensing of
Production and Utilization Facilities.” As part of this review, the staff evaluated descriptions and
discussions of Hermes radiation protection and waste management programs and provisions, with
special attention to design and operating characteristics, unusual or novel design features, and principal
safety considerations. The staff evaluated the preliminary design of the Hermes facility radiation
protection program and waste management provisions to ensure the design criteria, design bases, and
information relative to construction is sufficient to provide reasonable assurance that the final design will
conform to the design basis. In addition, the staff reviewed Kairos’s identification and justification for the
selection of those variables, conditions, or other items which are determined to be probable subjects of
technical specifications for the facility, with special attention given to those items which may significantly
influence the final design.

The staff’s reviews and evaluations for areas relevant to PSAR Chapter 11, including regulations and
guidance used, summaries of the application information reviewed, and evaluation findings and
conclusions, are discussed in the SER sections below for each of the two major areas of review
(radiation protection and waste management) covered in this SER chapter. A summary and overall
conclusions on the staff’s technical evaluation of Hermes radiation protection and waste management
are provided in SER Section 11.3, “Summary and Conclusions on Radiation Protection and Waste
Management.”

11.1 Radiation Protection

Introduction

Hermes PSAR Section 11.1, “Radiation Protection,” identifies the sources of radiation at the Hermes
facility and describes at a high level the programs and provisions for radiation protection and maintaining
exposures to radiation as low as is reasonably achievable (ALARA), including preliminary facility design
information relevant to radiation protection.

Regulatory Evaluation

The applicable regulatory requirements for the evaluation of Hermes radiation protection are as follows:





e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report,” including:





o 10 CFR 50.34(a)(1)(i), which requires "[a] description and safety assessment of the site
on which the facility is to be located, with appropriate attention to features affecting facility
design”.

o 10 CFR 50.34(a)(4), which requires “[a] preliminary analysis and evaluation of the design
and performance of structures, systems, and components [SSCs] of the facility...”; and

o 10 CFR 50.34(a)(6), which requires “[a] preliminary plan for the applicant's organization,
training of personnel, and conduct of operations.”

¢ 10 CFR 50.35, “Issuance of construction permits.”
¢ 10 CFR 50.40, “Common standards.”

As provided in § 20.1002, “Scope,” the regulations in 10 CFR Part 20, “Standards for Protection Against
Radiation,” “apply to persons licensed by the Commission to receive, possess, use, transfer, or dispose
of byproduct, source, or special nuclear material or to operate a production or utilization facility.” Kairos
has applied for a construction permit and has not specifically requested approval of any design
information. A construction permit does not provide a license to operate the facility. In its Hermes
construction permit application, Kairos also has not applied for licenses to receive, possess, use,
transfer, or dispose of byproduct, source, or special nuclear material at the facility. Therefore, the staff
did not evaluate whether requirements in 10 CFR Part 20 would be met for the construction of the
Hermes reactor. Instead, the staff assessed whether Kairos had identified the relevant requirements for
an operating facility and provided descriptions of the preliminary facility design and provisions for
protecting the health and safety of the public, workers, and the environment in sufficient detail to
determine whether the PSAR provides an acceptable basis for the development of the radiation
protection programs and radioactive waste management, and whether there is reasonable assurance
that Kairos will comply with the regulations in 10 CFR Part 20 during Hermes facility operation. This is
consistent with 10 CFR 50.40(a), which provides that in determining whether a construction permit may
be issued, the Commission will be guided by consideration of reasonable assurance that Kairos will
comply with the regulations, including the regulations in 10 CFR Part 20, and that the health and safety
of the public will not be endangered.

The applicable guidance for the evaluation of Hermes radiation protection is as follows:

o NUREG-1537, “Guidelines for Preparing and Reviewing Applications for the Licensing of Non-
Power Reactors, Parts 1, “Format and Content,” and Part 2, “Standard Review Plan and
Acceptance Criteria,” Section 11.1, “Radiation Protection.”

Technical Evaluation
Radiation Sources

PSAR Section 11.1.1 identifies the radiation sources that present a potential hazard to workers and the
public from operation of the Hermes reactor. The generation of the radiation sources is described in
general terms. PSAR Table 11.1-1, “Radiation Sources,” lists the SSCs or facility locations which contain
fission products or other sources of radiation, with the specific contents identified (e.g., tritium, circulating
activity in systems with liquid or gas flow, activation products in structures and components). PSAR
Section 11.1.1 states that additional details of radiation sources, including activity and external radiation
fields in the facility, will be provided in an operating license application.

During the General Audit, the staff confirmed that Kairos developed preliminary isotopic values for fuel
and Flibe radiation sources for preliminary shielding design. In its preliminary analysis, Kairos
considered the information and methodology in the technical report KP-TR-0017, “KP-FHR Core Design





and Analysis Methodology,” included in the Hermes construction permit application.

As described in PSAR Section 11.1.5, Kairos performed a conservative screening analysis of gaseous
tritium emissions from the Hermes reactor resulting in projected doses to the public from emissions of
tritium which are well below the allowable limits in 10 CFR Part 20. During the General Audit, the staff
reviewed the methodology, inputs, and assumptions for the screening analysis results for tritium reported
in the PSAR. The staff noted during the audit that to perform the gaseous effluent screening analysis,
Kairos used the XOQDOQ atmospheric dispersion model and GASPAR gaseous effluent pathway model
in the NRCDose3 computer code, with site-specific input on the release point, dose receptor locations,
and 5 years of site-specific, validated meteorological data. The staff notes that NRCDose3 was
developed by the NRC to implement the NRC’s requirements for ALARA for radioactive effluents from
nuclear power plants. The staff noted during the audit that analysis assumptions for the tritium effluent
release were based on a conservative tritium release rate equal to the generation rate, which does not
account for retention in the reactor or engineered systems, which would reduce the effective tritium
effluent rate. During the General Audit, based on its audit of the screening calculation described in the
PSAR, the staff confirmed that Kairos’ analysis assumptions and methods were consistent with the
description in the PSAR and are consistent with the regulatory guidance identified by Kairos in PSAR
Section 11.1.5.

In its response to request for confirmation of information (RCI) 12 for the Hermes environmental review,
submitted by letter dated April 22, 2022, Kairos stated that the assumed effluent release quantities for
gaseous radionuclide effluents other than tritium (used in the Hermes Environmental Report) were taken
from the Clinch River Early Site Permit (ESP) Environmental Report, and were based on light-water
small modular reactor preliminary design information.

During the General Audit, Kairos confirmed that although its effluent screening analyses discussed in
PSAR 11.1.5 do not model liquid effluents, based on the preliminary Hermes design, liquid effluent
releases direct to the environment are not expected.

The staff evaluated the sufficiency of the preliminary information on Hermes radiation sources, as
described in PSAR Sections 11.1.1 and 11.1.5, using the guidance and acceptance criteria from Section
11.1.1 of NUREG-1537, Parts 1 and 2. The staff’s review included a comparison of the bases for
identifying potential radiation safety hazards with the process and facility descriptions to verify that such
hazards were accurately and comprehensively identified. Based on its review of the information in the
PSAR, supported by the General Audit, the staff finds that the high-level description of radiation sources
and their bases, including the effluent screening analysis, is consistent with generation and transport and
cleanup of radionuclides, activation of materials, and radioactive waste production that would occur at
Hermes. The staff finds that the results of the effluent screening analysis provide reasonable assurance
that 10 CFR Part 20 limits will be met during Hermes operation. The staff finds use of the Clinch River
ESP effluent information for radionuclides other than tritium to be a reasonable assumption for a
preliminary scoping analysis, considering the relative power levels and design differences. The staff will
review the effluent analysis corresponding to the detailed design in the application for an operating
license. Based on its review, the staff finds the PSAR information on Hermes radiation sources is
adequate because it identifies the potential radiation safety hazards associated with the Hermes reactor
and provides an acceptable preliminary basis for the development of the radiation protection program,
and that it meets the applicable acceptance criteria of NUREG-1537, Part 2, Section 11.1.1.

Radiation Protection Program and ALARA Program

PSAR Sections 11.1.2 and 11.1.3 describe the 10 CFR Part 20 regulatory requirements for a radiation
protection program and an ALARA program, respectively. The PSAR sections also describe, at a high-





level, features of the programs (e.g., periodic program review, ALARA controls, and a constraint on air
emissions of radioactive materials) that Kairos states it would implement to ensure regulatory
requirements are met. Kairos also identifies in the PSAR relevant NRC regulatory guides that Kairos will
use to design and implement the radiation protection program and the ALARA program. The PSAR
states that Kairos will provide additional details for both programs in an operating license application.

The staff evaluated the sufficiency of the preliminary information on Kairos’ radiation protection and
ALARA programs for Hermes, as described in PSAR Sections 11.1.2 and 11.1.3 and other relevant
portions of the PSAR, using the guidance and acceptance criteria from Sections 11.1.2 and 11.1.3 of
NUREG-1537, Parts 1 and 2. Based on its review, the staff determined that the level of detail provided
on the radiation protection and ALARA programs is adequate because it identifies applicable
requirements and appropriate guidance and general features for implementation of the Hermes radiation
protection and ALARA programs, and that it meets the applicable acceptance criteria of NUREG-1537,
Part 2, Sections 11.1.2 and 11.1.3. Accordingly, the staff finds that Kairos’ commitments to develop
radiation protection and ALARA programs provide reasonable assurance that the Hermes radiation
protection and ALARA programs will comply with applicable requirements.

Radiation Monitoring and Surveying

PSAR Section 11.1.4 describes the requirements for and purpose of radiation monitoring and surveying
at the Hermes facility, and states that written procedures for radiation monitoring and surveying will be
established to ensure compliance with 10 CFR Part 20, Subpart F, “Surveys and Monitoring.” PSAR
Section 11.1.4 identifies NRC regulatory guides that Kairos will consider in development of the Hermes
radiation monitoring and surveying programs. In addition, PSAR Sections 9.1.2, 9.1.3, and 9.2 describe
preliminary design information for radiation monitoring in the cover gas space, tritium management
system, and reactor building, respectively. PSAR Section 11.1.4 states that additional details of radiation
monitoring and surveying, including a description of the equipment, methods, and procedures, will be
provided in an operating license application.

The staff evaluated the sufficiency of the preliminary information on Hermes radiation monitoring and
surveying, as described in PSAR Section 11.1.4 and other relevant portions of the PSAR, using the
guidance and acceptance criteria from Section 11.1.4 of NUREG-1537, Parts 1 and 2. Based on its
review, the staff determined that the level of detail provided on the radiation monitoring and surveying is
adequate because it identifies applicable requirements for radiation monitoring and surveying, and
includes appropriate preliminary information on guidance, practices, and design features to help ensure
that Hermes radiation fields and effluents are monitored and sampled as necessary, and that it meets
the applicable acceptance criteria of NUREG-1537, Part 2, Section 11.1.4. Accordingly, the staff finds
that Kairos’” commitments related to radiation monitoring and surveying provide reasonable assurance
that Hermes radiation monitoring and surveying will comply with applicable requirements.

Radiation Exposure Control and Dosimetry

PSAR Section 11.1.5 provides a preliminary discussion of radiation exposure controls, including access
controls and shielding, and effluent monitoring and controls, for the Hermes facility. Radiological control
areas will be established (including consideration of shielding) and access to high and very high
radiation areas will be controlled as required by 10 CFR Part 20, Subpart G, “Control of Exposure from
External Sources in Restricted Areas.” Precautionary procedures (e.g., posting of radiation areas) will be
employed in the facility consistent with the requirements in 10 CFR Part 20, Subpart J, “Precautionary
Procedures.” Additional details on dosimetry, radiation exposure control and assess control, including
locations of radiological control areas, access controls, shielding, remote handling equipment, and
expected annual radiation exposures, will be provided in an operating license application.





PSAR Section 4.4 provides preliminary design information on the biological shield, including its design
bases. In addition, during the General Audit, the staff audited preliminary shielding design information
(primarily for the Hermes bioshield) to confirm that Kairos developed preliminary shielding design
analyses, including consideration of types of shielding materials and shielding dimensions.

PSAR Sections 9.2 and 11.1.5 describe at a high level the preliminary design features to monitor facility
effluents during normal operation and postulated events. PSAR Section 11.1.5 also indicates that the
design of SSCs will limit uncontrolled liquid or gaseous effluent releases to work areas or the
environment, consistent with the goal of maintaining radiation exposures ALARA. As discussed in PSAR
Sections 9.2 and 11.1.5, systems through which gaseous effluents are generally released to the
atmosphere include provisions for gaseous effluent monitoring and filtration.

The staff evaluated the sufficiency of the preliminary information on Hermes radiation exposure control
and dosimetry, as described in PSAR Section 11.1.5 and other relevant portions of the PSAR, using the
guidance and acceptance criteria from Section 11.1.5 of NUREG-1537, Parts 1 and 2. Based on its
review, the staff determined that the level of detail provided on the radiation exposure control and
dosimetry is adequate because it identifies applicable requirements for radiation exposure control and
includes appropriate preliminary information on access controls, shielding, and design features to help
ensure that uncontrolled radiation releases and unauthorized entry into high radiation areas will be
prevented and radiation doses will be maintained ALARA and within regulatory limits, and that it meets
the applicable acceptance criteria of NUREG-1537, Part 2, Section 11.1.5. Accordingly, the staff finds
that Kairos’ commitments related to descriptions of radiation exposure control and dosimetry provide
reasonable assurance that Hermes radiation exposure control and dosimetry will comply with applicable
requirements.

Contamination Control

PSAR Section 11.1.6 states that design features for the control of radioactive contamination at the
Hermes facility will be developed consistent with the requirements in 10 CFR 20.1406, “Minimization of
contamination.” The design of such features will also consider the guidance in NRC RG 4.21,
“Minimization of Contamination and Radioactive Waste Generation: Life-Cycle Planning.” PSAR Section
11.1.6 states that a description of these design features will be provided in an operating license
application.

The staff evaluated the sufficiency of the preliminary information on Hermes contamination control, as
described in PSAR Section 11.1.6, using the guidance and acceptance criteria from Section 11.1.6 of
NUREG-1537, Parts 1 and 2. Based on its review, the staff determined that the level of detail provided
on the contamination control is adequate because it identifies applicable requirements for contamination
control and includes appropriate preliminary information on guidance, practices, and design features that
will help ensure that the spread of contamination at Hermes will be minimized, and that it meets the
applicable acceptance criteria of NUREG-1537, Part 2, Section 11.1.6. Accordingly, the staff finds that
Kairos’ commitments related to contamination control provide reasonable assurance that Hermes
contamination control will comply with applicable requirements.

Environmental Monitoring

PSAR Section 11.1.7 states that an operational radiological environmental monitoring program (REMP)
will be established to meet the requirements in 10 CFR 20.1302, “Compliance with dose limits for
individual members of the public,” and will be implemented coincident with the start of Hermes
operational activities. PSAR Section 11.1.7 identifies regulatory guidance for effluent and environmental
monitoring for nuclear power plants that Kairos will consider for developing the operational REMP for
Hermes. PSAR Section 11.1.7 states that a description of the REMP will be provided in an operating





license application.

The staff evaluated the sufficiency of the preliminary information on Hermes environmental monitoring,
as described in PSAR Section 11.1.7, using the guidance and acceptance criteria from Section 11.1.7 of
NUREG-1537, Parts 1 and 2. Based on its review, the staff determined that the level of detail provided
on the environmental monitoring is adequate because it identifies applicable requirements for
environmental monitoring and includes preliminary information on guidance for the REMP that will help
ensure any environmental impacts from Hermes operation will be appropriately assessed, and that it
meets the applicable acceptance criteria of NUREG-1537, Part 2, Section 11.1.7. The staff also
determined that the environmental monitoring guidance referenced by Kairos is reasonable for use at
Hermes, with consideration of the Hermes technology and as appropriate for a non-power reactor.
Accordingly, the staff finds that Kairos’ commitments related to environmental monitoring provide
reasonable assurance that Hermes environmental monitoring will comply with applicable requirements.

Conclusion

Based on its findings above, the staff concludes the information in Hermes PSAR Section 11.1 is
sufficient and meets the applicable guidance and regulatory requirements identified in this chapter for
the issuance of a construction permit in accordance with 10 CFR Part 50. Further information as may be
required to complete the review of Hermes radiation protection can reasonably be left for later
consideration in the final safety analysis report (FSAR) since this information is not necessary for the
review of a construction permit application.

11.2 Radioactive Waste Management

Introduction

Hermes PSAR Section 11.2, “Radioactive Waste Management,” describes at a high-level the Hermes
radioactive waste management program and preliminary facility design information for radioactive waste
handling.

Regulatory Evaluation

The discussion of regulatory requirements provided above for radiation protection in SER Section 11.1 is
also applicable for the staff's evaluation of radioactive waste management in SER Section 11.2.

The applicable guidance for the evaluation of Hermes radioactive waste management is as follows:
e NUREG-1537, Parts 1 and 2, Section 11.2, “Radioactive Waste Management.”

Technical Evaluation

Radioactive Waste Management Program

PSAR Section 11.2.1 states that a description of the radioactive waste management program for the

Hermes facility will be provided in an operating license application. PSAR Section 12.1 describes the

preliminary Hermes organizational structure, including the radiation protection organization and its

responsibilities.

The staff evaluated the sufficiency of the preliminary information on the Hermes radioactive waste
management program, as described in PSAR Section 11.2.1 and other relevant portions of the PSAR,





using the guidance and acceptance criteria from Section 11.2.1 of NUREG-1537, Parts 1 and 2. The staff
finds that Kairos appropriately identifies the need for a radioactive waste management program and finds
that Kairos’s plan to provide the detailed description of the radioactive waste program with an operating
license application is reasonable given the preliminary nature of the design and the Hermes
organizational structure. Therefore, based on its review, the staff determined that the level of detail
provided on the radioactive waste management program is adequate and meets the applicable
acceptance criteria of NUREG-1537, Part 2, Section 11.2.1. Accordingly, the staff finds that Kairos’
commitments related to the Hermes radioactive waste management program provide reasonable
assurance that the program will comply with applicable requirements.

Radioactive Waste Handling Systems and Controls

PSAR Section 11.2.2 describes the radioactive waste handling systems and controls, including
discussion of the relevant functions and design features for the collection, packaging, storage, and
dispositioning of low-level radioactive wastes in solid and liquid forms. PSAR Section 11.2.2 describes
the SSCs that handle liquid and solid wastes at a functional level and identifies the relevant design
bases as principal design criteria 2, 60, and 63 (see SER Chapter 3 and KP-TR-003-NP-A, "Principal
Design Criteria for the Kairos Power Fluoride-Salt Cooled, High Temperature Reactor"). PSAR Section
11.2.2 also states that radioactive waste handling systems are designed to meet the requirements of 10
CFR 20.1406 as it relates to design for the minimization of contamination and eventual decommissioning
of the facility. PSAR Section 11.2.2 states that radioactive waste handling systems will be designed to
meet these criteria. The radioactive waste handling systems are not safety-related but will be periodically
tested for functionality.

Related to radioactive waste, the Hermes Environmental Report (ER), Section 4.10.2.4, “Transportation
of Nonradioactive Materials and Hazardous Waste,” indicates that a total of 40 tons of Flibe would be
shipped to the site for use in the reactor. The Flibe is radioactive at the end of its useful life. ER Section
4.10.2 states that there will be sufficient storage capacity onsite for the radioactive Flibe wastes, which
would be allowed to cool and solidify, and would likely remain at the Hermes facility until
decommissioning. Based on the description of the Inventory Management System in PSAR

Section 9.1.4, if there is replacement of Flibe during Hermes operation, the used Flibe would be stored
in transfer canisters in a solid state at ambient temperatures.

PSAR Section 11.2.2 states that gaseous radioactive wastes are not handled in a dedicated gaseous
radioactive waste system, but are discharged to the reactor building heating, ventilation, and air
conditioning system, where they are filtered and monitored prior to release to the atmosphere. PSAR
Section 11.1.5 provides a screening analysis of gaseous tritium releases from Hermes, which the staff
reviewed as discussed in SER Section 11.1.1.

The staff evaluated the sufficiency of the preliminary information on the Hermes radioactive waste
handling system and controls, as described in PSAR Section 11.2.2 and other relevant portions of the
PSAR, using the guidance and acceptance criteria from Section 11.2.2 of NUREG-1537, Parts 1 and 2.
The staff finds that Kairos has described methods by which the waste products from procedures and
processes will be monitored or otherwise assessed for radioactive material contents, and when
appropriate, controls will be established on the waste streams and products designed to prevent
uncontrolled exposures or escape of radioactive waste. Therefore, based on its review, the staff
determined that the level of detail provided on the radioactive waste handling system and controls,
including the design bases and identification of relevant principal design criteria, is adequate and meets
the applicable acceptance criteria of NUREG-1537, Part 2, Section 11.2.2. Accordingly, the staff finds
that Kairos’” commitments related to the Hermes radioactive waste handling system and controls provide
reasonable assurance that they will comply with applicable requirements.





Release of Radioactive Waste

PSAR 11.2.3 describes at a high level the disposition of radioactive waste. Gaseous wastes are filtered
and monitored before release to the atmosphere, as also described in PSAR Section 11.2.2. Liquid
radioactive waste may be recycled or released to sanitary sewerage in accordance with applicable
regulations. Some liquid and solid radioactive waste is expected to be packaged and disposed of using a
licensed and qualified low-level radioactive waste disposal vendor.

The staff evaluated the sufficiency of the preliminary information on the release of radioactive waste at
Hermes, as described in PSAR Section 11.2.3 and other relevant portions of the PSAR, using the
guidance and acceptance criteria from Section 11.2.3 of NUREG-1537, Parts 1 and 2. Based on its
review, the staff determined that the level of detail provided on the release of radioactive waste is
adequate because it includes preliminary information on how radioactive waste from Hermes will be
dispositioned appropriately and in accordance with applicable regulations, and that it meets the
applicable acceptance criteria of NUREG-1537, Part 2, Section 11.2.3. Accordingly, the staff finds that
Kairos’ commitments related to the release of radioactive waste provide reasonable assurance that
releases will comply with applicable requirements.

Conclusion

Based on its findings above, the staff concludes the information in Hermes PSAR Section 11.2 is
sufficient and meets the applicable guidance and regulatory requirements identified in this chapter for
the issuance of a construction permit in accordance with 10 CFR Part 50. Further information as may be
required to complete the review of Hermes radioactive waste management can reasonably be left for
later consideration in the FSAR since this information is not necessary for the review of a construction
permit application.

11.3 Summary and Conclusions on Radiation Protection and Waste Management

The staff evaluated the descriptions and discussions of Hermes radiation protection and waste
management as described in PSAR Chapter 11 and finds that the preliminary information on and design
criteria of the radiation protection and waste management programs and provisions, including the
principal design criteria, design bases, and information relating to materials of construction, general
arrangement, and approximate dimensions: (1) provide reasonable assurance that the final design will
confirm to the design bases, and (2) meet all applicable regulatory requirements and acceptance criteria
discussed in NUREG-1537. Based on these findings, the staff makes the following conclusions
regarding issuance of a construction permit in accordance with 10 CFR Part 50:

e Kairos has described the proposed facility design criteria for radiation protection and waste
management, including, but not limited to, the principal architectural and engineering criteria for
the design, and has identified the major features or components incorporated therein for the
protection of the health and safety of the public.

e Such further technical or design information as may be required to complete the safety analysis
of the radiation protection and waste management programs, and which can reasonably be left
for later consideration, will be provided in the FSAR.

o There is reasonable assurance that: (i) safety questions will be satisfactorily resolved at or before
the latest date stated in the application for completion of construction of the proposed facility, and
(i) taking into consideration the site criteria contained in 10 CFR Part 100, the proposed facility
can be constructed and operated at the proposed location without undue risk to the health and
safety of the pubilic.





e There is reasonable assurance: (i) that the construction of the Hermes facility will not endanger
the health and safety of the public, and (ii) that construction activities can be conducted in
compliance with the Commission’s regulations.

e Kairos is technically qualified to engage in the construction of its proposed Hermes facility in
accordance with the Commission’s regulations.

e The issuance of a permit for the construction of the Hermes facility would not be inimical to the
common defense and security or to the health and safety of the public.
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12 CONDUCT OF OPERATIONS

THIS NRC STAFF DRAFT SE HAS BEEN PREPARED AND IS BEING RELEASED TO SUPPORT
INTERACTIONS WITH THE ACRS. THIS DRAFT SE HAS NOT BEEN SUBJECT TO FULL NRC
MANAGEMENT AND LEGAL REVIEWS AND APPROVALS, AND ITS CONTENTS SHOULD NOT BE
INTERPRETED AS OFFICIAL AGENCY POSITIONS.

The conduct of operations involves the administrative aspects of facility operation (i.e., the facility
organizational structure, review and audit activities, facility procedures, required actions for technical
specification violations, reporting requirements, and recordkeeping), emergency planning, quality
assurance, security, operator training and requalification, and startup and material control and
accounting (MC&A) plans.

This chapter of the Kairos Power, LLC (Kairos) Hermes construction permit (CP) safety evaluation
report (SER) describes the U.S. Nuclear Regulatory Commission (NRC) staff’s (the staff’s) technical
review and evaluation of the preliminary information provided in Chapter 12, “Conduct of Operations,”
of the Kairos Hermes preliminary safety analysis report (PSAR), Revision XX. The staff reviewed Kairos
Hermes PSAR Chapter 12 against applicable regulatory requirements using regulatory guidance and
standards to assess the sufficiency of the preliminary information on the Hermes conduct of operations
for the issuance of a CP in accordance with Title 10, Code of Federal Regulations (10 CFR) Part 50,
“‘Domestic Licensing of Production and Utilization Facilities.” The staff’s reviews and evaluations for
areas relevant to PSAR Chapter 12, including regulations and guidance used, a summary of the
application information reviewed, and evaluation findings and conclusions, are discussed in the SER
sections below for each specific area of review. A summary and overall conclusion on the staff's
technical evaluation of the Hermes conduct of operations are provided in SER Section 12.14, “Summary
and Conclusions on Conduct of Operations.”

12.1 Organization

Introduction

Hermes PSAR Section 12.1, “Organization,” describes the organizational structure, functional
responsibilities, levels of authority, and interfaces for establishing, executing, and verifying the
organizational structure concerning facility operation. The organizational structure includes internal and
external functions including interface responsibilities for multiple organizations. PSAR Section 12.1 also
discusses the organizational aspects of the radiation protection (RP) program, staffing, and selection
and training of personnel.

Regulatory Evaluation
The applicable regulatory requirements for the evaluation of Kairos’ organization are as follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report,” including 10 CFR 50.34(a)(6), which requires that the PSAR include “[a]
preliminary plan for the applicant’s organization, training of personnel, and conduct of
operations.”

¢ 10 CFR 50.35, “Issuance of construction permits.”
¢ 10 CFR 50.40, “Common standards.”

The applicable guidance for the evaluation of Kairos’ organization is as follows:

o NUREG-1537, “Guidelines for Preparing and Reviewing Applications for the Licensing of Non-
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Power Reactors,” Part 1, “Format and Content,” and Part 2, “Standard Review Plan and
Acceptance Criteria,” Section 12.1, “Organization.”

Technical Evaluation

In PSAR Sections 12.1.1 and 12.1.2, Kairos describes the organizational structure for Hermes
operations and the responsibilities for key positions at Kairos, including the positions in the
organizational structure. The organizational structure is shown in PSAR Figure 12.1-1. PSAR Section
12.1.2 indicates that the Site Executive will have overall responsibility for compliance with a Hermes
operating license (OL). The Plant Manager, who reports to the Site Executive, has responsibility for
facility operations, maintenance, and engineering. Operations personnel such as the shift supervisor and
reactor operators report to the Plant Manager. The Technical Services Manager, who has responsibility
for facility services, also reports to the Site Executive. Facility services that the Technical Services
Manager has responsibility for include RP. RP staff who are responsible for establishing and
implementing the RP program report to the Technical Services Manager. According to PSAR Section
12.1.2 and PSAR Figure 12.1-1, the Quality Manager, who also reports to the Site Executive, is
responsible for auditing for compliance with regulatory requirements and procedures and has sufficient
independence to bring forward issues affecting safety and quality. The Hermes Review and Audit
Committee (see SER Section 12.2), which separately reports to the Site Executive as illustrated in PSAR
Figure 12.1-1, also has independent audit responsibilities that are separate from those of the Quality
Assurance group.

PSAR Section 12.1.3 states that sufficient personnel resources will be provided to safely conduct
Hermes facility operations, and specific details related to Hermes staffing, including minimum staffing
levels, will be provided in an OL application.

PSAR Section 12.1.4 states that an indoctrination and training program will be maintained for personnel
performing, verifying, or managing Hermes activities during Hermes facility operation. Kairos states that
it will use the guidance in American National Standards Institute/American Nuclear Society (ANSI/ANS)-
15.4-2016, “Selection and Training of Personnel for Research Reactors,” as applicable, for selecting and
training Hermes personnel. Kairos states that details of its training programs and required minimum
qualifications for Hermes staff will be provided in an OL application.

PSAR Section 12.1.5 states that sufficient resources in terms of staffing and equipment will be provided
to implement an effective RP program at Hermes. PSAR Section 12.1.2.8 states that RP has the
authority to terminate unsafe activities at Hermes (facility management could subsequently overrule such
a termination, based on appropriate analysis and consideration). PSAR Section 12.1.5 states that further
details related to the authority of RP staff with respect to Hermes operations will be provided in an OL
application.

PSAR Section 14.1 states that technical specifications (TSs), which will be provided in an OL
application, will include administrative controls and the content of the TSs will be consistent with the
guidance in ANSI/ANS-15.1-2007, “The Development of Technical Specifications for Research
Reactors.” The staff notes that ANSI/ANS-15.1-2007, Section 6.1, provides guidance for TS
requirements related to facility organization, including organizational structure, responsibilities, staffing,
and selection and training of personnel.

The staff evaluated the sufficiency of the preliminary information on Hermes organization, as described
in PSAR Section 12.1, using the guidance and acceptance criteria from Section 12.1 of NUREG-1537,
Parts 1 and 2. In its evaluation, the staff also considered the preliminary information in PSAR Section
14.1 regarding the content of the TS. The staff finds that ANSI/ANS-15.1-2007, referenced by Kairos,
provides guidance for facility organization that is generally consistent with the guidance in NUREG-1537.
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Based on its review, the staff determined that the level of detail provided on Hermes organization is
adequate and meets the applicable acceptance criteria of NUREG-1537, Part 2, Section 12.1.
Accordingly, the staff finds that Kairos’ commitments to develop requirements for the Hermes
organization provide reasonable assurance that the Hermes organization will comply with applicable
requirements.

Conclusion

Based on its findings above, the staff concludes the information in Hermes PSAR Section 12.1 is
sufficient and meets the applicable guidance and regulatory requirements for the issuance of a CP in
accordance with 10 CFR Part 50. Further information as may be required to complete the review of the
Hermes organization (e.g., detailed information on staffing and training) can reasonably be left for later
consideration in the final safety analysis report (FSAR) since this information is not necessary to be
provided as part of a CP application.

12.2 Review and Audit Activities

Introduction

Hermes PSAR Section 12.2, “Review and Audit Activities,” describes review and audit activities during
facility operation at Hermes.

Regulatory Evaluation

The applicable regulatory requirements for the evaluation of Kairos’ review and audit activities are as
follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report,” including 10 CFR 50.34(a)(6), which requires that the PSAR include “[a]
preliminary plan for the applicant’s organization, training of personnel, and conduct of
operations.”

e 10 CFR 50.35, “Issuance of construction permits.”

e 10 CFR 50.40, “Common standards.”

The applicable guidance for the evaluation of Kairos’ review and audit activities is as follows:
e NUREG-1537, Parts 1 and 2, Section 12.2, “Review and Audit Activities.”
Technical Evaluation

PSAR Section 12.2 states that the Hermes Site Executive will establish a Review and Audit Committee
and the Site Executive will ensure that appropriate technical expertise will be available for review and
audit activities. The Review and Audit Committee’s activities will be summarized and reported to the Site
Executive. Kairos states that details of review and audit activities, details of the Review and Audit
Committee’s approval authorities, and details of how the Review and Audit Committee interacts with
Hermes facility management and Kairos corporate management will be provided in an OL application.

PSAR Section 14.1 states that TSs, which will be provided in an OL application, will include
administrative controls and the content of the TSs will be consistent with the guidance in ANSI/ANS-
15.1-2007. The staff notes that ANSI/ANS-15.1-2007, Section 6.2, provides guidance for TS
requirements related to review and audit activities, including review and audit committee composition,
qualifications, charter, and rules; and review and audit committee functions (e.g., specific items to be





reviewed or audited, and reporting functions).

The staff evaluated the sufficiency of the preliminary information on review and audit activities for
Hermes, as described in PSAR Section 12.2, using the guidance and acceptance criteria from Section
12.2 of NUREG-1537, Parts 1 and 2. In its evaluation, the staff also considered the preliminary
information in PSAR Section 14.1 regarding the content of TSs. The staff finds that ANSI/ANS-15.1-
2007, referenced by Kairos, provides guidance for review and audit activities that is generally consistent
with the guidance in NUREG-1537. Based on its review, the staff determined that the level of detail
provided on review and audit activities at Hermes is adequate and meets the applicable acceptance
criteria of NUREG-1537, Part 2, Section 12.2. Accordingly, the staff finds that Kairos’ commitments to
develop requirements for review and audit activities provide reasonable assurance that Hermes review
and audit activities will comply with applicable requirements.

Conclusion

Based on its findings above, the staff concludes the information in Hermes PSAR Section 12.2 is
sufficient and meets the applicable guidance and regulatory requirements for the issuance of a CP in
accordance with 10 CFR Part 50. Further information as may be required to complete the review of
Hermes review and audit activities (e.g., detailed information on review and audit committee
composition, qualifications, charter, and rules, and review and audit committee functions including
review, approval, audit, and reporting functions) can reasonably be left for later consideration in the
FSAR since this information is not necessary for the review of a CP application.

12.3 Procedures

Introduction

Hermes PSAR Section 12.3, “Procedures,” describes the use of operating procedures during Hermes
facility operation.

Regulatory Evaluation
The applicable regulatory requirements for the evaluation of Kairos’ procedures are as follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report,” including 10 CFR 50.34(a)(6), which requires that the PSAR include “[a]
preliminary plan for the applicant’s organization, training of personnel, and conduct of
operations.”

¢ 10 CFR 50.35, “Issuance of construction permits.”

¢ 10 CFR 50.40, “Common standards.”

The applicable guidance for the evaluation of Kairos’ procedures is as follows:
¢ NUREG-1537, Parts 1 and 2, Section 12.3, “Procedures.”
Technical Evaluation
PSAR Section 12.3 states that for activities involving safety, Hermes facility personnel will use operating
procedures that are approved and that provide appropriate direction to ensure the facility is operated

within the design basis and TSs. The level of detail in procedures will consider the experience,
education, and training of users and the consequences of errors. Expectations for the use of procedures
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will be documented and communicated to facility personnel. The general topics of procedures will be
consistent with the guidance in ANSI/ANS-15.1-2007, Section 6.4, “Procedures.” Kairos states that more
specific information on facility procedures, including the review, approval, and change processes for
procedures, will be provided in an OL application.

PSAR Section 14.1 states that TSs, which will be provided in an OL application, will include
administrative controls and the content of the TSs will be consistent with the guidance in ANSI/ANS-
15.1-2007. The staff notes that, in addition to listing recommended topics for which procedures should
be required by TSs, ANSI/ANS-15.1-2007, Section 6.4, also provides guidance for TS requirements
related to review and approval of procedures and changes to procedures.

The staff evaluated the sufficiency of the preliminary information on Hermes procedures, as described in
PSAR Section 12.3, using the guidance and acceptance criteria from Section 12.3 of NUREG-1537,
Parts 1 and 2. The staff finds that ANSI/ANS-15.1-2007, referenced by Kairos, provides guidance for
procedures that is generally consistent with the guidance in NUREG-1537. Based on its review, the staff
determined that the level of detail provided on Hermes procedures is adequate and meets the applicable
acceptance criteria of NUREG-1537, Part 2, Section 12.3. Accordingly, the staff finds that Kairos’
commitments related to procedures provide reasonable assurance that Hermes procedures will comply
with applicable requirements.

Conclusion

Based on its findings above, the staff concludes the information in Hermes PSAR Section 12.3 is
sufficient and meets the applicable guidance and regulatory requirements for the issuance of a CP in
accordance with 10 CFR Part 50. Further information as may be required to complete the review of
Hermes procedures (e.g., detailed information on review, approval, and change processes for
procedures) can reasonably be left for later consideration in the FSAR since this information is not
necessary for the review of a construction permit application.

12.4 Required Actions

Introduction

Hermes PSAR Section 12.4, “Required Actions,” describes actions that will be taken when a safety limit
is exceeded or a limiting condition for operation or surveillance requirement is not met.

Regulatory Evaluation
The applicable regulatory requirements for the evaluation of Kairos’ required actions are as follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report,” including 10 CFR 50.34(a)(6), which requires that the PSAR include “[a]
preliminary plan for the applicant’s organization, training of personnel, and conduct of
operations.”

¢ 10 CFR 50.35, “Issuance of construction permits.”
¢ 10 CFR 50.40, “Common standards.”

The applicable guidance for the evaluation of Kairos’ required actions is as follows:

e NUREG-1537, Parts 1 and 2, Section 12.4, “Required Actions.”





Technical Evaluation

PSAR Section 12.4 states that Hermes TSs will specify the actions to be taken when a safety limit is
exceeded or a limiting condition for operation or surveillance requirement is not met. PSAR Section 12.4
also states that TSs are described in PSAR Chapter 14 and will be provided in an OL application. PSAR
Section 14.1 states that the TSs which will be provided in an OL application will include administrative
controls and the content of the TSs will be consistent with the guidance in ANSI/ANS-15.1-2007.

The staff evaluated the sufficiency of the preliminary information on Hermes required actions, as
described in PSAR Section 12.4, using the guidance and acceptance criteria from Section 12.4 of
NUREG-1537, Parts 1 and 2. The staff finds that ANSI/ANS-15.1-2007, referenced by Kairos, provides
guidance that is generally consistent with the guidance in NUREG-1537 for types of events that should
be reportable, and required actions for reportable events. Based on its review, the staff determined that
the level of detail provided on Hermes required actions is adequate and meets the applicable
acceptance criteria of NUREG-1537, Part 2, Section 12.4. Accordingly, the staff finds that Kairos’
commitments to develop requirements for reportable actions provide reasonable assurance that Hermes
reportable actions will comply with applicable requirements.

Conclusion

Based on its findings above, the staff concludes the information in Hermes PSAR Section 12.4 is
sufficient and meets the applicable guidance and regulatory requirements for the issuance of a CP in
accordance with 10 CFR Part 50. Further information as may be required to complete the review of
Kairos’s required actions can reasonably be left for later consideration in the FSAR since this information
is not necessary for the review of a CP application.

12.5 Reports

Introduction

Hermes PSAR Section 12.5, “Reports,” describes required routine operating reports and reporting
requirements for changes to the Hermes facility or facility organization to be provided to the NRC.

Regulatory Evaluation
The applicable regulatory requirements for the evaluation of Kairos’ reports are as follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report,” including 10 CFR 50.34(a)(6), which requires that the PSAR include “[a]
preliminary plan for the applicant’s organization, training of personnel, and conduct of
operations.”

¢ 10 CFR 50.35, “Issuance of construction permits.”
¢ 10 CFR 50.40, “Common standards.”

The applicable guidance for the evaluation of Kairos’ reports is as follows:
¢ NUREG-1537, Parts 1 and 2, Section 12.5, “Reports.”
Technical Evaluation

PSAR Section 12.5 states that the Hermes TSs will specify the required routine operating reports and
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reporting requirements for changes to the facility or facility organization to be provided to the NRC, and
that TSs are described in PSAR Chapter 14 and will be provided in an OL application. PSAR Section
14.1 states that TSs, which will be provided in an OL application, will include administrative controls and
that the content of the TSs will be consistent with the guidance in ANSI/ANS-15.1-2007.

PSAR Section 12.4 also states that the Hermes TSs will specify actions to be taken for a TS violation,
which the staff expects would include reports to the NRC, consistent with NRC reporting requirements.

The staff evaluated the sufficiency of the preliminary information on Hermes reports, as described in
PSAR Sections 12.4 and 12.5, using the guidance and acceptance criteria from Section 12.5 of NUREG-
1537, Parts 1 and 2. The staff finds that ANSI/ANS-15.1-2007, referenced by Kairos, provides guidance
for reports, including routine operating reports, and special reports (e.g., reports of TS violations or
facility personnel changes), that is generally consistent with the guidance in NUREG-1537. Based on its
review, the staff determined that the level of detail provided on Hermes reports is adequate and meets
the applicable acceptance criteria of NUREG-1537, Part 2, Section 12.5. Accordingly, the staff finds that
Kairos’ commitments to develop requirements for reports provide reasonable assurance that Hermes
reportable actions will comply with applicable requirements.

Conclusion

Based on its findings above, the staff concludes the information in Hermes PSAR Section 12.5
(supported by information in PSAR Section 12.4) is sufficient and meets the applicable guidance and
regulatory requirements for the issuance of a CP in accordance with 10 CFR Part 50. Further information
as may be required to complete the review of Hermes reports can reasonably be left for later
consideration in the FSAR since this information is not necessary for the review of a CP application.

12.6 Records

Introduction

Hermes PSAR Section 12.6, “Records,” describes the process for managing test reactor facility records.
Regulatory Evaluation

The applicable regulatory requirements for the evaluation of Kairos’ records are as follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report,” including 10 CFR 50.34(a)(6), which requires that the PSAR include “[a]
preliminary plan for the applicant’s organization, training of personnel, and conduct of
operations.”

¢ 10 CFR 50.35, “Issuance of construction permits.”
¢ 10 CFR 50.40, “Common standards.”

The applicable guidance for the evaluation of Kairos’ records is as follows:
¢ NUREG-1537, Parts 1 and 2, Section 12.6, “Records.”
Technical Evaluation

PSAR Section 12.6 states that the Hermes TSs will specify for facility operation the required records to
be maintained, where and how they are maintained, and the length of retention. PSAR Section 12.6 also
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states that TSs are described in PSAR Chapter 14 and will be provided in an OL application. PSAR
Section 14.1 states that TSs, which will be provided in an OL application, will include administrative
controls and the content of the TSs will be consistent with the guidance in ANSI/ANS-15.1-2007.

PSAR Section 12.6 also states that a records management program is implemented as part of the
Quality Assurance Program described in PSAR Section 12.9.

The staff evaluated the sufficiency of the preliminary information on Hermes operational records, as
described in PSAR Section 12.6, using the guidance and acceptance criteria from Section 12.6 of
NUREG-1537, Parts 1 and 2. The staff finds that ANSI/ANS-15.1-2007, referenced by Kairos, provides
guidance for operational records that is consistent with the guidance in NUREG-1537. Based on its
review, the staff determined that the level of detail provided regarding Hermes operational records is
adequate and meets the applicable acceptance criteria of NUREG-1537, Part 2, Section 12.6.
Accordingly, the staff finds that Kairos’ commitments to develop requirements for records provide
reasonable assurance that Hermes records will comply with applicable requirements. The records
management program during construction, as described in Kairos’ Quality Assurance Program
Description, is discussed in SER Section 12.9.

Conclusion

Based on its findings above, the staff concludes the information in Hermes PSAR Section 12.6 is
sufficient and meets the applicable guidance and regulatory requirements for the issuance of a CP in
accordance with 10 CFR Part 50. Further information as may be required to complete the review of
Hermes records can reasonably be left for later consideration in the FSAR since this information is not
necessary for the review of a CP application.

12.7 __Emergency Planning

Introduction

Hermes PSAR Section 12.7, “Emergency Planning,” discusses emergency planning. The Hermes PSAR
provides a description of the preliminary plans for addressing emergencies in Appendix A, “Description
of the Emergency Plan,” of Chapter 12, “Conduct of Operations,” which is referenced in PSAR Section
12.7.

Regulatory Evaluation

The applicable regulatory requirements for the evaluation of Kairos’ preliminary plans for coping with
emergencies are as follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary safety
analysis report,” including 10 CFR 50.34(a)(10), which requires that the PSAR include “[a]
discussion of the applicant's preliminary plans for coping with emergencies.”

¢ 10 CFR 50.35, “Issuance of construction permits.”

¢ 10 CFR 50.40, “Common standards.”

o 10 CFR Part 50, Appendix E, “Emergency Planning and Preparedness for Production and
Utilization Facilities,” Section I, “Introduction,” and Section Il, “The Preliminary Safety Analysis
Report.”
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The applicable guidance for the evaluation of Kairos’ preliminary plans for coping with emergencies is as
follows:

o NUREG-1537, Parts 1 and 2, Section 12.7, “Emergency Planning.”

¢ NRC Regulatory Guide (RG) 2.6, “Emergency Planning for Research and Test Reactors and
Other Non-Power Production and Utilization Facilities,” Revision 2.

American National Standards Institute/American Nuclear Society standard (ANSI/ANS) 15.16-
2015, “Emergency Planning for Research Reactors.”

¢ NUREG-0849, “Standard Review Plan for the Review and Evaluation of Emergency Plans for
Research and Test Reactors.”

The regulation 10 CFR Part 50, Appendix E, Section 1.3, states, in part, that the potential radiological
hazards to the public associated with the operation of test reactors licensed under 10 CFR Part 50
involve considerations different than those associated with nuclear power reactors and that
consequently, the size of emergency planning zones (EPZs) for test reactors, and the degree to which
compliance with the requirements of Appendix E is necessary, will be determined on a case-by-case
basis. Accordingly, the staff evaluated Kairos’ preliminary emergency plan for compliance with 10 CFR
Part 50, Appendix E, Section I, using the criteria in the research and test reactor-specific guidance listed
above.

Technical Evaluation

The staff's technical evaluation of the preliminary emergency plan for Hermes is detailed in the following
subsections. The technical evaluation is organized into subsections documenting the staff’s review and
evaluation for each 10 CFR Part 50, Appendix E, Section I, PSAR requirement.

Facility Design Features, Site Layout, and Site Location (10 CFR Part 50, Appendix E, Section Il General)

PSAR Chapter 2, “Site Characteristics,” and Chapter 12, Appendix A provide a description of the Hermes
reactor site layout and location, consideration of access routes, surrounding population distribution, land
use, and jurisdictional boundaries. This information is graphically shown on PSAR Figure 2.1-2,
“Prominent Features in Site Area,” and Figure 2.1-3, “Project Site Area and Zones Associated with the
Facility.”

The staff reviewed PSAR Chapter 2, “Site Characteristics,” and Chapter 12, Appendix A, including
associated figures, site layout, and maps. The staff conducted its review to determine if sufficient
information was provided to meet the PSAR emergency plan requirements of 10 CFR Part 50, Appendix
E, Section I, as it pertains to the facility design features, site layout, and site location with consideration
of access routes, surrounding population distributions, land use, and local jurisdictional boundaries for
the EPZs. The staff used the guidance in ANSI/ANS-15.16-2015, Section 3.1, “Introduction,” and the
guidance evaluation items contained in NUREG-0849, Section 1.0, “Introduction,” to perform the
evaluation for compliance with the 10 CFR Part 50, Appendix E, Section Il, PSAR regulations. Based on
its review, the staff finds that the information in the PSAR concerning the site layout and location,
consideration of access routes, surrounding population distribution, land use, and jurisdictional
boundaries addresses the applicable guidance in ANSI/ANS-15.16-2015 and the applicable guidance
evaluation items contained in NUREG-0849. Therefore, the staff finds that this emergency plan
preliminary information is sufficient and meets the applicable PSAR regulatory requirements of 10 CFR
Part 50, Appendix E, Section II.
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The staff notes that for an OL application, consistent with the applicable guidance in ANSI/ANS-15.16-
2015 and the emergency planning evaluation items contained in NUREG-0849, complete and detailed
emergency plan descriptions, such as a description of the location of the reactor facility, including access
routes, should be included within the emergency plan.

Emergency Response Organization, Notification, and Documented Arrangements (10 CFR Part 50,
Appendix E, Sections II.A and I1.B)

PSAR Chapter 12, Appendix A, Section A.1, “Facility Organization,” and Section A.2, “Authorities and
Responsibilities of Facility Emergency Personnel,” state that upon declaration of an emergency,
designated members of the Hermes facility emergency personnel staff will fulfill corresponding roles in
responding to the emergency. In the event of an emergency, the senior individual on-shift will become
the Emergency Director and will be responsible for assessing and declaring an emergency and
assuming command and control responsibilities following an emergency declaration. Likewise, upon
declaration of an emergency, designated health physics personnel will undertake RP activities and
designated engineering personnel will focus on plant assessment and technical support for operations.
The Emergency Director, who will be the senior individual on-shift, will fulfill this role until their
emergency response duties are transitioned to the dedicated replacement.

During the General Audit, Kairos confirmed that it will provide further information on emergency
organization to address the below bulleted items in NUREG-0849, Section 3.0, guidance in the updated
Hermes emergency plan that will be submitted as part of a Hermes OL application:

e The reactor's emergency organization, including augmentation of the reactor staff to
provide assistance for coping with the emergency situation, recovery from the emergency,
and maintaining emergency preparedness.

e The capability of the emergency organization to function around the clock for a protracted period
of time following the initiation of emergencies that have or could have radiological consequences
requiring around the clock emergency response.

e A block diagram that illustrates the interrelationship of the facility emergency organization to the
total emergency response effort. Interfaces between reactor and other onsite emergency
organization groups and offsite local support organizations and agencies should be specified.

PSAR Chapter 12, Appendix A, Section A.3, “Means for Notifications,” states that the capability for 24-
hour notification to onsite and offsite organizations, including a primary and backup means to accomplish
the required notifications will be provided. In addition, PSAR Chapter 12, Appendix A, Section B.2, “State
Agencies,” states that the methods used to notify the Tennessee Emergency Management Agency
(TEMA) and the information to be provided to TEMA will be established in coordination with TEMA.

PSAR Chapter 12, Appendix A, Section B, “Authorities and Responsibilities of Governmental Agencies,”
describes the authorities, responsibilities, support functions, and the available emergency assistance
provided from Federal, State, county, and local governmental agencies in an emergency situation.

During the General Audit, Kairos confirmed that in the updated Hermes emergency plan that will be
submitted as part of a Hermes OL application, it will provide further information to address the NUREG-
0849, Section 3.0, guidance on arrangements and agreements, confirmed in writing, with local support
organizations that would augment and extend the capability of the Hermes emergency organization

The staff reviewed PSAR Chapter 12, Appendix A, Sections A and B to determine if sufficient information
was provided to meet the PSAR emergency plan requirements of 10 CFR Part 50, Appendix E, Section
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II.LA and Section II.B. The staff used the guidance in ANSI/ANS-15.16-2015, Section 3.3, “Organization
and Responsibilities,” and the guidance evaluation items contained in NUREG-0849, Section 3.0,
“Organization and Responsibilities,” to perform the evaluation. Based on its review, staff finds that the
information in the CP application concerning the Hermes emergency response organization and the
means for notification, in the event of an emergency, of persons assigned to the emergency
organizations, addresses the applicable guidance in ANSI/ANS-15.16-2015 and the applicable guidance
evaluation items contained in NUREG-0849. Therefore, the staff finds that this emergency plan
preliminary information is sufficient and meets the applicable PSAR regulatory requirements of 10 CFR
Part 50, Appendix E, Section II.A and Section II.B.

As discussed above, Kairos committed to providing additional information on the Hermes emergency
response organization and Kairos’ documented arrangements with local, State, and Federal
governmental agencies that have responsibility for coping with emergencies in the updated emergency
plan that will be submitted with a Hermes OL application. Following receipt of the updated Hermes
emergency plan and FSAR to be submitted with the OL application, the staff will confirm that the updated
emergency plan information contains sufficient information to address the applicable guidance and meet
the applicable regulations.

Protective Measures to be Taken within the Site Boundary and within Each EPZ (10 CFR Part 50,
Appendix E, Section I1.C)

PSAR Chapter 12, Appendix A, Section C, “Protective Measures,” states that the Hermes reactor EPZ is
coincident with the site boundary, describes the steps for taking protective action within the EPZ during
an emergency, and states that the public address system and action specific alarms (e.g., site
evacuation) can be used to communicate appropriate protective actions.

During the General Audit, Kairos confirmed that in the updated Hermes emergency plan that will be
provided as part of a Hermes OL application, it will provide further information on emergency
classification to address NUREG-0849, Section 4.0, guidance, specifically, an emergency classification
system that is consistent with the guidance.

The staff reviewed PSAR Chapter 12, Appendix A, Section C. The staff conducted its review to
determine if sufficient information was provided to meet the PSAR emergency plan requirements of 10
CFR Part 50, Appendix E, Section II.C. The staff used the guidance in ANSI/ANS-15.16-2015, Section
3.4, “Emergency Classification System,” and the guidance evaluation items contained in NUREG-0849,
Section 4.0, “Emergency Classification System,” to perform the evaluation. Based on its review, the staff
concludes that the information in the CP application concerning the Hermes protective measures to be
taken within the EPZ in the event of an accident addresses the applicable guidance in ANSI/ANS-15.16-
2015 and the applicable guidance evaluation items contained in NUREG-0849. Therefore, the staff finds
that this preliminary information on protective measures is sufficient and meets the applicable PSAR
regulatory requirements of 10 CFR Part 50, Appendix E, Section II.C.

As discussed above, Kairos committed to providing additional information on the Hermes emergency
classification system in an updated emergency plan that will be submitted with a Hermes OL application.
Following receipt of the updated Hermes emergency plan and FSAR to be submitted with the OL
application, the staff will confirm that the updated emergency plan information contains sufficient
information to address the applicable guidance and meet applicable regulations.

Emergency Treatment, Transportation, and Decontamination for Injured Individuals (10 CFR Part 50,
Appendix E, Sections II.D and I1.E)

PSAR Chapter 12, Appendix A, Section D, “First Aid, Decontamination, and Emergency Transportation,”
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states that contaminated personnel will be kept in an area isolated from other personnel activities to
avoid the spread of contamination and that injured personnel will be decontaminated if possible and then
dispatched to either the Oak Ridge Methodist Medical Center or the University of Tennessee Hospital.
Injured persons are monitored and cared for first and then uninjured personnel will be checked for
contamination and any necessary actions will be taken to remove whatever contamination is detected.
Personnel with serious injuries and that are contaminated will be transported by ambulance directly to
the emergency room at Oak Ridge Methodist Medical Center or the University of Tennessee Hospital.
Showers are available onsite that can be used for personnel decontamination and there are personnel
decontamination facilities located offsite at Oak Ridge Methodist Medical Center and the University of
Tennessee Hospital. In addition, first aid and decontamination kits will be available throughout the
Hermes facility. PSAR Chapter 12, Appendix A, Section E, “Offsite Treatment,” also states that the Oak
Ridge Methodist Medical Center and the University of Tennessee Medical Center have standard
operating procedures for dealing with radiological emergencies, including contaminated patients.

The staff reviewed PSAR Chapter 12, Appendix A, Sections D and E. The staff conducted its review to
determine if sufficient information was provided to meet the PSAR emergency plan requirements of 10
CFR Part 50, Appendix E, Section 11.D and Section II.E. The staff used the guidance in ANSI/ANS-15.16-
2015, Section 3.8, “Emergency Facilities and Equipment,” and the applicable guidance evaluation items
contained in NUREG-0849, Section 8.0, “Emergency Facilities and Equipment,” to perform the
evaluation. Based on its review, the staff finds that the information in the CP application concerning
Hermes facility onsite emergency first aid, decontamination, emergency transportation, and treatment at
offsite facilities for individuals injured at the Hermes facility, addresses the applicable guidance in
ANSI/ANS-15.16-2015 and the applicable guidance evaluation items contained in NUREG-0849.
Therefore, the staff finds that the onsite emergency first aid, decontamination, emergency transportation,
and treatment at offsite facilities for injured individuals are sufficient and meet the applicable PSAR
regulatory requirements of 10 CFR Part 50, Appendix E, Sections II.D and Il.E.

Provisions for a Training Program (10 CFR Part 50, Appendix E, Section II.F)

PSAR Chapter 12, Appendix A, Section F, “Training,” states that an initial training and periodic retraining
program will be conducted at Hermes to maintain the ability of emergency response personnel to
perform their assigned functions. Section F also states that the personnel involved in the training
program would include facility personnel responsible for decision-making and transmitting emergency
information. In addition, offsite personnel, and agencies whose assistance is needed in responding to an
emergency, will be provided training, such as briefings or site orientation visits, as appropriate.

The staff reviewed PSAR Chapter 12, Appendix A, Section F. The staff conducted its review to
determine if sufficient information was provided to meet the PSAR emergency plan requirements of 10
CFR Part 50, Appendix E, Section Il.F. The staff used the guidance of ANSI/ANS-15.16-2015, Section
3.10, “Maintaining Emergency Preparedness,” and the guidance evaluation items contained in NUREG-
0849, Section 10.0, “Maintaining Emergency Preparedness,” to perform the evaluation. Based on its
review, the staff finds that the information in the CP application concerning Hermes facility training
provisions addresses the applicable guidance of ANSI/ANS-15.16-2015 and the guidance evaluation
items contained in NUREG-0849. Therefore, the staff finds that the provisions for training are sufficient
and meet the applicable PSAR regulatory requirements of 10 CFR Part 50, Appendix E, Section Il.F.

Preliminary Analysis of Radiological Consequences of Emergency Situations (10 CFR Part 50, Appendix
E, Sections II.G and II.H)

PSAR Chapter 12, Appendix A, Section H, “Emergency Equipment and Facilities,” states that a
preliminary analysis indicates the Hermes EPZ is coincident with the site boundary (PSAR Figure 2.1-3,
“Project Site Area and Zones Associated with the Facility,” shows the Hermes site boundary with respect





-13 -

to the proposed Hermes reactor building), and that there is no offsite release above the Environmental
Protection Agency protective action guides (1 rem whole body or 5 rem thyroid). PSAR Chapter 12,
Appendix A, Section H, concludes that there is no need for offsite monitoring teams, a technical support
center (TSC), or an emergency operations facility (EOF). PSAR Chapter 12, Appendix A, Section A, also
concludes that no offsite emergency organization or offsite emergency plan actions are required to cope
with emergencies at the Hermes facility. However, PSAR Chapter 12, Appendix A, Section H, states that
timely notification will be made to the public for a declared emergency. PSAR Chapter 12, Appendix A,
Section G, also states that state and local governments will be notified as appropriate. PSAR Chapter
12, Appendix A, Sections A.3, B, and C provide preliminary information on the means and timing for
notification to state and local government organizations. PSAR Chapter 12, Appendix A, Section H,
provides a representative listing of radiation monitoring instruments, portable air samplers, and specific
radionuclide identification and analysis instrumentation available for use during an emergency. PSAR
Chapter 12, Appendix A, Section H, states that a listing of the current locations for emergency equipment
cabinets and other emergency equipment storage areas, plus the representative equipment inventories
for these storage locations that will also specify the actual equipment in the Hermes facility, will be
provided in a Hermes OL application.

PSAR Chapter 12, Appendix A, Section G, states that 10 CFR Part 50, Appendix E, Section II.G, which
contains the requirement that the PSAR include “discussion of preliminary analyses projecting the time
and means to be employed in the notification of State and local governments and the public in the event
of an emergency,” is not applicable to Hermes because it is not a nuclear power reactor. However, the
staff notes that 10 CFR Part 50, Appendix E, does not preclude applicability of this portion of Section I.G
for non-power reactors as appropriate, and therefore the degree to which compliance with this
requirement is necessary for a non-power reactor is determined on a case-by-case basis as discussed
above.

The staff reviewed PSAR Chapter 12, Appendix A, Section H, and relevant information in other sections
of PSAR Chapter 12, Appendix A. The staff conducted its review to determine if sufficient information
was provided to meet the PSAR emergency plan requirements of 10 CFR Part 50, Appendix E, Section
II.G and Section Il.H. The staff used the guidance contained in ANSI/ANS-15.16-2015, Section 3.5,
“Emergency Action Levels (EAL),” Section 3.6, “Emergency Planning Zones,” Section 3.7, “Emergency
Response,” and Section 3.8, “Emergency Facilities and Equipment,” and the guidance evaluation items
contained in NUREG-0849, Section 5, “Emergency Action Levels,” Section 6, “Emergency Planning
Zones,” Section 7, “Emergency Response,” and Section 8, “Emergency Facilities and Equipment,” to
perform the evaluation. Based on its review, the staff finds that the information in the CP application
discussing Kairos’ preliminary analysis reflecting the need to include facilities, systems, and methods for
identifying the degree of seriousness and potential scope of radiological consequences of emergency
situations; reflecting the role of an onsite TSC and the EOF in assessing information, recommending
protective action, and disseminating information to the public; and projecting the time and means of
offsite notifications, addresses the applicable guidance in ANSI/ANS-15.16-2015 and the applicable
guidance evaluation items contained in NUREG-0849. Therefore, the staff finds that the information on
preliminary analysis of radiological consequences of emergency situations is sufficient and meets the
applicable PSAR regulatory requirements of 10 CFR Part 50, Appendix E, Sections II.G and I1.H.

Conclusion

Based on its evaluation of the information in PSAR Section 12.7 and PSAR Chapter 12, Appendix A, and
information in PSAR Chapter 2 as discussed above, the staff finds that the descriptions of Kairos’
preliminary plans for coping with emergencies address the applicable guidance in ANSI/ANS-15.16-2015
and the applicable guidance evaluation items contained in NUREG-0849, and are also consistent with
the guidance in NUREG-1537, Parts 1 and 2, and NRC RG 2.6, Revision 2, as applicable. Therefore, the
staff concludes that Kairos’ preliminary plans for coping with emergencies are sufficient and comply with
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the applicable requirements of 10 CFR Part 50, Appendix A, Section Il, and 10 CFR 50.34(a)(10), which
requires that an applicant for a CP provide preliminary emergency planning information. Accordingly, the
staff concludes that the emergency planning information in the PSAR is sufficient and meets the
applicable guidance and regulatory requirements for the issuance of a CP in accordance with 10 CFR
Part 50. Further information as may be required to complete the review of Hermes emergency planning
can reasonably be left for later consideration in the FSAR since this information is not necessary for the
review of a CP application.

12.8 Security

Introduction

PSAR Section 12.8, “Security,” describes the security plan for the Hermes facility.
Regulatory Evaluation

The applicable regulatory requirements for the evaluation of Kairos’ security planning are as follows:

¢ 10 CFR 50.35, “Issuance of construction permits.”
10 CFR 50.40, “Common standards.”

The applicable guidance for the evaluation of Kairos’ security planning is as follows:
o NUREG-1537, Parts 1 and 2, Section 12.8, “Security Planning.”
Technical Evaluation

Kairos did not submit a security plan for its CP application. As stated in PSAR Section 12.8, “[a]
description of the security plan will be provided with the application for an [o]perating [l]license consistent
with 10 CFR 50.34(c) and will consider the guidance provided in Regulatory Guide (RG) 5.59, ‘Standard
Format and Content for a Licensee Physical Security Plan for the Protection of Special Nuclear Material
of Moderate or Low Strategic Significance’, Revision 1.”

The staff evaluated the sufficiency of the preliminary information on security planning, as described in
Kairos Power PSAR Section 12.8, using the guidance from Section 12.8, “Security Planning,” of
NUREG-1537, Parts 1 and 2. The staff notes that a security plan is not required by NRC regulations to
be submitted for a CP application. The staff also notes that the regulation 10 CFR 50.34(c), referenced
by Kairos, may not be applicable to require Kairos to submit a security plan with an OL application
because Hermes would utilize low-enriched uranium fuel and would not be a nuclear power reactor, but
that Kairos would be required to submit and implement a security plan for Hermes operation consistent
with other applicable NRC regulations (e.g., 10 CFR 70.22(k) and 73.67(c)(1)) and OL conditions, as
appropriate. Based on its review, the staff determined that the level of detail provided on Hermes
security planning is adequate and meets the applicable guidance in NUREG-1537. Accordingly, the staff
finds that Kairos’ commitments to develop a security plan considering the guidance in RG 5.59, Revision
1, provide reasonable assurance that Hermes security planning will comply with applicable
requirements.

Conclusion
Based on its findings above, the staff concludes the information in Hermes PSAR Section 12.8 is

sufficient and meets the applicable guidance and regulatory requirements for the issuance of a CP in
accordance with 10 CFR Part 50. Further information as may be required to complete the review of
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Hermes security planning can reasonably be left for later consideration in the FSAR since this
information is not necessary for the review of a CP application.

12.9 Quality Assurance

Introduction

Hermes PSAR Section 12.9, “Quality Assurance,” describes quality assurance for the Hermes facility,
and states that the description of Kairos’ quality assurance (QA) program for the design, construction,
and operation of Hermes is based on ANSI/ANS 15.8-1995 (R2005), “Quality Assurance Program
Requirements for Research Reactors,” and the guidance in RG 2.5, “Quality Assurance Program
Requirements for Research and Test Reactors,” Revision 1. Kairos provided its Quality Assurance
Program Description (QAPD) as Appendix B to PSAR Section 12 (i.e., PSAR Appendix 12B).
Regulatory Evaluation

The applicable regulatory requirements for the evaluation of Kairos’ quality assurance program are as
follows:

e 10 CFR 50.34, “Contents of applications; technical information,” paragraph (a), “Preliminary
safety analysis report,” including 10 CFR 50.34(a)(7), which requires that the PSAR include “[a]
description of the quality assurance program to be applied to the design, fabrication,
construction, and testing of the structures, systems, and components of the facility.”

e 10 CFR 50.35, “Issuance of construction permits.”

e 10 CFR 50.40, “Common standards.”

The applicable guidance for the evaluation of Kairos’ quality assurance program is as follows:

e NUREG-1537, Parts 1 and 2, Section 12.9, “Quality Assurance.”

e ANSI/ANS-15.8-1995, “Quality Assurance Program Requirements for Research Reactors.”

e NRC RG 2.5, “Quality Assurance Program Requirements for Research and Test Reactors,”
Revision 1.

Technical Evaluation

PSAR Appendix 12B provides the Kairos Hermes QAPD. The staff reviewed the information in the
QAPD using the guidance in ANSI/ANS-15.8-1995, which is endorsed by NRC RG 2.5, Revision 1. As
discussed below, the staff evaluated QAPD Section 1, “Introduction,” and Section 2, “Design,
Construction, and Modifications,” for the issuance of a CP because those sections apply to Hermes
design, fabrication, construction, and testing. However, the staff did not evaluate QAPD Section 3,
“Facility Operations,” because it applies to Hermes operation and is therefore not required for the
issuance of a CP. The staff’s review and findings for each section of the QAPD are discussed under the
headings below.

QAPD Section 1, “Introduction”

Based on its review of QAPD Section 1, “Introduction,” the staff determined that the description of the
scope, applicability, and definitions for the Kairos Hermes QAPD is consistent with the guidance
provided in Section 1 of ANSI/ANS-15.8-1995, because it includes information specified in Section 1 of
the ANSI/ANS standard regarding matters affecting quality of the structures, systems, and components
(SSCs) in the Hermes plant, including the design, fabrication, construction, and testing and states that
the terms used in the QAPD are as defined in the ANSI/ANS standard. Therefore, the staff finds the
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description in QAPD Section 1 acceptable.

QAPD Section 2, “Design, Construction, and Modifications”

Based on its review of QAPD Section 2.1, “Organization,” the staff determined that organizational
controls described in QAPD Section 2.1 are consistent with the guidance provided in Section 2.1 of
ANSI/ANS-15.8-1995, because QAPD Section 2.1 provides an organizational structure and definitions of
roles and responsibilities that help ensure the achievement and maintenance of quality by those
assigned to perform work. Therefore, the staff finds the description in QAPD Section 2.1 acceptable.

Based on its review of QAPD Section 2.2, “Quality Assurance Program,” the staff determined that the
general QA program requirements in QAPD Section 2.2 are consistent with the guidance provided in
Section 2.2 of ANSI/ANS-15.8-1995, because QAPD Section 2.2 states that the Hermes QA program
will be established in accordance with the QAPD requirements and be established at the earliest time
consistent with Hermes’ schedule for accomplishing quality-affecting activities. This section also
indicates that the QA program provides for the training necessary for Hermes staff to perform quality-
affecting activities. The QAPD also applies a graded approach to all activities affecting quality, which the
staff finds is consistent with the ANSI/ANS standard and will ensure that controls are applied
commensurate with risks associated with controlled items. Therefore, the staff finds the description in
QAPD Section 2.2 acceptable.

Based on its review of QAPD Section 2.3, “Design Control,” the staff determined that Kairos’ design
controls in QAPD Section 2.3 are consistent with the guidance provided in Section 2.3 of ANSI/ANS-
15.8-1995, because QAPD Section 2.3 adequately addresses the ANSI/ANS standard recommendations
for design requirements, processes, verification, documents and records, verification of commercial
grade items, and change controls necessary to maintain design control. The staff also determined that
the QAPD Section 2.3 statement that design interfaces shall be identified and controlled, and the design
efforts shall be coordinated among the participating organizations, is consistent with the ANSI/ANS
standard and will help ensure appropriate coordination among all organizations participating in the
design of the Hermes facility. Therefore, the staff finds the description in QAPD Section 2.3 acceptable.

Based on its review of QAPD Section 2.4, “Procurement Document Control,” the staff determined that
Kairos’ procurement document controls in QAPD Section 2.4 are consistent with the guidance provided
in Section 2.4 of ANSI/ANS-15.8-1995 because QAPD Section 2.4 reflects the controls recommended to
maintain sufficient technical and quality requirements throughout the procurement process, and ensures
that the items and services satisfy the facility’s needs as prescribed in its procurement processes or
specifications. Therefore, the staff finds the description in QAPD Section 2.4 acceptable.

Based on its review of QAPD Section 2.5, “Procedures, Instructions, and Drawings,” the staff determined
that Kairos’ controls for instructions, procedures, and drawings in QAPD Section 2.5 are consistent with
the guidance provided in Section 2.5 of ANSI/ANS-15.8-1995, because QAPD Section 2.5 contains the
measures recommended to ensure that activities affecting quality are performed in accordance with
appropriate documented instructions, quality procedures, or drawings. Therefore, the staff finds the
description in QAPD Section 2.5 acceptable.

Based on its review of QAPD Section 2.6, “Document Control,” the staff determined that Kairos’
document controls in QAPD Section 2.6 are consistent with the guidance provided in QAPD Section 2.6
of ANSI/ANS-15.8-1995 because they include, as recommended, processes to identify documents to be
controlled and how they will be distributed; identification of responsibilities for preparing, reviewing,
approving, and issuing documents; and requirements for review of documents for adequacy,
completeness and correctness prior to issuance and approval. Therefore, the staff finds the description
in QAPD Section 2.6 acceptable.
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Based on its review of QAPD Section 2.7, “Control of Purchased ltems and Services,” the staff
determined that Kairos’ controls for purchased items and services in QAPD Section 2.7 are consistent
with the guidance provided in Section 2.7 of ANSI/ANS-15.8-1995, because QAPD Section 2.7 includes
the information recommended to ensure that suppliers are selected based on evaluation of their
capabilities to provide the required items or services. Also, as recommended by ANSI/ANS-15.8-1995,
Section 2.7 has measures to control the supplier’s performance, establishes the responsibility of the
supplier for the quality of their products, requires documented evidence of that quality in accordance with
established methods, and establishes a system to ensure that purchased items and services conform to
procurement specifications. Therefore, the staff finds the description in QAPD Section 2.7 acceptable.

Based on its review of QAPD Section 2.8, “Identification and Control of Items,” the staff determined that
Kairos’ controls for identification and control of items in QAPD Section 2.8 are consistent with the
guidance provided in Section 2.8 of ANSI/ANS-15.8-1995, because QAPD Section 2.8 provides the
recommended measures for item identification and traceability control; employment of physical
separation, procedural control, or other appropriate means, when physical identification of items is either
impractical or insufficient; and means to identify and control items that have limited calendar or operating
life. Therefore, the staff finds the description in QAPD Section 2.8 acceptable.

Based on its review of QAPD Section 2.9, “Control of Special Processes,” the staff determined that
Kairos’ controls for special processes in QAPD Section 2.9 are consistent with the guidance provided in
Section 2.9 of ANSI/ANS-15.8-1995, because QAPD Section 2.9 includes the recommended means to
control special processes by instructions, drawings, checklists, travelers, or other appropriate means.

As recommended, QAPD Section 2.9 also indicates that Kairos and its suppliers will be responsible for
complying with approved procedures and processes when performing special processes for Hermes,
indicates that the procedures or instructions for the special process will include the requirements of
applicable codes and standards, and specifies appropriate record maintenance requirements. Therefore,
the staff finds the description in QAPD Section 2.9 acceptable.

Based on its review of QAPD Section 2.10, “Inspections,” the staff determined that Kairos’ controls for
inspections described in QAPD Section 2.10 are consistent with the guidance provided in Section 2.10
of ANSI/ANS-15.8-1995, because QAPD Section 2.10 describes the recommended requirements to
plan, document, and perform inspections required to verify conformance of quality affecting items or
activities, including items in-process or under construction, to specified requirements. QAPD Section
2.10 also requires the recommended examination of the associated quality records for adequacy and
completeness, requires that measuring and test equipment used to perform inspections be identified in
the inspection documentation, and describes the qualification and training requirements, including on-
the-job training, for the plant personnel performing the inspection activities. Therefore, the staff finds the
description in QAPD Section 2.10 acceptable.

Based on its review of QAPD Section 2.11, “Test Control,” the staff determined that Kairos’ controls for
testing in QAPD Section 2.11 are consistent with the guidance provided in Section 2.11 of ANSI/ANS-
15.8-1995 because QAPD Section 2.11 describes the recommended formal testing requirements to
verify conformance of designated SSCs to specified requirements and demonstrate satisfactory
performance for service or to collect data to support design or fabrication. QAPD Section 2.11 also
requires, as recommended by ANSI/ANS-15.8-1995, the documentation and evaluation of test results by
a Kairos responsible authority, and that verification and validation of computer programs be performed.
Therefore, the staff finds the description in QAPD Section 2.11 acceptable.

Based on its review of QAPD Section 2.12, “Control of Measuring and Test Equipment,” the staff
determined that Kairos’ controls for measuring and test equipment (M&TE) in QAPD Section 2.12 are
consistent with the guidance provided in Section 2.12 of ANSI/ANS-15.8-1995, because QAPD Section
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2.12 includes recommended requirements for control, calibration, and adjustment that need to be
performed for tools, gauges, instruments, and other M&TE equipment used for activities affecting quality,
as well as measures, consistent with ANSI/ANS recommendations, that will be taken for out-of-
calibration devices, and requirements, consistent with ANSI/ANS recommendations, to maintain records
of calibration data for each piece of M&TE. Therefore, the staff finds QAPD Section 2.12 acceptable.

Based on its review of QAPD Section 2.13, “Handling, Storage, and Shipping,” the staff determined that
Kairos’ QAPD Section 2.13 is consistent with the guidance provided in Section 2.13 of ANSI/ANS-15.8-
1995, because QAPD Section 2.13 includes the specific controls for handling, storage, and shipping
recommended in the ANSI/ANS standard. Therefore, the staff finds QAPD Section 2.13 acceptable.

Based on its review of QAPD Section 2.14, “Inspection, Test, and Operating Status,” the staff
determined that Kairos’ controls for inspection, test, and operating status in QAPD Section 2.14 are
consistent with the guidance provided in ANSI/ANS-15.8-1995 because QAPD Section 2.14 includes
ANSI/ANS standard recommended actions that allow the traceability of the status of inspection and test
activities of items and avoid the installation or operation of items that have not passed the required
inspections and tests. Therefore, the staff finds QAPD Section 2.14 acceptable.

Based on its review of QAPD Section 2.15, “Control of Non-Conforming Items and Services,” the staff
determined that Kairos’ controls for non-conforming items and services in QAPD Section 2.15 are
consistent with the guidance provided in Section 2.15 of ANSI/ANS-15.8-1995 because QAPD Section
2.15 includes the measures recommended to prevent inadvertent installation or use of non-conforming
items and to allow identification, documentation, evaluation, and segregation of these items. In addition,
as recommended by ANSI/ANS-15.8-1995, QAPD Section 2.15 includes requirements for documenting
the technical justification for the acceptability of non-conforming items and for the reexamination of
repaired or reworked items, in accordance with applicable Kairos procedures. Therefore, the staff finds
QAPD Section 2.15 acceptable.

Based on its review of QAPD Section 2.16, “Corrective Actions,” the staff determined that Kairos’
controls for corrective actions in QAPD Section 2.16 are consistent with the guidance provided in
Section 2.16 of ANSI/ANS-15.8-1995 because, as recommended, QAPD Section 2.16 requires the
prompt identification and correction of conditions adverse to quality and requires that investigation and
corrective actions be performed for conditions that are significantly adverse to quality to preclude
recurrence. Therefore, the staff finds QAPD Section 2.16 acceptable.

Based on its review of QAPD Section 2.17, “Quality Records,” the staff determined that Kairos’ controls
for quality records in QAPD Section 2.17 are consistent with the guidance provided in Section 2.17 of
ANSI/ANS-15.8-1995 because, as recommended, QAPD Section 2.17 includes requirements to store
records applicable to quality for specified periods and under appropriate conditions. Therefore, the staff
finds QAPD Section 2.17 acceptable.

Based on its review of QAPD Section 2.18, “Assessments,” the staff determined that Kairos’ controls for
assessments in QAPD Section 2.18 are consistent with the guidance provided in Section 2.18 of
ANSI/ANS-15.8-1995. As recommended, QAPD Section 2.18 requires Kairos to conduct and document
periodic assessments of quality-affecting activities during design, construction, or modification to
evaluate the effectiveness of the as-implemented QA program and requires the review of such
assessments by management. QAPD Section 2.18, as recommended by ANSI/ANS-15.8-1995, also
requires Kairos Hermes management to investigate adverse findings, schedule corrective actions, and
notify the appropriate assessing organization of any actions taken or planned. QAPD Section 2.18, as
recommended ANSI/ANS-15.8-1995, further requires the maintenance of assessment records and
requires that the personnel selected for assessment assignments have the requisite experience and
training. Therefore, the staff finds QAPD Section 2.18 acceptable.
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The staff determined that Kairos did not provide in its QAPD a description of controls for experimental
equipment, as recommended by the guidance in ANSI/ANS-15.8-1995, Section 2.19, “Experimental
Equipment.” PSAR Section 10.1 states that Hermes will not include special facilities dedicated to the
conduct of reactor experiments or experimental programs. Therefore, the staff finds it acceptable that the
QAPD does not include controls for experimental equipment.

Other QAPD Sections

The staff notes that Kairos Hermes QAPD Section 3, “Facility Operations,” provides a description of
elements of a QA program for the conduct of operations at Hermes. The staff also notes the QAPD did
not include a description of the applicability of the QA program to existing facilities or decommissioning,
as recommended by Section 4, “Applicability to Existing Facilities,” and Section 5, “Decommissioning,” of
the ANSI/ANS-15.8-1995 standard. The regulation at, 10 CFR 50.34(a)(7) only requires that the
applicant provide a description of its QA program that will be implemented for design, fabrication,
construction, and testing. Therefore, the staff did not evaluate Section 3 of the QAPD for its CP review,
because it covers operations and is not required by 10 CFR 50.34(a)(7) to be included in a CP
application. Furthermore, the staff finds that ANSI/ANS-15.8-1995, Sections 4 and 5, are not applicable
to the Hermes CP application, and it is acceptable that the QAPD does not include this recommended
information because Kairos did not indicate that the QAPD will apply to any existing facilities and
because submission of decommissioning plans and associated QA provisions is not required until a
licensee applies for license termination after permanent cessation of operations. As appropriate, the staff
will review information related to QA during operations and decommissioning during future reviews of a
Hermes OL application and proposed decommissioning plan, respectively.

Conclusion

Based on its evaluation of the Kairos Hermes QAPD, the staff finds that the QAPD discussed in PSAR
Section 12.9 and provided in PSAR Appendix 12B meets the guidance relevant to design, fabrication,
construction, and testing in Sections 1 and 2 of ANSI/ANS 15.8-1995, which the NRC endorsed in RG
2.5, Revision 1, and that the QAPD is also consistent with the guidance contained within Section 12.9 of
NUREG-1537, Parts 1 and 2. Therefore, the staff finds that the Kairos Hermes QAPD is sufficient and
complies with the requirements of 10 CFR 50.34(a)(7), which requires that an applicant for a CP provide
a description of the QA program to be applied to the design, fabrication, construction, and testing of the
SSCs of the facility. Accordingly, the staff concludes that the information in PSAR Section 12.9 and
PSAR Appendix 12B is sufficient and meets the applicable guidance and regulatory requirements for the
issuance of a CP in accordance with 10 CFR Part 50, and, as such, the Kairos Hermes QAPD is
acceptable for implementation during the design and construction of the Hermes facility. Further
information as may be required to complete the review of Kairos’ QA program for the conduct of
operations and decommissioning can reasonably be left for later consideration in the FSAR (or a
proposed decommissioning plan, as appropriate) since this information is not necessary for the review of
a CP application.

In order to provide reasonable assurance that regulatory requirements and license commitments for QA
are adequately included in the design, procurement, and construction of the Hermes facility, the staff
recommends that the CP include the following condition:

Kairos shall implement the QA program described, pursuant to 10 CFR 50.34(a)(7), in Appendix
12B of Revision X of the Hermes PSAR, including revisions to the QA program in accordance with
the provisions below.
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Kairos may make changes to its previously accepted QA program description without prior NRC
approval, provided the changes do not reduce the commitments in the QA program description as
accepted by the NRC. Changes to the QA program description that do not reduce the
commitments must be submitted to the NRC within 90 days.

Changes to the QA program description that do reduce the commitments must be submitted to the
NRC and receive NRC approval prior to implementation, as follows:

¢ Changes must be submitted as specified in 10 CFR 50.4.

e The submittal of changes to the QA program description must include all pages affected
by the changes and must be accompanied by a forwarding letter identifying the changes,
the reason for the changes, and the basis for concluding that the revised program
incorporating the changes continues to satisfy the PSAR Revision X QA program
description commitments previously accepted by the NRC (the letter need not provide the
basis for changes that correct spelling, punctuation, or editorial items).

e A copy of the forwarding letter identifying the changes must be maintained as a record by
Kairos for three years.

¢ Changes to the QA program description shall be regarded as accepted by the
Commission upon Kairos’ receipt of a letter to this effect from the appropriate reviewing
office of the Commission or 60 days after Kairos’ submittal to the Commission, whichever
occurs first.

12.10 Operator Training and Requalification

Introduction

PSAR Section 12.10, “Reactor Operating Training and Requalification,” describes the Hermes operator
training and requalification plan.

Regulatory Evaluation

The applicable regulatory requirements for the evaluation of Kairos’ operator training and requalification
are as follows:

¢ 10 CFR 50.35, “Issuance of construction permits.”
10 CFR 50.40, “Common standards.”

The applicable guidance for the evaluation of Kairos’ operator training and requalification is as follows:
e NUREG-1537, Parts 1 and 2, Section 12.10, “Operator Training and Requalification.”

Technical Evaluation

Kairos did not submit an operator training and requalification plan for its CP application. As stated in

Hermes PSAR Section 12.10, “[tlhe operating training and requalification plan will be provided with the

application for the [o]perating [llicense, consistent with the requirements in 10 CFR 50.34(b)(8),” and the
plan will be developed in accordance with 10 CFR Part 55, “Operators’ Licenses.”
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The staff evaluated the sufficiency of the preliminary information on operator training and requalification
that Kairos provided in PSAR Section 12.10, using the guidance and acceptance criteria from Section
12.10, “Operator Training and Requalification,” in NUREG-1537, Parts 1 and 2. The staff notes that an
operator training and requalification plan is not required by NRC regulations to be submitted for a CP
application. Accordingly, the staff determined that the level of detail provided on Hermes operator
training and requalification is adequate for the CP application and meets the applicable acceptance
criteria in NUREG-1537, Part 2, Section 12.10. Accordingly, the staff finds that Kairos’ commitments to
develop its operator training and requalification program in accordance with the requirements of 10 CFR
Part 55 provide reasonable assurance that Hermes operator training and requalification will comply with
applicable requirements.

Conclusion

Based on its findings above, the staff concludes the information in Hermes PSAR Section 12.10 is
sufficient and meets the applicable guidance and regulatory requirements for the issuance of a CP in
accordance with 10 CFR Part 50. Further information as may be required to complete the review of
Hermes operator training and requalification can reasonably be left for later consideration in the FSAR
since this information is not necessary for the review of a CP application.

12.11 Startup Plan

Introduction

PSAR Section 12.11, “Startup Plan,” discusses the Hermes startup plan.

Regulatory Evaluation

The applicable regulatory requirements for the evaluation of Kairos’ startup plan are as follows:

¢ 10 CFR 50.35, “Issuance of construction permits.”
10 CFR 50.40, “Common standards.”

The applicable guidance for the evaluation of Kairos’ startup plan is as follows:
¢ NUREG-1537, Parts 1 and 2, Section 12.11, “Startup Plan.”
Technical Evaluation

PSAR Section 12.11 states that the “startup plan will be provided with the application for the Operating
License, consistent with the requirements in 10 CFR 50.34(b)(6)(iii).”

The staff evaluated the sufficiency of the preliminary information on the Hermes startup plan, as
discussed in PSAR Section 12.11, using the guidance and acceptance criteria from Section 12.11,
“Startup Plan,” in NUREG-1537, Parts 1 and 2. Using the guidance in NUREG-1537, the staff
considered the statement in the PSAR and concluded that further information regarding a startup plan
for operation of the Hermes facility is not necessary for the issuance of a CP given that a startup plan
should be based on a final design.

Conclusion
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Based on its findings above, the staff concludes the information in Hermes PSAR Section 12.11 is
sufficient and meets the applicable guidance and regulatory requirements for the issuance of a CP in
accordance with 10 CFR Part 50. Further information as may be required to complete the review of a
Hermes startup plan can reasonably be left for later consideration in the FSAR since this information is
not necessary for the review of a CP application.

12.12 Environmental Report

Kairos did not provide, and the staff did not review, environmental information in the PSAR as described
in Section 12.12, “Environmental Reports,” of NUREG-1537, Parts 1 and 2. In lieu of providing
environmental information in the PSAR, Kairos provided environmental information in the form of a
separate Environmental Report submitted by letter dated October 31, 2021. The staff’s evaluation of
Kairos’ environmental information is documented in a Draft Environmental Impact Statement.

12.13 Material Control and Accounting Plan

NUREG-1537, Parts 1 and 2, do not include guidance or acceptance criteria for MC&A plans.
Furthermore, Kairos did not provide, and the staff did not review, a MC&A plan in the PSAR.

While MC&A is not discussed in the PSAR, PSAR Section 9.6 states that Kairos plans to request
authorization to possess special nuclear material (SNM) pursuant to 10 CFR Part 70, “Domestic
Licensing of Special Nuclear Material” in the future. In accordance with 10 CFR 70.22(b), applicants
requesting a license to possess SNM must submit a full description of their program for the control and
accounting of SNM and show compliance with the applicable requirements of 10 CFR Part 74, “Material
Control and Accounting of Special Nuclear Material.”

During the General Audit, Kairos confirmed that it will provide an MC&A plan with a Hermes OL
application or other licensing submittal (e.g., a CP amendment) requesting authorization to possess
SNM, as appropriate.

Because the CP application does not request authorization to possess SNM, and because an MC&A
plan is only required for applicants requesting a license to possess SNM, the staff finds that it is
acceptable that the PSAR does not include information on MC&A. Information on MC&A can reasonably
be left for later consideration in a Hermes OL application or other licensing application requesting
authorization to possess SNM, as appropriate.

12.14 Summary and Conclusions on the Conduct of Operations

The staff evaluated the descriptions and discussions of the Hermes conduct of operations as described
in PSAR Chapter 12 and finds that the preliminary plans and information on the Hermes conduct of
operations meet the applicable guidelines of NUREG-1537, Part 2, allowing the staff to make findings
that:

e Kairos’ preliminary information and commitments to develop the Hermes organization, review
and audit programs, procedures, required actions, reporting and recordkeeping requirements,
security plan, and operator training and requalification plans are sufficient and meet the
applicable regulatory requirements and guidance for the issuance of a CP. Further information on
these items can reasonably be left for later consideration in the FSAR

¢ Information on the Hermes startup plan and MC&A plan can reasonably be left for later
consideration in the FSAR.
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e The preliminary information on emergency planning is sufficient and meets the applicable
regulatory requirements and guidance for the issuance of a CP. Further information can
reasonably be left for later consideration in the FSAR and updated emergency plan submitted
with an OL application.

o The Kairos Hermes QAPD is sufficient and meets the applicable regulatory requirements and
guidance for the issuance of a CP. Further information related to quality assurance during
operations and decommissioning can reasonably be left for later consideration during future
reviews of a Hermes OL application and proposed decommissioning plan, respectively.

Based on these findings and subject to the condition referenced above, the staff concludes the following
regarding the issuance of a CP in accordance with 10 CFR Part 50:

e There is reasonable assurance that, taking into consideration the site criteria contained in 10
CFR Part 100, the proposed facility can be constructed and operated at the proposed location
without undue risk to the health and safety of the public.

e There is reasonable assurance: (i) that the construction of the Hermes facility will not endanger
the health and safety of the public, and (ii) that construction activities can be conducted in
compliance with the Commission’s regulations.

e Kairos is technically qualified to engage in the construction of its proposed Hermes facility in
accordance with the Commission’s regulations.

e The issuance of a permit for the construction of the Hermes facility would not be inimical to the
common defense and security or to the health and safety of the public.
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14 TECHNICAL SPECIFICATIONS

THIS NRC STAFF DRAFT SE HAS BEEN PREPARED AND IS BEING RELEASED TO SUPPORT
INTERACTIONS WITH THE ACRS. THIS DRAFT SE HAS NOT BEEN SUBJECT TO FULL NRC
MANAGEMENT AND LEGAL REVIEWS AND APPROVALS, AND ITS CONTENTS SHOULD NOT BE
INTERPRETED AS OFFICIAL AGENCY POSITIONS.

The principal purpose of technical specifications (TSs) is to maintain system performance and ensure
safe reactor operation. This is accomplished by including in the TSs limiting or enveloping conditions of
design and operation, ensuring that emphasis is placed on the safety of the public, the facility staff, and
the environment. TSs are typically derived from the facility descriptions and safety considerations
contained in the facility safety analysis report (SAR).

This chapter of the Kairos Power LLC (Kairos) Hermes construction permit safety evaluation report
describes the U.S. Nuclear Regulatory Commission (NRC) staff’s (the staff’s) technical review and
evaluation of the probable subjects of TSs for the Hermes facility as presented in preliminary safety
analysis report (PSAR), Revision XX, Chapter 14, “Technical Specifications.”

14.1 Introduction

Hermes PSAR Chapter 14 provides preliminary information on Hermes facility TSs that will be applicable
for various operating modes during Hermes operation. In PSAR Section 14.1, “Introduction,” Kairos
discusses the general format and content of the TSs as well as variables and conditions that are
expected to be the subjects of TSs. Kairos also discusses some probable subjects of TSs in other PSAR
chapters. Kairos does not provide actual TSs in the PSAR; PSAR Section 14.1 states that the Hermes
TSs will be provided in an operating license application. In PSAR Section 14.2, “Operating Modes,”
Kairos summarizes the five different Hermes operating modes for the Hermes TSs.

14.2 Regulatory Evaluation

The applicable regulatory requirements for the evaluation of the Hermes TSs are as follows:

o Title 10, Code of Federal Regulations (10 CFR) 50.34, “Contents of applications; technical
information,” paragraph (a), “Preliminary safety analysis report,” including 10 CFR 50.34(a)(5),
which requires that the PSAR include “[a]n identification and justification for the selection of those
variables, conditions, or other items which are determined as the result of preliminary safety
analysis and evaluation to be probable subjects of technical specifications for the facility, with
special attention given to those items which may significantly influence the final design....”

e 10 CFR 50.35, “Issuance of construction permits.”

e 10 CFR 50.40, “Common standards.”

The applicable guidance for the evaluation of the Hermes TSs is as follows:

e NUREG-1537, “Guidelines for Preparing and Reviewing Applications for the Licensing of Non-
Power Reactors”, Part 1, “Format and Content,” and Part 2, “Standard Review Plan and
Acceptance Criteria,” Chapter 14, “Technical Specifications.”

e ANSI/ANS-15.1-2007, “The Development of Technical Specifications for Research Reactors.”

14.3 Technical Evaluation

PSAR Section 14.1 states that the format and content of the Hermes TSs, which will be submitted with a
Hermes operating license application:





1. will address the requirements in 10 CFR 50.36 (consistent with the 10 CFR 50.34(b)(6)(vi)
requirement that TSs be included in an operating license application),

will be consistent with the guidance provided in ANSI/ANS-15.1-2007, and

will include safety limits (SLs), limiting safety system settings (LSSSs), limiting conditions for
operation (LCOs), surveillance requirements (SRs), design features, and administrative controls.

wnN

In PSAR Table 14.1-1, Kairos provides variables and conditions that it expects to be subject to TSs,
based on its preliminary safety analysis described in other PSAR chapters. PSAR Table 14.1-1 also
summarizes Kairos’ basis for each listed TS variable or condition.

PSAR Table 14.1-1 indicates that SLs will be placed on certain process variables, specifically fuel
temperature and reactor vessel surface temperature, to ensure fuel and vessel integrity are maintained
consistent with the safety analyses. LSSSs will be established for core exit reactor coolant
temperature(s), coolant level, neutron flux (i.e., reactor power), and rate of change of neutron flux (i.e.,
reactor period), to ensure that the SLs are not exceeded and that the reactor will trip prior to reaching a
SL.

During the general audit, Kairos confirmed that the exact number of separate LSSSs (i.e., one or more)
for core exit reactor coolant temperature, as well as the specific location(s) of associated monitors and
their setpoints, will be provided in an operating license application and will be based a final thermal-
hydraulic analysis that will also be provided in an operating license application. Kairos also confirmed
that these details of LSSSs for core exit reactor coolant temperature in an operating license will also
consider that the defueling chute, rather than the outlet plenum, could have the highest coolant
temperatures. In addition, Kairos confirmed that in an operating license application it will demonstrate by
a final thermal-hydraulic analysis that its proposed LSSSs are comprehensive and, specifically, that
LSSS(s) for vessel temperature are not necessary to ensure that the SLs will not be exceeded.

PSAR Table 14.1-1 indicates that LCOs, which are the lowest functional capability or performance level
required for safe operation of the Hermes facility, will be provided in the TSs, will be derived from the
safety analyses, and will be implemented administratively or by control and monitoring systems to
ensure safe operation of the facility. Proposed subjects of LCOs listed in PSAR Table 14.1-1 include:

e reactor core parameters (pebble wear and reactor power).

e reactor control and safety systems (reactivity coefficients that ensure the severity of reactivity
transients is limited, and reactor protection system operability);

e coolant systems (reactor coolant chemical composition, coolant radionuclide inventory, primary
heat transport system (PHTS) pressure and flow rate, inert gas system pressure, cover gas purity,
PHTS gas space materials at risk (i.e., gas space radionuclide inventory available for release),
and quantity of air in the reactor system);

e engineered safety features (decay heat removal system (DHRS) operability); and

e radiation monitoring systems and effluents.

Other PSAR chapters discuss additional probable subjects of TSs (which could include LCOs, but also
design features) including shutdown margin, moderator pebble to fuel pebble ratio, and fuel enrichment
(PSAR Section 4.5.2.4), and pebble burnup limits (PSAR Section 9.3.4).

PSAR Table 14.1-1 indicates that SRs relating to test, calibration, or inspection to ensure the necessary
quality of systems and components is maintained; design features, which if altered or modified, could
have a significant effect on safety; and administrative controls necessary to ensure safe Hermes facility
operation, will be provided in the TSs included in an application for an operating license.





PSAR Section 14.2 and PSAR Table 14.2-1 describe five operational modes for the Hermes TSs, which
are defined in terms of combinations of core reactivity, reactor power, and nominal reactor coolant outlet
temperature.





The staff evaluated the sufficiency of the preliminary information on Hermes TSs, as described in PSAR
Chapter 14, using the guidance and acceptance criteria from Chapter 14 of NUREG-1537, Parts 1 and
2. In its evaluation, the staff also considered the preliminary safety analysis information and discussions
of the probable subjects of TSs in other PSAR chapters. The staff finds that Kairos’ probable subjects of
TSs are consistent with important parameters determined as a result of the preliminary safety analyses
in the PSAR, with special attention given to items (e.g., SLs, LSSSs, and LCOs) that may significantly
influence the final design, and that the probable subjects of TSs are supported by appropriate bases.
Regarding Kairos’ probable LSSS for rate of change of neutron flux, the staff finds that such an LSSS
would provide a defense in depth to limit the temperature difference between the kernel and pebble
surface limiting the fission gas pressure increase (even if SL temperatures are not reached), consistent
with limitations in Kairos’ fuel qualification topical report, “Fuel Qualification Methodology for the Kairos
Power Fluoride Salt-Cooled, High Temperature Reactor (KP-FHR), Revision 2” (see Section 4.2.1 of this
safety evaluation report). The staff expects that additional subjects of TSs, including additional LCOs on
reactor core parameters (e.g., excess reactivity and core reactivity) and reactor control and safety
systems (e.g., control elements) will likely be needed, but finds that other probable subjects of TSs
beyond those specifically listed in PSAR Chapter 14 are, in general, less likely to significantly influence
the final design. Therefore, based on the information in PSAR Chapter 14 and other PSAR chapters, the
staff finds that Kairos’ identification and justification of the preliminary subjects of TSs meets the
applicable acceptance criteria in NUREG-1537 and is sufficient for the issuance of a construction permit
in accordance with 10 CFR 50. The staff will perform a detailed evaluation of the complete and finalized
TSs for Hermes, including SLs, LSSSs, LCOs, SRs, design features, and administrative controls, during
its review of a Hermes operating license application.

14.4 Conclusion

Based on its findings above, the staff concludes the information in PSAR Chapter 14 is sufficient and
meets the applicable guidance and regulatory requirements for the issuance of a construction permit in
accordance with 10 CFR Part 50. Further information, including a complete set of Hermes TSs and
associated bases, as may be required to complete the review of a Hermes operating license application
can reasonably be left for later consideration in a final safety analysis report since this information is not
necessary for the review of a construction permit application.
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16 OTHER LICENSE CONSIDERATIONS

THIS NRC STAFF DRAFT SE HAS BEEN PREPARED AND IS BEING RELEASED TO
SUPPORT INTERACTIONS WITH THE ACRS. THIS DRAFT SE HAS NOT BEEN SUBJECT
TO FULL NRC MANAGEMENT AND LEGAL REVIEWS AND APPROVALS, AND ITS
CONTENTS SHOULD NOT BE INTERPRETED AS OFFICIAL AGENCY POSITIONS.

Kairos Power LLC (Kairos) preliminary safety analysis report (PSAR), Revision XX, Chapter 16,
“Other License Considerations,” Section 16.1, “Prior Use of Facility Components,” states that
the Hermes facility will be “constructed of new and appropriately qualified structures, systems,
and components to conduct operations. Discussions regarding used systems and components
are not applicable to the facility.” Additionally, in PSAR Section 16.2, “Medical Use of Non-
Power Reactors,” Kairos states that the Hermes facility will “not contain equipment or facilities
associated with direct medical administration of radioisotopes or other radiation-based therapies
and [Kairos] has no plans at this time to support medical uses. Therefore, discussions involving
medical use of the facility are not applicable.” PSAR Chapter 16 does not identify any other
special license considerations that are not discussed elsewhere in the PSAR.

The U.S. Nuclear Regulatory Commission (NRC) staff (the staff) evaluated the descriptions and
discussions of the Hermes facility in the PSAR and finds that the preliminary design of the
Hermes facility does not include prior use components and that the Hermes facility will not be
used for direct medical therapy. Furthermore, the staff did not identify any other special license
considerations relevant to Hermes that are not addressed elsewhere in the PSAR and
considered in other chapters of this safety evaluation (SE), as appropriate. The staff concludes
that an evaluation using the guidelines of NUREG-1537, “Guidelines for Preparing and
Reviewing Applications for the Licensing of Non-Power Reactors,” Part 2, “Standard Review
Plan and Acceptance Criteria,” Chapter 16, “Other License Considerations,” is not necessary
because:

(1) All equipment to be installed in the Hermes facility will be new and purpose-
built. No prior use components will be used in the construction of the reactor
or support systems;

(2) The Hermes facility will not contain equipment or facilities associated with the
direct medical administration of radioisotopes or other radiation-based
therapies; and

(3) There are no identified license considerations relevant to Hermes that are not
considered elsewhere in this SE.
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17 DECOMMISSIONING AND POSSESSION-ONLY
LICENSE AMENDMENTS

THIS NRC STAFF DRAFT SE HAS BEEN PREPARED AND IS BEING RELEASED TO
SUPPORT INTERACTIONS WITH THE ACRS. THIS DRAFT SE HAS NOT BEEN SUBJECT
TO FULL NRC MANAGEMENT AND LEGAL REVIEWS AND APPROVALS, AND ITS
CONTENTS SHOULD NOT BE INTERPRETED AS OFFICIAL AGENCY POSITIONS.

Kairos Power LLC (Kairos) preliminary safety analysis report (PSAR), Revision 1, Chapter 17,
“Decommissioning and Possession Only License Amendments,” Section 17.1,
“Decommissioning,” states that a decommissioning report for the Hermes facility will be
provided with an operating license application, as required by Title 10 of the Code of Federal
Regulations (10 CFR) Section 50.33, “Contents of applications; general information,” paragraph
(k). Furthermore, PSAR Section 17.2, “Possession-Only License Amendments,” states that
possession-only licenses are not applicable to the construction and operation phases of the
Hermes facility. Kairos’ Hermes construction permit application did not include a
decommissioning report or plan, or a possession-only license amendment request.

The U.S. Nuclear Regulatory Commission (NRC) staff (the staff) notes that 10 CFR 50.33(k)
requires an applicant for an operating license for a utilization facility to submit a
decommissioning report but does not require an applicant for a construction permit

for a utilization facility to submit a decommissioning report or plan. The guidance of NUREG-
1537, “Guidelines for Preparing and Reviewing Applications for the Licensing of Non-Power
Reactors,” Part 2, “Standard Review Plan and Acceptance Criteria,” Chapter 17,
Decommissioning and Possession-Only License Amendments,” indicates that decommissioning
plans and applications for possession-only licenses “are submitted by nonpower reactor
licensees who wish to terminate operations and decommission their facilities.” The staff
evaluated PSAR Chapter 17 considering these requirements and guidance. Because Kairos’
application seeks a construction permit for a utilization facility, and because Kairos is not
seeking a possession-only license, the staff concludes that no decommissioning information or
possession-only license amendment request needs to be provided in the PSAR or evaluated by
staff for the issuance of a construction permit for a utilization facility under 10 CFR Part 50,
“Domestic Licensing of Production and Utilization Facilities.”
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THIS NRC STAFF DRAFT SE HAS BEEN PREPARED AND IS BEING RELEASED TO
SUPPORT INTERACTIONS WITH THE ACRS. THIS DRAFT SE HAS NOT BEEN SUBJECT
TO FULL NRC MANAGEMENT AND LEGAL REVIEWS AND APPROVALS, AND ITS
CONTENTS SHOULD NOT BE INTERPRETED AS OFFICIAL AGENCY POSITIONS.

Kairos Power LLC (Kairos) preliminary safety analysis report (PSAR), Revision 1, Chapter 18,
“Highly Enriched to Low Enriched Uranium Conversion,” states that the Hermes reactor fuel will
be high-temperature graphite-matrix coated tri-structural isotropic (TRISO) particles using high-
assay, and low-enriched uranium (LEU). The Hermes facility will not utilize highly enriched
uranium (HEU), i.e., uranium that is enriched to 20 percent or more in uranium-235.

The U.S. Nuclear Regulatory Commission (NRC) staff (the staff) evaluated the descriptions and
discussions of the Hermes facility in the PSAR and finds that the preliminary design of the
Hermes facility does not utilize HEU. Therefore, the staff concludes that an evaluation of HEU to
LEU conversion using the guidelines of NUREG-1537, “Guidelines for Preparing and Reviewing
Applications for the Licensing of Non-Power Reactors,” Part 2, “Standard Review Plan and
Acceptance Criteria,” Chapter 18, “Highly Enriched to Low-Enriched Uranium Conversions,” is
not necessary.
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