From: Brian Bettes

Sent: Thursday, December 12, 2024 9:18 AM

To: Delaney Simmons; Drew Peebles

Cc: Cayetano Santos; Josh Borromeo

Subject: Audit Questions Related to Kairos Safety Analysis Methodology Topical
Report

Attachments: 2nd set of audit questions Kairos KP-SAM TR FINAL Public

Version_Redacted.pdf
Hello Delaney and Drew,

Attached is the second set of audit questions related to the NRC staff’s audit of Kairos’s safety analysis
topical report. This is the public version in which the proprietary and export-controlled information has
been redacted. The non-public version has been shared with Kairos via the Box secure portal.

Please let me know if you have any questions.

Best,
Brian

Brian L. Bettes

Project Manager, Advanced Reactor Licensing Branch 1

Division of Advanced Reactors and Non-Power Production and Utilization Facilities
Office of Nuclear Reactor Regulation

U.S. Nuclear Regulatory Commission
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UNITED STATES

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

KAIROS POWER, LLC - SAFETY ANALYSIS METHODOLOGY FOR THE KAIROS POWER
FLUORIDE SALT-COOLED HIGH-TEMPERATURE TEST REACTOR TOPICAL REPORT

SECOND SET OF AUDIT QUESTIONS
(EPID NO. L-2024-TOP-0022)

¢ [Question 2.2-6] Section 2.2.1, "Quantification of MAR [material at risk for release] Sources,"
states that a new intermediate volatility noble metal (IVNM) radionuclide transport grouping
is created to regroup some noble metal elements for transport. Section 3, "The Revised
Base Case Grouping Structure,"” of [ 11, "Primary Thermodynamic Data for
Base-Case Mechanistic Source Term Modeling: Selection, Justification, and Uncertainty
Quantification," revision 2, states that the IVNM radionuclide transport grouping is

Additionally, please describe how noble metal elements were determined to be in the [VNM
grouping instead of the low or high volatility noble metal groupings.

¢ [Question 2.2-7] Section 2.2.3.2, "Evaporative Release," states that the elements which fall
into multiple transport groups based on the Flibe redox potential are now placed in other
groups based on the vapor pressure of these elements. Please describe why the latter
grouping structure remains conservative given that solubility of certain elements (e.g.,
Niobium) in the salt is likely dependent on the redox potential. Additionally, please confirm
that the mass transfer coefficient for evaporation from Flibe in equation 2-35 will be
validated experimentally.

¢ [Question 2.2-8] Section 2.2.3.3, "Confirmation of Solubility/Dilute Solution," states that salt
soluble fluorides are evaluated to ensure mole fractions for non-native impurities are less
than a limit of 6235 parts per million (ppm) and therefore ensures solute-solute interactions
are not measurable, and the impurities are dilute and soluble. The reference cited as
justification for this limit appears to study a different molten salt composition. Given the
different salt composition, please explain how this study can be used to derive a limit to
ensure a dilute solution for impurities in Flibe.

¢ [Question 2.2-9] Please provide the following clarifications on how the vapor pressure
correlation for cesium fluoride (CsF) was determined:

o How were the terms in equation 2.45 of the topical report derived from the cited data

in the NIST-JANAF database?
o How was the uncertainty on the correlation developed?
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o Confirm the experimental work described in section 4.3.1.6 of KP-TR-012-P-A, "KP-
FHR Mechanistic Source Term Methodology Topical Report," revision 3
(ML22088A229), which we understand is outside the scope of this topical report, will
be used to verify whether the assumption of an activity coefficient of 1.0 for the CsF
vapor pressure is conservative.

[Question 5.5-1] Section 5.5.1, “Bias Application,” mentions that certain Flibe properties,
including surface tension, are specified for salt spill events. Please describe how surface
tension is used in the salt spill analysis and whether it has a significant impact on
radionuclide release (e.g., via bubble formation and popping).

Official Use Only — Proprietary and Export Controlled Information



