e

Molten Salt Reactor
P R O G R A M

Advanced Reactor Technology -
Molten Salt Reactor Program Overview
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Liquid- and solid-fueled variants

ML Salt-Cooled* J Salt and liquid-metal coolants

Molten Salt Reactors Chloride-, fluoride-, and mixed
*Salt-Cooled w/ solid fuel Thermal, fast, time-variant, and

halide-based fuel salts
Salt-Fueled
and molten salt coolant

Uuifia (va)iie iy will likely require MC&A spatially-variant neutron spectra

approached similar to
pebble-bed reactor
designs

Chemical Separations

Wide range of power scales

Intensive, minimal, or inherent
fuel processing

Salt Halide

.
 NatU | Fast | Multiple different primary system

. configurations

Nearly all fuel cycles
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Molten Salt Reactor Concept(s) ... so many

Homogeseous chionide B Mon-graphite moderated

I
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Euratom, MSFR CEA, ARAMIS

Kurchatov Institute, Euratom MSFR (Cl Copenhagen Atomics
MOSART version)
Bhabha Atomic STELLARIA, Stellarium,
Research Center, IMSBR
Bochvar Institute
(VNIIINM), FMSR KAERI and Samsung
Heavy Industries

SINAP, TMSR-LF1 MOLTEX, SSR-W

Thorizon, Thorizon One

Thorium Tech Solution,
FUJI
Saltfoss Energy, CMSR

Jiri Krepel, PSI, Adapted from GIF webinar presentation 22 JAN 2025 www.gen-4.org



Deployment Status

Operated in the past

Operating today [1Operating at commercial scale
e The first MSR was the Aircraft Reactor Experiment Reactor, US, 1954
e One MSRis currently operating in China: TMSR-LF1

e More than 15 MSR designs are under development globally. Two are under construction in the U.S.:
Hermes and MSR-1 (MSRR)
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MSR Operation -
In Operando iﬁ

Online

Complexity of Nuclear Processes
Require Understanding
Composition/Phase
States/Thermophysical Properties
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Stakeholder Engagement Priorities (GAIN)

600 18™ Street North
Birmingham, AL 35203

August 25, 2020

Ms. Christine King

Molten Salt Properties

One of the most significant challenges facing the industry is the lack of a broadly accepted, NQA1 qualified
c%:» M S R set of data characterizing various unirradiated and irradiated molten salts. Thermochemical and

thermophysical properties of the salts (with and without fuel, pre- and post-irradiation, and across a wide
temperature range) are necessary not only for technology developers but also for the regulatory body.
Currently, a knowledge gap exists in available data and an understanding of the thermophysical, chemical,
and materials properties relating to irradiated multi-component molten salt systems and reactor

Director, DOE Gateway for Accelerated Innovation in Nuclear -GAIN- construction materials. Collection of historical data and establishment of new data is necessary for the

Idaho National Laboratory
Idaho Falls, ID 83415

design and construction of demonstration reactors, as well as licensing of future commercial MSR designs.

Subject: Needs related to the development and demonstration of Molten Salt Reactor Technology Ongoing experimental work occurring under the MSR National Campaign and summarized in a soon-to-be

established Salt Property Database is a starting point for addressing these needs; however, this effort has
not been focused on the priority needs of the industry and existing salt property characterization
infrastructure within the national lab complex is insufficient to meet the needs of industry. These
capabilities need to be significantly expanded in the near-term to enable demonstration of commercially
competitive MSR designs.

MSRs introduce a new set of material related challenges associated with salt in contact with structural
materials. In particular, the following phenomena need to be further investigated: development of tertiary
creep, defect annihilation, chromium depletion mechanism, and cracking due to inward migration of fission
product in alloys in contact with chlorine-based molten fuel salts. Graphite salt interaction is also an area of
interest for several of the members, in particular: salt infiltration, chemical interaction with salt and fission
product, irradiation stability, manufacturing process, and silicon carbide coating (effect in tritium
penetration).

Progress in modern instrumentation, maintenance, and robotics for nuclear environments has been slow
due to gaps in radiation-hardened electronics technology and research. Due to the harsh neutron and
gamma radiation doses coupled with the elevated temperature environment, research and development
for new electronics and electronic materials is essential for enabling new monitoring, control, and
maintenance techniques.




Chemistry Challenges

e Gaps in thermophysical and thermochemical properties of molten salts, Actinide fluoride and chloride bearing mixtures. ASTM
Standard Methods Development. Synthesis of molten salts and fuel molten salts. Chemical and physical state of elements.

Monitoring and Chemistry Control of Molten Salts, with potential Online Salt Clean-up

e Fuel Salt Processing: The online processing of liquid fuel salts to extract fission products and manage the chemistry of the salt mixture
is one of the most promising aspects of MSRs. However, this area needs further investigation and demonstration to ensure reliability
and efficiency. MSR operations in operando (solubility, particulates, plating out...)

Safety Demonstration and Regulation

* Novel Designs and Fuel Cycles: MSRs employ innovative designs and fuel cycles, necessitating thorough safety demonstrations and
regulatory approval. Developing safety cases and regulatory frameworks for MSRs is a key condition for its success.

Off-Gas Management

e Compliance with US and International regulatory requirements. Online monitoring tools development, Understanding the complex MSR
gas and particle transportphenomena, and predicting off-gas &aerosol transportforaccidentanalysis, demonstratlon of an
(2% U.S. DEPARTMENT
integrated off-gas system. ® ., ENERGY

Office of Nuclear Energy 8




SALT and FUEL SALT CHEMISTRY

Thermophysical and Thermochemical
Properties of Molten Salts —
Experimental and Computational

MODELING & SIMULATION
FOR MSR SAFETY

NEAMS Tools & MELCOR used for

MATERIALS
Development of materials
surveillance technology
Graphite/Salt Interaction

DOE - Office of Nuclear Energy supports seven national laboratories to efficiently and effectively addressing, in
partnership with other stakeholders, the technology challenges for MSRs to enter the commercial market.

Species Tracking

MSR Safety

Accident Scenario
Mechanistic Source Term....

Corrosion studies (SS316H, Alloy
709, Alloy 625, Haynes 244) in F
and Cl salts

Under AMMT and GCR programs

Salt purification and synthesis

UF3, UF4, UCL3, PuCl3, AmCI3
Databases

ASTM Standard Method Development

TECHNOLOGY DEVELOPMENT SALT IRRADIATION
Off-Gas Integrated System

Salt Chemistry Monitoring Tools
Radionuclide Release Monitoring

MSR Gas and Particles Transport
Phenomena

Fuel saltirradiation and post
irradiation examination
capabilities
NRAD, ATR, HFIR

Under AFC

ENGINEERING SCALE FACILITY

LSTL- FLiNaK loop - ORNL

FASTR -NaCl/ MgCl12/ KCl loop-ORNL

MSTTE — Molten Salt Tritium Transport
Experiment - INL

SAAF- Salt Accident Analysis Facility -

Waste Form Storage

WASTE FORM DEVELOPMENT

Phosphate-Based
Dechlorinated
Waste Forms
(Higher Waste Loading

Lower WF Volume)

Off-gas waste-form development
(lodine)

MSR RADIOISOTOPES

ANL Dehalogenation process for chloride

Total Waste Form Volume

Developing new Technologies to
separate Radioisotopes of Interest
to the MSR Community.

and fluoride salt waste treatment
Under MRFWD Program

ASL - Actinide Salt Loop - ANL
CLESF - Chlorine Enrichment &

Target Région

Separation Facility - PNNL

Waste Cation Loading (Mass Basis)

8 OAK Sandia
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Strategic Engagement

AFC/MSR
S

AIN, Universities (NEUP/IRP.

NEAMS/MSR
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Molten Salt Thermal Properties Database — Updating E“A

the Roadmap Cﬁfﬂ\ﬂn SOUTH CAROLINA
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Molten Salt Thermal Properties Data Bases i

Thermophysical Properties - managed by ORNL Thermochemical Properties managed by U. of
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Effect of surrogate fission
prOdUCtS On thermal Effect of Surrogate Fission Products

on Thermal Conductivity and Viscos-

conductivity and viscosity of ty of NaCL-UC,
NaCl-UCl ,

Viscosity and thermal conductivity measurements were performed on NaCl-UCls (63-37 mol %) with and
without 2.21 mol % surrogate FP additions to determine the impact of burnup on these thermophysical
properties during the lifetime of an operating MSR. The selected quantity of surrogate FPs was determined

by using ORIGEN to determine the extent to which the uranium would burn up and quantify the content of

salt-seeking FPs. Results indicated that the addition of approximately 2.21 mol % surrogate FPs caused a

consistent and statistically significant increase in viscosity of roughly 10% across the measured tempera-

ture range. In contrast, while thermal conductivity values were marginally higher with the addition of sur-

rogate FPs, the change remained within the experimental uncertainty margin and was not considered statis- Ryan Chesser!

Molly Ross'

tically significant. These results will ideally provide a bounded understanding of how these properties will e —

Andy Anderson’

evolve over the course of operation in a MSE fueled with NaCl-UCl;, and may justify simplifications in S U

modeling and licensing efforts. While efforts were made to account for salt-seeking fission product species e e e

in the surrogate fission product blend tested here, effects of dissolved fission gas species such as xenon and T

krypton, as well as time-dependent radiation-induced effects were not considered and may cause additional i M ey
changes in thermophysical properties. Namely, these results suggest that thermal conductivity of the fuel April 2026

will not have any statistically significant changes over a significant operational period; this may allow for &O AK RIDGE

the assumption of temporal independence of this property, making thermal hydraulic modeling less cum- ~ National Laboratory

ORNL 5 MANAGED BY UT-BATTELLE LLC FOR THE IS DEPARTMENT OF ENERGY
bersome.
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Integrated Off-Gas Management




Relevant Regulatory Drivers for
U.S. Off-gas Treatment

* Volatile off-gas components have wide range of half-lives and disposal requirements:
¢ 3H12.31y  8Kr10.76y

« 14C5715y . 129 .
e Xe Stable and very short half-life < 30 days I 1.57x10%

* Regulations
e Standards for normal operation (40 CFR 190) (Applies to Fuel Cycle Facilities)

* 25 mrem/y whole body

* 75 mrem/y thyroid

50000 Ci/GWy%Kr - (1.85x 107 Bqg/GWy)
- 5mCi/GWYy 129 - (1.85x 108 Bq/GWy)

* 0.5 mCi/GWYy %3°Pu and other alpha-emitters

* 40 CFR 61 (Applies to facilities operated by DOE).

* Limits equivalent dose to the public to 10 mrem/y.

* NRC
* Standards for protection from ionizing radiation (10 CFR 20) (Applies to NRC Licensed Facilities)

* Applies to facilities licensed by NRC.
* Total equivalent dose not to exceed 0.1 rem/y.
* Provides a table of air concentration limits for each radionuclide.

ZS% U.S. DEPARTMENT

' of ENERGY

I@l l Molten Salt Reactor
. ‘ ‘ P ROGU RAM
Office of Nuclear Energy

Jubin, Paviet, Bresee, Atalante 2016
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MSTTE — Molten Salt Tritium
Transport at INL "

FY 2025 Deuterium- FLiNaK salt

Actinide Salt Loop at ANL

Discharge line

Return line

Discharge line

Return line

FASTR -Facility to Alleviate Salt
Technology Risks — ORNL
NaCl-KCl-MgCl2

725C

154L

future goal

LSTL - Liquid Salt Test
Loop at ORNL
FLiNaK-700C
80L




Technology Development and Demonstration

Multi-faceted approach to investi

Component Testing

Large Scale Test Loop

Radionuclide
Identification/S

peciation

ation of technolo
Gas/Liquid Interface

gjies for MSR off-

Sensors/Salt Chemistry

Xe/Kr separation in MOF

Laser Induced Breakdown
Spectroscopy

:165 nm 532 nne-_6371 nm

Bubble Measurement

Source Term Modeling

Engineering Scale Salt
Accident Analysis Facility

Primary containment

evaporallon/

From reactor
Heat
vessel

—>2

deposmon

To reactor L
vessel
vaporization
A

.
) splas .'""g ¢ bubble
flow and J s ®  bursting
spreading 3 .

aerosol
o generat/on

aQ ¢

] Catch Pan

corrosion/warping/ '
penetration

To drain tank heat transfer

Salt Aerosol Concentration
and Slze Measurements

Salt Composition
Redox
Salt Level

Particulate
Monitoring

j-;
o Bulk Gas |Liquid ,
- Gas Film | Film '. e
Xe and Kr i p): C: " .§. ?:
pressure | '. #
TR
| B
ot S e d
b = Ci/H O Inlet Ilne s iy
® sampling line b -
SNL OAK =7
Argonne <% - Los Alamos “RIDGE
MATIONAL LARDRATORY Idofa Motiondl |ohorsory HATIOHAL LABORATORY

Naional Labaratary

Pacific Northwest
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Gas Phase Analysis

Multiple applications
Off-gas treatment

Supporting system
development and
demonstrations

Laying foundation for tools that
enable cost effective and neatr-
term deployment of technology

Fluorination
And more

6 I
NUCLEAR ENERGY

Molten Salt Reactor
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andem use of Raman, LIBS, and redox probes, flow
sensors demonstrated in FASTR August 2025

J e

[
LI BS and Raman team memwm
5

A PHHL nq_GRHi team members who participated |F | 1
b 'Sin the demo at ORNL |

f

"
o
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Heather Felmy et al, PNNL-38277, SEP 2025; Andrews et al., Hunter Andrews et al, ORNL/TM-2025/4115
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 Objective: Demonstration of an integrated off-gas system in 5 years.
FY 26 FY 27 FY 28 FY29 FY 30

modify design
start building the Start cold if necessary Start hot
integrated off gas

Off gas
Roadma_p and test Analize and start el system .reaQy
start design cold test building Analyze for testing in

results system for hot result MSRR and
S et . MCRE

Testing in large
loops

Modular Column System Diagram

%—o QOutlet

| Tailored
L Porous
Framework

Deployment in

g e e
Engineered
Sorbent

Beads

(N
- —

¢ 'Water Short Xe Kr 3
Scrub Lived Sorbent Sorbent
Sep. Column Column
Column

ACS Publications

A 4

& transport, vapor Capture technologies

pressures,

h ml w Zgwy U.S. DEPARTMENT
che Stry Molten Salt Reactor _ O;ENERGY
. ‘ P R OGR A M ™= g N l
Panel Session on Thursday 23 April at 11:05 am MT e



Safety of Molten Salt Reactor




MELCOR simulations of postulated accident scenarios for MSRs will require experimental validation using
datasets generated at a relevant scale. For MELCOR to best inform MSR accident experiments, itis
recommended that initial scoping studies be performed on the identified gaps to best inform the relative
importance of each item, with priority assigned based on relevance to licensing applications.

Based on the assessment of relative importance and relevance to licensing, tailored experiments and
simulations should be developed to specifically address the highest priority data gaps

Spill geometry, volume, salt
temperature, and salt
composition

Substrate properties: thickness
and extent, temperature, thermal
conductivity, heat capacity, and
density

Salt physical properties (thermal
conductivity, heat capacity,
density, viscosity and surface
tension)

Vapor pressure with temperature
and salt composition, and vapor
diffusivity in atmosphere

| DataNeeds | Staws

Vendor-dependent but some nominal
values needed

Vendor-dependent but some nominal
values needed

Available for pure salts at operating
temperatures. Need to verify

extrapolations to higher temperatures.

Contaminant effects due to air and
water vapor exposure are unavailable
and may be estimated.

Estimated from thermodynamic
database if available.

|dentify Gaps Relevant to Licensing Applications
for Mechanistic Source Terms and
Consequence Assessments

}

Perform Scoping Studies to Determine Relative
I rt . Prioritize Data Need in Order of ; 4
mportance. Prioritize Data Need in Order o Radionuclide Vapor

Relative Importance to Licensing. T i

(@R U.S. DEPARTMENT
&%) ,,ENERGY

Office of Nuclear Energy 2 2
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Pathway to generating experimental data for MELCOR
development and validation

* MELCOR simulations of postulated accident scenarios for MSRs will require experimental validation using
datasets generated at a relevant scale

Salt spill scenario Interaction with stakeholders
(model developers and MSR vendors)
Conduct individual Conduct integrated Design engineering- Conduct-engineering-
process tests at process tests at scale tests for scale tests
laboratory scale laboratory scale integrated processes
* |dentify and develop » Apply coupled methods and - Identify initial conditions of » Use representative fluoride and
measurement techniques measurement techniques the spill and test variables chloride salt compositions
* Develop methods to simulate < Measure processes * Design test apparatus * Test geometries that facilitate
processes simultaneously to fill data - Identify safety considerations ~ Model development
* Quantify dispersal behavior gaps on coupled processes and design limitations » Adopt a modular design
of spilled molten salt to fill in multi-physics codes approach for maintenance and
data gaps in process models design flexibility

#X U.S. DEPARTMENT
&) ;s ENERGY

Office of Nuclear Energy 2 3




The Roadmaps...

‘% U.S. DEPARTMENT

' of ENERGY

Office of Nuclear Energy




FY 26 FY30 FY30

MSR Overall Roadmap Short- and Long-term R&D

FY 40

SALT
CHEMISTRY

And THERMAL
PROPERTIES

Update of the MSR Thermal properties Roadmap

Focus on density, viscosity, heat capacity and thermal
conductivity

ASTM Standard Test Method for Measurement of Viscosity of a
Molten Salt using a Rotational Viscometer

Round robin experiment

Continue to develop capabilities and complete database for the
determination of the thermal properties of molten salts — Emissivity,
Vapor Pressure, Surface Tension

Impact of impurities on thermal properties
ASTM Standard Test Method for heat capacity and density of Molten Salt.

INTEGRATED OFF
GAS MANAGEMENT

SENSOR

INSTRUMENTATION.
MAINTENANCE

SAFETY

Develop and demonstrate an integrated off gas
management system at engineering scale
Produce sorbents at engineering scale

Composition/Species: Raman (off gas), LIBS (off
gas), electrochemistry

Flow, Pressure, Salt Level

In-situ chemistry control (redox control)

Salt Accident Analysis Facility (SAAF)

Develop and validate source term and accident progression
models (MELCOR) for MSR safety and licensing

MSTTE - Tritium Transport (Experimental and Modeling)
Evaluation Model development Tools (NEAMS) for safety
analyses

Work with MSR developer(s) to Implement the system into an MSR
Sorbent production — Commercial scale

Composition/Species: Raman (Salt,) LIBS, (Salt)
Salt Sampling
Filtration/Collection of insoluble species

Operational challenges presented by MSR — Develop predictive
modeling capabilities to support operations of any MSR

Continue experiments and safety demonstration tests

In-depth studies on the evolution of fuel salt chemistry as a function of
burnup, as well as on radionuclide retention under both normal and
accident conditions.

ISOTOPES

Chlorine -37 — Engineering Scale
Recovery of enriched Cl-37 — Lab scale

Chlorine-37 — Pilot Scale (Enrichment and Recovery)
Tritium Recovery for fusion application
Xe-133 recovery for medical application




Reports from the ART MSR Program

Nathaniel Hoyt and Nora Shaheen, M3AT-25AN0702031 - Installation of Molten Salt Flow Loop with Chemistry Monitoring and
Control System

Sara Thomas, M3AT-25AN0702041-Complete system component integration plan and preliminary designs for engineering scale test

facility

Sara Thomas, M3AT-25AN0702042-Complete initial construction activities for automated salt transfer device

Sara Thomas, M3AT-25AN0702043-Complete demonstration of aerosol sensor sensitivity to aerosol formation mechanism

Heather Felmy, M3AT-25PN0702061-Complete demonstration of flow cell design on representative gas stream

Praveen Thallapally, M3AT-25PN0702071-Scale up and fabricate MOF engineered particles to support FY’25 irradiation experiments

Melissa Rose, M3AT-25AN0705011-Quantify the precision and bias in molten salt property measurements of molten salts

Melissa Rose, MAAT-25AN0705012-Complete quality assessment of unary chloride property data in MSTDB-TP.

Melissa Rose, M3AT-25AN0705014-Measure effect of corrosion products and oxides on thermal properties of FLiNaK salt

Marisa Monreal, M3AT-25LA0705037-Complete Measurements for Development of the NaCl-MgCl12-UCIL3 phase diagram ™~

Marisa Monreal, M3AT-25LA0705036-Complete phase transition experiments of LiF-NaF-KF-UF4 mixture

Tony Birri, M2AT-250R0705041-Complete thermal property measurements on multiple actinide fluoride mixtures

Tony Birri, M3AT-250R0705042-Complete measurement of viscosity and thermal conductivity of NaCl-UCI3 + FPs
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Reports from the ART MSR Program (Cont.)

Kyle Makovsky, M3AT-25PN0705052-Complete the determination of the effects of corrosion products and water content on
thermophysical properties for the MgCIl2-KCl binary salt system.
Kyle Makovsky, M2AT-25PN0705051-Complete the measurements of volatility, heat capacity, phase mapping, and evolved gas analysis

of various coolant/fuel salts.

Kyle Makovsky, M3AT-25PN0705053-Develop a Mitigation Strategy for Fluid Inclusions

Manh Thuong Nguyen, M3AT-25PN0705062-Complete computational investigation of thermophysical (density, specific heat, and
viscosity) and structural properties of NaCl-PuCl3-AmCIL3 molten salts.

Vanda Glezakou, M3AT-250R0705071-Complete computational assessment of viscosity and thermal conductivity of Uranium
chloride/fluoride salts

Toni Karlsson, M2AT-25IN0705081-Complete PIE of Irradiated Salt

Toni Karlsson, M3AT-25IN0705082-Initiate corrosion analysis of capsule

Toni Karlsson, M3AT-25IN0705083-Complete preliminary design of new capsule

Ted Besmann and Juliano Schorne-Pinto, M3AT-250R0705092-Optimize thermochemical models of Ba, Sr, and | in MgCI2 and Sm, Pr,
Gd in LiF, NaF, KF, NaCl, KCL.

Bruce McNamara, M2AT-25PN0705101-Complete High Purity 37Cl Separations by Thermal Diffusion Isotope Separations.
Hunter Andrews, M2RD-250R0602014-Complete mobile LIBS analysis of the off-gas from small and large sparging salt vessel.
Daniel Orea, M3RD-250R0602018-Complete bubble visualization tests in molten salt systems

Mauricio Tano, M3RD-25IN0602021-Complete Initial Engineering Framework for Species Tracking in MSRs involving Fuel Salt and
Structures

Matt Christian, MSRD-25SN0602032-Complete Deposition Modeling of Metals and Safeguard Materials in MSRs
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Abstract

This paper reviews various methods for studying surface tension and their applicabil-
ity to fluoride and chloride molten salt systems, including a comparison of benefits
and drawbacks. Such a comparison aids in experiment design based on desired factors
such as scale, accuracy, and repeatability. A detailed review is presented for existing
literature data regarding the surface tension of molten fluoride and chloride salts. These
reference data were compiled and analyzed to determine cross-validated correlation
equations for several alkali and alkaline earth fluoride and chloride salts as functions
of temperature. These correlations are necessary for reliable multiphysics modeling
approaches as well as accurate design and analysis of multiphase molten salt phe-
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Sparge Sampling of Molten Salts for Online Monitoring via Laser-Induced Breakdown

Spectroscopy

Zechariah B. Kitzhaber, Daniel Orea, Joanna McFarlane, Benjamin T. Manard, and Hunter B. Andrews®




Recent Papers

* Round Robin Measurements of Molten Salt Properties for LiF-NaF-KF (FLiNaK) and NaCl-KC[ Mixtures, Troy Munro, et al. J.
Chem. Eng. Data, https://doi.org/10.1021/acs.jced.5¢c00421

* Irradiation of an enriched uranium (NaCIl-UCI(3) fuel salt capsule, summary of nondestructive post-irradiation examinations, and
solidification modeling, Toni Karlsson, et al., Nuclear Engineering and Design, Volume 448, 2026, 114680, ISSN 0029-5493,
https://doi.org/10.1016/j.nucengdes.2025.114680

* Thermodynamic Properties of ZrCl, with LiCl, NaCl, KC|, CsCl, MgCl,, and UCI; for Molten Salt Reactor Applications, Jack A.
Wilson, et al., Journal of Molecular Liquids 437 (2025) 128578 https://doi.org/10.1016/].molliq.2025.128578

« Thermodynamic Assessment ofthe Na, K, Cs, Mg | Cl, | Reciprocal System, Clara M. Dixon, et al.,J. Chem. Thermo. (2025)
* https://doi.org/10.1016/]j.jct.2025.107548

* Purification of Uranium Tetrafluoride Using Ammonium Bifluoride, Kyle R. Foster, et al., Journal of Fluorine Chemistry 285-286
(2025) 110449 https://doi.org/10.1016/].jfluchem.2025.110449

* Coordination-driven mixing behavior of corrosion and fission products in NaCl-UC/(;, molten salt, Gaoxue Wang, et al., Journal of
Nuclear Materials 615 (2025) 155949 https://doi.org/10.1016/j.jnucmat.2025.155949
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e Seven National Laboratories

* Experimental Capabilities
* Various salt loops HISTORICAL PROGRAM BUDGET

* New equipment to measure Y AR

thermal properties of molten $8.32M

salt $7.6M $7.32M

$5.8M  $5.9M

9140 $4 . 8 5 M
5510
4250
390 (510]0) 600

FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26

$5.52M

* Development of three
roadmaps -
e Chemistry
* |ntegrated off-gas management
* Short- and Long -Term needs

* Education and Training,
Retention

$4.5M
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Summary

 The ART Molten Salt Reactor continues to successfully leverage national laboratory expertise and infrastructure to
support MSR development and deployment by filling out the gaps identified by MSR developers

Thermophysical and thermochemical properties of molten salt (experimental and modeling using AIMD) + Databases with annual
workshop in June

Off gas integrated management system
Sensors/Instrumentation development

Various molten salt loops

NEAMS Tools and MELCOR supporting safety and licensing

We are very engaged with MSR developers (nationally and internationally)

We are very engaged with academia, other DOE Offices, regulators

We are engaged via NEUP research proposals with professors and students, SULI program (Undergrad program from

office of science...) — Important to maintain the expertise, successful succession plan, good knowledge management and
transfer.

Extraordinary dedicated team (ANL, INL, LANL, LLNL, ORNL, PNNL, SNL) who is passionate about molten salt reactor

systems which have infinite options.
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Resources
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IAEA MSR Structural Materials Workshop, 20-24 July 2026),

Vienna, Austria (Hybrid)
https://intouchplus.iaea.org referencing event EVT2504152

MSR Annual Workshop , 27-29 October 2026, Knoxville, TN

MEN
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‘R Program WebSIte: https://gain.inl.gov/doe-molten-salt-reactor-program/

The breadth of the MSR design space presents a substantial challenge to the MSR Annual Campaign Review

completeness and broad applicability of any technology development planning « April 22-24, 2025
activity. Dozens of design concepts are currently in some state of development, « April 16-18, 2024
nearly all have been introduced in the past decade, and it is not currently possible to « May 2-4, 2023

reasonably evaluate which designs will eventually be successful. Nevertheless, « April 26-27, 2022

MSRs have common characteristics and many technology development issues are
broadly applicable to most MSRs

June 17, 2021
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Status of Molten Salt Reactor Technology

Technical Reports Series No. 489

) sTI/DOC/010/489 | 978-92-0-140522-7

315 pages | 110 figures | € 86.00 | Date published: 2023
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