
INL is a U.S. Department of Energy National Laboratory operated by Battelle Energy Alliance, LLC

INL/MIS-24-77538-Revision-0

Publicly Available Molten
Salt Data/Benchmarks

April 2024

Mark D DeHart



DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.



INL/MIS-24-77538-Revision-0

Publicly Available Molten Salt Data/Benchmarks

Mark D DeHart

April 2024

Idaho National Laboratory
Idaho Falls, Idaho 83415

http://www.inl.gov

Prepared for the
U.S. Department of Energy

Under DOE Idaho Operations Office
Contract DE-AC07-05ID14517



Publicly Available Molten Salt Data/Benchmarks

April 19, 2024

Mark DeHart
Idaho National Laboratory

INL/MIS-24-77538



Three Molten Salt Experiments Were Operated at ORNL
Zero Power Reactor 
Experiment (ZPRE)

Aircraft Reactor 
Experiment (ARE)

Molten Salt Reactor 
Experiment (MSRE)

NaF-ZrF4-UF4 fuel, Be 
moderator, Inconel vessel.

NaF-ZrF4-UF4 fuel, BeO 
moderator (+Na), Inconel 

vessel.

7LF-BeF2-ZrF4-UF4 fuel, C 
moderator, hastelloy vessel.



Copenhagen Atomics Has Created Open-Source Models

ZPRE ARE MSRE



Copenhagen Atomics Open-Source MSR Modeling
from CAD to burnup or dose calculations

• Open-source Monte Carlo neutron and photon transport

• CAD meshing tool

• Installation scripts (OpenMC + GAGMC + MOAM + 
Embree + CAD_to_OpenMC + nuclear data)

• MSR modeling capabilities being build into OpenMC



Copenhagen Atomics Assessment of Data Quality
• ZPRE:

− Core design accuracy is decent
− Zero power data only, but only reactor with a Be metal reflector and unique 

design
− Experimental data are sparse

• ARE:
− Core design accuracy is decent
− External design accuracy is poor
− Moderate data
− Experimental data is sparse

• MSRE
− Core design accuracy is good
− External design accuracy is decent
− Experimental data is decent but sparse
− In  general, access to many drawings, data logs, and internal reports, not just 

high level ORNL & ORNL-TM reports



Copenhagen Atomics Assessment of Benchmark Potential

• ZPRE: criticality benchmark decent
• ARE:

− Criticality benchmark decent (includes some βeff data) 
− Transient benchmark possible (only one case)
− Missing data for burnup/redox benchmark

• MSRE
− Criticality benchmark decent (includes βeff data) 
− Transient benchmark decent (limited cases) 
− Burnup/redox benchmark decent (missing power history for 233U & Pu run)

• General comment: nuclear data files are optimized for solid fuel, so deviations 
are expected.



Other Copenhagen Atomics Activities

• Ongoing
− Actively reaching out and helping other teams (university, national lab, and 

MSR developers) to learn OpenMC and develop open-source capabilities.
• Upcoming

− Planning to run a subcritical test reactor in 2025, we plan to turn this into a 
open-source benchmark.

− Planning to run a 1MWth test reactor for 30 days by 2025/2026, and plan to 
turn this into an open-source benchmark.

− Will dedicate more resources to developing the ORNL benchmarks in 2024.
− Repositories updated as needed



Github Repositories

• ZPRE: https://github.com/openmsr/zpre

• ARE: https://github.com/openmsr/are

• MSRE: https://github.com/openmsr/msre 

• These links, tools mentioned and archived data are available at 
https://github.com/openmsr 

https://github.com/openmsr/zpre
https://github.com/openmsr/are
https://github.com/openmsr/msre
https://github.com/openmsr


Battelle Energy Alliance manages INL for the U.S. Department of Energy’s Office of Nuclear Energy. 
INL is the nation’s center for nuclear energy research and development, and also performs research 

in each of DOE’s strategic goal areas: energy, national security, science and the environment.



Extra Material from Copenhagen Atomics Simulations



MSRE Model



MSRE Burnup



MSRE Burnup


