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Tritium Generation In MSRs

Tritium generated by neutron 6Li (7.5%) large thermal cross-section.
reactions with Li, Be, and F. ’Li (92.5%) moderate cross-section in
fast-spectrum.

%Be and 19F tritium in fast-spectrum.
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Sabharwall, P.; Schmutz, H.; Stoots, C.; Griffith, G. Tritium Production and Permeation in High-
Temperature Reactor Systems;, 2013. https://doi.org/10.1115/HT2013-17036.

Andrews, Hunter B., et al. "Review of molten salt reactor off-gas management considerations."
Nucl. Eng. Des. 385 (2021): 111529.

Tritium generation rates in
fluoride salt reactors are
similar to CANDU reactors.

CANDUSs produce world’s
commercial supply of tritium.

Tritium is a valuable
byproduct of MSRs.

Tritium Formation
Rate 1000 MWe

*MSBR enriched in ’Li (99.992%)).



Tritium Transport in MSRs
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Graphite

Evolution into off-gas system
Diffusion through materials
Secondary system off-gas system
Onwards to detritiation/stack

Can we predict tritium transport in order to
develop required control technology?
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Tritium: Diffusion through Metals

Example of hydrogen isotope permeation in Hastelloy N

700 °C

QOO °C 1.5 mm thick

Fuerst, Thomas F., et al. "Hydrogen and deuterium permeation in Hastelloy N." Journal of
Nuclear Materials 589 (2024): 154851.. https://doi.org/10.1016/j.jnucmat.2023.154851 5


https://doi.org/10.1016/j.jnucmat.2023.154851

Molten Salt Tritium Transport Experiment

* MSTTE Is a semi-integral tritium transport
experiment for flowing fluoride salt systems.

* Location: Safety and Tritium Applied Research
facility

* Objectives:
(1) Safety code validation data.
(2) Test stand for tritium control technology.

* Major Equipment:
« Copenhagen Atomics Salt Loop: salt tank, pump, flow meter,
instrumentation and control

« External Test Section: hydrogen injection, permeation,
plenum, salt diagnostics, gas systems, controls, salt exchange
tank, and versatile

6 ft



MSTTE Transport Phenomena

* Permeation through structural materials: Plenum
permeation test section: 316 SS Diagnostic Ports

+ 15,000 < Rep, . < 90,000
. 7,000 < Reg, 5, < 40,000

« Evolution to off-gas: plenum and salt tank.

* Versatile test section for future campaigns
on transport or control technology.

« Examples:

» Sparging

» Absorption

« Heat exchangers

Hydrogen
Injection
System

/

\Permeation Section



Copenhagen Atomics Salt Loop

Pump, flow meter, & salt tank inside furnace.
Flowing Ar cover gas for salt tank.

All encased in inert atmosphere enclosure.
Ships with purified FLiNaK in salt tank.
Ports routed to external test section.

https://www.copenhagenatomics.com/pdf/Loop v5.2_ Datasheet.pdf



Copenhagen Atomics Loop Status

Inside Enclosure Furnace Prototypic test section Delivered March 5, 2024  Unpackaged and Positioned

Courtesy of Aslak Stubsgaard, Copenhagen Atomics



Hydrogen Injection System

Three Tube Design

Five Tube Design

T=600"°C
F =100 LPM
FLiBe
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Permeation Test Section

4”
* Goal: Measure hydrogen ™™ { Sy
permeation through -

structural materials in N %
flowing salt.  caagues S
. : . s —18”
» Design Considerations: y
* Permeation rates - . X
measurable with QMS? .

 Fully-developed flow in

permeation section? 10"
13.25" —
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Permeation Test Section

Challenge: Balance
minimizing length scale
to fully-developed flow
and minimizing
pressure drop.

Solutions:

XIReducers: High
Pressure glroclo (0.51in
ube required).

Flow Conditioners:
Stabilize swirling with
minimal pressure drop,
high component risk

CFD Courtesy of A Bowers and S Sharma at UML

-31.25”




Test Section CFD - 50 LPM

FLiNaK
600°C

CFD Courtesy of A Bowers and S Sharma at UML
13

Plane B

\\O \\

Plane A



Test Section CFD - 100 LPM

FLiNaK
600°C

CFD Courtesy of A Bowers and S Sharma at UML
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Test Section CFD - 200 LPM

FLiNaK
600°C

CFD Courtesy of A Bowers and S Sharma at UML
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Test Section CFD - 300 LPM

FLiNaK
600°C

CFD Courtesy of A Bowers and S Sharma at UML
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Experimental Campaigns

 Variables:
* Flow Rate: Salt Mass Transfer Coefficients 3E14 Djs  SE16DIs
« Source Term: Permeation Mass Transport
- Temperature: Arrhenius Dependence 3E12 D/s

« Example Procedure:

1. Loop heat up
Pump priming
Start hydrogen injection } FLiBe | SS 316
Stop hydrogen injection T =600 °C
Stop pump f=90 LPM
Cool down

2 o

Modeled with Melcor-TMAP [1]

[1] MD Eklund and AA Riet. Fusion Engineering and Design 194 (2023): 113743.
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Experimental Campaigns

Test Section Permeation Rate [mol/s]
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Modeled with: System Analysis Module (SAM)

Courtesy of T. Mui and R. Hu at ANL
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Loop Pressure Drop

Pressure Distribution Total Pressure Drop Across External Test Section
100 LPM
600 °C s
No Flow =
Conditioner 600 °C
With Flow
Conditioner

Modeled with: System Analysis Module (SAM)

Courtesy of T. Mui and R. Hu at ANL
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External Test Section Status

Heat Trace Control

Control

MDesign complete System

YFrame constructed
¥IMajor components delivered

dFabrication/assembly
MGas distribution system Gas Diagnostics
MVacuum system Distribution
@ Control system
Custom tube segments — Ordered Vacuum Systems
dMove to STAR

dCommission

20



Commission Test Section

. Helium leak check: assembly.

. Thermal test: heating system and
support structures.

. Helium/D, permeation tests:

|

ut

hydrogen systems operate . O¢am =)
properly and analysis codes. -
. Mate to Copenhagen Atomics :\e_OU1L
loop: leak check full assembly. 1
In as Chromatogra
. Begin salt campaigns! e Equipped: 3 POHID

for trace H, in He

O
N
=



Commission Salt Loop

AProcured

ADelivered

JFacilities External
LElectrical upgrade — Equipment onsite Loop
QGas connections — Equipment onsite Installed

(UNetwork connections

Test system with external loop
dHeat up and cool down
dPumping systems
dEmergency shutdown
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Summary

* Molten Salt Tritium Transport Experiment is versatile capability
designed to provide tritium transport data and test control
technology related to Molten Salt Reactors.

 FY23 Report Details Experiment —————>
« Commissioning to start this FY
* Sensors and Diagnostics}

Connect with me!
* Modeling and Simulation | thomas.fuerst@inl.gov
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https://www.osti.gov/biblio/2203243

Contributions/Collaborations
Safety and Tritium Applied Research Facility

« Joseph Redmond (MSU) - Shayne Loftus « Travis Neuman

« Chase Taylor * Bob Pawelko « Rowdie Shepherd

* Hanns Gietl  Taylor Hill

* Masashi Shimada « Casey White

Modeling and Simulation < Travis Mui * Anthony Bowers

* Ad Riet * Rui Hu  Prof. Subash Sharma

 Matt Eklund * Yifan Mao
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