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To aid deployment we are developing technology for off-
gas treatment

• Quantify fission and activation products in off-gas system
• Monitor off-gas treatment component efficiency

Riley et al. Nuclear Engineering and Design, 2019, 345, 94-109.
Andrews et al. Nuclear Engineering and Design, 2021, 385, 111529.
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FY26
Develop 
roadmap

FY27
Construct 
integrated 
off-gas 
system

FY28
Perform cold 
testing on 
salt loop

FY29
Modify 
design 
based on 
cold tests

FY30
Start 
radiological 
tests

An integrated off-gas system will be developed and 
demonstrated by FY30



Laser-Induced Breakdown Spectroscopy (LIBS) is a 
powerful tool for online monitoring complex systems



Molten salt and LIBS, an interesting history



Kitzhaber et al. ACS Omega. 2025
Andrews et al. Spectrochimica Acta Part B: Atomic Spectroscopy, 2025.
Andrews et al. Journal of the American Chemical Society. 2025.
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Several fundamental LIBS advancements were made in 
FY25



Moving from lab-scale to engineering-scale systems

Facility to Alleviate Salt Technology Risk 
(FASTR) 

200 kg chloride (MgCl2–KCl–NaCl) pumped loop

Mobile LIBS Platform Mobile DEMON 
Spectrometer



The LIBS unit was tested on FASTR over the course of 2 
weeks

Kitzhaber et al. Under Review. 2026.



Quantification of hydrogen isotopes was the first focus of 
the FASTR tests

Kitzhaber et al. Under Review. 2026.
*PNNL Raman and an ORNL RGA were in-line with LIBS measurements. 
Manuscript in preparation. 



The multichannel and DEMON spectrometers were run in parallel to 
compare the trade-off between wavelength coverage and resolution

H/D Calibration Spectra H/D Calibration Models

0.2% spectral range Full spectral range

Kitzhaber et al. Under Review. 2026.



H and D were quantified during controlled, real-time 
tests on the storage tank

(a) LIBS-predicted H and D concentrations using the 
MCS OLS model versus RGA signal for the test on 
the FASTR storage tank. 

(b) Predicted H and D concentrations monitored 
overnight. The expanded region shows detection 
of H and D at concentrations below the LOQ and 
approaching the LOD (the H and D LODs are 
indistinguishable on this scale). 

Kitzhaber et al. Under Review. 2026.



Pumped salt circulation leads to release of dissolved H 
and D, quantified during real-time tests on the pump bowl

Kitzhaber et al. Under Review. 2026.



Monitoring noble gases and aerosols was the second 
focus of the FASTR tests

Andrews et al. Under Review. 2026.



Xe and Kr noble gases were also monitored on FASTR

Univariate calibration models for (a) 760 nm Kr and (b) 823 nm Xe at 50 and 150 mJ. 

Andrews et al. Under Review. 2026.



Time evolution of Kr and Xe were recorded on the Ar-
swept FASTR storage tank

Andrews et al. Under Review. 2026.



Noble gas transport was also monitored on a flowing 
salt loop

Quantified Kr and Xe concentrations over time from the 
LIBS monitoring of the off-gas from the FASTR pump tank 
during and Kr and Xe additions. Data point markers 
correspond to the average of 10 spectra, and the error 
bars represent one standard deviation. 

Andrews et al. Under Review. 2026.



Aerosols detected over 6 m from the pump bowl were 
indicative of salt composition

Andrews et al. Under Review. 2026.



Monitoring iodine release is vital to meeting government 
regulations
• Radioactive iodine (iodine-129) is of 

significant interest in off-gas streams 
• high volatility
• high biological activity
• long half-life (1.57 × 107 years). 
• The US Environmental Protection Agency 

regulations for nuclear power operations 
in Title 40 of the US Code of Federal 
Regulations (CFR), Part 190, necessitate 
efficient capture of krypton-85 and 
iodine-129 before releasing gas streams 
to the environment. 

Andrews et al. Journal of Analytical Atomic Spectrometry. 2026.



LIBS detection of iodine was evaluated at the Iodine Off-
Gas Testing and Abatement (IOTA) Laboratory

Andrews et al. Journal of Analytical Atomic Spectrometry. 2026.
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LIBS models result in iodine LODs down to 3 ppm in 
helium and 5 ppm in argon

Detection of iodine in He Detection of iodine in Ar

Calibration models for trace iodine quantification in a helium bulk 
gas. LIBS measurements were performed using a delay time of 1 

µs and a gate width of 1 ms. 

Calibration models for trace iodine quantification in an argon bulk 
gas. LIBS measurements were performed using a delay time of 10 

µs and a gate width of 1 ms. 

Andrews et al. Journal of Analytical Atomic Spectrometry. 2026.



We can accurately track iodine gas in real-time

Green regions indicate calibration samples
Mixing Model is based on plug flow theory

Andrews et al. Journal of Analytical Atomic Spectrometry. 2026.



A focus for FY26 is demonstrating LIBS on flowing molten 
salt systems
• LIBS on liquids is traditionally challenged 

by splashing effects, unstable sample 
location, and plasma quenching

• High temperature, corrosive salts limit 
optical access

• Online measurements of flowing salts 
can aid in understanding transport of 
species from the bulk salt to the off-gas

Andrews et al. Applied Spectroscopy. 2026.
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Introducing the SCORCH cell
(Spectroscopic Configuration for Optical Real-time Characterization 
of High-temperature fluids)

Andrews et al. Applied Spectroscopy. 2026.

• The design allows for continuous fluid 
movement for online monitoring.

• The flow + gravity + sheath gas 
mitigates splashing effects

• The gas flow through the space 
around the sample stream allows 
optical windows to operate at lower 
temperatures.

• Orthogonal optical access allows for 
multiple measurement techniques.
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Proof-of-principle tests performed with room 
temperature samples flowing at 1 L min-1

Andrews et al. Applied Spectroscopy. 2026.
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The SCORCH cell allows for multiple techniques to be 
integrated for complementary monitoring

Andrews et al. Applied Spectroscopy. 2026.

SCORCH pathlength = 4.41 ± 0.10 mm 
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Multiple techniques can provide an enhanced dynamic 
range for online monitoring

Andrews et al. Applied Spectroscopy. 2026.

• LIBS has a larger dynamic range than UV-VIS
• LIBS is sensitive to nearly all elements

• UV-VIS has better limits of detection (LOD)
• Species must have an absorbance band
• Subject to changing speciation in the sample

• The two techniques together provide greater flexibility

LIBS UV-VIS



Next steps for campaign work in FY26
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LIBS will be coupled to VISTA 
for gas/particle transport 

analysis

Two mobile LIBS platforms now 
complete: SP- and DP-LIBS for further 

integration across the lab

The SCORCH cell will be 
integrated into a small salt 

loop



Ask me about our other recently published 
molten salt LIBS work
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