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To aid deployment we are developing technology for off-
gas treatment
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| ¢ I 7\ (potential commercial value)
) f \ =Y

Decay Residual
Halide
tank Packed Trap
bed o
T molten ¢ ?é)
hydroxide o] Reactor
Off gas scrubber H,O Trap > > > > 2 supply
from (i.e., 3He) T
reactor

\__/ \__/ o,
Removes particles, mists, O, Trap Ar

aerosols, reactive volatile Decay of short-lived  Pressure swing or
species || XeandKrspecies cryogenic distillation
(e.g., CO,, SO,, Se0,, TeO,, HF, HCI, (e.g., 139Xe, 137Xe, 135mXe, 135Xe,
Cl,, F,, Bry, I, Cs, Sr, Y, La, Se, TeF,, SeF,) 133mYe, 133Ke. 89Kr, S7Kr)

* Quantify fission and activation products in off-gas system
* Monitor off-gas treatment component efficiency
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An integrated off-gas system will be developedand

demonstrated by FY30
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Laser-Induced Breakdown Spectroscopy (LIBS) is a
powerful tool for online monitoring complex systems
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Several fundamental LIBS advancements were made in
FY25

Spectrochimica Acta Part B: Atomic Spectroscopy 230 (2025) 107237
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Real-Time Elemental and Isotopic Measurements of Molten Salt
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Real-time monitoring of trace noble gases using laser-induced breakdown [ UCLEAR

spectroscopy—An investigation of the impact of bulk gas on plasma s

properties and sensitivity™ o

Hunter B. Andrews ™, Zechariah B. Kitzhaber?, Joanna McFarlane "
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Moving from lab-scale to engineering-scale systems
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The LIBS unit was tested on FASTR over the course of 2

Kitzhaber et al. Under Review. 2026.
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LIBS enables real-time monitoring and quantification of hydrogen isotopes for molten salt
systems as demonstrated on an engineering-scale pumped molten salt loop

FASTR Loop Isotopic Quantification
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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
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H and D were quantified during controlled real tlme

Gas: H, H, Ar H, Ar D, D, D, Ar
tests on the storage tank _Flow rate (SLPM): 03 03 0.9 0.9 1.8 1.8 0.3 03 0.9 09 1.8 0.3
°\° 5.0 I I I I } I I I I I I _
s Qs L AT
(a) LIBS-predicted H and D concentrations using the E 4204 ¢ bues ! | | Y 7GR A 252
. (@) &+ > RGA! 1 | 3 : : : : : : e
MCS OLS model versus RGA signal for the test on § ol T gz Eeﬁi | ‘ v AV U A Y 2.0 :;;
the FASTR storage tank. s ; | . | ' | : : w2 15 €
o 2.0 4 I Y 4 I I I I (Y ey Al o
g s, A D Y : 10 Y
© 1 1 1 1 1 1 1 | <
(b) Predicted H and D concentrations monitored £ 107 A ,, - Los &
overnight. The expanded region shows detection § 0.0 ———— |1 0.0
of H and D at concentrations below the LOQ and 0 1 2 3 1 5 6
Time (h)

approaching the LOD (the Hand D LODs are

indistinguishable on this scale). __. = 3.0 4,(b) L T
E s 5 100
S \‘ D LOQ
g 2.0 'Y 14 - LOD
@) .\
- 15 % .
() *  een % o0aea,
k] 10 - e, 0 ____'::::‘_"_'_':_'_'!!!'_':_'_-_-_-:2g-_-_-_q.v.nnnunnnuusmnuuum:u
© ... T T T
0 Pae,.  ce., 4 6 8 10 12 14
T 051  Ttteaenll.  "eea...
ﬁﬁ 0.0 Soetcetcceceatitsssssscccccccccns cecccsssesssseessssSEEsLIsIS8222322222]
- T T T T T T T
0 2 4 6 8 10 12 14
Time (h)
: w R, U.S. A
Storage Tank gnoge%S%lt I;eaActo'\I/l' Iojf EIIE\IT,EEE%
Kitzhaber et al. Under Review. 2026. LA Office of Nuclear Energy



Pumped salt circulation leads to release of dissolved H
and D, quantified during real-time tests on the pump bowl
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LIBS enables real-time monitoring of noble gases and aerosols for molten salt
systems as demonstrated on an engineering-scale pumped molten salt loop

FASTR Loop Real-Time Spectra Collection
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Xe and Kr noble gases were also monitored on FASTR
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Concentration (ppm)

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

50 m) 150 mJ
Kr 760 nm Xe 823 nm Kr 760 nm Xe 823 nm
Model 1% Order 2" QOrder 1 Order 2" QOrder
R? 0.9998 0.9999 0.9999 0.9999
%RSD 4.6 0.99 3.5 1.1
%RMSEC 0.90 0.53 0.79 0.33
LOD 1.92 9.78 1.69 11.7
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Time evolution of Kr and Xe were recorded on the Ar-
swept FASTR storage tank

16 h

Kr Xe g 01515 Art tAr]  0.75 {b) e Art
Q
£ 0.10 |
Measured (mmol) 0.205 1.78 - ) 00 )
N r——\ . e
Expected (mmol) 0.219 2.19 s 901N |0 ¥
- : Y
2 0.00 : . : 0.00 —_— . .
REGO‘UBI’V (%) 93.6 81.0 < T es 760 765 770 775 820 822 824 826 828 830
Wavelength (nm) Wavelength (nm)
% ® 10x Kr
= 1§ A Xe
= ii!!p
2 Htlteg
§ LODs B8535y
S ™ }hn““ﬁ?HHHHQQgggnnﬁnnnﬁqnnuﬂnq
4 6 8 10 12 14 16
Time (h)
(i) (i)
15.0 T— .
(d)] | ® Measured Ratio
12.5 1 -—- Source Ratio

i i
10.0 1 -HW'L?'Q';;-; ------ A IITTTITTTIT Y TTTTITTTTTTTTEY
iﬂﬁ R “**wmhmmmW
Storage Tank ~ 1 2 3 f_‘ime ") 5 6 7 8

Xe [ Kr

(#R U.S. DEPARTMENT
@) s ENERGY

Office of Nuclear Energy

Andrews et al. Under Review. 2026.



Noble gas transport was also monitored on a flowing
salt loop
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Aerosols detected over 6 m from the pump bowl were
indicative of salt composition
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Monitoring iodine release is vital to meeting government
regulations

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




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

Mobile LIBS Platform
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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 Iin Ar
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Calibration models for trace iodine quantification in a helium bulk
gas. LIBS measurements were performed using a delay time of 1
KUs and a gate width of 1 ms.

Andrews et al. Journal of Analytical Atomic Spectrometry. 2026.
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s e
We can accurately track iodine gas in real-time

80 1=
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* 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
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Introducing the SCORCH cell

(Spectroscopic Configuration for Optical Real-time Characterization
of High-temperature fluids)

£
K UV-VIS
SPECTROMETER

LIGHT

SOURCE LASER IN

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

Absorbance
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GAS GAS

SCORCH pathlength=4.41 = 0.10 mm

Andrews et al. Applied Spectroscopy. 2026.
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Predicted Concentration (mMol L™1)

Multiple techniques can provide an enhanced dynamic

range for online monitoring

* LIBS has a larger dynamic range than UV-VIS

Table 2. LIBS calibration model figures of merit.
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. . . 2
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* Species must have an absorbance band RMSECV (mmol L) 8.93 1.95 1.17 2.69 0.73 0.94
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Next steps for campaigh work in FY26
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Two mobile LIBS platforms now LIBS will be coupled to VISTA The SCORCH cell will be
complete: SP- and DP-LIBS for further for gas/particle transport integrated into a small salt

integration across the lab analysis loop



W) Check for updates
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W) Check for updates
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Thank you!
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