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to solve MSR off-gas challenges. i
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The ARC for MSR Technology seeks to facilitate industry
success In the deployment of commercial MSRs

« Approach

— Understand salt properties, chemical behavior, and transport properties
 Develop a mass accountancy model for liquid-fueled MSRs
— Study material performance in representative environments
- Develop and demonstrate technology needed for a first reactor
o Off gas system technology
o Safety assessments and containment strategies
— Develop monitoring capability for first reactors

« Corrosion potential measurement and localized corrosion detection
o Off-gas system species monitoring
e In-situ material specimen surveillance

Science and
Technology

Operations
Monitoring

Licensing
Framework
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To support MSR licensing, source tferm and off-gas
challenges need 1o be addressed

o Design effective off-gas tfreatment systems for MSRs

- Thermochemistry tells us what to expect in the salt, cover gas

- Transport modeling tells us what 1o expect on surfaces, in porous volumes, and off-
gas systems
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To support MSR licensing, source tferm and off-gas

challenges need to be addressed
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I ¥oakRince  We are defining functional requirements for an MSR off-gas system.
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Off-gas: the intersection of analysis, monitoring, and
modeling

Laser

Baratron

Measurements of vapor pressures over FLiINaK using the

Vacuum

Netzsch Skimmer are in good agreement with the computed Line
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Online monitoring of off-gas systems performance
iINncludes detection of chemical species

Online monitoring tools are being built and
demonstrated to support near-term deployment of
MSR systems

Online off-gas monitoring provides unique insight
intfo reactor performance and allows for efficient
and informed operation of off-gas treatment
systems

- The combination of molecular and elemental
techniques provides a comprehensive understanding
of gas composition

« Results with Raman and LIBS show optical data can
be used to quantify key species within the off-gas
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Quantitative elemental analysis
is important for MSR off-gas

LIBS was shown to quantify
relevant fission product species
in aerosols at ppm levels

Molten salt pot system has
been designed and is under
construction for testing of
online monitoring techniques

Extension of online monitoring
techniques to direct liquid
analysis is possible
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Laser Induced Breakdown Spectroscopy has been used
to provide real-time quantitative elemental information

Quantitative elemental analysis is important
for MSR off-gas

LIBS was shown to quantify relevant fission
product species in aerosols at ppm levels

Molten salt pot system has been designed
and is under construction for testing of online
monitoring techniques

%OAK RIDGE

National Laboratory




Laser Induced Breakdown Spectroscopy has been used
to provide real-fime quantitative elemental information

Quantitative elemental analysis is important
for MSR off-gas

LIBS was shown to quantify relevant fission
product species in aerosols at ppm levels

Molten salt pot system has been designed
and is under construction for testing of online
monitoring techniques
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Real Time Demonstration — initial concentration predictions

2250 ‘
________ ---Analytical Value
2000 : E @ Gd Predicted
V.’:: @ Nd Predicted
o P e et © QuRp' | © Sm Predicted
= ' ' m Predicte
- o M - i
o 1500 Jl | !
= © | |
S 1250 | ! '
J¢ :wo (=---oe- |
21000 | M
3 T @
5 790 Pty ey Py —
O i o
500 : :
250 : |
@) O :
0 M‘ i
0 5 10 15 20 25 30 35 40
Time (min)

%OAK RIDGE
Nat

ional Laboratory




Machine learning was used to improve accuracy of LIBS
analysis

 Advanced optimization algorithms are being explored to dramatically improve
predictive analytical models over those achieved using traditional approaches

* A genetic algorithm was used to achieve greatly improved analytical results
obtained during real time monitoring of surrogate off-gas streams
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Scott Greenwood, ORNL
« Understand the time-dependent behavior of MSRs b°“”"Ea”““dS“°e readspace

« Reactor, off-gas system, and mass fransport models
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e Salt
— LiIF-NaF-KF-Cs
— 0.41.85-10.35-37.8-10.0 mol% at time =0

e Assumptions
— Closed system
- Gas phase is pure Nitfrogen atf fime =0
— Cgasbulk,i<< Primary Gas Concentrafion at all times

Csalt bulki = Csalt,interface,i
>> R

l.e,. R gas,bulk—interface,i salt,bulk—interface,i

— Cgas,interface,i CAlculated from Thermochemica
* i.e., partial pressures based on Cgqitinterface,i

— Inventory in salt is much greater than transferred
material
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 Develop mass transfer of representative salt
based on physics-based gas-liquid

inferfaces

» Integrate gas-liquid interface into dynamic

molten salt reactor model

« Generate off-gas system model from
Campaign design

e Infegrate off-gas system into reomcm:w’ru_pr model
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Big takeaways...

e Source term and off-gas challenges need to be addressed
to support licensing of MSRs

« An ORN
capabi

L-led multi-institution collaboration is establishing
Ities and developing technologies to address these

SoOurce |

‘erm and off-gas challenges

- Technologies: treatment systems, sensors (LIBS, Raman, etc.)
- Capabhilities: system modeling tools, experimental test stand

e Sensor technologies can be extended to direct salt anlaysis
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Questions?

E-mail: myhrekg@ornl.gov
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