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« MSR systems pose unique
challenges to MC&A analysis

 Building robust capabilities for in-
line analysis of the system could
provide needed information
without opening the system for
grab sample collection

* Provide needed information
and measurement uncertainty
for actinides and other key
targets without placing undue
burden on the MSR system

W g s Lard s

https://en.wikipedia.org/wiki/Molten_salt_reactor
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SAMPLE

* Fundamental
characterization

* Design phase el ° Analytica
» Informed and _ | Chimica
optimized R&D , . |

* Deployment phase
* Process optimization
* Process control

e Real-time
characterization

Tse, P, N.P. Bessen, S.A. Bryan, A. M. Lines, J.C. Shafer. “Review of On-line and Near Real Time Spectroscopic
Monitoring of Processes Relevant to Nuclear Material Management” Analytica Chimica Acta, 2020, 1107:1-13,




\%/ On-line Monitoring for Chemical Characterization:

Northwest  Optical Spectroscopy ———
IREC

ey Analytical

* Provides chemical information
* |dentification and quantification

» Oxidation State et L | N
» Essential information for control of mmm—— T i
systems

* Molecular and elemental species

« Essential information to
understand/control separation
efficiency or general system behavior

* Fast
* Robust , \

* Versatile Gas i Molten Salt H
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 FY20 focus outlined

advancement needs
n Outline Of cu rrent Roadmap Phase 1: Laboratory Phase 2: Collect training

Development Testing set and build models
state of the art Identify target analytes anh * Complete scoping study for
technology needed to optical fingerprints in * Design training set to
|
Road ma p monitor species target salt system: small- capture target and
* Outline current state of the scale interfering signatures
art and technology gaps for * Design large scale (e.g. * Collect training set
monitoring capabilities immersion probe) * Build chemometric models
* Plan technology interrogation mechanism * Validate model
development roadmap / for system infrastructure performance
o I nfo rmed key Ste pS K ¢ Test |arge scale probe \ /

d durabilit J
for FY2 1 Phase 3: Large scale \ reopomeE e T

testing

Phase 4:
Deployment * Identify QA requirements
preparation * Assess technology transfer

options
* Explore approved pathways
to integrate probes j

* Explore options to test
system performancein
larger scale system
mimicking deployment
conditions

t Optimize design and models
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Two Areas of Development Identified in

Roadmap
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« Demonstration of ability to capture
representative target fingerprints

« Exploration of relationship between signal
and target concentrations

 Qutlining value of approach while
continuing to track developing needs
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Small scale
Highly efficient scoping and
fingerprint collection

 Utilizing small scale

setup Cuvette
= Cost effective B T S | \ Holder
= Time efficient P ) =

* Translates well to
anticipated response in
larger scale probes

« Utilize
spectroelectrochemistry
to control oxidation states
and generate “pure”
redox spectra
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* Previous demonstration on | | | |
capturing U fingerprints
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* Previous demonstration on
capturing U fingerprints

 Demonstrated need to
iImprove atmospheric control

« Set initial FY21 focus on
setting up inert containment
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* Final set up of
Inert containment

» Box feed throughs
(long pole of the
tent) received and
installed

e Furnace and
external
Instrumentation set

up
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Recent Results
Placeholder




Northwest  Chemometric Modeling for Quantification
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7 Analytical tool development:
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/ldennfy target analytes and collect \ @”d chemometric model} /On—line monitoring validation \

representative training set
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Applications of chemometric modeling
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Analytical tool development:

Applications of chemometric modeling

Raman intensity
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FY21

Can it meet Capturing fingerprints

the need?
Chemometric modeling
Expanding TS
Building the; Expanding models
system

Probe optimization

Probe shakedown-loop integration




o

Pacific

Northwest ~ Key Takeaways

L LABORATORY

* On-line monitoring is a powerful route to gain in situ and real-time
characterization of a system
= Limits or eliminates need to collect grab samples
» Limits or eliminates need to access closed, atmospheric controlled system

 Building the inline characterization tools can provide a pathway to maintain
accountancy
= Aiming towards approach that is less burdensome to operators

» Optical spectroscopy approaches can provide needed chemical information,
and then some
= Total U concentration
» U redox ratios, speciation, etc

 PNNL is actively exploring the development, and ultimately commercialization,
of these tools
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