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In-situ uranium isotopic imaging by NanoSIMS can provide insights into the
process history and origin of nuclear fuel pellet materials in support of nuclear
forensics examinations. Credit: Veronica Chen/LLNL

Until recently, the analysis and identification of nuclear fuel pellets in
nuclear forensics investigations have been mainly focused on
macroscopic characteristics, such as fuel pellet dimensions, uranium
enrichment and other reactor-specific features.
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But Lawrence Livermore National Laboratory (LLNL) scientists are
going a step further by going down to the microscale to study the diverse
characteristics of nuclear fuel pellets that could improve nuclear forensic
analysis by determining more effectively where the material came from
and how it was made. The research appears in the journal Analytical
Chemistry.

Uranium dioxide is the most commonly used fuel type in nuclear
reactors worldwide, with fuel fabrication facilities producing hundreds
of uranium pellets per minute. Illicit trafficking of uranium dioxide fuel
pellets is a reoccurring phenomenon. The majority of confirmed cases of
trafficking of nuclear materials that were reported to the International
Atomic Energy Agency Incident and Trafficking Database involved low-
grade nuclear materials (i.e., natural uranium, depleted uranium and low
enriched uranium), often in the form of reactor fuel pellets.

These cases are indicative of gaps in the control and security of certain
nuclear material and nuclear facilities. Each fuel manufacturer applies a
somewhat different set of technological processes to the material, which
can help trace the material back to the originating fuel fabrication
facility.

"In the past, the analysis of fuel pellets and their role in a nuclear
forensics investigation has mostly focused on sample characteristics
where researchers look at average enrichment, pellet dimensions and
other macroscale features," said LLNL chemist Ruth Kips, lead author
of the paper. "We decided to dive deeper into the pellets to figure out
what was happening at an even smaller scale."

In a recent experiment, LLNL scientists used the Lab's NanoSIMS 50, a
high-spatial resolution secondary ion mass spectrometer, to image fuel
pellet uranium isotopic composition in situ.
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The materials analyzed included pellet fragments obtained as part of the
Collaborative Materials Exercise (CMX-4) organized by the Nuclear
Forensics International Technical Working Group.

The data showed that the microscale characterization of nuclear fuel
pellets by NanoSIMS can reveal production process characteristics that
were not detected using the typical set of physical measurements and
bulk analysis techniques applied to these types of materials.

"NanoSIMS imaging of the CMX-4 fuel pellet fragments showed
distinct microscale variations in the uranium isotopic composition," said
LLNL chemist Peter Weber, co-corresponding author of the paper.
"These variations were not detected using the conventional bulk
techniques applied to these materials."

NanoSIMS imaging analysis allowed direct characterization of the
spatial heterogeneity of the uranium isotopic composition of the surface
of fuel pellet fragments and the relationship of that heterogeneity to
crystal structure.

"NanoSIMS allowed the distribution of isotopic heterogeneity to be
directly visualized in the sample," said Michael Kristo, co-author and
LLNL lead for nuclear forensics. "Our study highlights the importance
of characterizing samples on the microscale for heterogeneities that
would otherwise be overlooked and demonstrates the use of NanoSIMS
in guiding further nuclear forensic analysis."

  More information: Ruth Kips et al. Microscale Isotopic Variation in
Uranium Fuel Pellets with Implications for Nuclear Forensics, Analytical
Chemistry (2019). DOI: 10.1021/acs.analchem.9b01737
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