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Analysis of UOCs for Nuclear Forensics

The threats of nuclear proliferation and terrorism call for international cooperation to prevent, detect 

and respond to incidents involving material outside of regulatory control (MORC)
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Joint Sample Analysis Overview

Participating Laboratories:
• Kazakhstan: Institute of Nuclear Physics (INP)

• Japan: Japan Atomic Energy Agency (JAEA)

• Hungary: Centre for Energy Research (MTA-EK)

• US: Lawrence Livermore National Laboratory (LLNL)

Analysis material:
• LLNL shipped a set of 6 UOC samples to the other participating laboratories

• All participating laboratories were not sample limited for their analyses

Why UOCs?
• Kazakhstan is a major producer of UOC and this type of material is of interest from a technological, industrial 

and nuclear forensics perspective

• Commercially available natural uranium product, relatively easy to ship 
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Exercise Objectives

1. Treat samples like actual nuclear forensics samples

2. Use existing laboratory capabilities for nuclear forensics analysis 

of 5 known UOC samples

4. Share best practices for obtaining, interpreting and reporting data

3. Compare characteristics “unknown” sample with known sample set
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UOC Sample Set

“Known” UOC samples (A-E) “Unknown” 

UOC sample 

(F)

CUP-2 

reference 

material

▪ Do samples have the 

same material properties?

▪ Is a sample consistent with 

materials information 

contained in a database or 

library?

▪ Is the sample consistent 

with material from a 

particular origin?
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Example of an Analytical Plan
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Selected Results: Light Microscopy and X-Ray Diffraction

A

C E

F • Need for method to quantify sample color 

• Optical microscopy identified multiple phases

• Significant differences in XRD spectra (multiple 

phases, spectral matching)

• Blind sample identified as UO2 by all labs
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Selected Results: Electron Microscopy

A B C

D E F

20 µm • All UOC materials 

showed high degree of 

agglomeration

• Samples D - F similar 

elemental composition, 

less impurities than A - C

• Samples E – F similar 

morphology

• Quantification through 

particle size distribution
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Selected Results: Mass Spectrometry

• The 235U/238U measurements with fully propagated uncertainty do not have the precision necessary to differentiate 

between the samples

• 234U/238U ratios are sufficiently variable to distinguish differences amongst the samples.

• The samples are depleted in (234U)/(238U) relative to secular equilibrium except for Sample C, which had (234U)/(238U) within 

uncertainty of secular equilibrium

• Sample F (blind) within uncertainty of Sample B and Sample E

• 236U/ 238U was below the detection limit (4.4 ppb) for all samples
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Application of the Graded Decision Framework

10

Nuclear Forensic Conclusion Situation

Consistent p > 0.05

Inconsistent with medium 

confidence
0.001 < p ≤ 0.05

Inconsistent with high 

confidence
p ≤ 0.001

Not assessed Not enough information is available to

make the necessary comparison, e.g.,

sufficient material characterization of a

sample was not possible.

Sample A Uc,A

uncertainty

Sample B Uc,B

uncertainty

Zeta score P value

U (g/g) 0.882 0.004 0.878 0.004 0.707 0.479

𝜻 =
𝑨 − 𝑩

𝒖𝒄,𝑨
𝟐 + 𝒖𝒄,𝑩

𝟐

𝒑 = 2(1 − Φ)
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Application of the Graded Decision Framework
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(increasing probability of consistency)
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Application of the Graded Decision Framework

8%

23%

43%

49%

100%

A B
C D

E
▪ If we know for certain that Sample 

F is from the same original sample 

as one of the five samples of 

known provenance, then based on 

the GDF, Sample F is most likely 

derived from the same original 

sample as Sample E.

▪ Based on the GDF, it is possible to 

rule out Sample D as a match, 

because the slightly more than 

half of the analytes are 

inconsistent, and key signature 

analytes are inconsistent.
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Conclusions

The results presented by the different laboratories during the October 2019 data 

review meeting largely agreed with one another:

▪ Despite significant differences in XRD and XRF results, all laboratories concluded that, based on 

the physical characterization of the samples, in combination with several other non-destructive 

measurements, the blind sample (sample F) was similar to samples D and E

▪ Further destructive analysis of impurities indicated the blind sample was similar to sample E with 

high confidence 

▪ The development and exercising of the 

UOC component of the NNFL will be an 

important next step in the assembly of a 

comprehensive library capturing important 

nuclear and radioactive materials in 

Kazakhstan. 
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Want to Know More?
Check out our new 

Nuclear Forensics Website: 

www.nuclear-forensics.org
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Questions?

Thank you ☺


