
NUCLEAR FORENSICS is one of the pillars of NUCLEAR SECURITY as a response to criminal acts and illicit trafficking involving nuclear materials 
or other radioactive materials out of regulatory control (MORC). ENEA has been participating in a series of international virtual web-based 
exercises "GALAXY SERPENT” with the aim of developing national competences and National Nuclear Forensics Libraries (NNFLs) as a valuable 
support in nuclear forensic investigations. The last exercise, GS v3, fit in the field of safety and mitigation of CBRNe risks.
EXERCISE SCENARIO 
1) 1st scenario describes the trafficking of Uranium ore concentrate (Uoc). The Government requires the organization of Uoc information in a 
NNFL, to support forensic investigations. 
2) 2nd scenario describes, following an anonymous tip, the interception of a vehicle leaving the country with illicit load. Three sealed 
containers, marked only with radioactivity warning symbols, are identified on board. The inspections reveal the presence of geological sources 
in each container and subsequent isotopic investigations specify the presence of Uoc. The government requires the use of the NNFL previously 
created, to verify the consistency between the samples intercepted and the samples in the NNFL itself. 

Uranium provinces of the 
world. Afanasiev et al. 
(2014), Dahlkamp, 2009.

Basalt from uranium core 

Phase 1: creation of the NNFL listing the sample FORENSIC SIGNATURES according to the four affinity classes of basalt (IAB, 
MORB, OIB, ZCRFB) from which Uoc was extracted. The investigation field was narrowed according to:

PCA: 95% of the variance is explained by the first five components; the first three components explain 
more than two thirds (85%) of the variance (Fig. left).

Phase 2: the 
assessments of 
the consistency 
among the three 
unknown 
samples and 
between of each 
of them with the 
NNFL has been 
carried out using 
REE patterns as 
main fingerprint 
of the affinity 
classes. 

REEs can be used to verify the origin of the 
samples and some process they have experienced. 
In addition, variations in their concentration, 
compared with their natural abundance, could 
also be indicative of technological processes (like 
targeted extraction) aimed at the recovery of 
these elements that have high technology 
application (i.e. electronics).

REE patterns of the three unknown samples 
(white points), compared to REE patterns of NNFL 
(normalization from “Taylor & McLennan” 
database, 1985).

CONCLUSIONS: 

The enrichment in light REE compared to MORB pattern should 
be investigated as it can be clue of a different rocks genesis and 
we cannot establish its origin. The inconsistency among the 
three unknown samples make the illicit trafficking scenario more 
complex, suggesting a multiple breach of the control chain of the 
materials. The exercise showed that the availability of a  
geochemical dataset of REEs and trace elements of Uoc, 
combined with the application of specific tools, can usefully 
support nuclear forensic investigations on materials  
transportation control.

First unknown sample 53023   → IAB
Second unknown sample 8615     → IAB
Third unknown samples 1005     → IOB or MORB 
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- PCA analysis: biased 
result;
- The sample has the 
lower variability 
respect to the 
remaining signatures;
- It is not a “trace 
element” and so it 
was not so useful for 
traceability 
investigation.

The Principal Component Analysis (PCA) was applied to the NNFL matrix to narrow the investigation 
field by selecting the most significant parameters (keeping the variability of the whole database). 
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