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Abstract

The determination of the origin of seized nuclear material is important for authorities in the
context of the criminal investigation, in order to return the material to its last legal owner and
to help preventing any further diversion of material from this source. Origin determination is
based on a complex pattern of parameters obtained through analytical measurements. The
information required to determine the origin of nuclear materials may be divided into two
categories: endogenous information (e.g. age or mode of production of the material) which is
self-explanatory; whereas exogenous information (e.g. dimensions, surface roughness,
impurities) requires a database to which the parameters can be compared [1]. The Institute for
Transuranium Elements has developed methods to determine characteristic parameters like
impurities, surface roughness, or microstructural information. Furthermore, a database was set
up containing relevant information on reactor fuels [2].

Age determination of plutonium has been demonstrated successfully for both bulk and
particle samples. It is based on several parent-daughter relations (238Pu/234U, 239Pu/235U,
i4OPu/236U and 24IPu/241Am). These parent-daughter ratios are preferably determined by
thermal ionisation mass spectrometry for bulk samples and by secondary ion mass
spectrometry for particle samples [3,4]. The age determination of enriched 235U fuel through
the 234U/230Th ratio is being developed.

The mode of Pu production can be identified by isotope correlation technique using accurately
measured isotope ratios as input data [5].

Using data on surface roughness of fuel pellets proved to be useful to distinguish between
production facilities applying different fabrication methods (e.g. grinding) [6].

The determination of the geographical origin of uranium fuel can be supported by geolocation
techniques. These techniques are based on natural isotopic variations of certain elements. The
variation in isotope ratios correlates with geographical location. A method based on 18O/16O
variations has been investigated [7]. Currently investigations are going on to study isotope
ratios of particular impurities for geolocation purposes in uranium materials.

Results obtained by the different methods will be presented and discussed in view of the
applicability for nuclear forensic science.
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