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1. Introduction

Since 1994 the Institute for Transuranium Elements has played the leading role in Europe in
the development of Nuclear Forensic Science. This is a new discipline which has developed
out of necessity following the break up of the former Soviet Union and Eastern Block
countries in 1989, which resulted in the emergence of a new form of illegal smuggling - that
of nuclear materials. The Institute has been involved in the investigation of all the major
cases of illicit trafficking involving nuclear- and nuclear-related materials in Europe from
1994, following the first major incident at Munich airport, up to the present time.

Examples will be given here illustrating different types of cases: the accidental release of
nuclear material into the environment, exercises carried out in cooperation with the German
Federal Police (Bundeskriminalamt), and the removal of nuclear material with deliberate
criminal intent.

2. Dounreay Radioactive Particles

Over a period of about ten years highly active particles, or 'Hotspots' about 1 mm in size,
have been found on the seabed and occasionally on the beaches in the neighbourhood of the
Dounreay nuclear establishment in Scotland, following accidental discharge some years ago.

Two particles were analyzed in the Institute to establish their origin and age. The examination
was made using a Philips XL40 SEM which has the microscope column and pumping system
separated from the control console and mounted inside a closed glovebox for handling
contaminated samples. The instrument is equipped with Energy Dispersive X-ray analysis
facilities.

The particles were identified as an Al-U matrix fuel used in the Materials Test Reactor, and an
age determination shows that they were last processed about thirty years ago. The
examination will be described in detail in the paper.

3. ITWG Uranium Round-Robin Test

The Institute was a participant in the Uranium Round-Robin test organized by the
International Technical Working Group on nuclear smuggling (ITWG). In this exercise a
"seized" sample of highly-enriched uranium was delivered to the laboratory for examination
to determine its composition, origin and intended use.

The exercise was treated as a "real case" and carried out in cooperation with specialist officers
from the Bundeskriminalamt, who examined the container as delivered for possible
conventional "booby trap" explosive devices. The officers remained present in the
laboratories to observe the opening and examination of the material, and to advise the
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scientific officers involved on the best way to preserve the conventional forensic science
information.

Examination and reporting on the sample followed the reporting scheme adopted by the
ITWG of a twenty-four hour, one week and two months final report. The sample was
identified as reprocessed U3O8 with an enrichment of 89.89 235U (wt.%), and an age of
22.4 ± 1.2 years.

Much useful information on optimizing the collaboration between the police and the nuclear
scientists resulted from this exercise, and the analysis of the material will be described in the
paper.

4. Nuclear and Radioactive Material removed from a nuclear installation with criminal
intent.

A worker involved in dismantling a nuclear installation in Karlsruhe removed items
contaminated with nuclear materials and took them home with him, resulting in a heavy
contamination of his appartment and a high body incorporation of himself and his partner.

The Institute examined the stolen material which was recovered by the police along with
personal items of clothing from the people involved.

One of the recovered items consisted of a broken plastic tube which had contained a liquid,
and the dried remains contained 137Cs, plutonium and americium. The tube was examined by
SEM, and shown to have undergone brittle fracture, although the material as received was
plastic. This suggested that the tube had been at some point stored at a low temperature. A
second item, a cloth used in the decontamination of the plant, was also analyzed and found to
contain particles containing plutonium and uranium. The results will be discussed in the
paper.
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