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One of the worst scenarios for detection of illicit trafficking of nuclear material is when a
legal transport of radioactive material is used to cover the radiation of the smuggled uranium.
Feasibility study was performed in the Institute of Isotopes and Surface Chemistry of the
Chemical Research Centre of the Hungarian Academy of Sciences (hereinafter: Institute) in
order to study the possible on site measurement techniques and approaches applicable in such
cases.

As the type A and type B packages always incorporate a feature such as a seal, in a realistic
scenario the confiscated nuclear material is expected to be placed outside the package. The
passive neutron emission of the uranium is negligible for a reasonable isotopic abundance
therefore the feasibility study was concentrating on non-destructive, passive gamma-
spectrometric methods. Possible application of Nal (040x40 mm ), large planar (15x15x3
mm3) and a hemispheric CdZnTe (500 mm3), and high purity Germanium detectors was
investigated. During the on site measurements portable electronics, mini multichannel
analyzer, palmtop and/or notebook computer were used. The shielding material of the
packages was lead or depleted uranium.

The smuggled material was simulated by a package of reactor fuel pellets containing low
enriched or natural uranium (materials confiscated in earlier cases) and standards containing
low enriched uranium.

During the supposed scenario the portal monitor provides an indication of an elevated level of
the environmental radioactivity. Then the responsible (e.g. customs) officer investigate the
vehicle by a hand-held survey meter in order to search for peaks in dose rates. If a peak was
localized, which is different from the position of the legally transported package(s) the officer
requests for the expertise of the designated institutes.

The following model cases provided the basic conclusion:

1. The legal transport of the radioactive material was simulated by a 4.8 TBq 192Ir source in a
depleted uranium shielding and by a 17.25 GBq 60Co source in the same type of container.
The confiscated material was simulated by a package of 0.809 kg UO2 (pellets) containing
natural uranium, and by another package of 1.712 kg UO2 (pellets) containing low
enriched (2 %) uranium. The "smuggled" nuclear material was placed beside the "legal
package". Gamma spectra were measured by Nal and hemispheric CdZnTe detectors. The
typical measurement time was in the order of 10 minutes. Based on the results the
following first conclusions can be drawn:

a) In the background of the container, containing the 192Ir source (the surface dose
rate was 40-50 uGy/h) the spectra taken by the Nal detector could not provide
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significant indication for the presence of the "smuggled" packages containing
natural or low enriched nuclear material. The spectra taken by the CdZnTe detector
provided significant low energy (186 keV) peak. This conclusion remained valid
for one pellet (15 g) as well.

b) Based on the measurements performed in the background of the container,
containing the 60Co source (the surface dose was 220 pGy/h) similar conclusion
can be drawn, but the detection limit proved to be significantly higher.

2. The legal transport of the radioactive material was simulated by a 0.346 TBq 192Ir source
in a lead shielding. The confiscated material was simulated by two standards containing
low enriched uranium (in the form of 200 g U3O8). Gamma spectra were measured by
high purity Germanium planar detector (1000 mm2 x 15 mm). Based on these
measurements the following first conclusions can be drawn:

a) In the background of the container, containing the 192Ir source the low energy lines
of the 235U in measured spectra (144, 163, 186, 205) proved to be a reliable
indicator of the presence of the "smuggled" nuclear material. In this case the
determination of the isotopic abundance (based on intrinsic calibration method)
provided an additional confirmation - and at the same time categorization - of the
material. The detection limit is below 200 g.

b) In the background of the empty transport container, containing depleted uranium
as shielding material, similar conclusion can be drawn, but one should be careful
concerning the categorization of the smuggled uranium, ELS the influence shielding
material might distort the isotopic abundance.

Additional measurements were performed on different samples (including fertilizer containing
potassium) and using some other detectors (e.g. planar CdZnTe detector with charge loss
corrector circuit).

The most important conclusion of the feasibility study is, that gamma spectrometry can be
considered as a promising tool for confirmation of the suspicion of smuggling of nuclear
material covered by a legal transport of radioactive material. In spite of the lower detection
efficiency, the higher resolution of the measured spectra provides significant advantages.
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