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Introduction

Illicit trafficking and inadvertent movement of nuclear and other radioactive materials is not a
new phenomenon. However, concern about such activities has increased remarkably in the
last decade. Although the number of such incidents has risen, the overall extent of the
problem is not restricted to Europe and not to nuclear proliferation. A few percent of these
incidents involve so-called "special nuclear materials", which may be used for nuclear
weapons and therefore cause a threat of nuclear proliferation. The vast majority of these
incidents, however, involve radioactive sources, low-enriched, natural or depleted uranium,
which are not usable for weapons. There have been instances in which loss of control over
radioactive materials has led to serious, even fatal, consequences to persons. Examples
include unintentional incorporation of radioactive materials into recycled steel, recovery of
lost radioactive sources by unsuspecting individuals, and deliberate purloining of radioactive
material.

The ITRAP project - financed by the Austrian Government and executed by the Austrian
Research Center in close cooperation with the IAEA, World Customs Organisation (WCO)
and Interpol — aimed at finding international consensus on specifications for detection
equipment and instrumentation as well as verification of such specifications in laboratory tests
and field installations. Under the umbrella of the pilot study, 23 international companies
participated in the study and many of them devised improvements of their monitoring
equipment.

Objectives of the study

An important element of this study was the harmonized establishment of detection thresholds
for practical implementation at borders or similar checkpoints. However, equally important
was the verification of agreed specifications in controlled laboratory conditions and in
realistic operating environments (field tests). All crucial parameters, as inter alia the false
alarm rate, were verified by a significant testing effort as compared to approaches based on
statistical calculations only.

Assessment program

Details of the assessment program are found elsewhere[1][2l Specific scenarios have been
analysed ^ and another overview is presented in this conference^. The core of the testing
program was focused on the radiological parameters sensitivity (detection probability) and
false alarm rate with their associated confidence levels in the laboratory evaluation. Close to
200.000 tests were performed on most stationary instruments alone to verify these parameters.
The main findings shall be reported here.

Lessons learned

Among other important findings, the experiences gained in reference to the chosen
intervention level and the consequences of the statistical specifications adopted shall be
presented. The study has profited from the willingness of all manufacturers to cooperate and
improve their systems based on these findings.
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Investigation level

The detection limit is a quantity intrinsic to an instrument and describes its capabilities with
respect to sensitivity. The investigation level is a term specifically adopted throughout the
study to describe the nominal radiation level in terms of radiation field strength at the point of
detection (radiation intensity) at which an alarm is triggered and subsequent investigation of
individuals, vehicles or goods should be established. It is an agreed setting based on analyses
of threat potential, possible harm caused, and acceptable false alarm rates. A compromise
must be reached in establishing a practical alarm threshold so that illicitly trafficked
radioactive or nuclear materials may be detected, yet provide an acceptably high immunity to
fluctuations of background radiation or naturally occurring radioactive materials (NORM). A
particular investigation level is realized by the actual alarm threshold setting of a monitoring
instrument. This setting can be expressed in terms of multiples of background, or as a multiple
of the standard deviation of the background countrate.

Specifications and consequences

For stationary monitoring instruments, the following specifications were adopted:

• detection sensitivity (nominal alarm threshold) at 0.3 |j.Sv/h @ 99.9% probability for
Am, Cs, Co

• exposure interval 1 sec within 10 sec occupancy interval, 60 second quiet time

• false alarm rate at 0.2 uSv/h not more than 10"4 (1 in 10.000)

The requested probability for alarm detection (the nominal investigation level) necessitates an
instrument alarm threshold setting much below the nominal value to capture 99.9% of the
events (approx. 3 below nominal). On the other hand, the requirement of a false alarm rate
not exceeding 1 in 10.000 proved to be a challenging requirement for many instruments,
necessitating a lowest allowable threshold setting well beyond 3.8 of the background count
rate (which would correspond approximately to an ideal Gaussian behaviour) - see Fig. 1.

Fig. 1: Schematic diagram of overlapping
Signals from background and
radiation source.

Fig. 2: Minimum nominal threshold setting
as function of multiples of
Background and sigma.
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