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Abstract

The paper describes the design and preliminary results of an extended pilot study of
commercially available monitoring systems for the detection of nuclear and other radioactive
materials at borders. The study consists of a laboratory test phase and field tests at the Aus-
trian/Hungarian border and the Vienna airport, each for a duration of one year. The results
will be used to derive realistic performance requirements for border control systems in view
of optimized technical and economic conditions.

1. Introduction

In support of the IAEA program to combat Illicit Trafficking in nuclear and other ra-
dioactive materials the Austrian government contracted the Austrian Research Centre (ARC),
Department of Radiation Protection to conduct a pilot study on border monitoring systems to
evaluate the performance of commercially available equipment under realistic conditions in
order to derive essential performance requirements for the upcoming IAEA "Safety Guide on
Preventing, Detecting and Responding to Illicit Trafficking in Radioactive Materials". The
ITRAP study has started in late 1997 and will be conducted during the next two years. The
project is focused on detection at borders related to

• smuggled radioactive sources posing a potential health risk to the population, especially if
illegally disposed;

• radioactive or nuclear materials used for terrorist activities with the inherent threat of crea-
tion of weapons of mass destruction.;

• radioactive materials in scrap metals causing substantial problems in the steel manufactur-
ing process;

2. Scope of the ITRAP Study

The ITRAP study consists of three major phases.

In the first phase equipment currently available on the market and provided free of
charge by interested manufacturers is subjected to laboratory testing at the Austrian Research
Centres Seibersdorf. The instrument categories include hand-held, portable, and fixed-
installed equipment. The test criteria defined as minimum requirements have been established
together with the manufacturers. The laboratory tests started in May 1998 and will last until
end of this year.

During the second phase, the field study, equipment passing the laboratory tests will
be installed at a major Austrian-Hungarian border crossing (Nickelsdorf) for monitoring of
cars, trucks and trains, as well as at the Vienna airport for pedestrians, luggage and cargo. In
this phase the results gained from the lab tests about the 'fitness for use' shall be verified in
practice, in close co-operation with the law enforcement officers at the borders. Also training
issues and questions of maintenance and support shall be evaluated.
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In the third phase realistic specifications and performance requirements shall be de-
rived with the help of international experts and selected specialists from the users and manu-
facturers. The results of the field study will focus not only on the technical aspects of moni-
toring equipment (e.g. detection threshold and rate of false alarms) but also on the operational
(e.g. ease of use, reliability, training requirements, field support) and economic aspects of
extended border installations.

3. Realization

The pilot study is being undertaken in close co-operation with the IAEA and a panel of
experts who already defined the test procedures and minimum requirements for the lab tests
together with the manufacturers. For the practical implementation of the equipment in the
field, the excellent co-operation with the Austrian and Hungarian customs authorities is
greatly acknowledged.

The lab test was launched on May 27*, 1998, after initial set-up problems. By mid July
about 20,000 tests have been made under alarm conditions (elevated background plus source
present) and approximately 30.000 tests under false alarm conditions (source absent, only
elevated background).

4. Lab-Test Conditions

Totally 14 fixed installed systems have been positioned in a circular (panoramic) ge-
ometry around a circle of 3 m radius, with the reference point of the detector exactly at the
same distance from the centre of the circle for all systems (fig.l). If a detector system consists
of two detectors, only one of them has been used for the tests. At the test-site the portals with
detectors have been installed in a fenced open area, unprotected to environmental conditions,
the electronics and control-units in an adjacent, protected and enclosed hall.

To test the detection probability a source of about 10 MBq 137Cs is positioned in a
shielding container at the centre of the circle and raised out of the shield for a duration of 1
second. The dose-rate during the exposure period of 1 s is 0,1 uSv/h at the reference point of
the detectors. After each exposure the source is lowered into the shield for 1 minute, than
raised again. With continuos operation some 10,000 exposures can be made within some 10
days. An additional 137Cs source at the centre (above the moveable source) increases the natu-
ral background to approximately 0.2 p.Sv/h at the reference point. The exposures have been
repeated with lower number of shots with an 241Am and an 60Co source of the same dose rate.
To test the neutron response of the detector systems a 252Cf source of 0.2 MBq (0.01 fig) is
used which emits the same neutron flux as 300 g of weapons Plutonium (6% 240Pu).

To test the false alarm rate the same set-up is used without a source in the shield (only
background source).
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Detectors D in about
1.5 m above ground

Fig. 1: All detector systems are tested simultaneously using a circular (panoramic) geometry
around a circle of approximately 3 m radius with the radioactive source in the centre.

Fig. 2 shows the time regime for one test cycle. The electronic control system provides a start
and a stop control signal to define the occupancy time period, the instruments under test pro-
vide an alarm signal if an alarm is triggered. Every 0.5 s the status of all detector systems is
recorded simultaneously on PC together with the source position and measured dose rate.
During a one minute waiting-period after each exposure the systems may perform automatic
re-calibration.
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Fig. 2: Timing regime for one test cycle

5. Preliminary Results

Fig. 3 is a summary of the preliminary results for the alarm tests. Under alarm condi-
tions (elevated background plus source present), the average failure rate, i.e. the frequency to
trigger no alarm when the source is out of the shield, is generally below 1 in 1000 incidents,
with an average of 2.10'3. Best system performance is below 1 missed alarm in 10.000 (prac-
tically NIL), worst performance is in excess of 1 missed alarm in 100. Generally the system
performance is rather uniform with a few exemptions, i.e. rather good and rather bad perform-
ance.
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Fig. 3: Relative Failure under alarm conditions (backgroundplus source)

The false alarm rate, i.e. the frequency of alarms triggered without a source, was also
evaluated under the same timing and background conditions, however without a source pres-
ent. Variations among the systems are much more pronounced here, indicating problems to
cope with elevated background situation and others. Following discussions with manufactur-
ers it is not yet clear, if spurious effects ( e.g. temperature drift) or lack of calibration cycles
might be the cause. However, a number of systems (about 40%) have passed the tests with
practically zero false alarms so far. For other systems there seems to be a correlation between
excellent performance under alarm conditions and poor false alarm rate, as can be expected.
Generally, the average false alarm rate is 0.6%, mainly caused by 3 rather poor systems clus-
tering in the 1% region. Ignoring these systems, average false alarm rate would drop to 0.03%
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Fig. 4: Relative False Alarms under no-alarm conditions (background only)

6. General observations

The agreed minimum requirements and resulting test conditions - both the radiological
as well as the environmental specifications - seem to pose considerable problems for some of
the systems. After about 10,000 tests five manufacturers had to be called in for repair of their
systems, which became obvious by sustained bad performance both in detection failure and
false alarm rate, although these systems behaved well in the beginning. Bad set-up, bad inter-
nal adjustment to the timing regime or bad environmental compatibility may have been the
possible reasons for some of the bad results. Testing was halted and the resumed when the 5
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candidates were again ready to join the experiment. It has been observed that only long term
tests under controlled laboratory conditions may reveal shortcomings in equipment design
which will not show up in a short term testing, mostly applied in this field up to now. The
exact nature of these effects is not obvious and may be specific for every individual equip-
ment under test. Eventually, discussions with the manufacturers should reveal the exact rea-
sons for the system behaviour experienced so far. However, for the purposes of ITRAP the
immediate results are a general indicator of instrument reliability. Under field conditions,
which will include even harsher environmental and less controlled operating conditions, such
false alarms rates or failed detections might either go unnoticed or create a considerable nui-
sance for the operating personnel.

7. Conclusion

Interesting results have been achieved so far for the gamma radiation tests which have
given rise to detailed discussions with selected Suppliers. Most of the systems participating in
the test can be ranked under good performance, however, there are also a number of problems
associated with other systems that have to be rectified to ensure flawless performance under
simulated scenarios or "real world conditions". With the laboratory tests not completed, it is
still premature to reach a final conclusion on instrument performance. Further information
will be released in agreement with the suppliers on general and individual performance results
as soon as available.
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