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Abstract
Methods of interdicting nuclear materials to date have favored the use of large portal

detectors at choke points, or hand carried instruments used by trained personnel for
conducting spot searches. Although these methods are effective in some instances, it is often
impractical to insert choke points at busy traffic areas, and it is not cost effective to maintain
a force of skilled operators whose focus is nuclear interdiction.

Recent technology developments are causing profound changes in the philosophy and
methods employed for interdicting nuclear materials. Breakthrough advances in the
miniaturization of detectors and low power electronics have made possible a new class of
small gamma-ray radiation detectors, roughly the size of a message pager, with
unprecedented sensitivity for their size. These instruments, named Radiation Pagers ™, are
ideally suited for use by untrained individual law enforcement personnel and emergency
responders in the course of their regular duties.

New tactics that utilize a radiation detector worn by every officer are creating a
moving curtain of detection with a significantly higher likelihood of locating illicit nuclear
contraband. These individual detectors also provide each officer with a high level of
confidence that they are not being unknowingly irradiated in the course of their work.

1. SEARCHING FOR RADIOACTIVE CONTRABAND
Until recently, commercially available equipment was either not sufficiently sensitive or

was impractical to carry and use. As a result, most of the interceptions of smuggled nuclear
materials to date have been a result primarily of good investigative work, rather than through
the use of radiation detection devices. To be effective, an instrument must operate in a hands-
free manner, be simple to operate, be very reliable, have a detection time (integration time) of
less than one second with a low false alarm rate, have an affordable cost for acquisition and
maintenance, and be available in large numbers.

Although nuclear materials emit both gamma rays and x-rays, so do many naturally
occurring materials. There is a radiation background everywhere that is caused by trace
amounts of naturally occurring radioactive elements in soil and building materials. There is
also a radioactive contribution from cosmic rays, which becomes more significant with
altitude. In addition, radioactive decay of uranium in the soil produces radon gas, which can
increase the natural background radiation depending on weather conditions. All of these
contributors combine to produce the low level radioactive background against which illicit
nuclear materials must be detected.

There are also a number of common radioactive sources encountered by all of us on a
day to day basis. Many objects contain small quantities of natural thorium or uranium.
Examples include some camera lenses, welding rods, and lantern mantles. Antique glass
sometimes contains uranium as a coloring agent, and some dishes produced in recent years
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utilize uranium glaze. Natural marble objects, such as statues, tiles, and architectural pieces,
often contain high concentrations of uranium and thorium, and can be considerably more
radioactive than their surroundings.

By far the most common radioactive source likely to be encountered in public areas are
out-patients that have received medical uptakes. Approximately 5 million patients each year
receive nuclear medicine therapy and diagnostics in the U.S., and although the radioactive
agents used generally have short half-lives, many individuals can remain detectable for days
or weeks. Among the traveling public, it has been observed that approximately one in 30,000
people are detectable from nuclear medicine uptakes.

Once a suspicious radioactive emitter has been detected and localized, identification and
threat determination is often a matter of common sense and the process of elimination. In
other cases, however, it may be necessary to bring in specialized equipment to obtain gamma-
ray spectral, or energy information for diagnostic analysis by experts.

The most critical need, however, is for early detection. The capability to do this has
recently been dramatically improved by commercially available small, highly sensitive, belt
worn radiation detectors.

2. One man-one detector
One result of this new technology is the practicality of each individual officer

possessing a sensitive personal radiation detector, much as each officer now possesses a
weapon or a radio. These instruments are relatively inexpensive, are small enough to be worn
on the uniform, and are low powered enough that they need not be turned off.

A major advantage of many small radiation detectors is their inherently closer distance
to the radiation source. Because the intensity of radiation from a source varies with the
inverse square of its distance, detector size must increase by a factor of four to merely double
detection distance. The upshot is that large detectors capable of sensing radioactive materials
at farther distances are not mobile, and must be located at carefully selected choke points.

Many small radiation detectors, worn by many law enforcement personnel in the course
of their regular duties, can represent a moving curtain of detection that can be far more likely
to locate contraband nuclear materials. Once nuclear materials are detected, it is much easier
to specifically locate the source with a small, hand-held detector, particularly in a dynamic
environment. In addition, the economics of many small, distributed detectors can be very
attractive compared to the cost of an expensive fixed-site installation.

3. The radiation pager
Message pagers have been used as the paradigm for the new class of miniature gamma-

ray radiation detectors, which have been named Radiation Pagers ™. Like a message pager,
the Radiation Pager is intended to be used by a single individual who clips it to their clothing
or uniform and carries it on a routine basis. When radioactivity is detected above a pre-set
background, the Radiation Pager notifies the owner by beeping or vibrating, similar to a
message pager. When a button on the Radiation Pager is pressed, it provides a number
between 0 and 9 indicating the level of radioactivity detected, analogous to the numeric
display on a message pager. Most people quickly acquire an intuitive feel for the instrument
and assimilate it into their normal working routine.

Although other small radiation detectors have been available previously, they have lacked
a reliable, cost effective gamma ray sensor with sufficient sensitivity to have an integration
time of less than one second with a low false alarm rate. These previous detectors have
utilized either a peanut sized Geiger-Muller (GM) tube or a few cubic millimeters of a solid-
state material. These work well for larger radiation sources that might pose a potential health
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hazard (and are an excellent choice for health physics applications), but they are inadequate
for detecting weak radiation fields, as their count rate is not high enough to be statistically
significant over the natural background radiation in a short integration time.

More sensitive detection devices are scintillators. Scintillators are essentially down-
converters that absorb gamma rays and re-emit light at optical wavelengths. A number of
inorganic crystals exhibit this property, as well as some organic plastics. There are trade-offs
associated with the use of different scintillators, but in general they owe their sensitivity to
their being dense solid materials.

The difficulty with using scintillators is in detecting the tiny amounts of light that they
emit. Although solid state devices such as silicon photo diodes have been used with
scintillators, these light detectors are severely limited in their performance by their noise and
temperature characteristics. Photon multiplication device, such as photomultiplier tubes, have
been the favored technology for use with scintillators, however these devices have been large
and fragile in the past, making their use in portable equipment difficult. Recent significant
breakthroughs in the miniaturization of photomultiplier tubes have made small, rugged, highly
sensitive scintillation detectors possible.

Crystalline Cesium Iodide (Csl) has been chosen as the scintillation material for the
Radiation Pager because of its high density, optimal light wavelength output, and rugged
mechanical properties. This allows the Radiation Pager to survive the rigors of everyday real
world use, such as drops, extremes in temperature, and fast temperature gradients.

The detector for the Radiation Pager is comprised of a Csl crystal 1.3 cm diameter x 3.8
cm long, which is coupled to a miniature photomultiplier tube. This is the largest possible
crystal that can still fit into the pager sized plastic case of the instrument. These detectors
have a typical sensitivity for the 137Cs 662 KeV gamma ray of 2.1 cps/microR/hr. By
comparison, a GM tube of similar size has a typical sensitivity of 0.02 cps/microR/hr , and a 1
inch diameter x 1 inch long Nal scintillator such as might be found in a "lunch box" sized
detector has a typical sensitivity of 2.9 cps/ microR/hr.

Independent test results for the Radiation Pager detection response as a function of
various nuclear materials is shown in Table 1.

It is important to appreciate, however, that detector response is not instrument response,
as integration time (response time) and false alarm rate must be considered. The Radiation
Pager will detect 37 KBq of 137Cs with a 1 sec exposure at 10 cm with a false alarm rate of
less than 1 alarm/day in a natural background of 0.1 [Sv/Hr.

The other enabling technology for the Radiation Pager is the recent availability of low
power 3 volt integrated circuit devices in surface mount packages. As a result, the Radiation
Pager has achieved an unprecedented continuous operational lifetime of over one year on a
single pair of AA alkaline batteries. In routine use, the Radiation Pager, like a message pager
does not need to be turned off.

The Radiation Pager has several other features that make it well suited for routine use by
law enforcement agencies and emergency responders. The instrument has been designed to
operate accurately at temperatures from -15 degrees C to +50 degree C (+5 degrees F to +122
degrees F). The instrument is resilient enough take the rigors of active operational use, and
has proven in tests to be tough enough to withstand a three foot drop onto concrete. The
Radiation Pager maintains it accuracy over a wide range of radiation fields, and has been
designed it to be virtually impervious to latch-up in high radiation fields. The instrument has
also been shown in tests to be impervious to EMI from a 5 watt radio transmitter directly
adjacent to the case.
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4. Conclusions
In the past the high cost, large size, and necessity for operator training has prevented the

large scale use of radiation detectors for nuclear interdiction. That is changing. A new tool for
the detection of radioactive materials, the Radiation Pager™, is now available as a result of
recent advances in technology. The introduction of these new instruments, and the concept
and tactics of One man-One detector, is rapidly improving the outlook for nuclear interdiction.

Table 1 - Maximum distance at which the instrument alarms for specific isotopes. Data taken
from tests by the Radiation Detection Technology Assessment Program (RADTAP), jointly
conducted by the US Customs Service and the US Dept. of Energy, May 5-16, 1997

Source
241Am
57Co
133Ba
137Cs
88y

232T h

1 3 1I
LEU
HEU

Radioactivity
50 [Ci
212 [Ci
195 [Ci
68.2 [Ci
170 [Ci
59.7 [Ci
104.7 [Ci
2.2 [Ci
590 [Ci
63 [Ci

Distance
83 in
283 in
232 in
79 in
227 in
26 in
253 in
49 in
149 in
466 in
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