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SUMMARY. This paper discusses new innovative techniques for both cargo and personnel scanning and plant
and infrastructure surveillance and protection. It contains Intellectual Property and some of the systems
described are covered by Patents. For example, a typical container inspection system is based on Pulsed Fast
Neutron Analysis operating on the following principles:

• An accelerator produced pulses of fast neutrons, which interact with the elemental composition of the cargo
under inspection. In a manner similar to radar scanning the timing and positioning of the pulsed neutrons
indicates where the interactions occurs. These interactions initiate the emission of gamma radiation which
characterises the elemental composition and which is collected by sensor arrays.

• The gamma ray signals are analysed in a high speed processor which identifies the presence and location of
the chemical element combinations in all types of contraband. These may be drugs, explosives or nuclear
material.

• High resolution images display the location and shape of all contraband in the cargo under inspection. An x-
ray like image of the cargo can also be provided. Because the scanning system software already contains
standard gamma ray material signatures, the need for time consuming and unreliable manual interpretation
of complicated images obtained in x-ray scanning systems is completely eliminated.

Introduction

The need for container, airport personnel, border and
public utility scanning to ensure the security of
human life and public and private property has a
history of some two decades.

The Lockerbie incident (1989) and the World Trade
Centre disaster (2001) served to focus attention on
the detection of illicit metallic arms and explosive
devices at airports.

hi parallel with airport security has come the global
concern over the increasing covert movement of
nuclear materials, drugs and other contraband. This
necessitates increased security at national borders,
shipping terminals and customs and quarantine
inspections. The use of "state of the art" automated
scanning systems at vehicle, container and personnel
inspections is now mandatory.

The physics and engineering of neutronic scanning
systems is based on four decades of experience and
development in the Nuclear Engineering Schools of
British, American and Australian Universities and
experience gained at some of the foremost nuclear

science and engineering National Laboratories in
these countries.

Most, but not all, of the scanning systems are based
on the physical principles of Neutron Activation
Analysis.

This is a significant advance on the historical
dependence on commercially available x-ray and y-
ray scanners for the following reasons:-

• X-ray and y-ray scanners are primarily for
the detection of metallic objects and
explosives. Detection of plastics and
narcotics is difficult it not impossible.

• Neutron Activation Analysis determines
elemental composition, not just density. It
has great penetration even through illegally
placed shielding material.

Neutronic scanning systems have been
developed from innovative techniques used in
nuclear power plant surveillance and
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diagnostics first pioneered nearly fifty years ago
- see References. The use of pulsed neutron
measurements and neutron noise analysis has
been cleverly adapted to scanned procedures
which through gamma activation identity
elemental composition of all targeted objects.
Computer based time and energy domain
analysis is used to display the characteristic
energy spectra and composition of all detected
elements and reconstitutes a photographic
image of the content of the cargo under
inspection.

Practical and logistical issues

International container terminals may handle
anything from 10,000 to 1,000,000 container
units per annum.

An automated neutronic system may be
programmed to scan from 5 to 15 containers per
hour. Typically, such systems will provide a
500% increase in throughput and a 300%
decrease in manpower.

It should be noted that manual inspections may
cost as much as $AUS600 per container. If a
Port or Customs Authority wishes to inspect
more than, say, 2000 containers per annum -
say 0.3% of the throughput - it can be shown
that automated scanning becomes mandatory.

All neutronic scanning systems are designed to
comply with the radiation health and safety
requirements of the International Commission
on Radiological Protection (I.C.R.P). The
operations of such systems does not harm any
component of a cargo under inspection, even if
it contains food - nor does it leave any residual
radioactivity after an inspection.

Large neutronic scanning installations are
designed for two or three personnel depending
on local requirements. A two man crew would
include a System Operator and a technician.

The operational detection thresh-hold for large
neutronic installations is estimated to be the
identification of around one kilogram of
contraband at the geometrical centre of a
standard sized container.

Range of techniques

The following neutronic techniques are being
developed for scanning purposes:

• Fast neutron analysis (FNA)

• Pulsed fast neutron analysis (PFNA)

• Coded aperature fast neutron analysis
(CAFNA)

• Pulsed fast neutron transmission
spectroscopy (PFNTS)

• Fast neutron resonance absorption
(FNRA)

• Nuclear resonance fluorescence (NRF)

• Gamma resonance absorption (GRA).-

These techniques may be categorised into two
groups.

• Use incoming radiation as a probe and
observe secondary emission of radiation

• -PFNA
-FNA
-CAFNA
-NRF

• Transmit radiation through object and
detect on other side
-PFNTS
-GRA
-FNRA

and further resolved into physically related
technologies in terms of nuclear sources and
detectors as follows:

• Broad band of incident energy in - narrow
out
-PFNA
-FNA
- CAFNA
-NRF
-PFNTS

• Narrow band of incident energy in - wide
out.
-GRA
-FNRA

Pulsed fast neutron analysis

In this introductory paper only Pulsed Fast Neutron
Analysis (PFNA) will be discussed in detail. This
system operates in the following manner:

• An accelerator (Appendix A) produces
pulses of fast neutrons which interact with
the elemental composition of the cargo
under inspection. In a manner similar to
radar scanning, the timing and positioning
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of the pulsed neutrons indicates where the
interactions occur. These interactions
initiate the emission of gamma radiation
which characterises the elemental
composition and which are collected by
sensor arrays.

• The gamma ray signals (Appendix B) are
analysed in a high speed processor which
identifies the presence and location of the
chemical element combinations in all types
of contraband. These may be drug,
explosives or nuclear material.

• High resolution images display the location
and shape of all contraband in the cargo
under inspection. An x-ray like image of

the cargo can also be provided by the
system. Because the scanning system soft-
ware already contains standard gamma ray
material signatures, the need for time
consuming and unreliable manual
interpretation of complicated images
obtained in x-ray scanning systems is
completely eliminated.
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Fig 1 Typical scanning geometry
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Appendix A

Neutron Sources

Accelerators produce fast neutrons as products of charged-particle reactions. The most
popular device is the so-called neutron generator, which operates on a reaction.

?H + ? H -> o n + 2 He + 17.586 MeV

The cross section for this exothermic reaction peaks at a deuteron kinetic energy of about 120
keV with a value of about 5m6. The neutrons produced have an energy of about 14 MeV.
(The neutron kinetic energy changes slightly with the direction of emission). The maximum
neutron flux provided by a neutron generator is of the order of 1 (I12 neutrons/cm2/sec, and the
pulse length scanning must be around five nano seconds!

Neutrons with an average energy of about 2.5 MeV are produced by the (d, d) reaction.

i H + ? H -> o n + i H + 3.266 MeV

The cross section for this reaction peaks at about 2 MeV bombarding deutron energy with a
value of about 100mb. At acceleration, voltages normally u sed in. neutron generators (~ 150
KeV), the cross section is about 30mb. The (d, d) reaction of neutron fluxes of the order of
109 neutrons/cm2/sec. It is important to note that but the (d, t) and the (d, d) reactions produce
essentially monoenergetic neutrons.

Isotopic neutron sources are based on a (a, n) and (y, n) reactions,, and on spontaneous fission
(252Cf). They all produce fast neutrons. The (a, n) and (y, n) sources produce the neutrons
through the reactions.

lHe+ | Be-> I n + 1f C

y + ' Be -> o n + 5 Be

The isotope 252Cf is the only spontaneous fission (SF) sources of neutrons easily available. It
provides fission spectrum neutrons with an average of 2.3 MeV.
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Appendix B

Neutron activation reactions
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