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PELAN - A TRANSPORTABLE, NEUTRON-BASED UXO IDENTIFICATION TECHNIQUE

ABSTRACT

An elemental characterization method is used to
differentiate between inert projectiles and UXO's.
This method identifies in a non-intrusive, non-
destructive manner, the elemental composition of
the projectile contents. Most major and minor
chemical elements within the interrogated object
(hydrogen, carbon, nitrogen, oxygen, fluorine,
phosphorus, chlorine, arsenic, etc.) are identified
and quantified. The method is based on PELAN-
Eulsed Elemental Analysis with Neutrons.
PELAN uses pulsed neutrons produced from a
compact, sealed tube neutron generator. Using an
automatic analysis computer program, the
quantities of each major and minor chemical
element are determined. A decision-making tree
identifies the object by comparing its elemental
composition with stored elemental composition
libraries of substances that could be contained
within the projectile. In a series of blind tests,
PELAN was able to identify without failure, the
contents of each shell placed in front of it. The
PELAN probe does not need to be in contact with
the interrogated projectile. If the object is buried,
the interrogation can take place in situ, provided
the probe can be inserted a few centimeters from
the object's surface.

INTRODUCTION

High explosives (TNT, RDX, C-4, etc.) are
composed primarily of the chemical elements
hydrogen, carbon, nitrogen, and oxygen.
Chemical warfare agents (mustard gas, sarin,
etc.) contain along with the previous mentioned
elements other elements such as fluorine,
chlorine, arsenic and phosphorus. On the other

hand, many innocuous organic materials are also
composed primarily of hydrogen, carbon,
nitrogen, and oxygen. These elements, however,
are found in each material with very different
elemental ratios and concentrations. It is thus
possible to identify and differentiate e.g. TNT
from paraffin.

Neutrons have been used for several decades to
measure several of the above mentioned
elements. In oil exploration, the carbon/oxygen
ratio is a measure of oil saturation (Scott et
al.,1991). In the coal industry, elements such as
sulfur and chlorine are routinely measured with
neutron interrogation (Kirchner, 1991). In the
airline industry, the inspection of checked
luggage for hidden explosives has been proposed
through the use of neutrons for the identification
of the nitrogen content within a piece of luggage
(Khan, et al., and references therein, 1991).
These techniques utilize either fast neutrons for
the identification of elements such as carbon and
oxygen, or thermal neutrons for the measurement
of elements such as nitrogen. We have utilized
all of the above well established nuclear reactions
to develop a probe capable of identifying and
differentiating high explosives and chemical
warfare agents from innocuous materials.

THE PELAN PRINCIPLE

PELAN (Pulsed Elemental ANalysis with
Neutrons) is based on a pulsed neutron generator
utilizing the deuterium-tritium (d-T) reaction
which produces 14 MeV neutrons. The neutron
generator produces a train of 14 MeV neutron
pulses, a few us wide. Figure 1 shows the time
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sequence of the nuclear reactions taking place. The
fast neutrons impinge on the object to be
interrogated, and initiate a series of nuclear
reactions such as (n,n'v) and (n,py) with some
elements such as C and O, which have a large
cross section for these reactions. The gamma-
rays are detected by a suitable set of detectors, and
are stored in a data acquisition system. After the
neutron pulse is stopped, some of the fast neutrons
that are still within the object lose their energy
through collisions with, primarily, the light
elements contained in it. When the neutrons have
an energy of less than 1 eV, they can be captured
by elements such as H, N, and Fe through (n,y)
reactions. They are detected by the same set of
detectors and are stored at a different memory
address within the same data acquisition system.
This procedure is repeated with a frequency of
approximately 10 kHz. After a predetermined
number of these pulses, there is a longer pause
between pulses that allows the detection of
gamma-rays emitted from elements such as Si and
P that have become activated. Therefore, by
utilizing fast neutron reactions, neutron capture
reactions, and activation analysis, a large number

of elements contained in an object can be identified
in a continuous mode without sampling.

As proof-of-principle for the PELAN
development, several 105 mm projectiles were
obtained from the Jefferson Proving Ground in
Indiana. The projectiles were either empty, or
contained one of two types of inert material: a
wax-based filling or a red epoxy filling. To
simulate the high explosives used in these
projectiles (TNT, RDX), the empty projectiles
were filled with innocuous blends of chemical
materials that had the same elemental composition
as the high explosives. For the chemical warfare
agents, the GD surrogate used in tests at Dugway
was prepared and placed in a PVC container.

Figure 2. Experimental set-up for the PELAN
proof-of-principle.

Figure 2 shows the experimental set-up used for
the proof-of-principle with the 105 mm projectiles.
The neutron generator tube (A) was placed
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approximately SO cm (20 in) above the ground.
Radiation shielding (B) was placed between the
neutron generator head and the gamma-ray
detector (C), to shield the detector from the
generator neutrons. The detector was a 5 cm x 5
cm BGO gamma-ray detector, and the pulses from
the detector were transmitted to the data
acquisition station located approximately 17 m (50
ft) from the measurement she. The detector was
placed in front of the object to be examined, at an
arbitrary distance from it but no more than IS cm
(6 in). An automatic analysis program de-
convoluted the gamma-ray spectrum, and the
quantities of each major element (hydrogen,
carbon, oxygen, chlorine, etc.) within the
interrogated object were determined. For the
projectiles that were investigated (TNT-filled,
empty, chemical agent-filled, inert material-filled),
a decision-making tree was prepared (Figure 3).

H>4 - >

C/O*5
C/O<5

•^FolWax

Fe^ 1 Chemical

^C^3+O£2 Empty

/Fe>6TNT

^F^^C/Fe^Epoxy

Ethanol
Methanol

Figure 3. Decision-making tree for the blind
tests. Chemical refers to chemical warfare agent.
Wax and epoxy refer to inert fillings of the
projectiles.

Two independent series of blind tests were

performed, with unbiased participants placing at
random the above projectiles at the position of the
projectile shown in Figure 2. Without failure,
PELAN was able to identify the contents of each
shell placed in front of it. In order to show that
PELAN can also differentiate between similar
chemical compounds such as methyl and ethyl
alcohol, 1-liter samples of each were placed at the
projectile position. PELAN, based on the
carbon/oxygen ratio shown in Figure 3, was able
to differentiate and readily identify the two
chemical compounds.

DATA DE-CONVOLUTION

Shown in Figures 4, 5, and 6 are gamma-ray
spectra from fast neutron, thermal neutron and
neutron activation reactions. Each spectrum has
several gamma-rays produced from chemical
elements contained in the interrogated object.
The lower spectrum in each figure On dots) is the
background spectrum. The numbers above the
peaks correspond to the energies of the
characteristic gamma-rays and the element
producing them. For a given detector and a
given detection geometry, each chemical element
produces a characteristic gamma-ray spectrum
called a response spectrum. Figure 7 shows a
response spectrum produced from a carbon
sample placed in front of the gamma-ray detector
and bombarded with fast neutrons from the
neutron generator. A gamma-ray spectrum from
any innocuous material or from a suspect
explosive will contain several chemical elements
including hydrogen, carbon, nitrogen and
oxygen. Depending on the packaging and
surrounding materials, it can also contain
elements such as silicon, chlorine, iron, lead,
etc. In the absence of any sample placed in front
of the detector, the detector records gamma-rays
emanating from the materials surrounding the
detector, as well as from the materials inside and
around the neutron generator. This spectrum is
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Figure 4. TNT-surrogate gamma-ray spectrum
from fast neutron reactions.
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Figure 5. Chemical warfare agent surrogate
gamma-ray spectrum from thermal neutron
capture reactions.
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Figure 6. Gamma-ray spectrum from neutron
activation.
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Figure 7. Gamma-ray response spectrum from a
carbon sample bombarded with fast neutrons.



called the background spectrum. The de-
convolution computer code used for the
reduction of the data represents the counts in
each energy bin of the spectrum by the equation

v = ?.( y. - mi)2 (2)

fli] = <x*bg[i] (1)

where f[i] is the number of counts in the I-th bin
of the fitted spectrum, C* is the multiplication
coefficient for the response spectrum of the k-th
element, mji] is the number of counts in the I-th
bin of the response spectrum of the k-th element,
a is the multiplication coefficient of the
background, and bgfi] is the number of counts in
the I-th bin of the background. The mjil's are
determined by measuring the spectrum of a
sample containing only one chemical element
(the response spectrum). The coefficients c± and
a are determined by the least-squares method,
minimizing the general x2 expression

where y, and a, are the measured counts in the I-
th channel and the statistical error respectively.
The results of the de-convolution can be seen in
Figure 8. The figure contains the experimental
spectnim, the fitted spectrum, and the
background spectrum for a projectile. Below the
spectra, the difference at each energy bin
between the experimental and the fitted spectrum
is displayed. The two horizontal lines above and
below the difference spectrum are the 3a lines,
indicating the 99% confidence limit. The results
of the fitted spectrum (in counts/s) are used as
input to the decision-making tree shown in
Figure 3. The spectral de-convolution process
and the decision-making tree are software-
connected to the data acquisition process. In this
manner, the operator knows the identity of the
projectile filling within a few seconds of the
completed projectile interrogation.
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Figure 8. A de-
convoluted gamma-ray
spectrum from fast
neutrons on a TNT-
surrogate sample. In the
upper portion, the data
is represented with dots.
The solid line is the

fitted spectrum. The thin
dotted line is the
background spectrum.
For the lower part of the
figure, see text above.
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A TRANSPORTABLE PELAN PROBE
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Figure 9. Schematic diagram of the self-contained probe for the detection of explosives.

Based on the proof-of-principle results and the
blind tests with 105 mm projectiles, a self-
contained PELAN probe has been designed.
Figure 9 shows a schematic diagram of the probe.
The probe contains a sealed tube neutron
generator which produces 14 MeV neutrons in a
pulsed mode. The gamma rays from the
interactions of the neutrons with the background
and the interrogated object are detected by the
shielded gamma-ray detector. The probe also
contains the electronics for the shaping and
preamplification of the gamma-ray signals, the
electronic units that supply the pulsing mode of the
neutron generator, and all high voltage (HV) and
low voltage (LV) power supplies needed for the
operation of the neutron generator, the nuclear
electronics, and the diagnostic circuits. It is also

possible to construct the PELAN probe with the
100 kV high voltage supply for the neutron
generator in a different module, external to the
probe. Some of the probe specifications are:
Diameter: < 5 cm (2 in)
Total length: approx. 2 m (6 ft)
Probe weight: 35-45 kg (80-100 lb)
Probe shell: Stainless steel
Neutron yield: 1x10' n/s in 4n, pulsed
Tritium content: < 10 Ci
Modular design for easier servicing and part
replacement.

For the probe to be effective, the detector end of
the probe must be set within 10 cm (4 in) of the
interrogated object. If the object is buried, the
interrogation can take place in_silu, provided the



detector end of the probe can be inserted within 10
cm (4 in) from the object's surface. Drawing from
the long experience from oil exploration, the probe
can be ruggedized so that it can be impelled into
the ground, or it can be used underwater.

For a measurement, the probe is placed next to the
object, the operator withdraws to a safe distance,
and energizes the neutron generator through the
generator control. After a predetermined time
(usually a few hundred seconds depending on the
interrogated object), the neutron generator is
turned off and the results are automatically
produced from the data acquisition module.

RADIATION RISKS

The use of nuclear techniques requires the
examination of the following risks:

a) radiation exposure of the operators
b) risk of radiation release from the
neutron generator from an accidental
detonation of a projectile
c) Residual radioactivity on the detectors,
electronics, remote-controlled vehicle, etc.

a)Concerning personnel radiation exposure, the
neutron generator does not emit any radiation
unless it is energized. Personnel can work in the
vicinity of the neutron generator tube without any
risk of irradiation. While the generator is activated
for the interrogation of an object, no radiation
shielding is required, if the operator remains at a
distance of at least 7 m from the neutron generator
rube.
b) In the event of an accidental detonation of a
shell, the sealed tube neutron generator could
break open, releasing in the environment the
tritium contained in the tube. The radiation hazard
from this release is limited. Tritium is a gas easily
dispersed in the atmosphere. Tritium is contained
in many "Exit" signs, is used in 100 Ci quantities
for emergency lights in military airports, and is
contained in all civilian airline cockpit instruments.

c) Each of the measurements is to be completed
within 5 minutes. During this time interval, based
on the dose limits that the Nuclear Regulatory
Commission (NRC) considers as maximum
allowed doses to the general public (10 CFR20),
our calculations indicate that there will not be any
residual radioactivity on the ground or on the
interrogated objects larger than the NRC limits.

CONCLUSIONS

Through a series of proof-of-principle and blind
tests, it has been shown that PELAN is an
effective way for UXO identification. Its
characteristic features are:
• It measures and quantifies all major

chemical elements found in explosives,
inert fillings, or chemical warfare agents.

• It can differentiate between chemical
compounds, e.g. ethanol and methanol
with ease, by measuring their
carbon/oxygen ratio.

• The sealed tube neutron generator
produces neutrons only when it is
energized for the few minutes of
interrogation. The sealed tritium within
the generator tube poses no radiation
hazard, does not require any special
handling when it is not energized, and it
can be transported from one location to
another without any radiation shielding.

The de-convolution algorithm allows the
identification and quantification of each chemical
element. All interrogations can be accomplished
within a few minutes, with each chemical element
measured with a 99% confidence limit.

The design of sealed tube neutron generators has
advanced appreciably, allowing the construction of
rugged probes that can withstand large
temperature gradients and a hostile environment
Advances in electronic design allow the
miniaturization of nuclear modules, so that they



can be included safely within the PELAN probe.
The remaining modules can be accommodated
within a personal computer and a low voltage
supply-generator control. This allows the
operation of the probe from a safe distance, and
limits the total weight of the probe and ancillary
devices.
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