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a b s t r a c t

This paper investigates the possibility of optimizing the performance of the neutron backscattering

method in landmine detection by designing a suitable shield around a 252Cf neutron source to reduce

the background due to soil and the neutrons emitted from the source that hit the detector directly.

A series of Monte Carlo simulations were performed to improve the source shield thickness and to

study the elastically backscattered (EBS) 252Cf neutrons from the buried explosive material TNT in the

soil; the optimal configuration was examined against different soil types and source heights. The results

obtained in terms of performance of the relative (EBS) neutrons confirmed that the proposed source

shield has significantly improved the signal to background ratio. Higher signal-to-background ratio was

observed using 252Cf neutron source as compared to Pu–Be source.

& 2011 Elsevier B.V. All rights reserved.
1. Introduction

Landmines present physical and psychological threats to
communities: they inhibit agricultural production, food security,
economic activity and freedom of movement. Therefore it is
highly significant to review the techniques available in use for
landmine detection and propose the most simple and straightfor-
ward method. The most common explosives used in landmines
are TNT (C7H5N3O6) and RDX (C3H6N6O6). The anti-personnel
landmines are usually designed in the form of a disk or a cylinder,
with diameters from 20 to 125 mm, lengths from 50 to 100 mm,
mass as little as 30 g and are usually shallow-buried [1]. Several
landmine detection methods, based on nuclear techniques, have
been suggested in recent years, including neutron energy mod-
eration, neutron-induced gamma emission, neutron and gamma
attenuation, and slow and fast neutron backscattering [1–6].
Neutron backscattering technique has successfully been applied
to the detection of non-metallic landmines buried in relatively
dry sandy soil. Fast neutrons from a radio-isotopic source are
moderated and backscattered more by the buried landmines than
the surrounding soil [2]. The number of slow neutrons that are
reflected from the soil is a direct indication of the amount of
hydrogen. In most cases, the amount of hydrogen in a plastic
landmine is much higher than that of the surrounding soil.
Therefore, if an appropriate neutron detector in combination with
a neutron source is used to scan across the soil, the presence of a
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landmine will be indicated by an increase in the count rate. Also,
the elastic scattering cross-sections have been shown to be much
higher than the inelastic, or radiative capture ones [5]. Conse-
quently, in order to use a source of modest strength in a
radiologically acceptable portable device, it is sensible to devise
a detection system that relies on elastic scattering of neutrons.
A landmine can be detected only if the net signal due to the
hidden explosive is significantly higher with respect to the back-
ground due to the soil and the neutrons emitted from the source
that hit the detector directly [7]. Therefore, in order to optimize
the final performance of the EBS neutrons method and conse-
quently improve the population of neutrons contributing to
landmine detection, the background needs to be effectively
minimized by the proper selection of a source–sample–detector
geometry and an effective shield around a suitable neutron
source. The present work investigates such a possibility. The
possibility of using polyethylene (PE) and borated complexes as
shielding materials was investigated [8]. The investigations con-
firmed that the presence of 10B in borated complexes makes them
suitable absorbers of thermal neutrons and the presence of 1H in
hydrogenous materials such as PE makes them suitable modera-
tors. Such a system for neutron source shield will increase signal-
to-background ratio and thus facilitate the landmine detection
process. On the basis of such considerations, Monte Carlo simula-
tions were carried out to investigate the feasibility of using a
neutron shield consisting of two layers: high density polyethylene
(PE) and 5% borated polyethylene (BPE) as the first and second
layer, respectively. The results were obtained in terms of varia-
tions in the signal-to-background ratio (S/B) due to changes in soil
type, source position and type of source. The signal-to-background
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Fig. 1. Geometry as modeled in the MCNP simulations.

Table 1
Composition of each soil type, TNT explosive, PE and BPE as modeled in MCNP simulation, rounded off.

Material/density (g/cm3) Weight fractions

H B C N O Si Al Fe Ca K Na Mg

Dry porous 1.1810 0.015 0.529 0.243 0.071 0.044 0.032 0.023 0.025 0.018
Dry dense 1.7714 0.015 0.529 0.243 0.071 0.044 0.032 0.023 0.025 0.018
Wet porous 1.3957 0.030 0.585 0.205 0.060 0.037 0.027 0.019 0.021 0.015
Wet dense 2.0935 0.030 0.585 0.205 0.060 0.037 0.027 0.019 0.021 0.015
TNT 1.8 0.022 0.370 0.185 0.423
Polyethylene 0.955 0.143 0.857
Borated polyethylene 0.95 0.116 0.05 0.612 0.222
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ratio was determined as: S/B¼[(I–Io)/Io]�100 where I and Io are the
neutron counts with and without TNT sample in soil, respectively.
2. MCNP modeling

2.1. Geometry

Monte Carlo radiation transport code MCNP, version 5C [9], and
Evaluated Nuclear Data File B-VI (ENDF/B-VI) continuous energy
neutron cross-section data library were employed to perform the
present computations. In order to demonstrate the validity of the
proposed concepts, Monte Carlo simulations were performed to
optimize the shield thickness and examine the perturbation of the
signal-to-background ratio in the presence and the absence of the
shield. In addition, the dependence of the EBS neutrons on soil type,
source position and type of source were simulated. The sample–
source–detector geometry used in the present study is shown in
Fig. 1. The model consists of a cylinder of dimensions 5�5 cm2 ,
representing an explosive material in the form of TNT buried 5 cm
deep in a soil bed in the form of a cylinder of dimensions
50�50 cm2 . The shield consists of three cylinders centered on
the y-axis. The first is a cylinder of 2.5 cm height and radius varying
from 2 to 5 cm, representing the first layer of the shield in the form
of a high density polyethylene (PE) with density 0.955 g/cm3, taken
from Ref. [10]. The second layer is represented by a cylinder of 5 cm
height and a fixed radius of 2.5 cm in the form of 5% borated
polyethylene (BPE) with density 0.95 g/cm3. The third layer is a
cylinder of dimensions 1�1 cm2, representing the source cavity. A
point isotopic neutron source is assumed to be inside the source
cavity and located at 3, 5 and 10 cm centrally above the soil surface.
The measured and normalized neutron spectra of 252Cf and Pu–Be
neutron sources used in the study were taken from Ref. [11]. The
compositions of soil type, TNT explosive, PE and BPE as modeled in
the MCNP simulations are given in Table 1, with the data taken from
Refs. [5,12,13]. A ring detector was assumed to be located around
the source shield, at different radii: 8, 10, 15, 20, 25 and 30 cm along
the x-axis away from the source shield.

2.2. Calculation procedure

The shield thickness was optimized by calculating the neutron
counts due to background from soil (without sample) while
increasing the shield radius until the optimum condition (shield
thickness corresponding to minimum background) was achieved.
The optimal configuration was chosen to record the EBS fast and
thermal 252Cf neutrons from the constituent elements of the
explosive material. The EBS neutrons can be detected by a
suitable detector capable of differentiating the EBS neutrons
according to their energy and their flux.
3. Results and discussion

As shown in Fig. 2, the neutron counts due to background from
source neutrons decrease as the shield radii increase. Minimum
background is achieved when the shield thickness is 7.5 cm,
i.e. 5 cm PEþ2.5 cm BPE.



Fig. 2. Relative (EBS) neutrons yield of 252Cf from dry porous soil (without

landmine) with and without shield.

Fig. 3. Signal-to-background ratio for 252Cf when landmine is buried in dry porous

soil, with and without shield.

Fig. 4. Signal-to-background ratio for 252Cf when landmine is buried in different

soil types.

Fig. 5. Signal-to-background ratio for 252Cf at different heights when landmine is

buried in dry porous soil.

Fig. 6. Signal-to-background ratio for 252Cf as compared to that of Pu–Be when

landmine is buried in dry porous soil.
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Fig. 3 shows the signal-to-background ratio of the EBS 252Cf
neutrons from landmine, with and without shield. The maximum
signal-to-background ratio is 11.6 with shield and 0.4 without
shield. The detection of landmine will significantly improve if the
proposed source shield is used.

Fig. 4 shows signal-to-background ratio for the optimum
shield in the cases of dry porous soil (11.6), dry dense soil (9.4),
wet porous soil (8.5) and wet dense soil (0.7). The signal-to-
background ratio decreases as soil density or soil moisture
increases. The reduction of signal-to-noise ratio in damp soils
could be attributed to the increase of hydrogen in the soil due to
water saturation. This result confirms that neutron backscattering
is suitable for detection of explosives buried in desert areas.

Fig. 5 shows the signal-to-background ratio for 252Cf source
when located at different heights. The signal-to-background ratio
clearly decreases as the source height above the soil is increased,
with optimum height of 3 cm.

In Fig. 6 the signal-to-background ratio is higher in the case of
252Cf source as compared to Pu–Be source, this being probably due to
the fact that the average energy of 252Cf of about 2 MeV is much
lower than the average energy of Pu–Be of about 5 MeV, leading to
lower background of EBS neutrons from the soil in case of 252Cf.

4. Conclusion

A suitable source–sample–detector geometry with an effec-
tive shield was investigated. The optimal shield thickness was
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found to be 7.5 cm, consisting of 5 cm PEþ2.5 cm BPE. The
results obtained demonstrate that the proposed optimal shield
has significantly reduced the background and increased the
signal-to-background ratio. The results showed that the neutron
backscattering method is sensitive to shield configuration, soil
type, source type and source height. The best results were
observed with 252Cf source at 3 cm above the soil when the
landmine is buried in dry porous soils. The study confirmed the
superiority of 252Cf as compared to Pu–Be source when utilized
for landmine detection.
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