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Introduction:-

The most common explosives used in landmines are TNT (C;HsN3Og) and RDX (C3HgNgOg). As their composition
indicates, they are composed of four basic elements: hydrogen, carbon, nitrogen and oxygen. Although many
organic materials buried in soil are also composed of the same elements, use can be made of the fact that explosives
have concentrations that are different than in soil and in most common organic materials. One way for the detection
and identification of explosives is the use of neutrons. Several investigations were carried out on the advantages and
limitations of neutron-based techniques used for the detection and identification of anti personnel landmines (e.g.
Csikai, 1999, ElAgib and Csikai, 1999, Datema et al., 2000, Hussein and Waller, 2000, Kiraly et al., 2001, Brooks et
al., 2004). The incident neutrons will interact with the nuclei of the major chemical elements in the mine (H, C, N
and O), emitting elastically backscattered fast and thermal neutrons spectra which can act as fingerprints of the these
chemical elements.

The elastically backscattered (EBS) neutrons can be detected by a suitable detector capable of differentiating the
EBS neutrons according to their energy and their flux. The concentration of hydrogen, carbon, nitrogen or oxygen
can be evaluated by calculating the elastically backscattered net relative yield of the neutrons and observing the
different patterns of their energy spectra (Hussein, et al., 2005). One other detection approach based on neutron
backscattering is to simply detect the hydrogen content in soil by measurement of thermal backscattered neutrons
from hidden explosives. The change in hydrogen concentration in soil can be made by calculating the intensity of
low energy neutrons reflected back from soil (Hussein and Waller, 2000). The chemical elements of interest for the
detection of explosives require neutron sources of different energies in order to be observed.

Hydrogen is best observed through nuclear reactions initiated from very low energy neutrons. Other elements such
as C, N, and O require neutron energies of several MeV to be observed at all. To satisfy this, the required neutron
source should produce high energy neutrons for the detection of elements such as C, N, and O, and low energy
neutrons for elements such as H (Vourvopoulos and Sullivan, 2006). Such a task can be accomplished with the use
of a spontaneous fission source such as **2Cf. The present work was done by considering a simple sample-source-
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detector geometry, simulating the elastically backscattered (fast and thermal) neutrons from the constituent elements
of the explosive material and studying the variation in the net flux with the source energy spectrum. Such geometry
was chosen in order to tally the EBS fast and thermal neutrons spectra.

MCNP Modeling& calculation procedure:-

Monte Carlo simulation of a land-mine localization device using the neutron backscattering method was reported by
Datema et al. (2002). The general-purpose Monte Carlo N-Particle (MCNP) code, as described by the X-5 Monte
Carlo Team (2003), was used in the present study. The code accounts for all neutron reactions given in a particular
cross-section evaluation (such as ENDF/B-VI). The evaluated data are processed into a format appropriate for
MCNP with the help of codes such as NJOY (MacFarlane et al., 1982). Continuous nuclear cross section data based
on the ENDF/B-VI were used in the present computations. The net elastically backscattered neutron spectra were
computed for the major elements of a landmine when buried in soil. Calculations were performed using a fixed point
source with enough histories to have the statistical error less than 2% in all energy bins.

The sample-source-detector geometry used in the present study is shown in Fig. 1.
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Fig 1:- Geometry used in the MCNP simulations.

The model consists of a soil of dimensions 200cmx150cmx100cm, with the sample as an explosive material in the
form of a cylindrical cane TNT of 5cm radiusx5cm height, buired 5cm deep in soil. A point neutron isotopic 2*2Cf
source was used in the study. The source was located at vertically above the soil at y= +10cm. Measured and
normalized neutron spectra of >’Cf employed in the calculations were taken from Griffith, et al. (1990). A ring
detector with 10cm radius was centered on the %°Cf source. This is tally the elastically backscattered (EBS) neutrons
from the major constituent elements of the buried landmine. The net elastically backscattered neutrons spectra were
calculated by subtracting the background spectrum (soil) from the signal (soil and sample). The calculations were
carried out in duration of 100s.

The composition of soil and TNT explosive as modeled in the MCNP simulations is shown in Table 1, with the data

taken from Maucec and Rigollet (2004) and Hussein et al. (2005). Mass densities (in g.cm-3) of H (0.02), C (2.23),
N (0.81), O (1.14) and Si (2.33), that were used in the MCNP simulations, were taken from the same sources.
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Table 1:- Composition of soil and TNT explosive as modeled in MCNP simulation [8,11]

Material / Mass Density (g.cm3) Elemental Mass Fraction / Mass Density (g.cm-3)

H C N 0 Si Al
Soil 0.0146 0.5520 0.3607 0.0731
1.12 0.016 0618 0.404 0.082
TNT (C7HsN306) 0.0217 0370 0.185 0.4229
1.65 0.0358 0.610 0.306 0.689

Results and Discussion:-

The net EBS neutron energy spectra from H, C, N, O and landmine stimulant are shown in Figs. 2-6, respectively.
Fig. 2 represents the net EBS neutron energy spectra from H. A few peaks of low energy elastically backscattered
(LEBS) neutrons are observed in the low neutron energy range (0.022MeV -0.052 MeV). Negative indications are
observed, because fast elastically backscattered (FEBS) neutrons are higher from the constituent elements of soil.
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Fig. 2:- The EBS neutron energy spectra from H.

The net EBS neutron energy spectra from C are shown in Fig. 3. More relatively high peaks of LEBS neutrons are
observed at the low neutron energy range (0.39MeV-0.64MeV). Compared with H, it is reasonable, since C is less
effective as a moderator compared to hydrogen. Relatively high peaks of FEBS neutrons are also observed at the
energies 1.58MeV, 2 MeVand 3.51MeV.
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Fig. 3:- The EBS neutron energy spectra from C.

The net EBS neutron energy spectra from N are shown in Fig. 4. Intensive peaks of LEBS neutrons are observed at
the low neutron energy range (0.022MeV-0.64MeV). Relatively high peaks of FEBS neutrons are also observed at
the energies 1.21 MeV, 2.32 MeV, 3.35 MeV and 3.25 MeV.
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Fig. 4:- The EBS neutron energy spectra from N.
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Fig. 5 shows the net EBS neutron energy spectra from O. A high peak of LEBS neutrons is observed at 0.64 MeV.
Relatively high peaks of FEBS neutrons are observed at energies 2.33 MeV and 3.27 MeV
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Fig. 5:- The EBS neutron energy spectra from O.

Fig. 6 represents the net EBS neutron energy spectra from landmine. Relatively high peaks of LEBS neutrons are
observed at the energies 0.324 MeV, 0.531 MeV and 0.74 MeV. In addition, relatively higher peaks of FEBS
neutrons are observed at 3.35 MeV. It is clear from the above results that the EBS neutrons spectra are spread
throughout the slow and fast neutron energy regions. Effective detection of such neutron yields can be achieved by
employing a detector capable of detecting both slow and fast neutrons.
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Fig. 6:- The EBS neutron energy spectra from landmine.
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Conclusion:-

In the present work, Monte Carlo code was used to model a point “Cf neutron source centering a ring detector of
10cm radius. The energy spectra of the net EBS neutrons from the major constituent elements of landmine; H, C, N
and O were explored. The EBS neutron energy spectra of fast and thermal neutrons of the major constituent
elements of landmine stimulant have shown definite and detectable structures that can be used for the identification
of a buried landmine.
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