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Abstract

In this research, three nuclear techniques are used to simulate the landmine detection by
using Mote Carlo program. The nuclear techniques used are Thermal Neutron Back-scattering
(TNB), Low-energy Neutron Back-scattering (LNB) and Thermal Neutron Analysis (TNA).
Components of the simulation model are a set of neutron detector head, a dummy landmine and soil
formation. The set of detector head consists of a neutron source and a neutron detector, in which,
*cf or Am-Be and ‘He or BF, are used as its neutron sources and neutron detectors,
respectively. The landmine used in the simulation is the dummy landmine which contains TNT of
249 g burying under three types of soil formations, namely, sand, lime stone and clay. To compare
the neutron back-scattering fluxes due to landmine and other materials, the high density
polyethylene, wood, granite and concrete are also buried under soil formations at the landmine
position for inspection. The effects of soil humidity and landmine mass variations are also
simulated in this research to study their impact on the landmine detection efficiency.

The simulation results of the TNB technique show that *2Cf has higher efficiency in
thermal-neutron production under soil formations than *'Am-"Be about 1.3 and 2.9 times, when
*He and BF, are used as the neutron detectors, respectively. BF; has higher detection efficiency of

241 Am_9Be

thermal-neutron back-scattering fluxes than *He about 70 and 110 times, when BCf and
are used as the neutron sources, respectively, It is found that, when the neutron sources and neutron
deteciors are put together as four sets of detector heads for landmine detection, the sets of Py
BF, and * Am-"Be/ BT, have the highest and second highest efficiency in measuring neutron back-
scattering fluxes, respectively. The amplitudes of the separation parameters due to using these two
sets of detector heads are about 20% different. The set of "' Am-'Be/ BE, detector head show the
highest capability in analyzing the differences between back-scattering neutron fluxes due fo
landmine and other materials, By using this detector-head, the ratios of neutron back-scattering
fluxes resulting from polyethylene relative to that from landmine, and from landmine relative to
that from other materials are 20 and 300, respectively. It was found that if using the separation
parameter to analyze the difference between the neutron back-scattering fluxes, the ratios of its

amplitudes due to the detections of polyethylene relative to landmine is about 3, while that due to

the detections of landmine relative to other materials, is about 8.



The simulation results of the TNB technique show that the appropriate energy range of the
neutrons back-scattering flux for landmine detection is 0-12.7 keV. Tt is found that the ' Am-"Be/
BF, detector head can detect the landmine up to about 20 - cm depth. The neutron back-scattering
flux from the landmine is the highest when the landmine is buried under lime stone, This flux value
is higher than those resulting from the landmine buried under sand and c]éy about 1.5 times. By
using the * Am-"Be/ BF, detector head to detect the landmine buried under sand with moisture
content of 5% mass, the neutron back-scattering flux increases by about 180%, deteriorating the
landmine detection capability. The deterioration effect was simulated by uvsing the e BF, and
“' Am-"Be/ BF, detector heads to detect the landmine buried under dry and wet sands. The
amplitudes of the separation parameters resulting from the detections of landmine buried under dry
sand for these two detector heads are 23.0 and 6.0 (#cm’-s) respectively. The corresponding
amplitudes of the separation parameters from these two detector heads for the case of wet sand with
5% moisture, reduced to 5.0 and 0.6 (#/cmz—s)'m, respéctively. In the simulation of the impact of
the landmine’s mass variation on the landmine detection, we found that when landmine’s mass
increase from 249-3, 100 g, the neutron back-scattering fluxes decrease by 5 and 18% for TNB and
LNB techniques, respectively. In the simulation of the radiation dose received by the operator, we
found that if using ¥Ct with 10° /s activity as the neutron source the total radiation dose received
by the operator who works for 48 weeks/y, 5 déiys/week and 8 hours/day is about 6.61 mSv/y. The
corresponding dose due to using *Am-"Be with the saﬁle Sourée strength and time duration is
aboﬁt 5.09 mSv/y.

The simulation results of the TNA technique show that all respective gamma rays due to
the (n, ¥) and (n, n’y) nuclear interactions between neutrons and the chemical compositions of
landmine and sand formation appear in the gamma ray spectra. When sand formation has 5%
moisture, the resulting gamma rays due to the (n, ¥) nuclear interactions increased. This increase
indicates that more thermal neutrons are produced under sand formation due to the presence of H

from water content.
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MIIN 3.1 ()
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11 : IATA, n.d.; IAEA, 1986; Spits, 1970
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