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Abstract

In this research, Monte Carlo simulation of the Explosive Detection System (EDS) using Thermal
Neutron Activation (TNA) technique was performed. MCNP-4C Monte Carlo program was used for
the simulation and the prototype of the EDS is a luggage inspection system using TNA technique with
2Cf as neutron source. Six vertical arrayed-gamma ray detectors were used to detect gamma ray fluxes
resulted from thermal neutron activation of nuclei of the interrogated materials. Gamma ray fluxes of
the six arrayed-gamma ray detectors are calculated for comparison. Polyethylene is used as the
neutron moderator and shielding. Samples used in the simulation include silk, wool, nylon and
explosive(C-4) which were put in the luggage both separately and mixed together. The simulation
results show that the EDS using TNA technique is able to indicate the existence and positions of
explosive.

Keywords: Monte Carlo simulation, MCNP program, explosive detection system, thermal neutron
activation techniqu
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Figure 1. TNA luggage inspection system used in the simulation
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Table 1. Gamma ray fluxes (per 1 neutron) resulted from the simulation when silk, wool and nylon
were put in the luggage
Section
Detector
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9

6 1.12E-08 1.52E-08 1.88E-08  1.78E-08 1.74E-08 1.75E-08  9.10E-09 8.25E-09 6.63E-09
5 1.52E-08 2.13E-08  2.15E-08  2.23E-08 2.29E-08 2.34E-08 1.28E-08 1.23E-08 8.81E-09
4 2.21E-08 2.73E-08  2.50E-08 2.84E-08 2.64E-08 3.12E-08 1.81E-08 1.52E-08 1.02E-08
3 2.84E-08 3.25E-08 3.27E-08 3.10E-08 3.10E-08 3.06E-08 2.04E-08 1.61E-08 1.04E-08
2 2.77E-08 3.48E-08 3.50E-08 3.86E-08 3.77E-08 3.72E-08 2.29E-08 1.92E-08 1.56E-08
1 3.07E-08 3.59E-08 3.69E-08 3.99E-08 3.82E-08 3.63E-08 1.97E-08 1.80E-08 1.35E-08

Table 2. Relative gamma ray fluxes resulted from the simulation when silk, wool and nylon were put

in the luggage
Detector Section
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9
6 37 53 57 57 55 56 57 52 42
5 50 67 67 71 67 65 68 66 56
4 62 78 83 88 86 83 83 85 72
3 69 86 88 91 94 94 92 88 75
2 83 98 114 116 112 110 107 104 87
1 90 110 111 118 117 118 113 114 87

Table 3. Relative gamma ray fluxes resulted from the simulation when large explosive was put in the
bottom left of the luggage and silk at the remaining of the luggage

Detector Section
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9
6 84 107 99 69 49 47 45 43 42
5 131 159 138 84 65 62 61 60 56
4 179 208 184 111 93 89 86 83 72
3 202 231 221 139 101 98 96 95 75
2 225 271 252 160 116 111 105 99 87
1 235 268 246 160 124 115 111 111 87
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Figure 4. Relative gamma ray fluxes resulted

from the simulation when silk, wool
and nylon were put in the luggage
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Figure 5. Relative gamma ray fluxes resulted
from the simulation when large
explosive was put in the bottom left
of the luggage and silk at the re
maining of the luggage
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Figure 6. Relative gamma ray fluxes resulted
from the simulation when small
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Figure 7. Relative gamma ray fluxes resulted
from the simulation when small
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Figure 8. Relative gamma ray fluxes resulted
from the simulation when small
explosive was put at the top right of
the luggage
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Table 4. Relative gamma ray fluxes resulted from the simulation when small explosive was put at the

bottom left of the luggage

Detector Section
No. 1 No. 2 No. 3 No. 4 No.5 No. 6 No. 7 No. 8 No. 9
6 34 23 1 1 1 1 2 2 2
5 44 30 2 2 2 2 2 2 2
4 53 38 2 2 2 2 2 2 2
3 56 35 2 2 2 2 2 2 2
2 62 41 3 3 3 3 3 3 3
1 60 39 3 3 4 4 4 4 4

Table 5. Relative gamma ray fluxes resulted from the simulation when small explosive was put at the

middle of the luggage
Detector Section
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9
6 2 1 1 1 46 32 2 2 2
5 2 2 2 2 67 39 2 2 2
4 2 2 2 2 78 47 2 2 2
3 2 2 2 2 82 61 2 2 2
2 3 3 3 3 66 56 3 3 3
1 3 3 3 3 53 38 4 4 4

Table 6. Relative gamma ray fluxes resulted from the simulation when small explosive was put at the

top of the luggage
Detector Section
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9

6 2 1 1 2 2 1 2 59 89
5 2 2 2 2 2 2 2 46 77
4 2 2 2 2 2 2 2 45 68
3 2 2 2 2 2 2 2 34 52
2 3 3 3 3 3 3 3 26 42
1 3 3 3 3 4 4 4 22 37
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