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SOMMAI CHANGKIAN : STUDY OF THE NEUTRON-BASED
EXPLOSIVE AND DRUG DETECTION SYSTEM USING MONTE
CARLO SIMULATION AND EXPERIMENT. THESIS ADVISOR : ASST.

PROF. WORASIT UCHAI Ph.D. 161 PP.

NEUTRON-BASED TECHNIQUE / EXPLOSIVE DETECTION / MONTE
CARLO SIMULATION / THERMAL NEUTRON ACTIVATION / FAST

NEUTRON ACTIVATION / GAMMA RAY ATTENUATION

The neutron-based explosive and drug detection system is studied by using
Monte Carlo simulation and experiment. Cf and Am/Be are used as neutron
sources for activations of TNT, RDX and other common materials. MCNP5 is
used as the Monte Carlo computer code for simulations. The F4 and F8 tallies
of gamma ray spectra resulted from activations of H, C; N, O, TNT, RDX and
other common materials are used in the simulations. For F4 tallies, all of the
important gamma ray lines results from the thermal and fast nuclear reactions
(2.2, 4.4, 6.1 and 10.8 MeV from H, C, O and N, respectively) present in their
respective spectra. For F8 tallies, only the 10.8 MeV from N presents in the pulse
height spectra of TNT, RDX and Melamine.

The geometry of the small explosive detection system (EDS) with the in-
spection cavity of 30 cm x 40 cm x 15 cm is designed and used as a model for
MCNP simulations and experimental set up. The thermal neutron fluxes created
at the center of the EDS are simulated and experimentally measured. Dose at
points of 1 m away from the EDS’s surfaces are also simulated and measured. The
pulse height spectra resulting from inspections of 1000, 520 and 200 g of TNT are

measured experimentally. The average detection sensitivity for inspections of



IV

the 10.8 MeV gamma ray lines is 0.53 counts/s-kg. However, the corresponding
MCNP simulation detection sensitivity value is 0.60 counts/s-kg. It is about 13%
different from the experimental value.

A large EDS suitable for the inspection of briefcase or small parcel by using
Cf-source is also designed. It has a dimensions of 40 cm x 60 cm x 80 cm with
polyethylene, lithium carbonate and lead as the moderator, neutron shielding and
gamma ray shielding materials, respectively. The source strength required for
inspections of TNT and RDX with a certain detection sensitivity is estimated.
For inspections of TNT and RDX with sensitivity of 300 and 150 g, respectively,
the source strength required is 5.9 x 10® n/s. Doses at various surfaces of the
EDS are also estimated. With polyethylene, lithium carbonate and lead of 45, 5
and 0.5 cm thick and source strength of 5.9 x 10® n/s, the highest surface dose is
7.0 x 107% pSv. This value is used to estimate the maximum total dose received
by an operator working with the EDS for one year (8 hours per day for 365 days).
The results is 0.03 Sv which is well under the whole body maximum permissible

dose of 0.05 Sv.
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