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ABSTRACT 
 
The use of radiation technologies to perform screening for cargo containers has been increased due to security 

issues, mainly, as a consequence of the United States (US) legislation which requires, from 2013, the scanning 

of all intermodal cargo containers which arrive at US ports. Currently, systems to cargo inspections, using 

accelerator-driven high energy x-rays, between 4 and 9 MeV, are available for scanning operations. It is 

expected that, in the future, the use of these systems will be widely spread on roads, ports and airports in Brazil.  

However, in order to improve the productivity and reduce the costs of acquisition, operation and maintenance 

these systems require that the driver drives its vehicle through irradiation area, in a situation where members of 

the public (the truck drivers) enter in controlled area and are deliberately exposed to high-energy beam. Some 

manufacturers justifies this procedure arguing that the drivers are exposed briefly, and only to the scattered 

beam, since there are safety systems in order to avoid that the drivers are exposed to direct beam.  In this work, 

it is presented the preliminary results of Monte Carlo simulations concerning the dose of drivers during 

scanning operations, including the dose due to a failure of safety system, producing an exposure of drivers to 

the direct beam, as well as, an analysis of the justification of practice, mainly related to the drive-through 

operational procedure. 

 

 

1. INTRODUCTION 
 

The cargo imaging inspection systems are aimed at finding illegal goods, such as weapons, 

explosives, drugs, smuggled goods and even human trafficking through the imaging of large 

objects, such as cargo containers, unoccupied vehicles, trains, trucks or boats. These systems 

have gained popularity over the past decade and their use has expanded rapidly. in recent 

years.  

 

The scanning may be accomplished by moving the cargo vehicle in a direction perpendicular 

to a line between the fixed X-ray source and detector array or by moving the X-ray source 

and detector array, held in a fixed position relative to each other by a gantry, along the length 

of the cargo vehicle. The penetrability of low-energy X-rays is limited to a few centimeters of 

steel. That makes it useless for the inspection of shipping containers and vehicles. Although 

neutron based methods are being proposed (1) (2) (3), transmission imaging with photons, 
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especially X-rays between 5 and 10 MV is the dominant current technique to obtain the 

necessary penetration to create an image of large objects (4) (5) (6). 

 

In 2007, taking into account the terrorist attacks on September 2001, the US Congress 

mandated the scanning of all shipborne intermodal cargo containers arriving at US ports by 

the Department of Homeland Security within the next five years, with particular interest in 

identifying the possible presence of clandestine fissionable materials. Thus, a container that 

was loaded on a vessel in a foreign port shall not enter the United States unless the container 

was scanned by non-intrusive imaging equipment and radiation detection equipment at a 

foreign port before it was loaded on a vessel (7). 

 

The need to maintain the normal flow of commerce imposes severe time constraints on any 

proposed method of cargo inspection. Thus, the system should be capable of perform a 

scanning while the container is in motion, being desirable to the facility owner, as a matter of 

operational convenience, that the vehicle be driven through the portal by the driver. These 

equipments, referred to as drive-through portal systems, are available for use where a high 

throughput is required to avoid excessive delays when going through a check point such as at 

crowded seaports, border crossings, and security checkpoints. These equipments enables 

throughput up to 180 trucks per hour (8). 

 

So, as a matter of operational convenience, it is performed a scanning procedure where 

members of the public (the truck drivers) enter in the controlled area. The truck drivers are 

deliberately exposed to high-energy beam, even if only the scattered beam, since there are 

safety systems in order to avoid that the drivers be exposed to direct beam. 

 

In this work, it is presented the results of Monte Carlo simulations using Geant4, concerning 

the dose of drivers during scanning operations in drive-through portal systems, including the 

dose due to a failure of safety system, producing an exposure of drivers to the direct beam, as 

well as, an analysis of the justification of practice, mainly related to the drive-through 

operational procedure. 

 

 

2. METHODOLOGY 

 

2.1. The Simulation Code 
 

Geant4 is a full object-oriented simulation tool that simulates accurately the passage of 

particles through matter. The code provides a complete range of functionalities including 

tracking, geometry and physics models, including electromagnetic and hadronic interactions. 

The code is being widely used in many different fields, such as nuclear and high energy 

physics, radioprotection, medical physics, accelerator design and astrophysics (9) (10). 

 

In this work was used the package Livermore for low-energy electromagnetic physic 

processes, for photons, electrons and positrons. The production thresholds 

(DEFAULTCUTVALUE parameter) were set to 0.1 mm for all particles. Thus, in each 

material, this value is transformed to an energy below which the continuous slowing down 

approximation is used; otherwise, secondary particles below this energy are not generated, 

however their energy is deposited locally. The Livermore model describes the interactions of 

electrons and photons with matter and extends its application range down to 250 eV, 
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including Rayleigh scattering and atomic relaxation process, using interpolated data tables 

based on evaluated data libraries from Lawrence Livermore National Laboratory. All the 

Geant4 MC calculations presented in this work have been performed using the 4.9.5 Geant 

version in a Linux system (Scientific Linux 6.1 64-bits) with quad-core processors Intel core 

i7 running at 2.40 GHz. 

 

2.2. The Cargo Inspection Facility 
 

The cargo inspection facility consists of a room containing an accelerator and an irradiation 

area (inspection tunnel) shielded by ordinary concrete walls. The shielded enclosure is 

designed with a sufficient thickness of concrete to reduce the dose rate in adjacent areas to 

less than 0.5 µSv/h. The truck to be inspected is driven by the driver through the irradiation 

area at constant speed of 1 m/s.  

 

The accelerator unit was simulated with energies of commercially available systems for cargo 

inspection, releasing X-ray beam with the maximum energy of 4.5, 6 and 9 MeV. The 

vertical X-ray beam release angle was fixed in 48
0
, in order to thoroughly cover the overall 

cargo container. The horizontal X-ray beam was fixed in 1.5
0
, creating a fan-shaped beam 

used to scan the container. In practical applications the fan-beam shape minimizes 

unnecessary beam spread and enhances inspection image quality. The view of the simulated 

container cargo inspection facility is shown in Figure 1. 

 

  

  
 

Figure 1: The simulated cargo inspection facility. The fan beam is shown in green. 
 
 

Leakage radiation from the LINAC was not taken into account, since commercial systems 

can use additional shielding to maintain leakage rate from the LINAC as below 0.002% of 

primary beam (11) (12). Likewise, it was not considered the contribution of neutrons 

generated through photonuclear reactions.  
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The X-ray beam for the inspection is generated through the interaction of the accelerated 

electron beam with the nuclei of the target (bremsstrahlung process). The conic-shaped X-ray 

beam emitting from the target is adjusted to fan-shaped beam through the shaping collimators 

for scanning the container efficiently. 

 

2.3. Spectrum Produced in The Bremsstrahlung Process 

 
The knowledge of the energy spectrum of the photon is a prerequisite for accelerator design 

and dosimetry. The intensity of bremsstrahlung depends strongly on the atomic number of the 

target element. So, high atomic number elements such as tungsten and copper or a mixture of 

them are used as X-ray target materials. 

 

Thus, it was simulated the interaction of electron beam with energy of 4.5, 6.0 and 9.0 MeV 

incident on accelerator target, in order to obtain the energy spectrum of photons generated. 

The trajectory of electron beam is perpendicular to the surface of the target. As the 

uncertainties of beam energy in commercial equipments were not available, the energy of the 

electron beam was specified without an associated uncertainty.  

 

Typically, in the energy range of 1-10 MeV, the target is made of a material which is hard to 

melt such as tungsten in the form of a disk, since it receives the impact of the electron beam. 

The tungsten target is supported by a disk of copper, in order to dissipate the heat from the 

target. In this work, the tungsten target was modeled with a diameter of 1.0 cm and 1.0 mm of 

height. The copper substrate was simulated with a diameter of 2.0 cm and a height of 1.0 cm 

(12). This target geometry was used for all electron runs. 

 

In order to create the desired X-ray beam release angle, the primary collimator was modeled 

with tungsten, due to its high attenuation coefficient. The photon beam exiting the primary 

collimator does not have uniform spatial intensity. It has an angular distribution that is 

strongly peaked forward in the same direction as the initial electron beam. A more uniform 

angular distribution of the generated photon beam may be achieved, if necessary, by passing 

it through a flattening filter, which was not modeled in this work. Generally, the material 

required for the flattening filter is lead or copper depending on the beam energy or 

manufacturer. A schematic diagram of the simulated arrangement is shown in Figure 2 and 

the energy spectrum of photons exiting the primary collimator is shown in Figure 3. 
 

 

 
 

Figure 2: Tungsten target and primary collimator geometry.  
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Informations concerning the photons generated (position, direction, energy) were collected to 

form the so-called phase space file. The phase space file served as the source for Geant 

Particle Source software (GPS) (13). The GPS routine allows the user to specify the energy 

spectrum, position distribution and direction of the source particles used in Geant4. 
 

 

 
 

Figure 3: Energy spectrum of photons exiting the primary collimator 
 

 

In order to obtain the average dose per simulated photon history of the each energy spectrum, 

it was performed simulations of the dose profile at reference conditions: a 10 X 10 cm
2 

field 

irradiating a water tank modeled as a cubic box with an edge of 50 cm at a standard 100 cm 

source-to-surface distance (SSD).  In Figure 4 is shown the depth-dose curves. The maximum 

value of the dose profile was normalized to 500 mGy/min, in order to match the performance 

characteristic of commercially available systems for cargo inspection (maximum dose rate at 

1 meter), as can be seen in table 1. 
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Figure 4: 10 x 10 cm
2
 X-ray beam incidents on a water tank at a distance of 100 cm from 

the target and depth doses obtained to 1 x 10
7
 γγγγ histories. 

 
 

2.4. Dose to Drivers  

 
In order to obtain the absorbed dose to the drivers during drive-through cargo scanning, an 

anthropomorphic mathematical phantom was developed with the purpose to enable flexible 
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positioning of the arms and legs and set the desired posture of the driver. The modeled 

phantom was based on male MIRD phantom, where the size and shape of the body and its 

organs were described by analytical expressions, based in the Geant4 advanced example (14).  

 
 

Table 1:  Average absorbed dose by simulated bremsstrahlung photon generated.  
 

Electron Energy (MeV) Gy/photon 

4.5 (4.75 ± 0.09) x 10
-14

 

6.0 (5.33 ± 0.16) x 10
-14

 

9.0 (6.11 ± 0.12) x 10
-14

 

 

 
In the original MIRD phantom, the arms and arm bones are included into trunk region and the 

legs structure is rigid, which does not allow movement. In this work, a different positioning 

of the arms and legs is needed to estimate organ doses of drivers undergoing the 

cargo/vehicle scanning process. Thus, the arms, including arm bones, of the original phantom 

were extracted from the trunk and modeled using cones; spheres were used for the joints 

similarly the ORNL PIMAL phantom (15). 

 

A revised geometric representative model of the lower part of the colon, including the 

rectum, was implemented, since the lower segment of the sigmoid colon as described in 

MIRD phantom does not accurately expresses a more valid representation of the human 

anatomy (16). In the Figure 5 is shown the phantom used in Geant4 simulation. 

 

 
 

 

Figure 5: Mathematical phantom with movement in arms and legs. It was used to 

represent the driver truck in the cabin. 

 

 
The truck was modeled taking into accounts only their basic elements (chassis, engine, cabin, 

tires …) carrying a 20-foot long standard shipping container. The container was simulated 

empty and in configurations containing 10 tons of water or iron, with the purpose to assess 

the scattering process due the cargo.  

 

The movement of the truck through the inspection tunnel was simulated by setting eleven 

intervals, with a step size of 1 meter. Each step size is travelled in 1 second at constant speed 

(1.0 m/s). In normal operational conditions, according to operational procedure, the beam is 

started 1.0 meter behind the driver, in order to avoid exposing him to the direct beam. Thus, 
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the drivers are exposed only to scattered radiation from the cargo behind the cabin. For 

normal condition, eight steps of movement of the truck were simulated.  

 

The drivers can be exposed to the primary beam due to failures of the safety systems or if the 

operators are not following adequate radiation safety procedures. In these conditions the truck 

cab is scanning. The radiation exposure inside the truck cab was estimated through three 

distinct movement steps. The accumulated dose of the driver during the cargo scanning was 

calculated by the integration over all steps for each condition (normal scan and accident 

condition). 
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DN and DA are the absorbed dose to drivers in normal and accident conditions, respectively. 

The doses are accumulated step-by-step during the movement of the truck through the 

inspection channel.  D(step) is the absorbed dose at the specific step position.  

 

 

3. RESULTS 

 

Tracking of 2 x 10
6
 γ-histories has been carried out in the Monte-Carlo. Each measurement 

(Monte Carlo run) was repeated five times with different random starting point, to obtain 

statistical uncertainties. The error results presented in this work are the standard deviation of 

the mean of the Monte Carlo runs.  

 

In the tables 2, 3 and 4 are presented the results of the mean absorbed doses by the driver, and 

associated statistical uncertainties, per scanning for different organs, taking into account the 

different electron beam energies and different type of cargo carried (without cargo (empty), 

water and iron). In the table 5 are presented the estimated absorbed doses by the driver due to 

a failure of safety system, producing an exposure of driver to the direct beam. 

 

The results to point out that the dose to drivers depend strongly of the type of cargo carried. It 

should be emphasized that the dose to drivers can also be affected by how the cargo is 

distributed on the container.  

 

The preliminary estimates of whole-body dose are 250 nGy (4.5 MeV) and 600 nGy (6.0 and 

9.0 MeV) per scanning to the simulated configuration (maximum dose rate at 1 meter = 500 

mGy/min). In accident conditions, when the cabin is exposed to the primary beam, an 

estimated whole-body dose was calculated of approximately 0.1 mGy for all electron 

energies. 

 

Regardless of the low dose per scanning, the assumption of infrequent scanning to a 

particular driver does not hold, mainly considering the actual and future dissemination of 

these systems in sea ports, roadways, borders and state fiscal posts, in order to provide 
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security and customs inspections. It should be emphasized that the justification of this 

scanning procedure shall take into account consideration of existence of legal or ethical 

issues associated, because the exposure of drivers should not be a matter of operational 

convenience. This procedure not produces benefits for exposed individuals and the security 

benefits to society could be obtained without the exposure of drivers. 
 

 

Table 2:  Absorbed dose by the driver per scan – 4.5 MeV 
 

Organs 
Empty Water Iron 

Dose (Gy) Error (Gy) Dose (Gy) Error (Gy) Dose (Gy) Error (Gy) 

Trunk 2,57E-07 1,35E-08 5,10E-07 1,19E-08 6,41E-07 1,80E-08 

Rib bones 5,97E-07 9,41E-08 1,08E-06 1,19E-07 1,47E-06 7,06E-08 

Head 3,07E-07 5,38E-08 5,66E-07 5,70E-08 7,15E-07 3,73E-08 

Skull 3,12E-07 4,89E-08 6,00E-07 5,25E-08 7,49E-07 6,59E-08 

Arms 2,21E-07 6,69E-08 4,48E-07 7,43E-08 5,37E-07 7,84E-08 

Legs 2,08E-07 3,72E-08 4,34E-07 4,88E-08 5,05E-07 5,59E-08 

Femur 2,24E-07 1,04E-07 4,52E-07 1.34E-07 5,48E-07 1,53E-07 

Pelvis 3,55E-07 5,72E-08 7,28E-07 7,19E-08 9,04E-07 8,42E-08 

Brain 2,68E-07 5,97E-08 5,46E-07 4,91E-08 6,75E-07 7,22E-08 

Kidneys 3,88E-07 4,08E-08 7,15E-07 3,93E-07 9,86E-07 6,96E-07 

Large Instestine  2,48E-07 6,08E-08 4,76E-07 9,15E-08 6,24E-07 1,06E-07 

Spleen 3,12E-07 1,29E-07 4,96E-07 1,58E-07 6,97E-07 1,68E-07 

Bladder 1,62E-07 1,23E-07 4,54E-07 2,74E-07 3,18E-07 1,38E-07 

Pancreas 2,43E-07 1,98E-07 4,15E-07 1,82E-07 5,23E-07 2,35E-07 

Stomach 1,79E-07 6,97E-08 3,12E-07 5,08E-08 3,82E-07 9,95E-08 

Liver 2,49E-07 5,41E-08 5,08E-07 4,45E-08 6,29E-07 5,90E-08 

Left Lung 2,89E-07 1,01E-07 5,20E-07 6,89E-08 6,59E-07 1,06E-07 

Right Lung 3,05E-07 8,01E-08 6,99E-07 9,13E-08 7,19E-07 1,43E-07 

Heart 2,25E-07 9,01E-08 4,84E-07 5,62E-08 5,64E-07 1,24E-07 

Rectum 3,03E-07 2,95E-07 4,56E-07 3,01E-07 6,73E-07 2,81E-07 

Colon + Sigmoid 5,95E-07 2,06E-07 1,09E-06 3,00E-07 1,54E-06 4,33E-07 

 

 

Table 3:  Absorbed dose by the driver per scan – 6.0 MeV 
 

Organs 
Empty Water Iron 

Dose (Gy) Error (Gy) Dose (Gy) Error (Gy) Dose (Gy) Error (Gy) 

Trunk 6,05E-07 1,35E-08 5,03E-07 1,84E-08 6,12E-07 2,10E-08 

Rib bones 1,37E-06 1,01E-07 1,17E-06 1,08E-07 1,37E-06 1,14E-07 

Head 6,50E-07 5,63E-08 5,43E-07 4,55E-08 6,95E-07 5,89E-08 

Skull 7,27E-07 7,34E-08 5,51E-07 4,14E-08 7,08E-07 7,77E-08 

Arms 5,02E-07 9,14E-08 4,40E-07 6,01E-08 5,07E-07 8,72E-08 

Legs 4,80E-07 4,58E-08 4,44E-07 4,29E-08 4,875E-07 4,99E-08 

Femur 5,21E-07 1,33E-07 4,80E-07 1,23E-07 5,29E-07 1,38E-07 

Pelvis 8,17E-07 8,38E-08 7,00E-07 8,52E-08 8,54E-07 1,08E-07 

Brain 6,46E-07 7,81E-08 5,53E-07 6,83E-08 6,52E-07 6,92E-08 

Kidneys 9,20E-07 5,51E-07 7,59E-07 3,90E-07 9,81E-07 5,67E-07 

Large Instestine  5,31E-07 1,15E-07 4,84E-07 9,42E-08 6,59E-07 1,73E-07 

Spleen 6,79E-07 1,29E-07 5,41E-07 1,14E-07 7,99E-07 4,27E-07 

Bladder 2,35E-07 1,72E-07 2,37E-07 1,27E-07 5,02E-07 3,22E-07 

Pancreas 6,58E-07 3,88E-07 3,53E-07 1,92E-07 4,88E-07 2,66E-07 

Stomach 3,99E-07 1,23E-07 3,53E-07 1,23E-07 4,07E-07 1,29E-07 

Liver 5,99E-07 8,18E-08 5,11E-07 4,74E-08 6,06E-07 8,80E-08 

Left Lung 6,22E-07 1,13E-07 4,66E-07 5,44E-08 6,60E-07 1,33E-07 

Right Lung 7,62E-07 9,22E-08 6,53E-07 8,92E-08 7,72E-07 1,37E-07 

Heart 5,27E-07 1,35E-07 4,18E-07 8,29E-08 5,69E-07 1,03E-07 

Rectum 5,45E-07 3,82E-07 4,62E-07 4,20E-07 4,62E-07 2,95E-07 

Colon + Sigmoid 1,26E-06 3,39E-07 1,25E-06 2,56E-07 1,21E-06 2,27E-07 
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Table 4:  Absorbed dose by the driver per scan – 9.0 MeV 
 

Organs 
Empty Water Iron 

Dose (Gy) Error (Gy) Dose (Gy) Error (Gy) Dose (Gy) Error (Gy) 

Trunk 5,44E-07 1,06E-08 4,81E-07 1,17E-08 5,93E-07 2,02E-08 

Rib bones 1,13E-06 9,78E-08 1,11E-06 1,35E-07 1,33E-06 1,23E-07 

Head 5,85E-07 3,67E-08 5,27E-07 5,91E-08 6,20E-07 5,57E-08 

Skull 6,57E-07 4,72E-08 5,73E-07 6,53E-08 6,75E-07 6,03E-08 

Arms 4,16E-07 8,43E-08 4,25E-07 5,32E-08 4,95E-07 8,43E-08 

Legs 4,28E-07 4,19E-08 3,96E-07 2,62E-08 4,68E-07 4,76E-08 

Femur 2,91E-07 1,31E-07 4,09E-07 1,19E-07 5,20E-07 1,48E-07 

Pelvis 7,27E-07 7,95E-08 6,27E-07 9,36E-08 8,30E-07 6,01E-08 

Brain 1,85E-07 7,31E-08 5,09E-07 6,24E-08 6,25E-07 1,12E-07 

Kidneys 8,25E-07 4,12E-07 6,70E-07 4,36E-07 8,79E-07 3,90E-07 

Large Instestine  4,73E-07 1,11E-07 5,25E-07 1,37E-07 5,47E-07 1,45E-07 

Spleen 6,03E-07 1,24E-07 5,04E-07 1,09E-07 6,86E-07 2,16E-07 

Bladder 2,07E-07 1,36E-07 1,82E-07 1,12E-07 3,98E-07 2,09E-07 

Pancreas 6,00E-07 3,68E-07 4,77E-07 2,04E-07 6,04E-07 3,35E-07 

Stomach 3,59E-07 1,03E-07 3,05E-07 9,75E-08 4,72E-07 8,68E-08 

Liver 5,40E-07 7,83E-08 4,83E-07 4,84E-08 5,76E-07 6,10E-08 

Left Lung 5,65E-07 1,02E-07 4,26E-07 4,93E-08 6,13E-07 1,07E-07 

Right Lung 6,72E-07 8,62E-08 5,63E-07 9,45E-08 7,14E-07 1,43E-07 

Heart 1,78E-07 1,18E-07 4,81E-07 1,33E-07 5,32E-07 8,12E-08 

Rectum 1,83E-07 3,51E-07 5,72E-07 3,98E-07 5,94E-07 5,06E-07 

Colon + Sigmoid 1,14E-06 3,08E-07 1,01E-06 2,09E-07 1,25E-06 2,09E-07 

 

 

Table 5:  Absorbed dose by the driver per scan – Accident condition. 
 

Organs 
4.5 MeV 6.0 MeV 9.0 MeV 

Dose (Gy) Error (Gy) Dose (Gy) Error (Gy) Dose (Gy) Error (Gy) 

Trunk 6,87E-05 1,38E-07 7,21E-05 1,28E-07 7,84E-05 3,80E-07 

Rib bones 7,54E-05 1,04E-06 7,67E-05 7,10E-07 8,13E-05 1,04E-06 

Head 7,70E-05 3,94E-07 8,00E-05 7,45E-07 8,58E-05 7,15E-07 

Skull 8,23E-05 8,81E-07 8,49E-05 1,21E-06 8,96E-05 1,54E-06 

Arms 2,51E-05 8,31E-07 2,57E-05 6,55E-07 2,74E-05 7,58E-07 

Legs 3,99E-05 7,13E-07 4,13E-05 6,08E-07 4,43E-05 7,70E-07 

Femur 3,93E-05 1,82E-06 4,07E-05 1,37E-06 4,46E-05 1,41E-06 

Pelvis 9,07E-05 4,80E-07 9,41E-05 1,34E-06 1,02E-04 1,22E-06 

Brain 1,23E-04 4,19E-07 1,28E-04 2,26E-06 1,36E-04 7,32E-07 

Kidneys 3,13E-05 2,83E-06 3,24E-05 2,89E-06 3,46E-05 3,80E-06 

Large Instestine  1,32E-04 1,35E-06 1,39E-04 1,57E-06 1,51E-04 3,76E-06 

Spleen 5,62E-05 2,72E-06 6,37E-05 2,93E-06 7,82E-05 4,19E-06 

Bladder 4,45E-05 3,15E-06 4,92E-05 3,00E-06 5,43E-05 2,40E-06 

Pancreas 7,93E-05 2,97E-06 9,06E-05 4,88E-06 1,02E-04 9,57E-06 

Stomach 5,89E-05 7,37E-07 6,45E-05 1,60E-06 7,78E-05 2,37E-06 

Liver 1,31E-04 1,36E-06 1,36E-04 1,86E-06 1,44E-04 1,57E-06 

Left Lung 7,12E-05 8,67E-07 7,74E-05 1,81E-06 8,83E-05 1,41E-06 

Right Lung 1,45E-04 2,75E-06 1,51E-04 1,27E-06 1,58E-04 4,01E-06 

Heart 1,09E-04 3,87E-06 1,16E-04 3,04E-06 1,27E-04 2,72E-06 

Rectum 1,16E-04 8,19E-06 1,26E-04 6,61E-06 1,41E-04 9,75E-06 

Colon + Sigmoid 1,84E-04 4,36E-06 2,06E-04 5,69E-06 2,45E-04 5,73E-06 
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3. CONCLUSIONS  
 

The absorbed dose per scanning to the drivers was estimated to different cargo configurations 

and energy during drive-through cargo scanning. The results demonstrated that the dose to 

drivers depends strongly of the type of cargo carried.  

 

In normal operational conditions, according to operational procedure, the beam is started 1.0 

meter behind the driver, in order to avoid exposing him to the direct beam. However, it was 

identified that this procedure presents some operational difficulties with respect to scanning 

cargo areas that are immediately adjacent to an occupied cabin (as in box trucks). In this case, 

the scanning procedures may result in a greater radiation exposure to drivers (17).  

 

It should be emphasized that the justification of this scanning procedure shall take into 

account consideration of existence of legal or ethical issues associated, because the exposure 

of drivers should not be a matter of operational convenience. This procedure not produces 

benefits for exposed individuals and the security benefits to society could be obtained without 

the exposure of drivers. 

 

In the future works, the accuracy of the method will be improved through by setting of a 

greater number of steps to simulate the movement of the truck through the irradiation 

channel. 

 

 

REFERENCES 
 

 

1. S. Ogorodnikov, V. Petrunin, "Processing of interlaced images in 4–10 MeVdual 

energy customs system for material recognition",  Physical Review Special Topics - 
Accelerators and Beams, 5, 104701 (2002). 

2. G. Boghen, "MCNP calculations for container inspection with tagged neutrons", 

Nuclear Instruments and Methods in Physics Research B, 241, pp. 831-834 (2005). 

3. N. E. Ipe, R. Olsher, P. Rige J. Mzorack anj J. Thieu, "A cargo inspection system 

based on pulsed fast neutron analysis (PFNA
TM

)," Radiation Protection and 
Dosimetry, 116, pp. 343-346 (2005); 

4. D. Sudac, S. Blagus, V. Valkovic, "Inspections for contraband in a shipping container 

using fast neutrons and the associated alpha particle technique: Proof of principle", 

Nuclear Instruments and Methods in Physics Research B, 241, pp. 798-803 (2005). 

5. Y. H. Cho and B. S. Kang, "Analysis of the photoneutron activation effects generated 

by 9 MeV X-ray in a container cargo inspection facility", Radiation Protection and 
Dosimetry, 140, pp. 1-8 (2010). 

6. National Council on Radiation Protection and Measurements, Radiation protection 
and measurement issues related to cargo scanning with accelerator produced high-
energy X rays, NCRP commentary no. 20, NCRP, Bethesda, MD, USA (2008).  

7. M.A. Descalle, K. Vetter, A. Hansen, J. Daniels, S. G. Prussin, "Detector design for 

high-resolution MeV photon imaging of cargo containers using spectral information", 
Lawrence Livermore National Laboratory, LLNL-JRNL-423524 (2010). 

8. "Rapiscan System -  Eagle® Portal Series - Cargo and Vehicle Inspection", 

http://www.rapiscansystems.com/en/products/cvi/productsrapiscan_eagle_p60 (2012). 



INAC 2013, Recife, PE, Brazil. 

 

9. S. Agostinelli, J. Allison, K. Amako et al., "Geant4 - A simulation toolkit", Nuclear 
Instruments and Methods A, 506 (3), pp. 250-303 (2003). 

10. J. Allison, K. Amako, J. Apostolakis et al., "Geant4 development and applications", 

IEEE Transaction on Nuclear Science, 53 (1), pp. 270-278 (2006). 

11. Varian Medical Systems, "Varian Linatron High-Energy X-ray Applications" (2007). 

12. Y. H. Cho, J. H. Moon , C. S. Kang, "Analysis of activation products generated from 

photoneutron capture reactions inside a linear accelerator used in a cargo inspection 

facility", Nuclear Instruments and Methods in Physics Research B, 265, pp. 615-620 

(2007). 

13. Geant GPS Online User Manual  http://reat.space.qinetiq.com/gps/  (2004). 

14. S. Guatelli, B. Mascialino, M. G. Pia, W. Pokorski, "Geant4 Anthropomorphic 

Phantoms", IEEE Nuclear Science Symposium Conference Record, N31, (2006). 

15. H. Akkurt, K. F. Eckerman, "Development of PIMAL: Mathematical phantom with 

moving arms and legs", Oak Ridge National Laboratory,  ORNL/TM-2007/14 (2007) 

16. G. Mardirossian, M. Tagesson, P. Blanco, L. G. Bouchet, M. Stabin, H. Yoriyaz, "A 

New Rectal Model for Dosimetry Applications", The Journal of Nuclear Medicine, 

40, pp. 1524-1531 (1999). 

17. U.S. Nuclear Regulatory Commission,  Inspection Report at Department of Homeland 
Security, Inspection No. 03012771/2011003 (2011). 

 

 


