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Abstract 

Post 9/11 incident the security concern has increased worldwide to avoid any malevolent act by the antisocial 
elements. There is always a possibility of transporting an explosives item for terrorist activities as well as 
contraband items for economic offences through the international cargo transportation. A practical way to inspect 
these containers without opening them, with a high throughput is by using ionizing radiations. The high steel 
thickness of containers require photon energy in the MV range, which can be produced by accelerating the charged 
particles. These accelerator based container scanners can be operated in “drive-by mode” in which driver of the 
trailer carrying container has to wait at a distance from the accelerator unit or in “drive-through” mode in which 
driver will be driving the trailer during scanning process. Radiation safety in the operation of the cargo scanners 
is crucial considering the factors such as movement of non-radiation workers at the ports, operation of mobile 
scanners and dose received by the drivers in “drive through” mode. This study has been carried out to analyse the 
safety systems provided in the container scanners from radiation safety view point. This article also outlines the 
performance testing and their results for an accelerator based scanner. 
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1. Introduction 
 

Ionizing radiations are being used worldwide for non-destructive inspections of various 
consignments. The possible security threats and detection of contraband necessitates the 
inspection of consignments of various sizes. Inspecting these consignment by physically 
opening them is not a feasible option, therefore ionizing radiation based inspection systems are 
gaining popularity. Various such systems are in use for the inspection of consignments of 
varying size. These equipment includes inspection systems for small postal consignments, 
small baggage at airport and railway stations, relatively bigger size consignments transported 
through air cargo and steel containers transported through sea routes. Such system utilizes 
ionizing radiations from a radioactive source or a radiation generating equipment emitting X-
rays. The selection of suitable radiation source mainly depends on the required penetration and 
image resolution.  Table 1 outlines typical beam energy used for such scanning systems. 
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Table 1.Typical energy and radiation source used for various scanning systems 
 

Sr. No.  System Type Typical energy and source used 
1. Postal Parcel Inspection System  60-80 kV X-rays 
2. Small and medium baggage inspection 

systems 
110-160 kV X-rays 

3. Large cargo consignments inspection 
systems  

160-220 kV X-rays 

4. Container Scanners 6-9 MV X-rays and Co-60 source 
   
 
Ionizing radiations used in such systems may cause health hazards to the operators and 

bystanders, if not handled properly, or due to inadequate safety systems in the equipment. 
Radiation safety during operation of these equipment is ensured by the inbuilt safety provisions 
provided in the system design and by adopting safe operating procedures. 

 
India has 12 major sea ports which are annually handling about 8.4 million TEU (twenty 

foot equivalent) of containers [1]. There is an increasing trend in number of accelerator based 
container/cargo scanners in Indian ports and all over the world. Various accelerator based 
container scanner have being installed which are in operation at the Indian Ports. Since these 
accelerator based scanners produces very high beam output, any malfunctioning of the safety 
system may lead to excessive exposure to the operator or driver.This article describes the safety 
aspects for the accelerator based container scanners and the experience of the performance 
testing of the container scanner. 

 

2. Accelerator based Container Scanners and their operation 
 

The structural components of a cargo containers varies from 2 mm to 4 mm of steel [2]. To 
analyse the goods transported inside these containers requires a radiation source of high energy, 
which should penetrate through the container thickness and the object thickness. Most scanner 
manufacturers typically design linacs in the range of 3-6 MeV which balance the poor 
penetration at low energies and the unwanted neutron production and shielding requirements 
at higher energies [3]. 

Generally dual energy accelerators of photon energy range 4 to 9 MV are used for imaging 
of these containers. Dual energy accelerator has advantage of material discrimination by 
different energy range. These accelerator produces dual energy during operation. High Z 
material are more opaque to high energy beam therefore discriminating the materials. The 
transmitted beam signal is used in an algorithm which calculates the atomic numbers and size 
of the scanned object. The energy of output beam can be changed by changing RF power and 
electron current from pulse to pulse to achieve dual energy. High RF power and low electron 
current results in higher electron energy and vice versa. Figure 1 shows a typical RF scheme 
for varying the electron beam energies from pulse to pulse [4]. 
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Figure 1 Scheme for interlaced dual energy system 
 
 

      The radiation beam output of such commercially available container scanners is in the 
range of 35-60 Gy/hr. The container scanner system uses very fine fan shaped beam, thereby 
reducing the exposure to the operating personnel. Based on the mobility of the accelerator 
systems, the scanner is broadly divided into fixed scanner and (vehicle mounted) mobile 
scanners. Further a fixed scanner can be operated in drive-by mode, where the driver of the 
container carrying vehicle will park the vehicle and move away during radiation exposure, or 
in the drive-through mode, where driver of the container carrying vehicle drives the vehicle 
during scanning process. On the other hand mobile scanners have been designed to scan only 
in drive-by mode. Design safety systems requirement in the scanner and its installation varies 
depending on the scanner type and operation mode.  

 
 

3. Safety Systems in the Accelerator based Container Scanners 
 

       Accelerator based container scanner system uses high photon energy. The high output 
dose rate of these scanners requires appropriate safety systems to minimize radiation hazards 
to the operators, general public and drivers (in case of drive through system) and to minimize 
the accidental risk during operation of the system. 

 

      Radiation safety of the non-radiation workers engaged in port activities is one of the 
important factors to be considered in the operation of such scanners. The radiation levels 
outside the facility installation should not exceed the prescribed dose limits for the public. In 
fixed container scanners, an enclosed installation is constructed with concrete walls of 
thickness sufficient enough to reduce the primary, leakage and scattered dose below the 
acceptable limits. However, in case of mobile vehicle mounted scanner this protection is 
achieved by the cordoning off the required area. The wall thickness in the primary beam 
direction is higher than other walls. The concreter thickness required for a typical primary 
wall at 5 m from the focal spot of a 6 MV accelerator having output of 50 Gy/hr at 1m is 
about 1.5m. However, calculation of the exact wall thickness requires consideration of 
workload, occupancy, distance factor, contribution of scattering and leakage etc. Similar 
consideration are for location and structure of the operators control room. 
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      In case of drive through systems, special considerations are required for the drivers of 
truck carrying container as the driver is present in the driver cabin of the vehicle, while 
container is scanned. Any operational or equipment malfunctioning may results to high 
exposure to the driver. Therefore, diversification of the safety systems which prevent 
accidental exposure to driver are recommended for such systems. 

     
      Performance testing of an accelerator based container scanner system, make Rapiscan, 

model Eagle P60 was carried out from radiation safety view point. This is 4 and 6 MV, dual 
energy accelerator having radiation output of 48 Gy/hr. This is the first drive through scanning 
system installed in India. Various safety systems were tested and verified for execution of 
their intended functions. Some important testing results have been outlined in the Table 2.   

 
Table 2. Results of performance testing of accelerator based container scanner system 

Safety 
System 

Intended Purpose  Action anticipated Observed 
anticipated 
action ? 

Approach 
Laser* 

To detect the  approaching 
object is a vehicle and 
subsequently send the 
actuation signal for laser 
gap profiler 

1. No system actuation due 
to entry of a human in the 
scanning bay   

Yes 

2. No system actuation if 
vehicle enters from exit 
side of scanning bay 

Yes 

Laser Gap 
Profiler* 

To detect whether the 
vehicle profile is like a 
truck carrying container   

Checked with various vehicle 
profile as provided in table 2. 
X-ray beam should not start, 
unless the vehicle is a truck 
carrying container.  

Yes 

Speed 
Control 
System* 

To start exposure only if 
speed is maintained at 
predefined speed (2-8 
km/h). Stop the exposure if 
vehicle stop during 
scanning 

X-rays are not energised if 
vehicle speed is beyond the 
limits of 2-8 km/h 

Yes 

X-rays switched off if 
vehicle speed reduced to 
less than 2 km/h. 

Yes 

X-rays switched off if 
vehicle speed increased to 
more than 8 km/h 

Yes 

X-rays switched off if a 
moving vehicle suddenly 
stops during scanning 

Yes 

Emergency 
Switches 

To stop exposure by 
manual intervention during 
emergency 

X-rays switched off if any one 
of the emergency switches is 
pressed 

Yes 

Trip Wires To stop exposure by 
manual intervention during 
emergency from the 
scanning bay 

X-rays switched off if trip 
wire present in scanning bay 
is pulled  

Yes 

*Required only for the drive through systems. 
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       In drive through system it is highly essential that the X-rays should be energised only 
when the driver cabin has passed and the container is facing the primary beam region, failing 
to which high dose may result to the driver. To achieve this functionality, one of the safety 
system is the laser gap profiler, which allows the actuation of X-rays if and only if the vehicle 
carrying container having gap between driver cabin and container, passes through the 
scanning area. X-rays are energised only after the passing of driver cabin. To test this 
functionality, various different profiles were scanned. Scanning results for various vehicle 
profile have been provided in the table 3.    

 
 
                                          Table 3. Scanning results for various vehicle profiles 

 Profile of vehicle to be scanned Anticipated action Observation 
 
 
 
 
 

vehicle carrying container 

X-rays energised X-rays energised 

 
 
 
 
 
 

Vehicle without container 

X-rays not 
energised 

X-rays not 
energised 

 
 
 
 
 
 

A Vehicle without gap e.g bus or car 

X-rays not 
energised 

X-rays not 
energised 

 
 
 
 
 
 
Vehicle carrying container entering through exit 

X-rays not 
energised 

X-rays not 
energised 

 
 
One of the major concern in the drive through system is the dose received by the driver 

of vehicle carrying container. In normal operating conditions the driver receives only scattered 
dose from the accelerator. To minimize the dose to the driver, the output X-ray beam from the 
accelerator is focused to a fan beam shape whose width is kept of the order of few mm. Typical 
value for the beam width is 2mm.During performance testing, the dose to the driver was 
measured using a personal dosimeter model Polimaster PM1610. This dosimeter has accuracy 
of ± 20% for the X-ray energy range of   0.02 to 10.0 MeV [5]. Figure 2 shows the measured 
dose to the driver of container in drive through scanning mode during the ten scanning cycles. 
The maximum and the average measured dose was 9 nSv and 7.2 nSv per scan respectively. 
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During the testing of the system other safety features such as door interlocks for the 

accelerator system, operational control of the device, CCTV surveillance, audio visual 
indicators and security aspects were also verified. 
 

 
 

Figure 2. Measured dose to the driver of container in drive through scanning mode 
 

 
4. Conclusion 

 
The accelerator based container system provide an effective solution for   scanning of the 

containers to detect any security threats and contraband. Due to high thickness penetration 
requirement these systems utilizes high photon energy which produces considerably high dose 
rates. Such scanners have inbuilt safety systems to prevent any potential exposure to the 
operators or drivers carrying containers. Performance testing of a fixed scanning system 
operated in drive through mode was carried out. The dose received by the driver carrying 
containers is main safety concern for drive through systems. As per international 
recommendations the dose limits per scan for the drivers should not exceed 0.25 µSv [6]. 

 
The dose received by the driver during performance testing was found to be well within 

the recommended limits. Multiple safety systems in the container scanner are found to be good 
enough to prevent any unintended exposure to the operator, drivers or bystanders. In addition 
to the inbuilt safety systems, role of the trained and qualified operator is very important to 
prevent any potential exposure situations. Further study on design and operational aspects 
including human error is recommended for accelerator based container scanner system, which 
will be helpful to identify the area for improvements in the design and operation. 
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