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INTRODUCTION 

A new radiography facility is designed at Soreq NRC. The facility will hold a neutron generator that 

produces 1.73∙10
9
 n/s with an energy of 14 MeV and a linear accelerator that accelerates electrons to an 

energy of 9 MeV. The two radiation sources will be installed in 2 separate laboratories that will be built in 

an existing building. Each laboratory will have its own machine and control room. The dose rates around the 

sources were calculated using the FLUKA Monte Carlo code
(1,2)

. The annual doses were calculated in 

several regions around the generator and the accelerator laboratories in accordance with the occupancy in 

each area. The calculated annual doses were compared with the dose limits specified in the Safety at Work 

Regulations
(3)

 and the IAEC Standard for Protection against Ionizing Radiation
(4)

. The shielding was 

designed to comply with the following dose constraints: 0.3 mSv/y for members of the public and 2 mSv/y 

for radiation workers.  

  

Each radiation source is planned to produce radiation for a maximum of 500 hours per year. The dose rate in 

the direct beam of the accelerator is 30 Gy/min at 1 m from the source and it will be surrounded by a 

collimator with an opening of 30º horizontally and 2 mm vertically, 3 m from the radiation source. The 

leakage radiation dose will not be greater than 1.5 mGy/min (0.005% of the direct beam, according to the 

manufacturer). The leakage radiation will be produced isotropically.  

 

The neutron generator will be surrounded by a shielding made of a 10 cm iron cylinder (density 7.87 g/cm
3
), 

surrounded by 50 cm of borated polyethylene (atomic percent: H (13.8%), C (82.2%), B (4%), density: 0.92 

g/cm
3
) and 5 cm of lead (density 11.35 g/cm

3
). The neutron generator shielding was not designed or 

required in the present shielding design but was considered in the shielding calculations. 

 

RESULTS 

The FLUKA Monte Carlo code calculates the fluence rate in every unit of volume surrounding the radiation 

source according to the geometry of the building and converts it to annual dose using the conversion factors 

specified in Publication 74 of the ICRP
(5)

. The annual dose was calculated inside and outside the building 

and for various shielding options. The selected shielding design is the minimal shielding that complies with 

the dose constraints specified above and the requirements of the future user of the facility.  

 

The annual doses take into account the occupancy factor in each surrounding area: full occupancy in the 

control room (500 hours annually), 1/25 occupancy in the machine room, 1/5 occupancy in the building 

corridors and 1/40 occupancy in the areas surrounding the building. The occupancy factors were selected 

according to data provided by the future user of the facility and the recommendations in Report 151 of the 

NCRP
(6)

.  

 

Dose Rates due to Operation of the Accelerator 

The future user of the facility required that shielding should not be installed around the accelerator, as 

opposed to the neutron generator. Table 1 presents the annual doses in the areas surrounding the accelerator 

laboratory (500 hours of operation).  

 



Table 1. Annual doses around the accelerator laboratory. 

 

 Occupancy factor Occupants Annual dose 

(mSv/y) 

Control room 1 Rad. workers 2 

Machine room 1/25 Rad. workers 2 

Maze entrance  1/5 Members of the 

public 

0.2 

Parking lot 1/40 Members of the 

public 

0.4* 

Generator lab. 1 Rad. workers 16 

South of 

building 

1/40 Members of the 

public 

0.3 

Roof - - 2,200 

* The annual dose 1 m from the northern wall is lower than the dose constraint for members of the public 

(0.3 mSv/y)  

 

The highest annual dose in the control room and the machine room are equal to the dose constraint for 

radiation workers (2 mSv/y). The highest dose rate in the machine room exists in the south-east corner and 

is 0.1 mSv/h, while the dose rate in the other parts of the room is lower than 20 µSv/h. If workers are 

planned to stay in the machine room for long periods of time (higher occupancy factor than 1/25) during the 

accelerator operation one of the following should be done: 

1. Restrict access to the south-east corner of the room. 

2. Add shielding on the wall facing the accelerator laboratory (thickness of the shielding will be 

calculated according to the updated occupancy factor in the room). 

 

The annual dose in the generator laboratory is higher than the dose constraint and equals 16 mSv/y (max. 

dose rate: 30 µSv/h). Presence of workers in the generator laboratory during the accelerator operation should 

be restricted to 60 hours annually or shielding should be added on the wall between the two laboratories. 

The high annual dose on the roof of the building requires restricting entrance to the roof during the 

accelerator operation.  

A fence should be built that will not allow people to come closer than 1 m from the northern wall of the 

building.   

 

Dose Rates due to Operation of the Neutron Generator 

Table 2 presents the maximum annual doses in surrounding areas of the neutron generator laboratory (500 

hours of operation). 

Table 2. Annual doses around the neutron generator laboratory. 

 

 Occupancy factor Occupants Annual dose 

(mSv/y) 

Control room 1 Rad. workers 1.1 

Machine room 1/25 Rad. workers 2.0 

Maze entrance  1/5 Members of the public 0.2 

Parking lot 1/40 Members of the public 0.4* 

Accelerator 

lab. 

1 Rad. workers 
2.1 

South of 

building 

1/40 Members of the public 
0.2 

Roof - - 70 



* The annual dose 1 m from the northern wall is lower than the dose constraint for members of the public 

(0.3 mSv/y)  

 

The annual doses in the control room, the machine room and the accelerator laboratory are lower than the 

dose constraint for radiation worker (2 mSv/y). The annual doses to members of the public in the maze 

entrance, the parking lot and south of the building are lower than the appropriate dose constraint. Due to the 

high annual dose on the roof of the building (assuming full occupancy), this area should be restricted and 

entrance should not be permitted during operation.  

 

Activation Calculations 

FLUKA was also used to evaluate neutron activation of materials in the generator laboratory. The dose rates 

from the activated materials were calculated depending on the irradiation time and the cooling time after 

operation. The maximum irradiation time (48 h) and two cooling times (1 min and 10 min) were considered 

in the calculations. Several large metal objects made of iron, aluminum and lead surround the generator and 

their mass and distance from the generator were considered. The most common produced radionuclides are 
65

Mn, 
28

Al and 
24

Na. It was found that after 48 hours of irradiation the highest dose rate in the room is 30 

µSv/h in contact with to the shielding of the generator.  

 

 

CONCLUSIONS 

The shielding of the two laboratories that are planned to be built at Soreq NRC was designed to comply with 

dose constraints that were set based on the Safety at Work Regulations and the IAEC Standard. Few 

surrounding rooms (the control room and the machine room) were defined as controlled areas to which only 

radiation workers can access and the roof of the building was defined as an area to which access is denied 

during operation of the generator or the accelerator as a result of high radiation doses.  

 

Prolonged operation of the neutron generator (longer than 48 hours) may cause considerable activation of 

the metals in the neutron generator laboratory that will require long cooling times. Entrance to the neutron 

generator laboratory after operation will only be permitted when the dose rate inside the room will be lower 

than 1 µSv/h.  

 

If occupancy in the machine room of the accelerator laboratory or the neutron generator laboratory is 

required during operation of the accelerator, shielding should be added on the wall facing the accelerator.  
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