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Abstract 

One of the most critical risks to humans in reactors environment is radiation exposure. 

Around the tokamak hall personnel are exposed to a wide range of particles, including 

neutrons and photons. International Thermonuclear Experimental Reactor (ITER) is a 

nuclear fusion research and engineering project, which is the most advanced experimental 

tokamak nuclear fusion reactor. Dose rates assessment and photon radiation due to the 

neutron activation of the solid structures in ITER is important from the radiological point of 

view. Therefore, the dosimetry considered in this case is based on the Deuterium-Tritium 

(DT) plasma burning with neutrons production rate at 14.1 MeV.  The aim of this study is 

assessment the amount of radiation behind bio-shield wall that a human received during 

normal operation of ITER by considering neutron activation and delay gammas. To achieve 

the aim, the ITER system and its components were simulated by Monte Carlo method. Also to 

increase the accuracy and precision of the absorbed dose assessment a body phantom were 

considered in the simulation. The results of this research showed that total dose rates level 

near the outside of bio-shield wall of the tokamak hall is less than ten percent of the annual 

occupational dose limits during normal operation of ITER and It is possible to learn how long 

human beings can remain in that environment before the body absorbs dangerous levels of 

radiation. 

 

Introduction 

ITER is an international nuclear fusion research and engineering project, which is currently 

the most advanced experimental tokamak nuclear fusion reactor at Cadarache in the south of 

France. The machine is expected to get more energy out of the fusion process than is used to 
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initiate it, something that has not been achieved with previous fusion reactors. The nominal 

inductive operation produces a DT fusion power of 500 MW for a burn length of 400 s, with 

the injection of 50 MW of auxiliary power with a pulse repetition period of 1,800 s. It will 

perform experiments with DT plasma that will achieve the level of 1013  n.cm-2.s-1 [1, 2]. 

The major components of the tokamak are the superconducting toroidal and poloidal field 

coils which magnetically confine, shape and control the plasma inside a toroidal vacuum 

vessel. The magnet system comprises toroidal field (TF) coils, a central solenoid (CS), 

external poloidal field (PF) coils, and correction coils (CC). Inside the vacuum vessel, the 

internal, replaceable components, including blanket modules, divertor cassettes, and port 

plugs. The tokamak hall has been shielded by a 2 meters thick bio-shield made up of 

removable specific concrete. 

Dose rates assessment of ITER was only considered by transport of particles emitted from the 

plasma in previous analyses by Arione Ara´ujo [1]. The gamma radiation due to the neutron 

activation of the solid structures in ITER is important therefore the dosimetry considered in 

this case is the neutron activation due to the Deuterium-Tritium (DT) plasma burning with 

neutrons production rate at 14.1 MeV. The aim of this study is evaluation the amount of 

radiation behind bio-shield wall that a human received during normal operation of ITER and 

assessment of dose rates by considering neutron activation and delay gammas in ITER 

system. To achieve the aim, the ITER system and its components were simulated by Monte 

Carlo method. Also to increase the accuracy and precision of the absorbed dose assessment a 

body phantom with appropriate details were considered in the simulation. 

 

Materials and Methods 

The dose rate during operation is mainly due to the neutrons of plasma interactions, prompt 

gamma photons and decay gammas emitted by the radioactive nuclides generated during 

neutron irradiation. Therefore, a coupled neutron and photon transport code is needed for 

calculation. 

This tokamak is a complex and large machine that uses several technologies of last generation 

and its project has high detail level. Nevertheless, for the simulation, the model like previous 

analyses by Arione is convenient. However, to ensure the reliability of the particles transport 

it was necessary to specify accurately the composition and thickness of the materials system. 

The geometric model is basically built using concentric finite cylinders. The cylindrical 

surfaces are 24 meters high and they have the same axial alignment. Each region between two 
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successive cylindrical surfaces was filled with the appropriate material in order to represent 

the different layers of each component along the radial reactor direction [1].The typical 

sample of simulation for this geometric model can be seen in figure 1. The plus symbol (+) in 

center demonstrates the center of symmetric simulated system. This simplified model 

disregards the detailing of more complex components, omits the vertical and horizontal slits 

between blanket modules and does not consider components that do not involve the whole 

machine. 

 

Figure 1. Typical sample of simulation for whole tokamak geometric model 

 

Some of these materials have a composition of base metals or elements with specific atomic 

fraction. This point should be regarded in simulation of composition materials and equivalent 

density calculation. For instance Incoloy908 includes Fe, Ni, Cr, Nb, Al, Ti, Si and C. Also 

Resin is composed of 70% Polystyrene and 30% Polyethylene. 

In this simulation a ring shape source was defined in which its cross section was square with 

0.60 m height and 0.60 m wide. The position of source was set to be in the central part of the 

plasma chamber perpendicular to z-axis uniformly emitting 14.1 MeV neutrons isotropically. 

This source does not take into account the plasma emissions asymmetries in the poloidal and 

toroidal directions, like previous work. Considering the aims of dosimetry, this simplification is 

acceptable. The parameters of emission spectrum were adjusted by suitable code in MCNPX 

through the choice of standard libraries. This simulation is based on Monte Carlo method by 
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using MCNPX 2.6.0 (Monte Carlo All-Particle Transport Code).The advantage of this version 

is the capability of delay Gamma production and transportation that affect dose results. 

The Organ Dose Measurement Using the MIRD-MIT Phantom employed a model human 

head and torso, contains over 60 cells to measure absorbed dose to specific organs during 

normal operation of tokamak. MIRD-MIT body phantom used in this simulation represents a 

male shown in figure 2. He is comprised of the MCAT phantom plus testes, thyroid, legs, 

bladder, and intestines. Dose rate has been calculated for some important organs like head, 

brain, thyroid, liver, kidney, testes and skin. 

 

Figure 2. MIRD-MIT Phantom employed in different cross section 

 

In the simulation total dose and neutron flux evaluated by using ring detector tally because 

ITER is rotationally symmetric about a coordinate axis. Ring detectors are Monte Carlo 

methods used in all problems with axial symmetry. A ring detector usually enhances the 

efficiency of point detectors for problems that are rotationally symmetric about a coordinate 

axis [4]. Also Geometry splitting/Russian roulette variance reduction method was used to 

reduce the errors. Geometry splitting/Russian roulette is one of the oldest and most widely 

used variance-reducing techniques in Monte Carlo codes [5]. By using these methods relative 

errors near bio-shield reduce to 3% that is acceptable accordance to the international 

standards. Also the radiation doses were calculated using flux-to dose conversion factors 

(DE/DF cards) based on ICRP-21 reports [5].  
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Results 

Neutron flux and dose rate was determined in all cylindrical surfaces along the radial machine 

direction from the plasma chamber to the outer surface of the bio-shield. Also total dose on 

phantom organs has been evaluated. The results are shown in tables 2 to 4.  

 

Table 2. Neutron flux from plasma chamber to bio-shield wall (n.cm-2.s-1) 

Component Position (cm) Neutron Flux 

Plasma Chamber 602 4.132 E+13 

BLK-Shield Block 875 1.691 E+12 

VV-Filling 935 5.100 E+09 

Vacuum 1200 9.604 E+02 

Inside Bio-Shield 1432 5.597 E+02 

Outside Bio-Shield 1660 1.859 E-03 

 

Table 3. Total dose from plasma chamber to bio-shield wall (Sv/h) 

Component Position (cm) Total Dose 

Plasma Chamber 602 6.228 E+04 

BLK-Shield Block 875 3.825 E+04 

VV-Filling 935 5.742 E+01 

Vacuum 1200 3.067 E-06 

Inside Bio-Shield 1432 1.487 E-06 

Outside Bio-Shield 1660 4.900 E-10 

 

Table 4. Total dose on phantom organs (Sv/h) 

Organ Name Total Dose Organ Name Total Dose 

Head 6.7032 E-10 Liver 9.6040 E-10 

Brain 1.2024 E-10 Kidney 1.0608 E-9 

Thyroid 4.0964 E-10 Testes 8.7906 E-10 

Lung 5.1450 E-10 Skin 1.8889 E-10 
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Discussion 

One of the most critical risks to humans in reactors environment is radiation exposure. 

Around the tokamak hall personnel are exposed to a wide range of particles, including 

neutrons and photons. Exposure to radiation found in this field can cause cataracts, cancer, 

damage to reproductive organs and the nervous system, and changes in heredity. 

 

Conclusion 

This calculation will help scientists more accurately predict the radiation exposure personnel 

will experience inside their bodies, especially to critical organs. No previous work has done to 

measure radiation doses in multiple, discrete locations in the body. By performing this 

simulation, it is possible to learn how long human beings can remain in that environment 

before the body absorbs dangerous levels of radiation. The research may lead to protective 

procedures to safely prolong human exposure to radiation. 

It is important to remember that the contributions due to the presence of slits between blanket 

modules and also the various holes in the cryostat and bio-shield were not considered in the 

calculation. These simplifications decrease the actual value that would be obtained if they 

were taken into account. Also the results showed that total dose rates level near the outside of 

bio-shield wall of the tokamak hall are expected to be less than ten percent of the annual 

occupational dose limits during normal operation of ITER. 
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