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ABSTRACT 

 

The GammaBeam - 127 Irradiator is widely used for biological, chemical and medical 

applications of the gamma irradiation technology using Cobalt 60 radioactive at the Centro de 

Desenvolvimento da Tecnologia Nuclear CDTN/CNEN, Belo Horizonte, Brazil. The source 

has maximum activity of 60.000Ci, which is composed by 16 double encapsulated 

radioactive pencils placed in a rack. The facility is classified by the IAEA as Category II (dry 

storage facility). The aim of this work is to present a modelling developed to evaluate the 

dose rates at the irradiation room and the dose distribution at the irradiated products. In 

addition, the simulations could be used as a predictive tool of dose evaluation in the 

irradiation facility helping benchmark experiments in new similar facilities. The MCNPX 

simulated results were compared and validated with radiometric measurements using Fricke 

and TLDs dosimeters along several positions inside the irradiation room. 
 

 

 

1. INTRODUCTION 

 

The gamma irradiation technologies, its wide range of applications, creation of innovative 

techniques and efforts to improve the dosimetry assessment have been presented in many 
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previous studies [1-5]. This technology is applied to induce physical, chemical or biological 

benefits on the irradiated products. Typical examples are food treatment for parasite and 

pathogen control and shelf-life extension, sterilization of medical devices, cosmetics and 

phytoterapics, enhancement of polymers, modification of gemstones colours, stuff 

disinfestations, conservation of art objects and other various applications. 

 

This paper is focused on this panoramic irradiator which is installed at Centro de 

Desenvolvimento da Tecnologia Nuclear CDTN/CNEN, Belo Horizonte, Brazil. The source 

consists of 24 holes with 16 doubly encapsulated radioactive cylindrical pencils model C-198 

in niquel and stainless steel. The overall length is 20.98 cm and 0.31 cm of radius. The 

pencils sources are placed in two stainless steel rack. The initial activity of the source is 

59,979 Ci (15/08/2006). These pencils sources are stored in dry conditions in a cylindrical 

container. It cylindrical container consists of Aluminum.This facility is classified as Category 

II (dry storage facility) by the International Atomic Energy Agency (IAEA). 

 

Gamma irradiation facilities need a careful dosimetric characterization to determine its 

overall performance to determine the product absorbed dose. Dosimetric measurements and 

modelling must be accomplished to evaluate the dose distribution throughout the sample 

being irradiated. By the assessment of dose rates inside the irradiation room it is possible to 

have a previous estimation of the absorbed dose of a product located at a specific distance 

from the irradiation source during a definite time of exposure. 

 

In this work, the goal is to reproduce with extensive details the irradiation source geometry 

and composition and obtain a dose rate distribution on the irradiated material using the Monte 

Carlo MCNPX code, an extensively worldwide code used to radiation transport simulation 

[7]. It simulates up to 34 types of particles in a very wide energy range employing 

benchmarked nuclear data and nuclear interaction models. Due to its versatility in modelling 

complex 3D geometry as well as its highly accurate radiation transport simulation, the 

MCNPX code has become a powerful research tool in the fields of applied radiation transport 

research: medical physics, radiation protection, design of nuclear installations, radiation 

detectors and radiation shielding. 

 

The irradiated material is the Poly (vinylidene fluoride) (PVDF) polymer. The polymer 

PVDF has a density of 1.78 g/cm
3
 and its elemental composition is 33.3 % of H, 33.3 % of C 

and 33.3 % of F.  

 

The Monte Carlo simulation results will be compared with experimental measurements 

obtained using different dosimetric systems (Fricke and TLD) [6].  

 

 

 

2. MATERIALS AND METHODS 

 

The Fig.1 presents the schematic representation of the GammaBeam - 127 (GB-127) 

panoramic irradiator  at the Laboratório de Irradiação Gama do CDTN/CNEN manufactured 

by the MDS Nordion . 
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Figure 1: Schematic representation of Source Allocation System for GB-127 (courtesy 

from the MDS Nordion). 

 

 

Several details of the GB-127 gamma irradiator were considered for the Monte Carlo 

simulations. Some of them are:  the F-127 container, the 
60

Co source (formed by circular 

arrangement of 16 C-198 gamma sources called pencils), the sources material and structure 

compositions (pellets and slugs of 
60

Co inside the pencils), the double encapsulation, the 

source rack configuration, source shroud and finally details of the irradiation room. Those 

simulations were performed on MCNPX v. 6.0 aiming the evaluation of the dose rate 

distribution inside the gamma irradiation room of the panoramic facility. In previous works 

[8] details of the simulations are described. 

 

 The sources were simulated using the SDEF card, defining a cylindrical source with 

diameter and length equal to the length of all the Co-60 pencils parallel to the Z axis. The two 
60

 Co energy peaks: 1.1732 MeV and 1.3325 MeV with emission probabilities 0.9986 and 

0.9998 respectively were also considered in the simulation.  

 

The absorbed dose was derived from the flux obtained with tally F5 card (flux at a point). 

The dose-rate conversion factors can be incorporated by means of the tally multiplier (FM) 

card available in MCNPX code. 

 

Under these conditions, 3x 10
6
 stories have been simulated and the CPU time was around 25 

min in the Intel Core CPU with 3,4 GHz and RAM 8GB.  The method of importance has 

been used as variance reduction techniques. The relative errors are under the recommended 

value in almost all cases (< 5%). 

 

One of the sources is a slug and the rest contain pellets. An important simplification in the 

MCNPX model was to homogenize the pellets in the pencils sources.  
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3. RESULTS 

 

The dose rate distribution along the medial plane of the cobalt 60 source was obtained and 

compared with experimental measurements.  

 

The comparisons of the detailed theoretical predictions with experimental measurements of 

dose rate distribution are show in the Fig. 2. 
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Figure 2: Comparisons of the detailed theoretical predictions with experimental values 

of dose rate distribution vs. distance from source. 

 

 

It shows that there is a very significant decrease of the dose rate with the distance from the 

source. It also shows that the closer to the source, the greater are the deviation from the 

experimental results.  Those discrepancies can be attributed to the sources anisotropies, non-

punctual behaviour and structures detailing level considered by the model.  

 

Figures 3 and 4 show the gamma irradiator doses mapping simulation in 2D using the mesh 

tally (TMESH) card of the MCNPX code in the irradiation room around the source and inside 

the cylindrical container respectively. The rectangular mesh was used. The TMESH tally 

works much faster than the F5 tally because of the mesh is independent of the complexity of 

the geometry of the simulated system. The CPU time was around 7 min. For visualizations 

the software MATLAB [8] was used. The average energy deposition per unit volume (pedep) 

(in MeV/cm
3
) options was selected. 
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Figure 3: Gamma irradiator doses mapping simulation using the MCNP code in the 

irradiation room. 

 

 

As expected, the maximum absorbed doses values are at the center where is the cylindrical 

container of the 
60

Co pencils sources is located, as shown in the Fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Gamma irradiator doses mapping simulation using the MCNP code inside the 

cylindrical container. 

 

 

The Fig. 4 show the absorbed doses distributions. 
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These results will be applied for predicting the absorbed dose by the irradiated products, 

assessment of dose distribution inside the irradiated volume of the product, determination of 

maximum and minimum doses of different density products, evaluation of exposure time to 

achieve an expected absorbed dose and other technical and operational assessments. 

 

It validates the actual dose evaluation system used by the CDTN Gamma Irradiation Facility, 

since the results are in accordance and with low dispersion. 

 

 

 

3. CONCLUSIONS  

 

The good agreement in the simulated and experimental results indicates the potentiality of the 

simulation method for modelling the gamma irradiation process and the irradiation 

phenomena by using MCNPX.  

The results of this work will be useful for diffusion of the application of the gamma 

irradiation technology, assuring a high quality dose evaluation absorbed by the product and 

reduction of assigned uncertainties. It can be used as a routine predictive tool for irradiation 

planning for each type and density of material. 
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