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ABSTRACT 
 
Radioactive materials are used in the fields of medicine, industry, research and nuclear power production. The 
use of radioactive material may involve transportation and this implies in the application of safety measures to 
the workers, public and the environment. Many types of radioactive material are produced all over the world and 
some modes of transport are involved. The IAEA regulations are based on the philosophy that radioactive 
material being transported should be adequately packaged to provide protection against the hazards of the 
material under all conditions of transport. Some Brazilian steel industries control the levels of liquid steel in 
continuous casting systems by means of sealed sources of cobalt-60.The Center for Development of Nuclear 
Technology-CDNT produces several of these sources to meet these industries and these sources must be 
transported in packages designed and tested as requirements of the rules of carriage of radioactive materials. For 
the transportation of seven sources of cobalt-60 with total activity of 1 GBq since CDNT to the applicant 
industries was designed, built and tested a Type A package. The thickness of the shield to meet the surface dose 
rate and the index of transport was calculated by MCNP (Monte Carlo N-Particle Transport Code-Version 5) 
and practical values were compatible. The sealed sources of cobalt-60 were tested as to leak through the 
tightness test conducted according to ISO 9978:1992 (E) and the tests to demonstrate the capability of resistance 
of packaged under normal conditions of transport were made on the facilities of CDNT. 
 
 

1. INTRODUCTION 
 
The radioactivity is a natural phenomenon and natural sources of radiation are characteristic 
of the environment. The radioactive substances have numerous applications ranging from 
generation of electricity to use in medicine, agriculture, research, industries, etc. One of the 
industrial applications are in control of continuous casting that is a process that produces 
about 80% of steel billets or slabs of the western world and is the continuous passage of 
liquid steel through the mold. Some steel industries use sealed sources of cobalt-60 to control 
the level of liquid steel in continuous casting systems, and these sources have a lifespan of 
approximately a half life of cobalt-60 which is approximately 5.3 years. The replacement of 
these sources is expensive because they are imported and are provided in packages which 
shields made of materials such as lead, uranium or titanium for instance. These factors led an 
industry to consult the Center for Development of Nuclear Technology-CDNT about the 
possibility of these sources be produced through the irradiation of cobalt in reactor TRIGA 
IPR-R1 [1, 2].  For the use of radioactive material is needed that it be transported in a secure 
manner in order to protect the man and the environment. Many types of radioactive materials 
are produced worldwide and several ways of transport are employed within that philosophy 
and the International Atomic Energy Agency-IAEA establishes standards for protection 



against the dangers of ionizing radiation. For the transportation of seven sources of cobalt-60 
with total activity of 1 GBq was designed, built and tested a package type A. The thickness of 
lead shielding was calculated by MCNP (Monte Carlo N-Particle Transport Code, Version 5) 
[3, 4] and the values recorded by measures of radiation rates with radiation detector verified 
that the doses of radiation were compatible. The sources were made in CDNT and their 
tightness were tested by the standard of the International Organization for Standardization-
ISO 9978:1992 (E) [5]. 
 

2. THE SOURCE OF COBALT-60 
 
Each radioactive source is a wire of cobalt-60 of 0.15 mm diameter by 300 mm long with 
activity of 148 MBq inserted into a cylindrical stainless steel capsule with welded ends, 
provided with a lattice to handle at one end. The external dimensions of the cylindrical 
stainless steel are: outside diameter of 7.94 mm and length of 338.5 mm as shown in Fig. 1. 
 

 
 

 
 

Figure 1.  Sealed source of Co-60. 
 

3. METHODOLOGY OF CALCULATING THE SHIELDING 
  

The calculation of the thickness of lead to meet the requirements of the standard CNEN-NE-
5.01 [6] was performed using the CODE MicroShield V5.05 (5.05-00248). 
 
MicroShield is used to analyze shielding and estimate exposure from gamma radiation. 
Several of the specific uses of this type of analysis include designing shields and containers, 
assessing radiation exposure to people and equipment, selecting temporary shielding for 
maintenance tasks, inferring source strength for waste characterization and disposal from 
external gamma radiation measurements, minimizing exposure to people shielding [3]. 
 

4.  DETERMINATION OF THE TERM OF RADIATION SOURCE 
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The term source of radiation used in the simulations is the emission spectrum of cobalt-60, 
e.g. emission of two gamma rays with energies of 1.17 MeV and 1.33 MeV for each 
disintegration. The activity of each source is 148 MBq and are transported in the pack seven 
sources for the applicant, then the total activity is 1GBq [3, 4]. It was the term source used in 
determining the theoretical minimum thickness of the shielding of lead, providing the basis 
for the design of the packaging. It was found that the dose rates determined theoretically were 
compatible with the readings of the rates measured with the radiation detector. The difference 
between practical and theoretical values was approximately 30%  a value that is satisfactory. 
 

5. THE PACKAGING 
  

The packaging consists of a wooden of 30 mm thick, reinforced externally by a frame of 
angle bars and flat-carbon steel, 1 ½” x 3/16” with removable cover attached by screws and 
having handles for manipulation. In its interior there is a cylindrical shielding of lead fixed to 
a base of steel plate that is screwed to the bottom of the box. The fixing of the cover shielding 
is made by a flat steel bar, fixed at two round steel bars welded to the shielding. Figs. 2 and 3 
show the external and internal views of the packaging. 

  
 
 

 
 

       Figure 2. External view of the packaging. 
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Figure 3.  Internal view of the packaging. 
 

The main dimensions of the packaging in mm are: 
Box: 470 x 470 x 590 
Shielding: outer diameter of 160 
                  internal diameter of 70  
                  depth of 490 with cover 
 
For the uniform distribution of the seven sources in the shielding was fabricated an aluminum 
structure whose dimensions are compatible with the shielding hole. This structure ensures 
smaller displacements of sources inside the shielding and consequently lower levels of 
radiation variations on the external surfaces of the packaged to meet the standards of 
transport and allows safer handling of sources (see Fig. 4). 
  
 

 
 

Figure 4.  Structure for accommodation of the 
seven sources of cobalt-60. 
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6. TESTS CARRIED OUT 
 

To meet the safety requirements were made tests for tightness of the sealed sources and the 
packaging of transport according to standards. 
 

6.1. Test for sealed sources of Co-60  
 
The verification of tightness of the sources was performed in accordance with the 
methodology specified in ISO Standard Radiation protection - Sealed sources - Leakage test 
methods. It was performed the Vacuum Bubble Test, specified at the paragraph 6.2.1. of this 
standard. 
 
This test is performed in hypobaric chamber filled with ethylene glycol, as showed in Fig. 5, 
the source is completely submerged in the liquid and ambient pressure is reduced to 15 kPa. 
The test duration is one minute, during which it can not be observed stream of bubbles. The 
absence of stream of bubbles is the condition of approval in this testing. 
 
 

 

 
 

Figure 5.  Immersion of the source of cobalt-60 to 
verify the tightness. 

  

6.2.  Tests for package 
   
The tests on package for transport of radioactive material are regulated by the standard 
CNEN-NE-5.01-Transport of Radioactive Materials, of the National Commission of Nuclear 
Energy [6]. Tests for Type A are water spray, free drop, penetration and stacking. The test of 
the water spray is not needed because it is a packaged made of materials resistant to water 
[7], the testing of water spray is relevant for fragile packed or that absorb water (e.g. 
cardboard). 
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6.2.1. Free drop test 
   
The free drop test is the releasing of the prototype  onto a hard target, so as to suffer the most 
damage with regard to safety aspects. The height of fall on the prototype platform for 
containing radioactive material packed in the solid is 1.2 meters. 
 

6.2.2.  Stacking test 
  
The prototype is subjected to a compressive load equal to the minimum of the two largest 
cargoes: a) one equivalent of five times the mass of packed b) that the equivalent pressure of 
13 kPa multiplied by the vertical projection area of the prototype, in cm2. The compressive 
load is applied uniformly in two opposite sides of the sample, one of which is the basis on 
which the standard rests and duration of the test is 24 hours. 
 

6.2.3. Penetration test 
 
The test is carried out releasing a cylindrical steel bar of 6 kg on the most fragile of the 
prototype, as showed in Fig. 6, so that if the bar penetrates sufficiently to reach the 
containment system, that consists of cylindrical stainless steel capsule that contains the wire 
of cobalt-60, do not cause lost neither liberation of the radioactive material to the 
environment. The height of drop of the bar, measured from its lower end to the outer surface 
of the prototype packaging for containing radioactive material in solid form is 1 meter. 
 
 

 

 
 

Figure 6.  Arrangement for penetration test. 
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7. TEST RESULTS 
 

7.1. Test for sealed sources of Co-60  
  
There were no ocurrence of air bubbles from the capsules during the test. Therefore, the 
capsules tested had leakage rate below the limit of detection 1μPa.m3.s-1. Considering the 
volume of the internal capsule (2 x 10-9m3), one can ensure that the samples have the leak rate 
less than 2 x 10-9μPa.m3.s-1. 
  

7.2.  Tests for package 
  
After the tests was observed only a small deformation of the handle lifting reached during the 
testing of free-fall. The penetration test did not cause apparent damage. There was   any loss 
or dispersal of radioactive contents.  
 
After opening the box it was observed no displacement of the shielding inside the box nor 
cover damage of the shielding which ensures that the capsules with simulated radioactive 
material remained in its original position and therefore no increase in levels of dose outside 
the sample more than 20%. 
 

8. MARKING ON PACAKGING 
  
The packaging receives the denomination CDTN (A) 021. The denomination, type and 
weight of the packaging are labeled, so readable and durable, on two opposite sides of it as 
follows:  
 
• CDTN (A) 021 
• TYPE A 
• 162 kg 
 

9. CONCLUSION 
  

The results of tests ensured that packaged Type A designed, built and test in CDTN is robust 
and there were no dispersion or lost of its contents neither evidence of significant increase in 
the level of radiation surface, accordingly to the requirements of the standard transport of 
radioactive materials-CNEN-NE-5.01. So, the transport of the radioactive source of cobalt-60 
made in CDTN to attend the request a steel industry can be realized safely. 
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