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ABSTRACT 
 

The hazardous waste problem imposes to respect national and international 
agreed regulations regarding their transport, taking into account both for 
maintaining  humans, goods and environment exposure under specified 
limits, during transport and specific additional operations, and also to reduce 
impact on the environment. 
The paper follows to estimate the radiological risk and cask materials 
qualification according to the design specifications for disposed sealed 
radioactive sources normal transport situation.  
The shielding analysis has been performed by using Oak Ridge National 
Laboratory’s SCALE 5 programs package. For thermal analysis and cask 
materials qualification ANSYS computer code has been used.  
Results have been obtained under the framework of ″Advanced system for 
monitoring of hazardous waste transport on the Romanian territory″ 
Research Project which main objective consists in implementation of a 
complex dual system for on-line monitoring both for transport special vehicle 
and hazardous waste packages, with data automatic transmission to a 
national monitoring center. 
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INTRODUCTION 
 

Sealed radioactive sources are used worldwide in medicine, industry and research for 
different applications. The sources can contain a broad spectrum of radionuclides, exhibiting a 
wide range of activity levels and radioactive half-lives. At the end of their useful lives, usually 
5–15 years, sources can be considered as ″spent″ or ″disused″. However, the radioactivity 
residual level in some sources can remain high, representing a significant radiological hazard.  

 
Disused radioactive sources must be considered as a specific type of radioactive waste that 

needs to be managed safely. Its safe disposal ensures the elimination of the security threat 
posed by radioactive sources during storage. Improperly managed radioactive sources could 
potentially be used in radiological dispersion devices (so-called dirty bombs) for acts of 
terrorism. Without appropriate disposal facilities, the safe and secure long term management 
of the source inventory cannot be guaranteed. 
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In order to reduce the risks concerning the radioactive sources management and the likelihood 
of incidents and accidents, International Atomic Energy Agency and its Member states have 
been establish the Code of Conduct on the Safety and Security of Radioactive Sources (1). 
This international instrument allow the implementation of various activities to improve the 
disused radioactive sources management assuring the appropriate technical, cost effective and 
safety conditions for radioactive sources manufacturing, handling, using, transporting, storage 
and recycling or disposal. 
 
Sealed radioactive sources are radioactive materials sealed permanently into a cap so that the 
dispersion probability is extremely low; cap is usually made by stainless steel, titanium, 
platinum or other inert materials. Sealed sources can contain one or more radioactive 
nuclides, their activity ranging from 105 to 1017 Bq. The strongest radioactive sources, talking 
in terms of activity, are made by Co60 (5.6x1017 Bq maximum activity), Sr90 (2.5x1016 Bq 
maximum activity) and Cs137 (maximum activity 1.9 x 1017 Bq) (1).  
 
A sealed radioactive source can be considered unusable when it becomes no longer active. 
The strength of a source declared as ″disused source″ by it actual user is very important, the 
same source being potentially useful for other future users, if its strength level is appropriate 
for their needs (see Figure 1). 

                                
Figure 1 – Decisional process for declaring a radioactive source as ″disused source″ 
 
Even disused, some sealed radioactive sources could have high activity and may contain long-
lived radionuclides, being considered as potential risk both for humans and environment. 
Figure 2 presents source activity ranges for various radionuclides used in sealed sources, 
versus source half-life, exemption level being also specified (2). In Figure 3 the effect of 100 
years and 300 years, respectively, decay period on the sources activity ranges is illustrated. 
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                           Figure 2 – Source activity ranges for various radionuclides (1) 

 

   
Figure 3 – Effect of decay period on the sources activity ranges (1) 

Regarding the options for disused radioactive sources disposal, except for some sealed 
radioactive sources containing very low concentrations of long-lived radionuclides (the smoke 
detectors for instant) which can be disposed in a dispersed fashion in landfills as exempt 
waste, the disused sealed radioactive sources are treated as low and intermediate level waste. 
Disposal option choice for this type of radioactive waste must take into account both for the 
source strength and the radionuclides half-life. The strong sources as Co60, Sr90 and Cs137 
ones, or those characterized by long-lived radionuclides (Ra, Am, Pu) imply a special 
attention for disposal taking into account for repositories engineering barriers efficiency. 
 

 
Figure 4 – Possible options for disposal of radioactive sources (1) 
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In all European Union Member States the disposal costs for disused sealed radioactive sources 
are supported by the users and these sources are temporary disposed for various periods after 
they were declared as ″disused sources″. It is also encouraged the disused sealed sources 
returning to their producer. 
 
In 1985 was built and start to operate the National Repository for Low and Intermediate 
Radioactive Waste (DNDR) – Baita, Bihor County, sited in Apuseni Mountains, in an old 
exhausted uranium mine. The repository, operated by IFIN HH Bucharest, is authorized for 
disposal of institutional wastes, namely short lived radionuclides. Using the ’80 existing 
concepts concerning final disposal of low and intermediate level radioactive waste and rely on 
internal standards and international recommendations, the underground constructions were 
dimensioned to dispose about 21,000 standard drums. In DNDR galleries are finally disposed, 
in present, more than 6,000 standard drums, meaning about 30% of the repository capacity (3).  
 
Technological disposal process uses: bentonite, wood and cement brick. Bentonite is used as 
backfilling material and engineered barrier, taking in consideration its very good plasticity 
and absorption capacity, which diminishes radionuclide migration possibility from deposited 
drums. Between drums ranges are placed wood shuttering. When a gallery is filled up, it is 
tighten with cement bricks. These materials are placed near working area, inside the gallery. 

                                  
                           Figure 5 – Plan for a disposal gallery in DNDR Baita-Bihor, Romania (4) 
 

The Romanian National Strategy considered by CNCAN (National Commission for 
Nuclear Activities Control) for radioactive waste management comprises (3):  
 Intermediate level waste is considered together with low level waste. The distinction is 

made between short lived and long lived intermediate and low level radioactive waste.  
 The institutional short lived waste including spent sources is treated and conditioned, and 

finally disposed in the Radioactive Waste National Repository, at Baita - Bihor.  
 The long lived institutional and research reactors radioactive wastes (i.e. wastes and spent 

sources containing long lived radionuclides exceeding disposal limits for DNDR Baita) are 
stored at STDR Magurele and LEPI Pitesti for at least 50 years, with prior conditioning, 
waiting for disposal together with long lived wastes and spent fuel from NPP.  
 The short lived spent sources with activities exceeding the disposal limits for Baita – Bihor 

repository shall be stored for decay, and disposed latter, in the same repository. 
 All low and intermediate level waste produced by NPP are stored on-site. For these wastes it 

is expected the construction of a near surface repository, equipped with an appropriate facility 
for waste treatment and conditioning.  



IX Radiation Physics & Protection Conference, 15-19 November 2008, Nasr City - Cairo, Egypt 
 

 

 111

 The strategy for construction of the surface repository shall consider the accommodation of 
institutional short lived radioactive waste, including spent sealed sources, after filling of Baita 
- Bihor repository.  
 
The paper estimates the radiological risk and performs cask materials thermal analysis in 
normal transport conditions for Co60 disused sealed conditioned radioactive source. The 
shielding analysis has been performed by using Monte Carlo MORSE-SGC shielding code, 
included in Oak Ridge National Laboratory’s, US, SCALE 5 program package (5). For cask 
materials thermal analysis ANSYS computer code has been used (6). 
 
The results have been obtained under the framework of ″Advanced system for on-line 
monitoring of hazardous waste transport on the Romanian territory″ Research Project which 
main objective consists in implementation of a complex dual system for on-line monitoring 
both of the transport special vehicle and hazardous waste packages, with data automatic 
transmission to a national monitoring center. 
 

THE CONDITIONING OF DISUSED SEALED RADIOACTIVE SOURCES 
 

Disused sealed radioactive sources are immobilized in type A metallic standard drums,  
218 l, by using concrete, in order to assure a protection barrier and to reduce the radiation 
doses to the cask wall under the regulations specific limits (7, 8). The disused seal source 
immobilization procedure, illustrated in Figure 6, specify the following steps: disassembling 
of the source container, if possible, and isolation in stainless steel caps, cap insertion inside a 
metallic basket (for stability purposes), insertion of the cap-basket assembly inside the 
standard drum, filling of the gap between basket and drum by concrete. In the same drum can 
be conditioned one or more caps containing disused sealed radioactive sources, if activity and 
radiation dose rate are not exceeding the regulations specific limits (4). 

 
Figure 6 – The disused seal source immobilization procedure in standard metallic drums (4) 
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The radioactive material transport regulations (7, 8) specify that the radiation level under 
routine conditions of transport shall not exceed 2 mSv/h in any point on, and 0.1 mSv/h at 2 m 
from, the external surface of the conveyance. 
     

MODEL DEVELOPMENT  
 
For shielding and thermal transfer analyses, the following technical data characterizing the 
disused sealed radioactive source have been considered (4):  
 Co60 sealed source;      Source activity: 6.69x107 Bq; 
 Gamma constant Γ (effective dose rate at 1 m from the 1GBq γ source): 0.36 mSv/h; 
 Photon dose rate at drum wall for unconditioned source:  2.48x10-2 mSv/h 
 Source thermal power: 100 W 
 Source container exterior diameter: 18 cm;   Source container material: lead; 
 Standard drum exterior diameter: 60 cm;  Standard drum material: carbon steel (protected 

against internal corrosion); 
 Filling material: concrete;     Filling material thickness: 19.5 cm. 

 
Figure 7 illustrates the geometrical model used in calculations for the disused sealed 
radioactive source conditioned in a concrete matrix inside the standard drum. 

 
Figure 7 – Model for disused sealed source immobilized inside a standard metallic drum 

                                              (INVENTOR 3D design code modeling) (4) 
 

RESULTS  
 
The Monte Carlo MORSE-SGC shielding code, included in ORNL’s SCALE5 package was 
used to radiological risk assessment for disused sealed radioactive source in normal transport 
conditions. The photon dose rates to the drum wall and in air, at different distances from the 
drum, have been estimated.  
 
Figure 8 present the dose rate values comparative evolution with the measuring point for the 
unconditioned and conditioned, respectively, considered disused sealed radioactive source. 
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  Figure 8 – Photon dose rate evolution with measuring point for Co60 disused sealed source (4) 

 
In order to study the cask materials thermal behavior, a 2-dimensional planar model with 
finite elements has been realized (see Figure 9). Because of symmetry reasons only 1/12 from 
the drum section need to be modeled. For the solid components 2-dimensional finite elements 
were used, the thermal transfer between gaps being modeled by one-dimensional elements 
with convective and/or radiative bonds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 – 2-dimensional planar model for cask material thermal behavior study (4) 
(ANSYS code modeling) 

 
The source is characterized by the 100 W thermal power produced only by source element, 

the material properties being considered constants, as follows: 
 

 Material properties 
 λ   [W/(m °C] ρ   [kg/mc] cp   [J/kg °C] 
Source (material 1) 20 600 0.2 
Air (material 2) 0.3 1,109 2.1 
Cap wall (material 3) 0.213 7,820 460 
Concrete (material 4) 1.1 2,425 900 
Carbon steel drum wall (material 5) 0.213 7,825 460 

Figure 10 presents the thermal analysis results for the model considered above. 
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Figure 10 – Cask material thermal behavior (ANSYS code thermal analysis) (4) 

        
CONCLUSIONS  

 
The hazardous waste problem imposes to respect the national and international agreed 
regulations regarding their transport, taking into account both for maintaining the humans, 
goods and environment exposure under the specified limits, during the transport and specific 
additional operations, and also for reducing the impact on the environment. 
 
The shielding analysis regarding radiological risk assessment for a disused sealed radioactive 
source in normal transport conditions has proved that photon dose rates to the cask wall and in 
air, at different distances from the cask, are well below the regulations imposed limits. 
 
The thermal analysis performed in order to study the cask material behavior in normal 
transport conditions has shown that the maximum temperature is about 60°C and 
characterizes the source cap, while the temperature on the carbon steel cask external surface is 
about 26°C, respecting the regulations limits. 
 
In present, Romania does not have a real time monitoring system for hazardous waste 
transport. ″Advanced system for on-line monitoring of hazardous waste transport on the 
Romanian territory″ Research Project main objective consists in implementation of a complex 
dual system for on-line monitoring both of the transport special vehicle and hazardous waste 
packages, with data automatic transmission to a national monitoring center. 
 
Existence of a real-time monitoring system for the hazardous waste transport, accompanied 
by a coherent information dissemination program, can increase the public acceptance and 
trust level regarding these activities and their control assured by the authorized agencies and 
organizations. 
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