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Summary: In the process of decommissioning of nuclear power facilities large metal waste quantities are generated which have to be 

processed in an appropriate manner. An optimal approach, adopted in a world-wide scale, is their meltdown at the final stage of treatment. 

Depending on the residual radioactive contamination, metal obtained thereafter may be directed for application in the industries, without 

limitations, or used on restricted purposes (production of radioactive waste containers, bio-protection means, etc.).  
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Introduction  
The requirement for applying best international practices in 

radioactive waste management, aimed at reducing waste through 

recycling or its second use, as incorporated in the Updated 

Management Strategy for Spent Nuclear Fuel and Radioactive 

Waste till 2030, has necessitated the development of the pre-design 

studies on the designing of metallurgical decontamination 

installation for radioactive contaminated metals originating from the 

dismantling activities on Units 1-4 of ―Kozloduy‖ NPP (1).  

The operation of metallurgical decontamination installation for 

radioactive contaminated metals will reduce the volume and weight 

of radioactive metal waste through meltdown of metals from the 

dismantling activities on Units 1-4 of ―Kozloduy‖ NPP. In the 

process of melting a final product will be obtained of homogeneous 

structure, simple geometry, well established chemical and radio-

nucleotide composition, significantly reduced volume and in its 

bigger part – capable of releasing for utilization by the industry.  

Problem Solutions  
In the process of decommissioning of nuclear power facilities, big 

metal waste quantities are generated which have to be characterized 

and treated in an appropriate manner. In respect of metal wastes, an 

optimal approach is their melting at the final stage of treatment. 

Depending on residual contamination, metal obtained after 

processing may be directed for industrial application, without 

limitations, or used on restricted purposes (production of 

radioactive waste containers, bio-protections, etc.) (2).  

Waste flows from operation, subject to disposal, shall be 

characterized and sorted, to apply the best available techniques in 

decision-taking regarding their treatment and/or decontamination. 

Reduction, compaction and burning are some of the processes 

which may prove feasible. The costs, regulations, transport and 

availability of facilities are a part of the problem. 

Recycling of radioactive waste from the decommissioned units of 

―Kozloduy‖ NPP is exclusively complicated ecological, and 

moreover - technological problem.  

The accumulation of radioactively contaminated metal waste in a 

world-wide scale as at the year of 2014 accounts to about 4 million 

tons, and around other 150 thousand tons are being added thereto on 

an annual basis. Considered is that at the time being there are about 

12 million tons of radioactive waste accumulated in the world of 

different origin – NPPs, nuclear weapons, ships, submarines, 

nuclear installations, etc. (3).  

The major problem standing in front of the utilization of metal 

waste from nuclear power plants is reducing the degree of their 

radioactivity, aimed at their further use. Where this proves to be 

impossible, wastes shall be compacted, to spare space upon their 

―burial‖. The requirement is imposed, as decommissioned metals 

have different sizes and configuration – thin and thick metal sheets, 

pipes of different diameter and wall thickness, V-shaped iron/steel 

and any other form of metal materials used upon the construction of 

the NPP’s Units. Volume reduction may be achieved only through 

waste melting and pouring of the metal fluid in consoles of 

appropriate volume and shape. Thus the metal volume, dispatched 

for disposal, may be reduced from 20 to 50 times.  

For the above mentioned causes, engineers, process flow experts 

and researchers have to look for efficient methods, technologies and 

installations to utilize such waste, to manufacture products suitable 

for application in the conventional industry or capable of long-term 

shelf life. 

Around 95% of radioactivity in metal wastes, generated upon 

dismantling of NPP’s equipment, originates from the isotopes of 

cesium-137 and cobalt-60. In the process of metal meltdown, the 

major radio nucleotides of a longer semi-decomposition period 

(cesium, strontium, uranium, plutonium) are transferred to the slag 

and dust, retained by the filters; in the metal mainly remains the 

isotope of cobalt-60 (with semi-decomposition period of 5,3 years), 

homogeneously distributed in the ingot. Thus storage time is 

significantly reduced, where requested, till reaching the levels for 

releasing from regulatory control (4).  

Criteria for Selection of Technology  
On the basis of the above considerations, upon the selection of 

concrete decontamination technology the following criteria shall be 

taken in view:  

 Safety: The applied method shall not provoke increasing 

of radiation which may affect the exposed staff and the 

surrounding environment. Inhaling of radioactive dust and 

aerosol particles, generated during decontamination, shall 

be prevented. No other types of contamination shall be 

permitted, such as chemical contaminations, impact of 

magnetic and electric fields, etc.;  

 Efficiency: The selected method of metal waste 

decontamination shall be capable of eliminating 

radioactivity up to the level allowing manual operation 

with the decontamination products, without the use of 

robots, or permitting recycling (second use of materials), 

or at least their transition to a lower category of 

contamination. Moreover, the selected methods of 

decontamination shall be no labor-consuming, as the word 

goes for large metal quantities.  

 Cost efficiency: In the cases of decontamination of large 

quantities of radioactively contaminated metal waste, the 

cost is of primary importance; thereupon accounted shall 

be the ratio between decontamination costs and income 

from the sales of ready products.  

 Waste minimization: The decontamination method shall 

not result in generating larger secondary waste quantities, 

requiring paying of additional care for waste disposal or 

storage. This will result in committing overdue 

expenditures for the protection of staff and the 

surrounding environment.  

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS" WEB ISSN 1314-507X; PRINT ISSN 1313-0226

153 YEAR XV, ISSUE 4 , P.P. 153-154 (2021)



Process Flow Algorithm for Metallurgical Utilization  

Most technologies for utilization of radioactively contaminated 

metals, developed by the leading companies, include several major 

stages following the Algorithm, exhibited on Figure 1.  

 

Figure 1. Process flow algorithm for metallurgical utilization  

Melting of Metal Waste 

Steel metal waste, after processing by one of the above methods of 

decontamination, enters a meltdown oven. Metal waste is melted, 

thereafter at a set temperature special refined flosses are added 

thereto which bind the radioactive isotopes and bring them down in 

the slag. Waste is then dragged by special devices and directed for 

utilization following the relevant chart.  

Waste from copper and copper alloys, after preliminary 

decontamination, is placed in special containers at a lot designated 

for temporary disposal, after which it is fed in the induction oven 

following the designated chart.  

Waste from aluminum and lead is placed in special containers and 

melted in heating ovens. Thereafter, depending on the degree of 

radioactive contamination, it is directed for utilization in the 

industry or for storage purposes.  

 

 

 

 

 

Radiation Control  

Radiation control of metal waste, contaminated with radioactive 

substances, is carried out throughout the entire cycle of its 

utilization. Its application before preliminary decontamination, after 

it and after melting of metal and its processing with the special 

refining flosses is of special significance. Thus the further 

application of obtained secondary metal is determined. Input and 

output radiometric control is carried out in special chambers, 

equipped with gamma-spectrometric apparatus. 

Conclusion:  

On the basis of the technologies, described above, a conclusion may 

be drawn that in spite of the high costs of services on processing 

and utilization of metal radioactive waste, mainly providing 

minimization of waste volumes, the necessity of operating 

specialized enterprises for treatment and utilization of metal 

radioactive waste is justified. The ecological and economic 

feasibility of meltdown as a method of work with metal radioactive 

waste is confirmed also through the application of such 

technologies by highly specialized companies, such as 

Siempelcamp (Germany), Studsvik (Sweden), BNFL (Great 

Britain), EnergySolutions (the USA). The activity of these 

companies exhibits that processing of metal radioactive waste, 

gathered and generated in the nuclear energy sector, is safe for the 

surrounding environment and is of big social significance.  
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