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Abstract 
 
Current conditions related to the nuclear and radiation safety in the Vinča Institute of Nuclear 
Sciences, Belgrade, Serbia and Montenegro are the result of the previous nuclear programs in the 
former Yugoslavia and strong economic crisis during the previous decade. These conditions have to be 
improved as soon as possible. The process of establishment and initialisation of the Vinča Institute 
Nuclear Decommissioning (VIND) Program, known also as the “Green Vinča” Program supported by 
the Government of the Republic Serbia, is described in this paper. It is supposed to solve all problems 
related to the accumulated spent nuclear fuel, radioactive waste and decommissioning of RA research 
reactor. Particularly, materials associated to the RA reactor facility and radioactive wastes from the 
research, industrial, medical and other applications, generated in the previous period, which are stored 
in the Vinča Institute, are supposed to be proper repackaged and removed from the Vinča site to some 
other disposal site, to be decided yet. Beside that, a research and development program in the modern 
nuclear technologies is proposed with the aim to preserve experts, manpower and to establish a solid 
ground for new researchers in field of nuclear research and development. 

1. INTRODUCTION 

As a result of few ambitious nuclear programs in the former Yugoslavia and a strong 
economic crisis during the previous decade, the nuclear and radiation safety in the Vinča 
Institute of Nuclear Sciences, Belgrade, Serbia and Montenegro, has to be improved as soon 
as possible [1]. The main safety problems that have to be solved are (1) spent nuclear fuel 
from the operation of the RA research reactor [2], that is stored in the water pools within the 
reactor building and (2) inadequate storage facilities for the low and intermediate radioactive 
wastes at the Vinča site. Beside that, a complex decommissioning project of the RA facility 
[3], which extended shutdown stage took almost 18 years, is initiated, too. 

To solve the problems mentioned above, a new “Vinča Institute Nuclear Decommissioning 
(VIND) Program” is initiated and established in the Vinča Institute during 2002 [4, 5]. The 
Program team is assembled from about 60 experts from the Institute and relevant 
organisations. The Program is known also as the “Green Vinča” Program due to adopted 
general idea that the Vinča site will be cleaned from the radioactive waste and new one will 
not be generated in future. The Government of the Republic Serbia has accepted this program 
in July 2002. It is expected that the program will be supported, beside the government funding 
and expected donation from foreign institutions, by experts’ help from the IAEA. The 
necessary equipment will be obtained through the Technical Co-operation Program assistance 
from the IAEA. Close co-operation of the team members with experts and relevant companies 
from the nuclear developed countries is expected. 
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2. RA RESEARCH REACTOR AND SPENT NUCLEAR FUEL 

Heavy water research reactor RA (Figure 1) was operated at power of 6.5 MW in the Vinča 
Institute of Nuclear Sciences since 1959 to 1984 using 2 % enriched and 80 % enriched 
uranium fuel elements. Spent nuclear fuel elements comprise about 2.5 tons of metal uranium 
(initial enrichment 2 %) and about 16 kg of uranium dioxide (dispersed in aluminium matrix, 
initial uranium enrichment 80 %). Both types of fuel elements, known as the TVR-S type, are 
of the ex-USSR origin and have the same shape and dimensions and approximately the same 
initial mass of 235U nuclide (7.5 g and 7.7 g). The total of 8030 spent fuel elements are stored 
at the RA research reactor premises, almost all in the spent fuel pool filled by ordinary water 
(Figure 2). The 480 high-enriched uranium spent fuel elements, the ones used during the last 
operation of the reactor, are kept in the drained RA reactor core since 1984. 

 

FIG. 1. Heavy water 6.5 MW research reactor RA 

Aluminium cladding, 1 mm thick, covers, at the both sides, a 2 mm thick and 10 cm long ring 
type fuel layer of the TVR-S fuel element. Due to non-adequate chemical parameters of 
ordinary water in the spent storage pool (pH, very high conductivity and chloride ions 
contents), the corrosion processes penetrated aluminium cladding and, also, the aluminium 
walls of 30 storage barrels, during a storage period long from 20 years to 40 years. Activity of 
the fission products (137Cs nuclide) is detected in the water samples during the storage pool 
inspection in 1996, and the experts of the IAEA, Russia and USA were invited to help. Works 
on the remediation of the water transparency of the storage pool are made by end of the 2001, 
including the removal of debris and about 3 m3 of the radioactive sludge from the pool 
bottom. Inspections of the water samples taken out, by underwater drilling, from the 
aluminium storage barrels with the spent fuel elements were carried out, by the staff of the 
Vinča Institute and with the help of the experts from the Russia and IAEA. Increased specific 
activity of the 137Cs in the water samples, taken out from a few of 30 aluminium barrels and 
from about 150 stainless steel containers (tubes) with the spent fuel elements, was measured 
in period 1999 – July 2003. These measurements of the activity and the chemical parameters 
of the water samples will be continued by the examination of the last remaining 150 stainless 
steel storage containers with the spent nuclear fuel by end of 2003. 
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FIG. 2. Spent nuclear fuel pool of the RA research reactor 

Since for a number of the both technical and political reasons, the reactor has not been 
restarted, after long period of extended shutdown [2]. All plans for the reactor RA 
refurbishment, initiated with various intensities during last 19 years, are abandoned. The 
proposal for the decommissioning of the reactor RA in very near future, based on the 
economical, technical and legislation reasons was submitted to the Governments of the 
Federal Republics of Yugoslavia and to the Republic of Serbia, in 2001 [3]. During summer 
2002, both the Governments of had brought the decisions on the final shutdown of the RA 
research reactor and it’s decommissioning. 

Following the new initiatives on the international perspective on the nuclear spent fuel 
management, an proposal was set to the Serbian Government to ship the spent fuel elements 
of the RA research reactor to the Mayak, the spent nuclear fuel reprocessing plant in the 
Russian Federation [4]. This proposal is on line with, generally supported, the tri-partitive 
initiative established by the IAEA and the Governments of the USA and the Russian 
Federation. According to the decision of the Government of the Republic Serbia, all unused, 
fresh highly enriched uranium fuel elements from the RA and RB reactors in Vinča has been 
shipped to the country of origin (Russia) in August 2002 [6]. For future experimental research 
in nuclear reactors’ field, only operation of the RB critical assembly [7] in the Vinča Institute 
of Nuclear Sciences will be supported. 

3.  RADIOACTIVE WASTE IN THE VINČA INSTITUTE 

Materials generated as the radioactive waste, declared as low level (LLW) and medium level 
(MLW), during operation of the RA and RB reactor facilities, radioactive LLW and MLW 
from the research, industrial, medical and other applications, generated in the previous period 
in whole Yugoslavia, are stored in the Vinča Institute in two interim storage hangars. Beside 
hangars, three underground tanks with liquid LLW and MLW exist, too. The older hangar 
(Figure 3) is completely filled with radioactive waste. It is in the very bad condition, the metal 
walls and roof are corroded. Newer hangar is almost a half full with the RAW materials 
packaged in the 200 L drums and the 30 L barrels. The radioactive waste packages from the 
oldest hangar are supposed to be properly repackaged and stored temporally in the third 

 3 



 

interim storage (hangar), to be built near the two ones. The third hangar should be designed is 
such a way to have enough volume space to accept all radioactive waste generated during 
forthcoming activities on the spent fuel shipment and decommissioning of the RA reactor, 
too. The oldest hangar will be dismantled after management and removal of the radioactive 
waste packages to the third hangar. The liquid waste will be treated and properly stored ready 
for a future shipment, too. It is planned that all LLW and MLW will be removed from the 
Vinča site, in the future, to some long-term national disposal site, to be decided yet. The basic 
idea of the “Green Vinča” is that new radioactive waste will not be created or stored at the 
Vinča site after that shipment. 

 

FIG. 3. The old hangar –the interim LLW and MLW storage at Vinča site 

 
4.  GREEN VINČA - VINČA INSTITUTE NUCLEAR DECOMMISSIONING 

PROGRAM 

In order to solve the problems mentioned above, the “Green Vinča” - “Vinča Institute Nuclear 
Decommissioning Program” was initiated in the Vinča Institute in 2002. The structure of the 
program is co-ordinated with the IAEA experts on the spent fuel, decommissioning and the 
radioactive waste issues. The Program, run by the Program manager (PM), consists of three 
inter-related projects and three supporting activities. Each projects has own project leader that 
closely co-operate with the PM and the director general of the Vinča Institute, within frame of 
the Executive Program Board. The projects are: 

• Safe Removal of Spent Fuel of The RA Research Reactor,  

• Safe Management of Waste in the Vinča Institute, and 

• Decommissioning of the RA Research Reactor 

Supporting activities for all three projects include co-ordinated works on the nuclear and 
radiation safety evaluation, health and medical protection, operational dosimetry and waste 
management and administration management.  
 
The VIND Program’s complete team is assembled from about 60 experts, half of that are the 
engineers, and the other half is the technicians and administration staff. The staff members are 
from the Institute and other country’s relevant organizations. The new organization unit 
within the Vinča Institute, the Centre for nuclear technologies and research (Centre NTI), 
was established in mid-2002 to carry on the main tasks on the spent fuel and the 
decommissioning issues. Also, the Radiation Protection Laboratory of the Vinča Institute is 
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engaged in the “Green Vinča” Project with the aim to prepare and master appropriate 
dismantling and decontamination techniques for the waste management, to obtain all licenses, 
and to establish the appropriate waste management facilities and the temporary radioactive 
waste storage for the low-level and the intermediate level waste at the Vinča site. 

The PM and the projects leaders are supposed to work together with the Vinča Institute’s 
Director General with the aim to co-ordinate the projects tasks within the program, and also to 
co-ordinate the program activities to the IAEA and to the Ministry of science, technologies 
and development of the Republic of Serbia. The Ministry of science, technologies and 
development has also established the ‘Green Vinča Committee’ in Fall 2002, as it’s expert 
advisory body with the aim to survey the program activities and to support the program in the 
cases of various difficulties. 

Almost, at the same time, starting from 2003, the IAEA has established three projects within 
the Technical Co-operation Program (TCP) for the support to the VIND Program in next five 
to six years with the total funding of about 8.5 million US$, of which 5 million US$ was 
agreed (with Yugoslav and Serbian government’s officials and US government and non-
government organization NTI) as the financial support of the Nuclear Threat Initiative (NTI). 
Each project of the IAEA has technical officer in the IAEA that closely co-operate with 
corresponding the project leader of the Vinča’s VIND Program. The first activities are started 
in December 2002 and include (a) verification of spent fuel containers, (b) preparation of 
decommissioning plan and (c) feasibility study for consolidation and upgrading waste 
management at the Vinča site. Initial equipment, necessary to fulfil these tasks, was selected 
and purchased. 

Besides the government funding (that is in an initial phase) and the expected donation from 
the foreign institutions, the experts from the IAEA will support the VIND Program team 
through the expert’s missions and training through the Workshops. Also, it is planned that the 
necessary special equipment will be obtained through the technical assistance from the IAEA. 
Close co-operation of the team members with various experts and relevant companies from 
the nuclear developed countries is expected. 

The long-term solution for storage of aluminium cladded spent fuel is to ship the fuel 
elements to the supplier for the reprocessing and successive the adequate long-term storage. 
An alternative, adopted by some countries (e.g., USA) is to provide the own dry storage. 
According to a few IAEA Expert Missions visiting the Vinča Institute in 2001 and 2002, a 
transport of the fuel to Russia (or an another site for the reprocessing and the final disposition) 
is under the serious examination due to the existing technical difficulties affecting the cost of 
the operation. For these reasons, an intermediate dry storage of the Vinča’s spent nuclear fuel, 
for no less than 50 years, should be considered as well even this option is not economically 
reasonable for a small amount of the spent nuclear fuel in the Vinča Institute. 
 
If the Russian side accept the proposal for receiving back the spent fuel elements of the RA 
research reactor for the reprocessing and the long-term storage, some of the foreseen 
difficulties, related to the shipment and affecting a contract conditions are: 

• Leaking fuel elements due to corrosion process; 
• Inadequate conditions of existing storage containers; 
• Inadequate dimensions of stainless steel containers and aluminium storage barrels in 

respect to available transport containers; 
• Legal matters related to licensing of existing Russian made transport containers according 

to laws in Europe; 
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• Legal maters related to transit permissions to be issued by countries across the spent fuel 
transport should be carried on. 

Activities on the spent nuclear fuel project manage, beside evaluation of the fuel shipment 
options and procedures, the continuation of the regular monitoring and maintenance of the 
water quality in the spent fuel storage pool and the working plans to improve the conditions in 
the existing temporary RA reactor spent fuel storage pool, in near future: 

• Washing up corrosion deposits from all surfaces in contact with the pool water using the 
technology and equipment already provided by a Russian company; 

• Design and production of special equipment for underwater cutting and removal 
(conditioning and storage at the temporary waste storage) of the corroded carbon steel 
structure in the basin 4 of the storage pool; 

• Final removal of sludge from the spent fuel storage pool. Physical purification of pool 
water by mechanical filtering and chemical purification of the water using the ion 
exchange resins. 

 
Activities related to the decommissioning project of the reactor RA in 2003, within the VIND 
project and the IAEA TCP should establish, in next 4-6 years, a detail decommissioning plan, 
including the site characterisation, preparing and mastering the appropriate dismantling and 
decontamination techniques for the waste management. Simultaneously, it is necessary to 
obtain all necessary licenses. Also, it is supposed that, within that time interval, the spent 
nuclear fuel will be removed from the site and that appropriate waste management facilities 
and temporary storage will be established in the Institute with the aim to allow an 
uninterrupted decommissioning progress. 

It is also expected that the government authorities will bring on, as soon as possible, decision 
on the site selection and construction of the long term low-level and intermediate radioactive 
waste storage in the country and establish the appropriate regulation organisation structure, 
laws, acts, rules and directives. On the other hand, the government requires that the RA reactor 
be decommissioned and that the spent fuel be removed from its location so that the reactor 
building could be used for other purposes. These requirements are the essential of the 
government support expected by the  “Green Vinča”, i.e., the VIND Program. Beside that, a 
research and development program in modern nuclear technologies is proposed to the 
government with the aim to preserve experts and to establish a solid ground for new research 
activities in nuclear power field generally. 

CONCLUSION 

Solving the problem of the safe disposal of research reactor irradiated fuel and 
decommissioning of a research reactor, including provision of adequate low-level and 
intermediate radioactive waste disposal site (even temporary one) is a difficult task for a 
country with no long-term nuclear power program and with the limited potentials and 
resources. This paper describes process of establishment and initialisation of the Vinča 
Institute Nuclear Decommissioning Program, known also as the “Green Vinča” Program with 
the aim to solve such problems. The first activities are started in December 2002 and include 
verification of spent fuel containers, preparation of decommissioning plan and feasibility 
study for consolidation and upgrading waste management at the Vinča site. Initial equipment, 
necessary to fulfil these tasks, was selected and purchased. Factors that may cause delays or 
prevent implementation of the above projects are lack of manpower, lack of material 
resources and necessary equipment, as well as general economic difficulties in the country. 
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