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Abstract 
 

Present conditions in The Vinča Institute of Nuclear Sciences related to the nuclear and 
radiation safety, as result of ambitious nuclear program in the former Yugoslavia and strong 
economic crisis during the previous decade, have to be improved as soon as possible. RA 
research reactor, which extended shutdown stage took almost 18 years, spent nuclear fuel 
from the RA operation in the water pools within the reactor building and inadequate storage 
facilities for the low and intermediate radioactive wastes at the Vinča site are the main safety 
problems that have to be solved. 
 To solve the problems mentioned above, a new “Vinca Nuclear Decommissioning 
(VIND) Program” is initiated in the Vinča Institute during 2002. The Program team is 
assembled from about 60 experts from the Institute and relevant organisations. The Program, 
known also as the “Green Vinča”, 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 assistance from the IAEA. Close co-
operation of the team members with experts and relevant companies from nuclear developed 
countries is expected. 
 

Introduction 
 

Research heavy water reactor RA was operated in the Vinča Institute of Nuclear 
Sciences since 1959 to 1984 using 2 % enriched and 80 % enriched uranium fuel elements. 
Spent nuclear fuel elements, stored in the Vinča Institute of Nuclear Sciences, Serbia and 
Montenegro, consist of about 2.5 tons of metal uranium (initial enrichment 2 %) and about 
20 kg uranium dioxide (dispersed in aluminium matrix, initial uranium enrichment 80 %). 
Both types of fuel elements are of the ex-USSR origin and have the same shape and 
dimensions and approximately the same initial mass of 235U nuclide. They are known as the 
TVR-S type of fuel elements. 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. The last 
used 480 high-enriched uranium spent fuel elements are kept in the drained RA reactor core 
since 1984. 

One millimetre thick aluminium cladding at both sides covers a 2 mm thick and 10 cm 
long ring type fuel layer of the TVR-S fuel element. Due to non-suitable chemical parameters 
of water in the spent storage pool (pH, very high conductivity and various ions content), the 
corrosion processes penetrated aluminium cladding and aluminium walls of storage containers 
during storage period long from 20 years to 40 years. Activity of fission products (137Cs 
nuclide) is detected in water samples during water inspection in 1996 and experts of the 
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IAEA, Russia and USA were invited to help. By end of 2001, some remediation of the water 
transparency of the storage pool and inspections of water samples taken from the storage 
containers with the spent fuel elements were carried out, by the Vinča Institute staff and with 
the help of experts from the Russia and the IAEA. Increased 137Cs activity of water samples 
taken from some of 30 aluminium barrels and three hundreds stainless steel containers (tubes) 
with irradiated (spent) fuel elements were measured in period 1999 – 2001. New 
measurements of activity and chemical parameters of water samples taken out from stainless 
steel storage containers with spent nuclear fuel are under way since March 2003. 
 

 
 

Figure 1. 6.5 MW Research Reactor RA 
 

Since for a number of both technical and political reasons the reactor has not yet been 
restarted after long period of extended shutdown [1, 2]. All plans for the reactor RA 
refurbishment, initiated during last 18 years, are abandoned. A proposal for decommissioning 
of the reactor RA in near future, based on economical, technical and legislation reasons, was 
submitted to the Federal government in 2001 [3, 4]. During summer 2002, the Governments 
of Federal Republics of Yugoslavia and of Republic Serbia had brought decisions on the final 
shutdown of the RA research reactor and it’s decommissioning. 

Following new initiatives on international perspective on nuclear spent fuel 
management, an proposal was set to the Governments and generally supported by the IAEA, 
and the Governments of the USA and the Russian Federation, to ship the spent fuel elements 
of the RA research reactor to Mayak, a spent nuclear fuel reprocessing plant in Russia [5]. 
According to the Governments decision, related to the RERTR Program (Reduced 
Enrichment for the Research and Test Reactors), all unused highly enriched uranium fuel 
from the RA and RB reactors in Vinča has been shipped to the country of origin (Russia) in 
August 2002 [6]. 
 

Management of RA reactor spent fuel and decommissioning plans in 2003 and 2004 
 

Beside already established regular monitoring and maintenance of water quality in the 
spent fuel storage pool, following actions to improve conditions in the existing temporary RA 
reactor spent fuel storage pool are planned to be initiated: 



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

• Design and production of special equipment for underwater cutting of corroded iron steel 
construction in the basin 4 of the storage pool; 

• Removal of the contaminated iron steel construction, its conditioning and storage at the 
temporary low and medium level radioactive waste storage at the Vinča site; 

• Final removal of sludge from the spent fuel storage pool. Physical purification of pool 
water by mechanical filtering; 

• Chemical purification of pool water using the ion exchange resins; 
• Drainage of the water from the spent fuel containers and eventual exchange with the 

demineralised and deionised water. 
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 organisation structure 
for initiation works and realisation of the forthcoming activities related to transfer of the spent 
fuel and decommissioning of the RA research reactor. 
 
 

Spent nuclear fuel management and decommissioning long-term program 
 

The long-term solutions for storage of aluminium cladded spent fuel are to transfer fuel 
to the supplier for reprocessing or adequate storage, or to provide the own dry storage. 
According to the last few IAEA Expert Missions visiting the Vinča Institute in 2001 and 
2002, transport of the fuel to Russia or another site for reprocessing and final disposition is 
under serious examination due to existing technical difficulties affecting the cost of the 
operation. For these reasons, an intermediate dry storage for no less than 50 years should be 
considered as well. 

If the Russian side accept proposal for receiving back the spent fuel elements of the RA 
research reactor for reprocessing and storage, some of foreseen difficulties related to the 
shipment 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; 
• Legal maters related to transit permissions to be issued by countries across the spent fuel 

transport should be carried on. 
 The first three technical problems mentioned above could be overcome by using special 
types of (Russian or Western countries’) containers. Other solution is repackaging the spent 
fuel elements from existing storage containers to the new dry ones, suitable for the use in 
existing transport containers, made either in Russia or in western countries. To avoid 
difficulties with public acceptance, to minimise the route of the spent fuel transport, and to 
make use of the existing monitoring and maintenance services, the best location of the 
eventual new short term dry spent fuel storage facility would be the Vinča Institute site. 
 One of the possible options would be to use the existing channel type stainless steel 
containers with no water inside. Instead of maximum 18 fuel elements per a container, that was 
originally allowed, 25-30 spent fuel elements could be placed in each of the 304 ones. In that 



case, there would be enough space for storing spent fuel elements which is now situated in the 
pool, as well as the fuel elements which are still in the reactor core. Fuel, which spent more than 
15 years in the temporary spent fuel storage pool, does not need water for cooling, while a layer 
of 2-3 meters of pool water above the upper surface of the spent fuel would provide sufficient 
radiological protection. The second possibility would be to use the emptied reactor vessel, while 
the concrete reactor shield would provide radiological protection. Both options may look 
attractive at the first sight. It should be noted, however, that making a new building for the spent 
fuel storage would be neither the most difficult, nor the most expensive part of the dry storage 
project. Besides, adaptation and refurbishing of the existing pool, or of the reactor body, would 
also require a considerable effort. 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 essential of the government 
supported the “Green Vinča”, i.e., Vinča Institute Nuclear Decommissioning (VIND) Program. 
 Most sophisticated and most expensive operations would be taking out the spent fuel from 
their present containers, inspection of this fuel, separating the leaking fuel from the fuel that does 
not leak, providing additional dry containers for the leaking fuel. These operations have to be 
performed in the same way, either the spent fuel is shipped to reprocessing in Russia or both in 
the case that a new storage facility is to be built or in the case that RA reactor building is used for 
providing temporary dry spent fuel storage. Since Vinča Institute has no experience in the above 
activities, the project would have to be realised in co-operation with foreign partners from 
Russia, Hungary or Poland. 

According to opinion of the IAEA experts, dry storage of spent fuel elements in the 
present pool is feasible from the technical, economical and logistic points of view. They 
estimated that the conceptual design of the dry storage together with the activities explained 
in the previous paragraph, but not taking into account the cost of domestic manpower and 
expertise, would require about half million US$. 

Activities related to decommissioning of the reactor RA are initiated in 2003 within 
IAEA TCP with aim to establish in next 2-3 years detail decommissioning plan, including site 
characterisation, preparing and mastering with appropriate dismantling and decontamination 
techniques for waste management and to obtain all necessary licenses. At the same time, it is 
supposed that 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 aim to 
allow uninterrupted decommissioning progress. 

Radiation Protection Laboratory of the Vinča Institute is engaged in the “Green Vinča” 
Project with aim to prepare and master appropriate dismantling and decontamination 
techniques for waste management, to obtain all licenses and establish appropriate waste 
management facilities and temporary low-level and intermediate radioactive waste storage at 
the Vinča site. 
 To solve the problems mentioned above, the “Green Vinča” - “Vinča Institute Nuclear 
Decommissioning Program” was initiated in the Vinča Institute in 2002. The Project team is 
assembled from about 60 experts from the Institute and relevant organisations. Besides the 
government funding and expected donation from foreign institutions, the Project team is 
expected to be supported by experts from the IAEA, while the necessary equipment will be 
obtained through the technical assistance from the IAEA. Close co-operation of the team 
members with experts and relevant companies from nuclear developed countries is expected. 
 A block scheme of the VIND Program and established current communication with the 
IAEA Technical Co-operation Program is given in Figure 2. 
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Figure 2. Vinča VIND Program communication with IAEA TCP 



Conclusion 
 

 As a general conclusion one can say that solving the problem of 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 limited potentials and resources. 
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. 

This paper describes process of establishment and initialisation of the Vinča Institute 
Nuclear Decommissioning (VIND) Program, known also as the “Green Vinča” Program. This 
Program, supported by Government of Republic Serbia, is supposed to solve all problems 
related to accumulated spent nuclear fuel, radioactive materials associated to the RA reactor 
facility and radioactive wastes from the research, industrial, medical and other applications 
generated in previous period which are stored in the Vinča Institute by proper repackaging 
and removal from the Vinča site to some other disposal site, to be decided yet. Beside that, a 
research and development program in modern nuclear technologies is proposed in aim to 
preserve experts manpower and establish solid ground for new researchers in nuclear field. 
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