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Abstract – In this paper a preliminary program for the 
nuclear decommissioning in The Vinča Institute of Nuclear 
Sciences is presented. Proposed Projects and Activities, 
planned to be done in the next 10 years within the frames of 
the Program, should improve nuclear and radiation safety 
and should solve the main problems that have arrised in the 
previous period. Project of removal of irradiated spent 
nuclear fuel from the RA reactor, as a first step in all possible 
decommissioning strategies and the main activity in the first 
two-three years of the Program realization, is considered in 
more details. 
 
 
1. INTRODUCTION 

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 last 15 years, have to be 
improved as soon as possible. RA research reactor [1-8], that 
is in the stage of an extended shutdown for more than 18 
years, spent nuclear fuel from the RA operation in the water 
pools within the reactor building [9-18] and inadequate 
storage facilities for the low and intermediate radioactive 
wastes at the Vinča site [19,20] are the main safety problems 
that have to be solved. For these purposes a coordinated and 
interrelated Vinča Nuclear Decommissioning Program 
(VIND Program), that consists of three projects and three 
supporting activities, is proposed for the preparation and 
realization in the next 10 years. 

 
Projects: 

1. Spent Fuel Transport 
2. Decommissioning of RA Reactor 
3. Radioactive Waste Disposal 
 
Activities: 

1. Radiation Safety and Radiation Protection 
2. Radioactive Waste Management at the Vinča Site 
3. Administration Support 
 
At the moment, structure of projects activities is defined 

and the project teams for the planning and preparation phase 
are formed. Some works on the maintenance and control of 
conditions in the spent fuel water pool have been done 
[21,22] and some other are performing continually [15-
17,23,24]. 

Significant expert and technical assistance from the 
International Atomic Energy Agency (IAEA) is expected 
during the preparation and realization of this Program. 
 

2. SPENT FUEL TRANSPORT 

The spent fuel originated in the RA research reactor at the 
Vinča Institute during its operation (1960-1984) is stored in 
temporary spent fuel storage pool [9]. Although the spent fuel 
storage was designed and constructed as a temporary one, all 
the irradiated fuel elements have been stored there from the 
very beginning of the reactor operation until its temporary 
shut-down in 1984 [10]. Inappropriate conditions for such a 
long term disposal of irradiated fuel demand for imediate 
transfer of this fuel to another location [18]. 

Spent nuclear fuel stored in the Vinča Institute consists of 
about 2.5 tones of metal uranium (initial enrichment 2% - 
LEU) and about 20 kg uranium dioxide (dispersed in 
aluminium matrix, initial uranium enrichment 80% - HEU) 
[4-6,25]. This spent nuclear fuel is generated in operation of 
the RA heavy water research reactor during 1959-1984 
period. Both types of fuel are of the ex-USSR origin, 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. Fuel layer of the both 
elements is covered with thin aluminium cladding. Due to 
non-suitable chemical parameters of water in the spent 
storage pool, the corrosion processes penetrated aluminium 
cladding and aluminium walls of storage containers during 
the storage period long from 20 to 40 years. Activity of 
fission products (137Cs) is detected in water samples during 
water inspection in 1996 [16] and experts of the IAEA, 
Russia and USA were invited to help. By the end of 2001, 
some remediation of the water transparency in 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 
Russia and IAEA. Following new initiatives on international 
perspective on spent fuel management, an proposal was set 
by the IAEA, and was supported by the governments of the 
USA and the Russian Federation to ship the spent fuel 
elements of the RA research reactor to Mayak spent fuel 
processing plant in Russia. 
 
2.1. TVR-S Fuel Elements 

Research reactor RA TVR-S fuel element is an 11.3 cm 
long cylinder, with 3.72 cm of outer diameter, consisting of 
an outer tube with 2 mm thick fissionable material and 1 mm 
thick inner and outer aluminium cladding. An 1 mm thick 
inner aluminium tube (“expeller”) serves as a coolant flow 
adjuster. In the course of reactor operation 8030 fuel 
elements were used: until 1976 fuel elements with uranium 
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metal having initial enrichment of 2% 235U, and afterwards 
fuel elements with uranium dioxide in aluminium matrix, 
having initial enrichment of 80% 235U. Both fuel types have 
the same geometry shape (known as the TVR-S) and 
dimensions and approximately the same initial content of 
235U. Material composition of the fuel slugs are described 
elsewhere in details, e.g., [5,6,25]. The 2 mm thick fuel layer 
has the total length of 10.0 cm. It is manufactured as 80% 
enriched UO2 dispersed in aluminium matrix or metal 
uranium enriched to 2%. Top and bottom of the slug are 
covered by the 3 mm thick ”stars” so that the total length of 
the slug is 11.3 cm. The aluminium, used in the fuel slugs, is 
known in Russia as the SAV-1 alloy (0.985 weight fraction of 
aluminium with very low contents of neutron high-absorbing 
impurities, e.g., boron or cadmium). Fuel channels of the RA 
research reactor, known as the “technological channels”, are 
formed using 10 or 11 fuel elements placed one above 
another in an aluminium tube. From 40 to 82 fuel channels 
could be used in the RA reactor core in a regular square 
lattice with pitch of 13 cm. Heavy water is used, beside for 
neutron moderation, as top and bottom axial reflector and as 
the primary coolant of the fuel elements. 

 
Fig. 1. TVR-S Fuel Slugs 

 
2.2. Basic Data on Burn up of the Fuel Elements 

 The total of 6656 low enriched metal uranium fuel 
elements are irradiated in the RA reactor core in period from 
1959 to 1980. Basic integral data on the low enriched 
uranium fuel burn up and irradiation history in the reactor 
core are given in the Table 1 [11-12]. 

 Maximum fuel burn up for 2% enriched metal uranium 
fuel is 12 GW days per ton of uranium (GWd/tU), while 
average fuel burn up for all used low enriched uranium fuel 
elements in the reactor RA is 18.3 MW per ton of uranium. 

The total of 480 HEU spent fuel elements have been left 
in the drained RA reactor core, since 1984, while 894 
irradiated fuel elements of high enriched uranium fuel are 

stored in the stainless steel containers in the spent fuel 
storage pool. Maximum burn up of these high-enriched 
uranium fuel elements in the RA reactor core is less than 
65 GWd/tU, i.e., the change in content of the 235U nuclide is 
less than 10%. 
 

Table 1. Metal Uranium Fuel Irradiation History 

Number of Fuel Elements in Burn up 

[GWd/tU] Stainless Steel 
Containers Aluminium Barrels 

0 – 2 32 100 

2 - 5 208 1730 

5 - 8 329 2300 

8 - 11 531 760 

> 11 627 39 
 
 According to the fuel irradiation history in the RA reactor 
core and to the cooling time in the spent fuel storage pool, it 
is estimated that the total activity of all spent low-enriched 
uranium fuel and high-enriched uranium fuel elements stored 
in the spent fuel storage pool is approximately 2500 TBq 
(±10%) at the end of 1998. It was shown that the most of the 
activity (about 99%) originate from 137Cs and 90Sr nuclides, 
while activity attributed to 85Kr nuclide is about 1% only. 
 
2.3. Spent Fuel Storage at the RA Research Reactor  

The six meters deep temporary spent fuel storage pool in 
the basement of the RA reactor building, consists of four 
connected basins, having thick concrete and stainless steel 
cladded walls [9]. It is filled with approximately 200 m3 of 
stagnant ordinary water. The total of 304 channel-type 
stainless steel fuel containers, receiving up to 18 spent fuel 
elements each, are placed vertically in the pool. In order to 
increase the storage capacity, already during the 1960’s the 
oldest spent fuel elements were gradually taken out of the 
original stainless steel containers and repacked into 
aluminium barrels, each containing 30 aluminium tubes 
receiving up to 6 irradiated fuel elements per tube. At 
present, there are the total of 30 such barrels, which were 
placed in two layers in the annex of the basin 4. Cadmium 
strips were inserted into the barrels to assure necessary sub-
criticality. Both the barrels and the channel-type fuel holders 
were filled with demineralized water and hermetically closed. 
The sketch of RA reactor water pool is shown on Fig. 2. 

According to the original ex-USSR design, the RA reactor 
spent fuel storage had no system for pool water purification. 
Monitoring and maintaining of pool water radiochemical 
parameters were not imposed, and were even considered 
unnecessary by the operating stuff since the pool water was 
not supposed to be in direct contact with the spent fuel. 
During the years a lot of sludge is accumulated at the bottom 
of the pool, which even concealed a lost spent fuel element 
since 1970. A serious concern about the conditions of the 
spent fuel storage pool was first expressed in 1994, when 
possibility of fuel leakage inside the containers and eventual 
fission products release from the containers, was pointed out.  

Fuel stored in the channel-type stainless steal containers 
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could be relatively easily inspected. Strings of spent fuel 
elements were taken out from some of these containers and 
visually inspected. Thick corrosion deposits were noticed on 
the Al cladding of all fuel slugs. Water samples were taken 
from about 10% of the total number of channel-type stainless 
steal containers. Increased specific activity of these samples 
(ranging from about ten to several hundreds Bq/mL 137Cs in 

most of the channels, reaching up to several hundred 
thousand Bq/mL 137Cs in some channels with normally 
disposed fuel, and even up to two orders of magnitude more 
in the channel containing the fuel slug which was leaking 
already at the time of disposal) was an indication that fuel 
elements were leaking in most of the channel type spent fuel 
containers [15]. 
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Fig. 2. Sketch of RA spent fuel water pool 
 

 It was assumed that the situation in sealed aluminium 
barrels could only be worse. Besides, the IAEA experts 
expressed a concern that due to corrosion, the barrels could 
fail as a result of increased internal pressure and radioactive 
substances could be released to the pool water and eventually 
to the neighboring environment. A project was formulated at 
the Vinča Institute, following recommendations obtained 
from the IAEA experts, with the ultimate goal to perform 
underwater drilling and venting of aluminium barrels and to 
inspect the state of the repacked spent fuel elements by 
analyzing water and gas samples taken from these containers 
[17]. Based on the results of this inspection, a procedure 
should be proposed for providing more reliable storage 
conditions.  

 In the first phase of the project the following steps were 
achieved: removal of sludge and other debris from the bottom 
of the pool, isolation of the failed lost fuel slug from the pool 
water, sludge conditioning and disposal, mechanical filtration 
of the pool water, monitoring of the pool water activity in 
order to identify eventual leakage of the spent fuel containers, 
monitoring and control of the pool water chemical 

parameters. The above activities were accomplished by the 
Vinča Institute laboratories (reactor physics, chemistry, 
radiation protection, nuclear engineering, material sciences). 
Total quantity of sludge removed from the bottom of the RA 
research reactor spent fuel storage pool was about 3 m3. The 
concentration of activity in the sludge was about 1.3 kBq/mL 
137Cs and about 15 Bq/mL 60Co [15]. Based on the previous 
experience, a technology was developed for sludge 
conditioning in a cement matrix, inside casks produced using 
the standard 200 L metal barrels [26,27]. The existing pilot 
cement mixer was reconstructed and a new mechanical 
manipulator was constructed, which provided mixing of the 
cement matrix with the sludge in the entire volume of the 
barrel. Conditioned sludge could be classified as low or 
medium radioactive waste and was disposed at the existing 
repository at Vinča site. 

After removing the sludge from the bottom of the spent 
fuel storage pool and after mechanical filtering of the water 
by using the existing filtering unit, the transparency of water 
was increased, what was very important for performing the 
future operations in the pool. However, the chemical 
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parameters of the pool water are still very poor. The latest 
analyses performed showed that conductivity was as high as 
430 µS/cm and pH was 6.8. The water transparency was highly 
increased as a result of continuous mechanical filtration of the 
pool water. 

 The second phase of the project, comprising more 
sophisticated operations as underwater drilling of the 
aluminium barrels, measuring the interior pressure and 
controlled release of possible overpressure, analyses of water 
and gas samples from these containers in order to inspect the 
state of the repacked spent fuel elements, was performed 
together with experts engaged from the Research and 
Development Institute of Power Engineering (RDIPE), 
Moscow, Russia. 

  RDIPE, jointly with other Russian organizations, has 
developed the technology and designed the equipment to 
solve the above problems. The equipment, manufactured 
partially in Russia and partially in Yugoslavia, comprises the 
following devices: special grapple for manipulation with the 
barrels, dismountable protective container, drilling device, 
control panel, sampling device, support frame for mounting 
and operating the equipment. Before being installed at the 
spent fuel storage pool, the above equipment was tested at a 
special stand mounted in the free area of the RA reactor hall 
and using a large vessel produced to simulate conditions in 
the pool. The aim of testing was to confirm the technical 
characteristics of the equipment, to check the remote control 
and to train the personnel to perform the planned operations. 

The underwater drilling of one by one aluminium barrel 
was done in the annex to basin 4. Thus, first the channel-type 
spent fuel containers from the basin 4 had to be temporarily 
removed to the transport channel in the reactor hall. Then, all 
aluminium barrels had to be moved from the annex of basin 4 
to the transport channel in the spent fuel storage room and to 
the bottom of the basin 4. When annex of basin 4 was 
emptied and cleaned, the support frame, carrying the base of 
the protective container, the protective container cover and 
the drilling device, as well as the control panel and the other 
necessary equipment could be installed.  

Inspection of aluminium barrels had the following steps: 
placement of a particular barrel on the protective container 
base; installation of the protective container cover, with a 
built in drilling device, over the barrel and closing of the 
protective container; drainage of water from the protective 
container into the storage pool by pressurised inert gas; 
drilling of 15 mm aperture in the barrel’s lid using the 
drilling device operated by a pneumatic drive; measuring the 
pressure inside the protective container after the gas from the 
barrel enters the internal space of the protective container, 
gas sampling and its analysis; releasing the gas from the 
protective container to the auxiliary vessel and blowing down 
of the protective container by inert gas; taking samples of 
water from the barrel at three different levels by using the 
capillary method. After venting of a particular barrel was 
completed and gas and water samples were taken, aperture in 
the barrel’s lid was closed and the barrel was transferred back 
to the bottom of the basin 4 for further short-term storage. 
The same procedure was then repeated for the next barrel. 

The results of the underwater inspection of aluminium 
spent fuel containers can be summarised as follows: 

• Since considerable gas leakage took place during 
rearrangement and transport of aluminium barrels, in the 
form of smaller bubbles (noticed occasionally even before 
the inspection started), larger bubbles or intensive stream 
of bubbles, and since no gas overpressure was found in 
any of the drilled barrels, it can be concluded that these 
containers lost their leak tightness due to corrosion, 
caused by a long storage period in extremely inadequate 
conditions. The positive aspect of this fact is that the 
concern expressed by the IAEA experts that the barrels 
could explode as a result of increased internal pressure is 
definitely removed. However, the negative and much 
more important aspect is that the dirty and unattended 
pool water entered the containers instead of original 
demineralized and deionized water. Chemical 
characteristics of the water samples taken from the barrels 
are similar to these of the water from the pool 
(conductivity around 300 µS/cm). 

• Due to the corrosion caused by long storage in chemically 
aggressive conditions, the integrity of aluminium cladding 
of most spent fuel elements in the aluminium containers is 
lost, the long lived fission products are leaking into the 
water in the containers and also gradually to the pool 
water. 

• In order to minimise further corrosion of the leaking spent 
fuel and spent fuel containers that lost their hermetic, the 
water in the containers and the pool water should be 
immediately physically and chemically purified so that its 
quality reaches the standard quality required for similar 
facilities (conductivity between 1 µS/cm and 3 µS/cm). 

• The only long-term solution for the leaking spent fuel is 
transfer to the dry storage conditions. Thus, while improving 
conditions in the existing spent fuel storage pool, it is 
necessary to start conceptual design of the long term dry 
spent fuel storage, as well as of transfer of spent fuel from 
wet to dry storage conditions. 

 
2.4. Project Objectives and Activities 

The project "Spent fuel transport" will cover planning and 
operation activities related to preparation and repackaging of 
high-radioactive corroded spent fuel elements from wet 
storage containers to dry ones, suitable for transport to 
country of origin (Russia) or long-term (about 50 years) 
storage. Starting in 2003 it will take 3 years, after The 
Yugoslav Government decision and after established 
proposed organization and operational structure with the 
financial support of the Program. Project activities will be 
carried out by approximately 20 experts and 30 technicians 
from Vinča Institute, 3-5 experts from Russia and IAEA and 
2-4 experts from Yugoslav companies. 

The main objective of this project is to prepare the spent 
fuel: 

1) for the safe transport to Russian Federation for 
reprocessing (the best option), or 

2) for the transfer to the long term storage in FR Yugoslavia. 

In order to improve storage conditions of irradiated fuel in 
the pool, the following actions are needed: 

1) Maintanence and control of water quality (mechanical and 
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chemical); 

2) Preparation of feasibility studies of special tools needed 
for safe handling of irradiated fuel; 

3) On account of fission products emerging inside the 
storage containers and the pool, handling of the irradiated 
fuel is highly risky operation and therefore adequate 
safety measures and analyses have to be performed; 

4) Design and manufacturing of new containers for 
irradiated fuel, either for long term disposal of this fuel or 
for its repacking into transport containers; 

5) Elaboration of new procedures for spent fuel safe 
repacking and transfer to transport containers in the RA 
reactor building. 

For the realization of planned activities the Vinča Institute 
needs assistance in: 

1) Design and manufacture of special tools for handling 
irradiated fuel; 

2) Design and manufacture of special containers for 
irradiated fuel; 

3) Providing equipment and materials for water quality 
maintenance and control; 

4) Experts assistance. 

If the transport of irradiated fuel to Russia will occure in 

the near future, we are expecting major financial support 
from the international community. Necessary handling 
operations with irradiated fuel will be done by Vinča 
personnel. 

The basic output of this project will be the improvement 
of the storage conditions in the RA reactor storage pool 
(maintenance and regulatory monitoring of water quality) and 
finally the removal of irradiated fuel, either to a new spent 
fuel storage in Yugoslavia, or to Russia. If the irradiated fuel 
is to be stored in Yugoslavia, design and manufacturing 
procurement for long term storage has to be done.  

This project will also enable the planned 
decommissioning and dismantling of the RA research reactor 
[28,29]. Removal of the irradiated fuel practically represents 
the first step in reactor decommissioning. 
 
2.5. Short-Term Plans for Management of RA Reactor 

Spent Fuel 

Prompt actions to improve conditions in the existing 
temporary RA reactor spent fuel storage pool and an 
estimation of the resources needed for these activities are 
given in the Table 2. Actions are needed until the spent fuel 
removal from the water pool and are mainly related to the 
maintenance of water quality and monitoring of physical, 
chemical and radiological parameters of water. 

Table 2. Spent Fuel Management Short-Term Program 

Action Activity Equipment needed 

1 Washing up corrosion deposits from all surfaces in contact with the pool water 
using technology and equipment already provided by RDIPE from Moscow. 

Equipment provided by RDIPE 

Special pump 

2 Design and production of special equipment for underwater cutting of 
corroded iron steal construction in the basin 4 of the storage pool. Tool for underwater cutting 

3 
Removal of the contaminated iron steal construction, its conditioning and 
storage at the temporary low and medium level radioactive waste storage at 
Vinča site. 

Protective containers 

4 Final removal of sludge from the spent fuel storage pool. Physical purification 
of pool water by mechanical filtering. Special filters 

5 Chemical purification of pool water using the ion exchange resins. Ion exchange resins 

6 Drainage of water from the spent fuel containers and eventual exchange with 
the demineralized and deionized water.  

7 Establishment of regular monitoring and maintenance of water quality in the 
spent fuel storage pool.  

 
 
2.6. Yugoslav Spent Nuclear Fuel Management Long-

Term Program 

The only long-term solution for storage of aluminium 
cladded spent fuel is to transfer it 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; 
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• 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 problems mentioned above could be 
overcome by repackaging the spent fuel elements from existing 
storage containers to the new dry ones, suitable for the use in 
existing transport containers, either made 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 long-term dry spent fuel 
storage facility would be the Vinča Institute site. 

 One of the first options would be to use the existing channel 
type stainless steal 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 are 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 not be 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, if 
the RA reactor is decommissioned, by removing the spent fuel 
from its location, the reactor building could be used for other 
purposes. 

 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 
which does not leak, providing additional dry containers for the 
leaking fuel. These operations have to be performed in the same 
way 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 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. RDIPE has already elaborated 
and proposed some parts of the necessary technology. The new 
option is to use the already developed technique in the KFKI, 
Budapest, Hungary for repackaging of the spent fuel elements 
in the new dry storage containers that suit, by dimensions and 
conditions, to existing transport containers. 

According to the IAEA experts opinion, 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 500 000 US$. 
 
 
3. DECOMMISSIONING OF RA REACTOR 

The 6.5 MW heavy water moderated and cooled research 
reactor RA [1-6] was bought as a turn-in key project from 
Institute of Theoretical and Experimental Physics, Moscow, 
ex-USSR in 1955. It started operation in December 1959, 
with 2% enriched metal uranium fuel elements of the TVR-S 
shape, produced in the “Elekhtrostal” factory near Moscow, 
Russia. The reactor operated with this low enriched uranium 
fuel until 1976, when new 80% enriched uranium dioxide 
TVR-S fuel elements were purchased from the “Novosibirsk 
Chemical Concentration Plant” from Novosibirsk, Russia. 
After some period of operation with the both types of the fuel 
elements in the (mixed) core, the RA research reactor 
switched completely to operation with solely high enriched 
uranium fuel in the core in 1980, and operated by mid 1984. 
Then, the RA research reactor was shut down for 
refurbishment and reconstruction [31-33]. Since for a number 
of both technical and political reasons the reactor has not yet 
been restarted after long period of extended shutdown [7,30]. 
A proposal for decommissioning of the reactor RA in near 
future, based on economical and other reasons, is submitted 
to the Federal government recently. The first step towards 
decommissioning of the RA research reactor must be safe and 
reliable disposal of spent fuel. 

 
Fig. 3. RA research reactor 

 
During the period of shutdown, that have been taken more 

than 18 years, significant part of RA reactor control, safety 
and monitoring systems and equipment has been dismantled. 
The fuel irradiated in the reactor during its operation is stored 
in the water pool built inside the reactor building. The pool 
was designed as a temporary storage for irradiated fuel, but 
the fuel has never been transfered to another location. Even 
after the removal of spent fuel, a lot of radioactive and 
contaminated components and materials will represent a 
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significant radiation risk, not only for the Institute, but for the 
entire Belgrade surroundings. 

The objective of the Project is to implement safe, timely 
and cost-effective decommissioning of the RA reactor up to 
unrestricted use of the site. Realization of this Project relies 
upon two interrelated projects: Radioactive Waste Disposal 
and Spent Fuel Transport. Vinča Institute has no general 
decommissioning plan for the nuclear facilities and the first 
step would be to prepare it as soon as possible. 

Planning and operation activities include: preparation of 
detailed decommissioning plan, radiological characterization 
of the site premises, dismantling and removing of the reactor 
components and materials, decontamination, final 
radiological site survey and obtaining the approval for 
unrestricted use of the facility site. 

The project goals are defined as: 

• Removal of all radioactive and hazardous material 
associated with the reactor facility (removal of the 
irradiated fuel is coverred by another project) 

• Decontamination of the reactor facility to the level of 
unrestricted use 

• Elaboration of the documentation for all project activities 

The scope of the proposed decommissioning project is 
based on the strategy of immediate dismantling of the RA 
reactor facility. Final state of the decommissioning should be 
unrestricted use of the facility site. 

Duration of RA decommissioning project is estimated to 
be 10 years. During the first few years of realization mainly 
planning and preparation activities and removal of non-
radioactive materials and equipment will be done. 
Dismantling of the reactor components and systems and 
removal of radioactive materials will start after the spent fuel 
removal from the reactor building. IAEA assistance is needed 
mainly during the first 5 years of the project realization and it 
is expected as expert (good practice from the similar projects, 
planning, managing, cost estimation) and technical support 
(equipment purchase, techniques, fellowships, trainings). 

Personnel that will be involved in the realization of 
project consist of approximately 20 experts and 30 
technicians from Vinča Institute, several IAEA experts and 3-
5 ex-Vinča experts, specialists and co-operators. 

In order to achieve defined goals, the project is divided 
into several parts: 

1) Preparation of the detailed decommissioning plan 
(strategy, safety and environmental principles, inventory 
of radioactive and toxic materials, waste management 
procedures, equipment and staff requirements, safety and 
environmental assessments, cost estimate); 

2) Radiological characterization of components and 
materials, radiation levels and contamination mapping 
inside the reactor facility; 

3) Dismantling and removing of reactor components and 
materials; 

4) Decontamination of surfaces inside the building, final 
radiological survey and control of the building; 

5) Obtaining the approval for unrestricted use of facility site. 

Many activities planned by the project will be 
performed in conditions of high radiation risks due to 
significant contamination of areas and components, and high 
radiation levels in the vicinity of many reactor systems. 

The expected outputs from the realization of this project 
are: 

1) Detailed decommissioning plan for the RA reactor at the 
Vinča Institute; 

2) Unrestricted use of the reactor facility site; 

3) Safely stored radioactive waste material; 

4) Further use of some components and materials from the 
reactor facility; 

5) Know-how in planning, organization and implementation 
of decontamination, dismantling and other 
decommissioning activities. 

 
 
4. RADIOACTIVE WASTE DISPOSAL 

FR Yugoslavia has no central national disposal for 
radioactive waste materials. All wastes generated in research, 
industrial or medical applications in the country, except the 
spent nuclear fuel from RA reactor operation, are stored in 
two buildings in Vinča Institute. Interior of one of storage 
buildings in Vinča Institute is shown on Fig. 4. There are no 
enough capacities to accept new quantities of wastes in the 
existing storage facilities. There are needs for the 
improvement of radiation safety properties of present 
disposal site also. 

Under the project “Radioactive waste disposal” planning 
and operation activities related to site preparation, design and 
construction of long-term dry low level and intermediate 
level radioactive waste storage in Yugoslavia will be done 
[19,20]. If transport of RA spent fuel to the country of origin 
(Russia) would not be realized, storage of high level 
radioactive wastes should be possible in the disposal facility. 

Period for the construction of national disposal is 
estimated to be 5 years, after the choice of location and 
administrative establishing of proposed organization and 
operational structure and financial support of the project. 

 
Fig.4. Interior of dry disposal building for low and 

intermediate level radioactive wastes in Vinča Institute 
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About 10 experts and 30 technicians from Vinča Institute 
and several Yugoslav civil engineering companies will work 
on the design and construction of the facility. 
 
 
5. SUPPORTING ACTIVITIES 

 Within the frames of VIND Program beside three projects 
three common activities that follow and support the realization 
of each project are planned for all the period until the end of 
Program realization. 
 
5.1. Radiation Safety and Radiation Protection 

This activity includes planning and operation related to 
preparation of safety and radiation protection procedure, risk 
analysis, environmental impact assessment, individual and 
environmental monitoring during the activities carried out at 
the whole Program. 

Such kind of support activity is needed from the very 
beginning of preparation phase until the reaching of final 
stage in the realization of all three projects. 

This activity will be carried out by approximately 15 
experts and 10 technicians mainly from Radiation Protection 
Department of Vinča Institute. 
 
5.2.  Radioactive Waste Management at the Vinča Institute 

Site 

Planning and operation activities related to preparation 
and management of spent fuel transport and low and 
intermediate radioactive waste at the Vinča site during 
activities carried out during whole Program are covered by 
this activity [26,27,34-41]. 

 It will took in the period from 2003 to 2013 (10 years, full 
duration of Program realization), starting after the formal 
Government decision and established of Program 
organization, operational structure and financial support and 
ending after the final decontamination at the end of RA 
reactor decommissioning. 

About 4-5 experts and 10 technicians from Vinča Institute 
and experts from some Yugoslav companies will be engaged 
in the activity. 
 
5.3. Administration Support 

Administration support to all Projects and Activities that 
include personnel responsible for secretary jobs, management 
and cost estimations, record keeping, quality assurance 
activities, material supply and purchase will be needed during 
the Program realization (2003-2013). 

It is planned that 2 Vinča experts and 2 administrative 
personnel with 2-3 ex-Vinča experts from Yugoslav 
companies will perform this activity. 
 
6. CONCLUSION 

 To solve the problems related to spent fuel management, 
radioactive waste long term storage and planned 
decommissioning of the research reactor RA, the new “Vinča 
Nuclear Decommissioning Program” is initiated in the Vinča 
Institute during first months of 2002. The Project team is 
assembled from about 60 experts from the Institute and 

relevant organizations. Besides the government funding and 
expected donation from foreign institutions, the Project team 
will 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. 

 Realization of the program will be 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 project are lack of 
manpower, lack of material resources and necessary 
equipment, as well as general economic difficulties in the 
country. 
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Sadržaj - U radu je predstavljen preliminarni program 
nuklearne dekomisije Instituta "Vinča". Predloženi Projekti i 
Aktivnosti, planirani za realizaciju u narednih 10 godina u 
okviru Programa, treba da rezultuju unapređenjem nuklearne 
i radijacione sigurnosti i rešavanjem glavnih nuklearnih i 
radijacionih problema nastalih u prethodnom periodu. 
Projekat uklanjanja ozračenog nuklearnog goriva sa reaktora 
RA, kao prvi korak u svim mogućim strategijama dekomisije 
i kao glavna aktivnost tokom prve dve-tri godine realizacije 
Programa, detaljnije je razmotren. 
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