
YUNSC "96 
Belgrade, October7-9,1996 

Vinca Institute and the Future of Nuclear Investigations 

M.M. Kopečni, 
Vinca Institute of Nuclear Sciences, P.O.Box 522,11001 Belgrade, Yugoslavia 

Abstract 

Ever since its foundation in 1948, Vinfia Institute of Nuclear Sciences was a nuclear-oriented scientific institution. 
Achieving valuable results in different fields of nuclear sciences and technologies, Vinca became, and still is, the largest 
scientific institution in the former and the today's Yugoslavia Structure and intensity of nuclear activities varied with 
the time, following the pattern of domestic and international interest for this kind of knowledge. The nuclear part of 
Vinca had its raises and falls, it is a long history, but unquestionably there is a future, too. This paper presents a survey 
of the past and the present nuclear activities in Yugoslavia, with special attention payed to the future of nuclear 
sciences and technologies in the VinCa Institute of Nuclear Sciences. 

P A S T 

Vinca Institute of Nuclear Sciences was founded in January 1948, at the time when 
different nations all over the globe were trying to develop their own nuclear programs. 
General fascination with the new sort of energy was manifested and, as a result, many 
nuclear orientated institutes were formed within the span of 5-8 years after the II World 
War. Vinca was one of them. In fact, VinCa was the first research institution for natural 
sciences engaging the best specialist all over the country. Physicist, chemists and biologists 
were united in a joint effort to acquire the knowledge, to build up research facilities and 
to establish international collaboration. The first decade of VinCa instituted was blessed 
with substantial funding and special governmental care. In the years that follow the 
federal nuclear energy program was twice initiated and then stopped. Vinca Institute 
shared the fate of these decisions. Major milestones of the Yugoslavia's nuclear policy in 
past, and the Vinca activities in connections with it, are listed below. 

1948 Formation of the Vinca Institute of Nuclear Sciences 

1955 First IAEA Geneva Conference on Peaceful Uses of Nuclear Energy - a great 
success of Yugoslav experts 

1958 Commission of the zero power research nuclear reactor RB, designed and 
constructed by Yugoslav scientists 

1959 Commission of the 6.5/10 MW heavy water research reactor RA, designed and 
constructed by Russians 

1960 The first nuclear power program on federal level 
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1968 Nuclear power program cancelled and Federal Nuclear Commission disassembled. 
Vinca Institute financed entirely by the Government of Republic of Serbia 

1973 World oil crisis 

1974 NPP KrSko (Republic of Slovenia) - start of construction 

1978 Formation of a new Federal Commission for Nuclear Energy and beginning of a 
new nuclear power program 

1981 NPP Krško - start up 

1982 Beginning of development and construction of laboratory or pilot plants for 
various stages of nuclear fuel cycle 

1985 International bid for building a series of nuclear power plants and transfer of fuel 
cycle technologies 

1986 Chernobyl tragedy and strong antinuclear movement within the country 

1989 Federal (SFR Yugoslavia) law forbidding activities on constructing nuclear power 
plants or fuel cycle facilities 

1990 End of federal nuclear program and disassembling of Federal Nuclear 
Commission 

1991 Collapse of Socialistic Federal Republic of Yugoslavia 

1992 Membership of Yugoslavia in IAEA suspended 

1995 Federal (FR Yugoslavia) law forbidding constructing nuclear power plants or fuel 
cycle facilities 

1996 Formation of a new Federal Commission for Nuclear Energy 

Development history of the Vinca Institute was characterized by sudden changes in 
general politics, switches from purely nuclear programs to the less nuclear ones and 
massive movements of the stuff. However, these are major characteristics of similar 
nuclear institutions elsewhere. In this respect Vinca is not an exception. 

Reactors history 

Both research reactors at the VTNCA Institute of Nuclear Sciences, the heavy water 
moderated and cooled 6.5 MW research reactor RA and the heavy water moderated zero 
power research reactor RB, commissioned in 1959 and 1958 respectively, belong to the 
generation of research reactors which have played an important role in developing 
nuclear power technology, as well as different scientific, medical and industrial 
applications of nuclear energy and radioactivity. 
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The RA reactor was first operated with 2% enriched uranium metal fuel of Soviet origin. 
In 1976 80% enriched uranium oxide fuel dispersed in aluminium was purchased from 
former USSR New fuel, having the same geometry and the same amount of 2 3 S U per a 
fuel element as the old one, was supposed to enable increase of the neutron flux due to 
diminished parasitic absorption in ^ J . In 1984 the RA research reactor was shut down 
for refurbishment and reconstruction. A number of improvements, including complete 
exchange of electronic equipment, was initiated. Unfortunately, for both technical and 
political reasons, these actions have never been completed. 

In the RB reactor, besides its original natural uranium metal fuel in the form of solid 
rods, the RA reactor fuel can also be used. Since criticality is achieved by regulating the 
moderator level, a large variety of core configurations with different lattice pitches and 
fuel arrangements have been studied over the years, making possible experimental 
verification of different theoretical models and calculational schemes in neutron physics 
and neutron transport theory. 

Accelerator History 

The linear accelerator was build up and started operation in late fifties and early sixties. 
After a decade or so of intensive research work, the machine capabilities turn out to be 
too modest for the contemporary research requirements. The facility was shut down with 
official promises that a new, modern machine would be build up instead 

Radioisotope History 

One of the main proposes of the RA reactor operation was radioisotope production, both 
for industrial and medical applications. An intensive work in the field of radioisotope use 
was conducted, in particular for nuclear medicine. Collaboration with medical institutions 
resulted in rapid development of diagnostic and therapy procedures and greatly 
contributed to the fact that nuclear medicine of former Yugoslavia reached high world 
standards in the early sixties. 

General History 

It can be said that the Vinca Institute once covered the whole range of nuclear fuel cycle 
activities, from metal uranium production, fuel element fabrication, in-core fuel 
management and spent fuel reprocessing, down to the waste management and storage. 
Significant international collaboration, through IAEA and on bilateral or multilateral 
basis was established. Radiation protection was established in order to satisfy the needs of 
both the Institute and the community. 

It should be noted that significant theoretical work had been performed in the Vinca's 
pioneers days, along with the experimental work, fabrication of instruments and 
education. Achievements in radiation chemistry, solid state physics, industrial 
sterilisation, are just few examples of nuclear activities which made the Vinca Institute 
world reputable institution in the nuclear field. 
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P R E S E N T 

Due to the economical and political problems that Yugoslavia has today, but also 
because of general animosity towards nuclear activities which can be encountered in 
other countries as well, nuclear technologies and sciences are unjustly neglected by the 
state. During the last few years the country had other priorities, and nuclear problems 
were postponed. After the break down of the former Yugoslavia many of the federal 
institutions disappeared, among them the Federal Nuclear Commission, and time was 
needed to create the new ones. UN sanctions and economic and political isolation of the 
country created additional problems to the Yugoslav nuclear community by preventing 
international cooperation and free exchange of scientific information. 

The Vinca Institute of Nuclear Sciences kept the word "nuclear" in its official title. Yet, 
nuclear research projects are presently well below 50% of the total activities. However, 
these nuclear projects still cover a broad range of accomplishments, from operating a 
nuclear research reactor, safety analyses of NPP operation in the neighbouring countries, 
radiological protection and waste treatment, down to medical radio-pharmaceutical 
production. 

Reactors Today 

Most recently, a coupled fast-thermal reactor system was realized on the research reactor 
RB. It has a central zone with densely packed natural uranium and 80% enriched fuel, 
and no moderator, where the neutron flux energy distribution is similar to the one in the 
fast research reactors. During the last decade, complete exchange of control, safety and 
radiation protection equipment of the RB reactor has been performed. The zero power 
RB reactor is in frequent operation, and apart from regular maintaining, the facility does 
not require significant additional provisions. 

Concerning the RA reactor, two major closely related problems, are encountered: the 
future status of the reactor and the safe disposal of the so far irradiated fuel, as well as the 
additional irradiated fuel if the reactor is operated again. 

The RA reactor was shut down in August 1984 in order to reconstruct and improve 
practically all vital reactor systems. Examinations performed at that time showed that the 
reactor building, mechanical parts of the reactor and the reactor vessel, were in 
reasonably good condition. Institute VINČA decided to build new systems for emergency 
core cooling and emergency ventilation, a new irradiated fuel handling system, a system 
for purifying water in the spent fuel storage pool and a new power supply system. A 
complete exchange of electronic equipment and instrumentation had to be performed 
through the technical assistance program of IAEA. New equipment was purchased from 
Soviet suppliers. However, for a number of political, administrative and technical reasons, 
this reconstruction has not been completed. In the meantime, the old instrumentation of 
the RA reactor had been dismantled, awaiting for arrival of the new one, and the reactor 
RA was left in an intolerable situation without control, safely and radiation protection 
systems. 

In the course of preparations for restarting the RA reactor, a significant amount of new 
fuel was purchased from the former USSR, sufficient for the life time of continuous 
operation of the reactor. The Institute VINČA built the new emergency core cooling 
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system and the new emergency ventilation system. The new irradiated fuel handling 
machine was completed, but software for its remote operation is not installed. The new 
system for purifying water in the spent fuel storage pool is finished but not tested yet. 
Although the reactor facility is financially supported and basic expenses and salaries of 
the stuff are covered, during the last several years the reactor RA crew suffered serious 
losses in skilled and trained personnel. 

With all this in mind, during the year 1995, the Institute VTNČA, together with the 
Yugoslav largest consulting and engineering organization ENERGOPROJEKT, 
produced a document describing scenarios of the possible options for the future status of 
the RA reacton present state, restarting the reactor, conservation or decommissioning. 

• The following main conclusions were reached: the present state of the research reactor 
RA can not be tolerated any longer, all other options would require international 
technical and/or financial support; the spent fuel storage pool is in a very bad condition 
and should therefore be the cause of considerable concern; the problem is primarily 
neither scientific nor technical, but it should be considered from the nuclear safety and 
radiation protection point of view. For this reason, Institute VTNČA addressed both the 
national authorities and the IAEA, emphasizing the necessity for immediate action 
concerning safety, security and radiation protection problems at the RA reactor. 

The RA research reactor spent fuel storage pool was built as a temporary storage for the 
burned up fuel elements, for the period of five-six years, and the pool capacity and its 
maintenance were planned accordingly. After the fuel cooling down, its reprocessing was 
envisaged. Since reprocessing has never been developed to the full scale, all spent fuel 
elements are still in the pool, some of them sitting there for over 30 years. Presently, the 
reactor RA spent fuel storage pool is in very bad condition. Water in the pool is dirty and 
its chemical parameters are not maintained so to minimize corrosion. Recent 
investigations show that water in some channel-type spent fuel containers, particularly 
those with very old fuel, is highly radioactive, what is an indication that some spent fuel is 
leaking. 

Accelerator Today 

The old dream to build up a new accelerating machine, became reality in 1989, when 
governmental decision to construct accelerator within Vinca Institute was made. The 
accelerator building was completed in 1992, and the machine erection is now in the final 
stage. All the major components are either ready or under contract. Despite financial 
difficulties, the construction is going on well and it can be expected to have the 
accelerator in operation in 1997. Of course, that will be the first beam only, dedicated to 
medical radioisotopes production, and there are 14 other programs to follow. All of them 
are already defined, teams are formed, and the users will be no problem for the new 
accelerator installation TESLA, which got its name after the world famous Yugoslav 
scientist. 
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Accelerator is heavy and light ion accelerating machine, with maximum energy of 65 
MeW for protons. It is a multipurpose facility, divided between medical and scientific use 
on roughly equal shares. Proposed programs cover radioisotope production, PET 
tomography, surface modification, heavy ion physics, radiation biology and chemistry. 

Radioisotopes Today 

Since Vinca (and therefore Yugoslavia) does not produce radioisotopes, the Institute is 
restricted to radio-pharmaceutical production, based on imported radioisotopes. A very 
good link between nuclear medicine centres and Vinca Institute exists and there is an 
impressive program for future co-operation based on accelerator isotopes production. 

Nuclear Research Programs Today 

With the growing experimental possibilities, there is the growing interest in different 
programs in nuclear physics, radiation biology and chemistry. International co-operation 
is corning back slowly, and that will contribute to further development of the basic 
nuclear sciences. Vinca Institute expects a lot of engagement from TESLA accelerator 
installation and from research reactor RA, even in its present situation. These two 
facilities can present two mile stones for reviving of nuclear sciences and technologies not 
only at Vinca, but in Yugoslavia as well. At the same time, they should be a link for 
international cooperation. And they are. Co-operation with IAEA is again active, and 
three projects will be supported by IAEA in the year 1997 and later on. These are 
connected with F 1 8 production for PET tomography, RA reconstruction and industrial 
irradiator improving safety. 

Other possibilities resulting from nuclear research and knowledge, start with 
instrumentation production. Once, Vinca was well known for its nuclear instrumentation 
fabrication. Today, we are mostly referring to medical instrumentation. Currently human 
tissue bank (involving radiation technologies) is under reviewing, while some other 
projects, like blood irradiation equipment, are in the phase of completion. Vinca Institute 
has serious plans to run into small PET construction, together with the Russian 
colleagues. Traditionally, Vinca relay much on industrial sterilization experience and 
expect to broad activites in near future. 

F U T U R E 

Reactors in Future 

RB reactor will continue to serve its purpose as a scientific tool and as a facility for 
education of young generations. Some upgrading and improvements are foreseen, yet 
they require substantial funding. Projects exist and the time will show whether they will 
be fulfilled. 
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Although the present state of the 6.5 MeV thermal research reactor RA systems and 
components is rather poor, it could still represent a valuable facility. In the country which 
does not have a nuclear power program, restarting the research reactor would help to 
preserve expertise in reactor use and operation and bridge the time gap until the moment 
when the attitude of the society towards the use of nuclear energy would be changed. As 
the first step towards this goal, the VINČA Institute of Nuclear Sciences and the 
engineering organization ENERGOPROJEKT work together on the Project of 
Restarting the RA Research Reactor, which should provide all die relevant technical and 
financial factors needed for making a final decision about the future status of this facility. 

At this moment, however, the problem of the future status of the reactor is pushed back 
by the situation with the reactor RA spent fuel storage pool, which could become a 
serious safety problem. The pool will soon have immediate attention, both from the 
government of FR Yugoslavia and from international community. At present, IAEA is 
involved, and countries with highly developed nuclear technologies are expected to 
participate. Activities are now initiated in two directions. First, to improve the present 
situation of the existing spent fuel storage so to reduce further corrosion as much as 
possible. Second, to obtain an expert assessment of the spent fuel conditions and to 
consider transferring this fuel back to the supplier or constructing an independent storage 
installation. 

Immediate objective that these activities are expected to achieve is increased safety of the 
research reactor facility. By storing the previously irradiated fuel of the research reactor 
RA in a newly built storage space, sufficient free space will be provided in the existing 
spent fuel storage pool for the newly irradiated fuel if the reactor starts operation again. 
In the case that it is decided to decommission the research reactor RA, the newly built 
storage space will provide long term safe disposal of the so far irradiated fuel. 

Having in mind the long shut-down period of the RA reactor, together with the overall 
technological, political and economical changes, the future status of the RA research 
reactor is now a subject of serious reconsideration. The present state has been 
characterized as an intolerable one, because it is expensive, it has no goal and it leads to 
rapid deterioration of all reactor systems and components. The decommissioning is a 
highly unlikely option, for the high waste storage is not defined, nor even in the first 
approximate. The remaining two options are currently under estimation, and the decision 
is dependant on many parameters like financial, political, strategic and so on. 

If the option for conservation is adopted, a long term project could be envisaged. Yet, 
that will only somewhat slow-down deterioration of the RA component If it is shown 
that the investments needed to restart the reactor are comparable or even less than for 
the other options, and this can be expected having in mind the new electronic equipment 
and the existing fuel and heavy water in s/m reserves, then the advantages of the solution 
are obvious. Regardless of the decision, international help will be required, and long-term 
international projects can be expected on this matter. 
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Accelerator in Future 

According to schedule, Tl production will start in 1997. It will be followed by I , 
further on by F 1 8 and PET isotope production, all of the project recieved considerable 
international support and joint work. This program will still require a couple years to be 
fulfilled in full. Meanwhile, the PET diagnostic centre should be completed within- the 
Vinca complex for the benefit of the countries within the region. 

The first scientific project is connected with material science, e.g. surface modification 
with heavy ions, again with substantial international support. In parallel, radiation 
biology programs'related to PET and isodose planning are of high priority. All together, 
there are 14 projects waiting for the beams at the moment. That means that respective 
channels have to be built one after another, according to the priorities and 
recommendations made by the TESLA international advisory committees. 

TESLA already presents an international research centre for Southeast Europe. The goal 
is to gather on common projects and on the equal basis the neighbouring countries, from 
Albania to Romania, Bulgaria, Greece, Macedonia, Turkey and Cyprus. Unlike CERN 
(Geneva) or JTNR (Dubna), TESLA Scientific Centre will be an association of scientific 
institutions (rather than countries), and the chances and opportunities to use the machine 
or its products (like radioisotopes) will be the same for all the members. To fulfil this not 
an easy task, the first steps are already undertaken. The Charter on creation of TESLA 
Scientific Centre has already been put into power. However, to have Centre in full 
operation, a lot of work, as well as international support from major world scientific 
centres like CERN, J T N R , Oak Ridge, will be needed 

Radioisotopes in Future 

Radioisotope fabrication might be divided in the reactor isotope production and the 
accelerator one. If RA gets restarted, a numerous of industrial and medical isotopes 
might be produced on it, and that will give big boost for radioisotope use in the country. 
Accelerator isotope program is already well defined, approved, and it ends up with PET 
tomography and possibly a proton therapy. Nuclear medicine will be once again pushed 
towards new dimensions and prospects. 

Nuclear Research Programs in Future 

Restarting, or even conservation and/or decommissioning, of the research reactor RA 
and commissioning of the TESLA Accelerator will surely create a full nuclear 
atmosphere in Vinca Institute. Activities on the RA reactor, or on its storage pool, will 
require extensive involvement of nuclear engineering department, radiation protection 
and waste treatment department, chemical department, just to take few examples. Once 
in operation, RA would deliver radioisotopes and create possibilities for research work in 
solid state physics, neutron physics, neutron radiography etc. Both nuclear installations 
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will create a large space for international collaboration, for cooperation among different 
fields and sciences, for promotion of modern technologies. 

C O N C L U S I O N S 

Recently, the energetic strategy of Yugoslavia up to the year 2010 was announced. 
Nuclear energy is only mentioned in a few sentences. The law which strictly forbids NPP 
construction is still valid. Country energy strategy relay upon law quality coal which, it is 
said, is plentiful. The study says nothing about toxic gases emission and possible 
international intervention to reduce its delivery for nearly 20%. These factors, which are 
often overlooked, are in favour for NPP erection, if not as an immediate action, than in 
the future which is not too far away. Nuclear knowledge will than be badly needed, and 
for that moment today's preparations are imperative. 

The year 1996 and 1997 are the breaking points for Vinca Institute. There are very good 
chances to have, for the third time in its history, solid nuclear programs based on the RA 
reactor and the TESLA Accelerator, both with international partnership. 

The crucial point is, apart from funding, to have good and attractive programs. And while 
funds could and probably will be found, with more or less difficulties, the internationaly 
sound programs are seldom. The reasons are many. Brain drain, digression of scientific 
community from nuclear matters, lack of young researchers, lack of schools and centres. 
For both reasons - funding and sound programs - international cooperation is a necessity. 

International collaboration, when comes to nuclear, means at the first place connections 
with IAEA. Vinca will made every possible effort to take its place at IAEA, CERN and 
other international organisations where it naturally belongs. Than, the principal goal is 
creating corporations with the neighbouring countries of the Southeast Europe. 

There are many reason for regional connections. The region is nuclear, Hungary, 
Bulgaria and Romania already posses NPP, and all the countries have or once had well 
developed nuclear programs, which are compatible, but were seldom interconnected in 
the past. All the countries from the region have certain difficulties which can be more 
easily solved with united efforts. Joint application to international organisations as a 
region, and not as individual nations, will have more chances for success. The list of 
benefits coming from regional co-operation is long and well overcomes the scope of this 
paper. 

If the conclusion of this contribution has to be an answer to the question: are there 
chances for nuclear sciences at Vinca Institute, the answer will be positive. The success 
will be more pronounced if the program or programs to be fulfilled are conducted jointly 
within the region. 
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