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Abstract

Among the six scientific programmes proposed for future research in the Vinča
Institute, the 'nuclear one' is connected to the nuclear reactors and waste management
activities. One of the projects within the nuclear programme is associated to a
proposal for designing a small modern subcritical research reactor driven by an
accelerator beam. The idea of this Project is based on the facts that the construction of
the TESLA Accelerator Installation is in the final phase and that a rich experience is
gained in design, construction, operation and maintenance of both research reactors in
the Institute in the last 40 years. Preliminary scope of the ADS Project in the Vinča
Institute, including some details and options, are given.

1. Introduction

The concept of development of the Vinča Institute of Nuclear Sciences in next few years is
submitted to the Ministry of Science and Technology of the Republic of Serbia for approval. The concept
is also welcome and supported by a special committee of the Serbian Academy of Sciences and Arts. Six
national scientific programmes are proposed for future research in the Vinča Institute. The nuclear
programme is connected to activities related to research in the physics and safety of nuclear reactors,
radiation protection and waste management. One of the projects within the nuclear programme is
associated to a proposal for designing a modern small subcritical research reactor driven by an accelerator
beam. Beside its contemporaneous concept, the idea of this Project is based on the fact that the
construction of the TESLA Accelerator Installation in the Vinča Institute will be finished next year. In
addition, a rich experience in design, construction, operation and maintenance of both research reactors in
the Institute, gained in the last 40 years, will be used.

Unfortunately, the law accepted by the Federal Assembly of the Federal Republics of Yugoslavia
in 1994 (set for the first time in 1988) forbids future design and construction of nuclear power plants. The
decision of the state to abandon nuclear energy option was initiated by the greenpeace movement and
supported by strong influence of wide and powerful part of scientific and engineering community that
promote coal power plants and hydro-power plants. Their arguments were based on relatively reach
natural resources of coal and hydro-potentials of rivers in Yugoslavia. The law also includes penalties for
prison up to five years for work on planning, site examination, design or construction of nuclear power
plants or processing plants for irradiated fuel or high-level radioactive waste storage in Yugoslavia.
According to the law, only research in nuclear domain is allowed.

Therefore, currently due to the law, there is no possibility to design a full scale ADS for power



production or waste transmutation. On the other hand, quantities of radioactive waste or irradiated fuel in
Yugoslavia are (relatively) low compared to many other countries that use nuclear energy. The major
quantity of irradiated fuel is stocked at the research reactor RA in the Vinča Institute because of the
reactor operation in period 1959-1984. There is no plant, even not on the laboratory scale, for processing
of irradiated fuel in the country. Thus, the economy reasons do not support design and construction of
ADS for transmutation of the irradiated fuel or radioactive waste.

However, actual political and economic situation in the country, as well as the consequences of
the last war, generate again the question of power production sources. A 30% shortage in electricity
power production in the country is foreseen for next winter, as a result of damages in electricity power
plants and transportation lines and due to facts that some coal mines and associated power plants are
currently unattainable. Nuclear power plants for electricity production may become, beside electricity
import, a real option for future. Therefore, the proposed ADS, beside its usage as a valuable research
machine, may contribute to following and developing new nuclear technologies in the country useful for
eventual nuclear power option.

2. The Project Scope

Activities of the ADS Project in the Vinča Institute are foreseen as a three-phase Project for next
three years. The aim of the Project is to study the physics and development of the technologies needed to
design a small (fast or thermal) subcritical low-flux research reactor driven by an accelerator beam. The
reactor will be used for basic and applied research in neutron physics, metrology, dosimetry and radiation
protection, radiation biology and for development of modern nuclear technologies.

In the first step of the proposed ADS Project, a general Idea of the accelerator driven subcritical
system will be developed. All options will be opened, based on premises and experiences that exist in the
Vinča Institute and current ADS projects proposed world-wide. In the second step, goals and constrains
will be set and the Concept solution between various options will be chosen. In the third step, the
Conceptual Design of the small research reactor driven by beam of particles from the TESLA accelerator
should give the answers to the following:
1. a feasibility study of construction of the proposed ADS at the TESLA accelerator,
2. a proposal for experiments to validate and verify calculation methods and nuclear models,

computer codes, nuclear data and proposed technologies,
3. needs for new material technologies and development of components of target and other systems

of the subcritical reactor, and
4. needs for development of methods and criteria for neutronics and plan-design systems of larger

ADS, including some aspects related to control, safety and radiation protection of this type of
nuclear facility.
The ADS consists generally, of two main sections - the accelerator and the subcritical reactor

system. Beside the Vinča Institute as the leader of the Project, participation of the other research institutes
and education centres in the country and from abroad is foreseen in all three phases of the Project.
Research and design companies and construction firms in country will be included in the third phase of
the Project. It is expected that an international expert committee, approved by the Ministry of Sciences
and Technology of the Republic of Serbia, supervise the Project.

3. The Accelerator Section

The accelerator section of the proposed ADS Project in the Vinča Institute is based on the
TESLA Accelerator Installation, a multipurpose facility for production, acceleration and use of ions [1].
Its construction began in September 1992 in close co-operation with the international scientific centres:
Joint Institute for Nuclear Research, in Dubna, Russia and the European Organisation for Nuclear
Research (CERN) in Geneva, Switzerland. The TESLA Advisory Committee, formed in 1992 by G.



Plass (CERN) performs the control of this construction. The TESLA Program Committee, formed in
1996, by Yu. Ts. Oganessian (JINR), controls preparation for use of this facility. Three machines and a
number of low and high energy experimental channels are designed. The scheme of the facility is shown
in Figure 1. The machines are: a compact isochronous cyclotron - the VINCY Cyclotron, an electron
cyclotron resonance heavy ion source - the mVINIS Ion Source, and a volume light ion source - the
pVINIS Ion Source. In the low energy experimental channels (L1-L3) the ions from the mVINIS Ion
Source will be used, while the high energy experimental channels (H1-H5) will use the ion beams
extracted from the VINCY Cyclotron.

The last two machines, the ion sources, are already in operation. The pVINIS Ion Source was
commissioned at the end of July 1997. It can deliver:
- the beam of H-   ions with the current  of 1.2 mA,
- the beam of H2

+ ions with the current of 500 μA, and
- the beam of H3

+ ions with the current of 900 μA.
This machine can produce also the beams of D-, D2

+ and D3
+ ions.

The mVINIS Ion Source was commissioned in May 1998. It is designed to deliver, e.g.:
- the beam of O5+ ions with the energy of 75 keV and the current of 660 μA,
- the beam of Ne6+ with the energy of 90 keV and the current of 290 μA,
- the beam of Ar11+ with the energy of 165 keV and the current of 130 μA, and
- the beam of Xe20+ with the energy of 300 keV and the current of 41 μA.
The use of these ion beams commenced in the channel for modification of materials in May 1998.

The extraction of the first beam from the VINCY Cyclotron is scheduled by the beginning of
September 2000. It will be the beam of the protons with the energy of 30 MeV, obtained from the beam
of H2

+ ions extracted from the pVINIS Ion Source. The ion beam will be used in the channel for
production of radioisotopes and the channel for radiation research.

Design parameters of the TESLA accelerator are set almost 10 years ago, and they are not
favourable regarding the high neutron flux needed for energy production or nuclide transmutations by an
ADS. The VINCY Cyclotron will be able to deliver to the target either:
- the proton beam with maximum energy of 75 MeV and current of 5 μA, or
- the deuteron beam with maximum energy of 73 MeV and current of 50 μA.

Such accelerator could be used only as the first stage in a multi-stage accelerator section of a high
energy ADS. The beam of protons with energy above 1 GeV and current of a few tens of milliamperes
are proposed for creation a high-production neutron spallation source [2]. It was the reason, beside the
ones mentioned above, that an option to design a small low-flux ADS is chosen. Otherwise, a new high
energy particle accelerator should be additionally designed as a “bridge” to the reactor section.

One of the main tasks in the Project will be devoted to examination of interaction of the
accelerator beam particles with different materials. The aim is to choose and design an optimal target in
respect to maximal neutron yield and neutron escape from the target. For that purpose, computer codes
such as GNASH [3], FLUKA  [4] and SRNA [5] are currently available, while the LCS [6] or MCNPX
[7] code systems are desirable. Available proton and neutron ENDF/B-VI data libraries up to 150 MeV,
known as ‘Los Alamos LA 150 Library’  [8], will be used too.

It is claimed [9] that the required accuracy in nuclear data for an ADS is as follows: 10% for
target for estimation of nuclear transmutation, 20 - 30% for estimation of induced radioactivity and 1%
for determination of criticality. Relevant cross sections and neutron yield and spectra measurements will
be carried out at different possible target materials using incident beams of protons or deuterons of
different energies extracted form the VINCY Cyclotron of the TESLA accelerator. In that way, the
proposed measurements at the H5B channel of the VINCY Cyclotron can contribute to determination of
specific cross-sections for particular materials in the intermediate energy range. This cross sections and
materials are specified in the High-Priority Nuclear Data Request List [10] and Conclusions of
International Code Comparison for Intermediate Energy Nuclear Data [21].

According to the first knowledge and estimations, a neutron yield up to 10 % per incident
65 MeV proton can be obtained in thick targets of different materials - D2O, Be, W, Bi, Pb, U. This
neutron yield at 5 μA proton current and reactor subcriticality of 0.98 will allow to gain the peak of the
neutron flux in the reactor centre between 1010 - 1011 n/cm2/s.





4. The Reactor Section

Experiences in design, construction, operation and maintenance of research reactors in the
Institute are gained during the last 40 years. The Vinča Institute operates two research reactors, since
1958. The RA reactor is bought in ex-USSR as 6.5 MW heavy water research reactor with 2%-enriched
metal uranium fuel [11]. It started operation in December 1959 and was modified to use 80%-enriched
UO2 fuel in 1978. The reactor stopped operation in 1984 for modernisation of the control and safety
instrumentation that has not been finished so far. The RB reactor is designed by Yugoslav scientists as a
natural uranium heavy water unreflected critical assembly [12]. It started operation in April 1958, and
was modified to use 2%-enriched metal uranium (in 1961/62) and 80%-enriched UO2 (in 1976) fuel
elements from ex-USSR. It was modified many times, particularly to design “fast neutron fields” around
the core or inside the core [13]. The first version of a coupled fast-thermal core was designed in 1982
[14] and the second one, called HERBE, in 1991 [15]. The RB reactor is still in operation. Modernisation
of its control, dosimetry and safety instrumentation is proposed to be performed in the following years.

According to the proposed ADS Project, the subcritical reactor will be built at the exit of the high
energy experimental channel H5B of the VINCY Cyclotron of the TESLA accelerator. Different options
for the reactor type (with square or hexagonal lattices) will be studied:
- thermal reactor core,
- fast reactor core, or
- coupled fast-thermal reactor core.

Large quantity of the fresh 80%-enriched uranium dioxide fuel elements kept in the storage at the
RA reactor could be used for design of a thermal core or coupled fast-thermal core of the proposed ADS.
Heavy water or ordinary (light) water could be used for moderation and cooling of the thermal core.

In the case of the fast reactor core design for the ADS, the fuel type has not chosen yet.
Options, depending on the fuel type availability, including 233U – 232Th core and blanket will be
studied. Lead or lead-bismuth simulated cooling for low power density core or forced cooling in the
case of a compact fast core with high power density will be studied.  Valuable experience and
designing computer tools (codes and data libraries) gained in design a small research reactor LASTA
with fast neutron spectrum [16] will be used.

In particular, one has to consider the reactor core geometrical complexity, the neutron energy
spectrum and neutron and fission rate (power) spatial and time distributions. To keep advantage of the
inherent safety of the subcritical reactor, design value of the effective neutron multiplication factor in
the system will be maximum 0.98. To avoid manipulation with high-irradiated fuel, the fuel burn-up
will be kept at as low level as possible. Concerning the reactor analysis, it is known (e.g., [17]) that the
large mismatch exists between the neutron spectrum in the target zone and the subcritical system as a
consequence of the relatively small neutron energy loss per elastic collision in lead. In addition, it is
very important to the safety margins to evaluate correctly the coolant void reactivity effect in the fast
system. These considerations, along with the geometrical complexity mentioned, suggest the use of the
reactor codes based on the Monte Carlo methods with continuous or at least (many) multi-groups
energy description. For that purpose, many years of a long experience in use of the MCNP (version
4B2, [18]) and the SCALE (version 4.3, [19]) Monte Carlo codes, gained in the Vinča Institute will be
used. In addition, deterministic neutron static and kinetic codes will be used, and new codes will be
developed and compared, where possible, with the Monte Carlo codes. Power transients and safety
analyses will be studied by the codes to verify control and inherent safety of the proposed ADS core.
Design of the proper radiation shielding of the both ADS sections and study of induced radioactivity
by the accelerator particles and neutrons require also particular attention [20] and use of the well-
proved codes as, e.g., the MCNP, SCALE and FLUKA.

New thermal-hydraulic models, including deep investigation of some fundamental phenomena
of the use of lead or lead-bismuth alloy as a beam target and nuclear coolant, will be developed. These
models will be implemented in (preferably) 3D computational fluid dynamics codes, to describe
properly heat removal based on natural convection and fluid flow in fuel channels during steady state
or transient operation of the system.



5. Conclusion

Preliminary scope of the ADS Project in the Vinča Institute, including some details and options
are given. The idea of the Project is based on two facts: the construction of the TESLA Accelerator
Installation is in final stage, and a rich experience is gained in design, operation and maintenance of
research reactors in the Vinča Institute since 1958. The basic aim of the Project is to study the physics
and development of the technologies needed to design a small (fast or thermal) subcritical low-flux
research reactor driven by an accelerator beam. The reactor will be used for basic and applied research in
neutron physics, metrology, dosimetry and radiation protection, radiation biology and for development of
modern nuclear technologies.
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