
RESEARCH REACTORS 

Working in a difficult 
regime 

Some of the equipment in the two research reactors at the Vinca Institute in Belgrade, Serbia is fit for a 
museum. But the problem of ageing components is only one of the difficulties faced by the operators -

they also have to cope with the political and financial conditions prevailing in their country. 

RA and RB, the two research reactors 
at the Vinca (previously Boris Kidric) 
Institute of Nuclear Sciences in the 

former Yugoslavia, were built in the late 
1950s and were among the first to be con
structed in Southeast Europe. Both were 
designed according to the national plan for 
developing nuclear energy. Although some 
modifications have successfully been made, 
they are now suffering from problems of 
ageing and funding, while attitudes to the 
country's nuclear programme have 
changed. 

RB 

Built in early 1958 by Yugoslav scientists as 
a zero-power heavy-water-natural-urani
um critical assembly RB was later modified 
to operate with 2% enriched metal uranium 
(1962) and 80% enriched U0 2 fuel (1976) of 
Soviet design. 

On 15 October 1958, only six months after 
the reactor started up, there was a serious 
accident, during which six members of staff 
were seriously irradiated (one fatally). They 
were in the reactor hall during operation 
because the control room had not been fin
ished. There was no significant damage to 
the reactor's components. 

1! Modifications made 

Over 37 years of operation, the reactor has 
survived a series of modifications attempt
ing to follow modern operational safety 
demands and overcome ageing problems. 
The main changes in the last 15 years have 
been to set up fast neutron fields and cou
pled fast-thermal systems. 

In 1962, the reactor was completely modi
fied and the first safety reports and regula
tory rules were written. New control, safety 
and dosimetry systems were built using 
French- and Yugoslav-designed equipment. 
The reactor core was adjusted to use new 
2% enriched uranium metal fuel of Soviet 
origin. These modifications converted the 
RB critical assembly to a flexible experimen
tal reactor with 1 W nominal power, usually 
operating in the 10 mW to 50 W range, and 
occasionally at "very high power" up to 10 
kW, but only for a short time. 
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Development of fast neutron fields at RB, 
using new 80% enriched U 0 2 fuel, started in 
1976. Four different fields with fast neutron 
spectra were designed: the external neutron 
converter, ENC (1976); experimental fuel 
channel, EFC (1982); internal neutron con
verter, INC (1983); and coupled fast-ther
mal core, HERBE (1990). Safety studies have 
shown that operation with the fast neutron 
fields designed is safe, without any need to 
make significant improvements to control 
or safety systems. 

All the modifications to RB mentioned 
above were approved by the Nuclear Safety 
Committee of the 'Vinca' Institute, an inde
pendent authority. 

• Current use 

Currently, RB operates as a coupled 
fast-thermal system, HERBE. It is used to 
verify new computer codes developed at 
the Vinca Institute related to reactor design 
and safety studies. 

The last modernisations of the control and 
dosimetry equipment were in 1977 (two 
start-up channels) and 1986-1988 (three new 
neutron logarithmic channels and three new 
gamma dosimetry channels). A variety of 
experimental equipment was purchased too 
but, owing to lack of funds, these new reac
tor channels have not been connected to the 
safety system. So RB still operates with old 
(electronic-tube) equipment connected in 
the safety and automatic power control sys
tems. 

Lack of spare parts is the main ageing 
problem in maintaining old equipment that 
is now fit for a museum. Full records of RB's 
operation, covering only the last 33 years, 
show that the reactor has reached criticality 
3875 times and the core has changed 535 
times. 

The authors are with the Nuclear Engineering Laboratory, 
Vinca Institute of Nuclear Sciences, PO Box 552, NET-
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RA 

The 6.5 MW heavy-water research reactor 
RA was entirely designed by Soviet scien
tists and was bought as a "turn-key" sys
tem. It has used 2% enriched metal uranium 
fuel in the form of hollow cylindrical seg
ments. 

An initial safety improvement 

Safety characteristics of RA were based on 
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• RB was built by Yugoslav scientists. 

the USSR's pre-1960 safety philosophy. The 
reactor safety system only included controls 
activated by power overshoot thresholds: 
10% of nominal power would trigger an 
audible and visual alarm; and 20% would 
shutdown the reactor. 

During construction (1957-1959), the first 
safety improvement was to build a logarith
mic power channel, of French design, with a 
period meter connected to the safety sys
tem, providing a safety threshold based on 
the time interval (the period) over which the 
reactor power changes by a factor of e. A 
period of time less than 12 s generates an 
alarm, but a period of 5 s shuts the reactor 
down. 

Operational history 

First criticality was reached in December 
1959 and was followed, after a short testing 
period, by full-power operation. RA was 
then operated in shifts each year, except for 
two longer-than-scheduled shutdowns 
caused by contamination of the primary 
coolant system by Co-60 (1963) and enrich
ment pf D 2 0 in the heavy water moderator 
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and primary coolant (1970). Until 1979, 
when operation with mixed 2%-enriched-
metal-uranium-80%-enriched-UO2 fuel 
started, the reactor was successfully operat
ed to meet all the demands of its users. 
Research groups from Yugoslavia, Norway, 
Poland, the Soviet Union and France used 
the neutron beams for solid state and reac
tor physics as well as isotope production. 

In 1981, RA started operation with a core 
comprising solely 80% enriched fuel ele
ments. Since 1978, a few breaks in reactor 
operation have occurred when corrosion 
deposits on the fuel elements were detected. 
The thickness of the reactor's aluminium 
tank and corrosion deposits were checked 
twice (1970,1980) by television cameras and 
ultrasound equipment. An exact source and 
forming mechanism of the corrosion 
deposits has yet to be revealed. 

• Ban on operation 

In 1984 the Committee for the Safe 
Operation of Reactors of the Republic of 
Serbia banned further operation of the reac
tor because it did not have the emergency 
core cooling system (ECCS) and special fil
ters in the accidental ventilation system 
(AVS) demanded by new national legisla
tion. Up to that point, the total fission ener
gy generated by the reactor had been 496.5 
GWh. Between 1984 and 1990, construction 

A RA is of Soviet design. 

of the required emergency core cooling sys
tem and accidental ventilation system were 
finished. In addition, a new reactor loop for 
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fuel testing with a separate cooling system 
was built in 1989. Modernisation of the con
trol and safety system, initiated in 1982 and 
supported by the International Atomic 
Energy Agency, is currently under way, so 
RA is not operating at present. 

CHANGING ATTITUDES 

In 1988 the Federal Assembly of the former 
Yugoslavia introduced a new law that for
bids the future design and construction of 
nuclear power plant in the country. This law 
was also accepted in early 1995 by the 
Federal Assembly of the new Federal 
Republic of Yugoslavia, including penalties 
of prison for up to five years for work on 
planning, site examination, design or con
struction of nuclear power plant or irradiat
ed fuel storage in Yugoslavia. According to 
the law, only research in nuclear fields is 
allowed. 

In the last ten years, funds for both reac
tors in the Vinca Institute have decreased, 
especially during the last few years due to 
the general economic situation in the coun
try. It has reduced the operation of the reac
tors, and also affected staff migration. Old 
operators and trained staff have retired, and 
new staff are difficult to find to take on 
responsible jobs in a radioactive environ
ment for an inappropriate salary. Q 
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