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Abstract. Nearly 50 years have passed since the appearance of the first nuclear research reactors. Most of them
have completed their operating life and must be dismantled. But it is known that the dismantling of permanently
shut down nuclear reactors is a very complex process, full realization that it generates a lot of radioactive waste
(both solid and liquid), it is connected with high financial expenditures, and its solution is apparently beyond the
possibilities of many countries, including Georgia

In the given paper we consider a radiologically safe, ecologically clean and economically beneficial version of
the decommissioning of the IRT-M nuclear research reactor and the stages of its implementation that are not
connected with the dismantling of its highly radioactive technological components. We justify the possibility of
creating a new Low Power Nuclear Facility on the basis of the decommissioned IRT-M reactor to solve the
problems of applied nature in different fields of science and technology being very important for Georgia.

INTRODUCTION

The construction of the IRT-2000 reactor of the Institute of Physics, which has a thermal power of 2
MW, began early in 1957 and was completed in August 1959. Physical start-up of the reactor took
place in October 1959 and its regular operation began in 1960. The IRT-2000 type nuclear reactor,
designed in the Soviet Union, belongs to the group of light water pool-type reactors in which the light
water is used as a moderator and a reflector of neutrons and as a coolant and a part of the biological
shielding of the reactor. Nuclear reactors of this type were also built in Russia (Moscow, Tomsk,
Sverdlovsk), Belarus (Minsk) and Latvia (Riga). They were constructed in Bulgaria (1961), China
(1962), North Korea (1965) and Iraq (1967) [1,2] as well.

DESCRIPTION OF THE IRT-2000 REACTOR

The pool of the IRT-2000 reactor is a tank made of 6 mm thick aluminum alloy sheets surrounded by
1.8 m thick biological shielding of reinforced concrete which has different densities in different parts
of its construction. The height of the pool is 7.6 m, the length is 4.5 m, the width is 1.9 m and the
entire volume is about 60 m3. The following units of the reactor are located on the bottom of the pool
under a six-meter water layer: the reactor core, ejection pump and pipelines of the primary circuit for
cooling, loading and unloading devices, channels of control and emergency protection systems and 10
horizontal experimental channels of various diameters (100-150 mm), which border the core and serve
as outlets for the neutron beams to the experimental installations. The pool of the reactor is filled with
distilled water up to a height of 7.2 m and is covered with a lid of organic glass. The reactor is also
equipped with vertical experimental channels for the irradiation of samples in the vicinity and within
the core. At the full power of 2 MW, the maximum flux of thermal neutrons measured in the center of
the core was 2.5xlO13 n/cm2-sec, in the water reflector of the core it was 5xlO12 n/cm2-sec and at the
outlet of the horizontal experimental channels it was 5xl08 to lxlO9 n/cm2-sec.
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HISTORY OF OPERATION OF THE IRT-2000 REACTOR

In 1967-1968 the IRT-2000 reactor was subjected to the first large-scale reconstruction that was
connected with increasing the reactor power (about two times) and broadening the possibilities of
performing experiments mainly within the reactor core. The reconstructed reactor, named IRT-M (M-
modernized), operated reliably till 1973 mainly at a power of 4 MW.

In 1973-1975 the IRT-M reactor was subjected to the second large-scale reconstruction, the main aim
of which was to:

i. change the aluminum tank of the reactor to a tank of stainless steel (as the most
corrosion-resistant material);

ii. installation of a new internal tank equipment (the body of the reactor core, initial
parts of the horizontal experimental channels, ejection pump, hold-up tank, etc.),
which was also made of stainless steel; and

iii. further increase of the reactor power to 8 MW using new IRT-2M type fuel
assemblies, modernizing the cooling system with the use of new circulating
pumps of increased power, install new aluminum heat exchangers with increased
heat exchange surfaces.

From October 1975 onward the IRT-M reactor was operated at various power levels up to 8 MW, but
mainly at the power of 4 to 5 MW. The operation of the reactor with the new stainless steel tank and
internal tank equipment, made also of stainless steel, continued until the end of December 1987.

In January 1988 the USSR State Regulatory Body terminated the operation of the nuclear reactor in
order to take a number of measures to improve its safety. Among these measures the most important
was the program for a technical examination of the surfaces and welds of the reactor tank, the
horizontal experimental channels and the main elements of the reactor core. After necessary
preparation, the Interdepartmental Commission of the USSR, consisting of the specialists from the
leading scientific-research and design organizations, carried out the technical examination in
September 1988.

Taking into account the calculations made at Moscow Research and Development Institute of Power
Engineering based on the technical specifications of the Institute of Physics, the conclusion was that
the remaining recommended life-time for the operation of the reactor up to 5 MW power was not more
than 1.7 year.

During 27 years (1960-1987) of use, the nuclear reactor of the Institute of Physics was in operation
more than 70,000 hours and more than 6,000 MW-days heat energy was produced corresponding to
the consumption of 7.5 kg of Uranium"235. 20 1 fuel assemblies of various types were used, in which
the total content of Uranium"235 was about 30 kg. During 1984-1991, 196 spent fuel assemblies were
shipped to a Russian reprocessing plant and in April 1998 the remaining spent fuel assemblies (5
pieces) were removed and transported by USA to a reprocessing facility.

By March 1990, the IRT-M reactor was ready to resume regular operations. However taking into
account the limited life-time of the reactor (not more than 1.7 year), the availability of limited funding
for the further safe operation of the reactor, and the extremely negative attitude of a certain part of the
population of Georgia (especially after the Chernobyl NPP accident) demanding the immediate
shutdown of the reactor, the Presidium of the Georgian Academy of Sciences passed the resolution to
permanently shut down the reactor and to dismantle it.

-124-



Fig.l. The reactor tank after concreting.

1. Concrete lower part (20m3); 2. The model of the new low power nuclear facility installed in the free
part of the reactor tank (intended for future); 3. Free part.

SELECTION OF THE VERSION OF THE DECOMMISSIONING OF IRT-M
REACTOR

In accordance with the resolution of the Presidium of the Georgian Academy of Sciences, the Institute
of Physics developed the program to permanently shut down the reactor and to decommission it. In
selecting a decommissioning option being optimal for Georgia, the following constraints and criteria
need to be taken into consideration:

i. there is no disposal facility in Georgia to accept the highly radioactive waste
generated during the reactor dismantling;

ii. there is no equipment or experienced staff to carry out full dismantling of the
reactor; and

iii. the dismantling costs are very high, while the allocated funds are limited.

Naturally, under the conditions of present-day Georgia the most advantageous and reasonable solution
is the conversion of the nuclear reactor into an intermediate state that does not require special control
and supervision, guarantees its radiation safety even in extreme situation and gives the possibility to
preserve its function. In our opinion, the version which fully satisfies these requirements is the
concreting of the highly radioactive lower part of the reactor tank (approximately 1/3 of its total
volume) and internal tank equipment and also the concreting of all highly radioactive waste being at
the reactor in the dry channels of the biological shielding and in the special underground storage area.
The total mass is about 6,000 kg with radioactivity ~2xlO13 Bq. In all these cases the dominant
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radionuclide is 60Co.

Summarizing the above, it follows that the option of the decommissioning of the IRT-M reactor
suggested by the Institute of Physics is:

i. radiologically safe, ecologically clean and seismically stable;

ii. comparatively less labor-consuming and feasible;

iii. not connected with the problem of formation of additional solid or liquid
highly radioactive waste, and hence, with the problem of their accumulation
and transportation; and

iv. not connected with large financial and material expenditures.

An intensive source of neutrons, for instance, a critical assembly or low power nuclear facility can be
designed in the rest of the tank (about 35 m3) (see Fig. 1). Based on such sources, a certain type of
investigation using Neutron Activation Analysis and Radionuclide Diagnostic can be organized to
solve the problems of the applied nature in different fields of science and technology. On the basis of
the low-power facility it is also possible to organize the training of specialists in the field of reactor
physics and atomic energetics.

This version of the decommissioning of the IRT-M reactor suggested by the Institute of Physics, was
discussed at an Advisory Group meeting organized by the International Atomic Energy Agency in
Vienna in 1998 and was included in IAEA- TECDOC-1124 [3] as a possible version of the
decommissioning of nuclear facilities.

In the frame of the IAEA TC project GEO/4/002 [4], in 1999-2000, taking the above-mentioned
strategy as basis, the Institute of Physics, with the assistance of the experts from IAEA, developed "A
Detailed Decommissioning Plan for the Redundant Nuclear Research Reactor IRT-M (DDP) ", which
was used for the development of the work program, laying down the order and sequence of all the
technological processes connected with the concreting of both, the lower high-radioactive part of
reactor tank and the high-radioactive waste located the in dry channels of the biological shielding of
the reactor, and in the underground storage under the conditions of environmental safety.

CONCLUSIONS

At present, the final stage of decommissioning the Redundant Nuclear Research Reactor (IRT-M) is
carried out in accordance with the IAEA TC project GEO/4/002, and at the same time, the calculations
of neutron-physical, heat-engineering and hydrodynamic parameters of the low-power nuclear facility
are made on the basis of computer programs developed in the USA in the frame of the Project G-409
of the International Science and Technology Center [5].
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