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Abstract. The Kurchatov Institute is the largest research center of Russia in the field of nuclear science and
engineering. It comprises more than 10 research institutes and scientific-technological complexes carrying out
research work in the field of safe development of atomic engineering, controlled thermonuclear fusion, and
plasma physics, nuclear physics and elementary particle physics, research reactors, radiation materials
technology, solid state physics and superconductivity, molecular and chemical physics, and also perspective
know-how's, information science and ecology.

This report is basically devoted to the decommissioning of the research reactor installations, in particular to the
reactor MR because of the volume and complexity of actions involved.

BACKGROUND

The Russian Research Centre "Kurchatov Institute" (institute named after a nuclear physicist, I. V.
Kurchatov) was established in 1943 for the development of of nuclear weapons in country.

It was here in December 1946 that I. V. Kurchatov started up the first research reactor F-l in the
USSR, and the first uranium fission chain reaction on the continents of Europe and Asia took place.

Now the Kurchatov Institute is the largest research center of Russia in the field of nuclear science and
engineering. It comprises more than 10 research institutes and scientific-technological complexes
carrying out research work in the field of safe development of atomic engineering, controlled
thermonuclear fusion, and plasma physics, nuclear physics and elementary particle physics, research
reactors, radiation materials technology, solid state physics and superconductivity, molecular and
chemical physics, and also perspective know-how's, information science and ecology.

The center has a considerable scientific-experimental basis, in a structure which includes the research
reactors, critical and sub-critical stands, "hot" materials laboratories etc.

Due to the presence of a unique park of the experimental physical installations a number of the
projects that have been implemented succeeded in defining the contemporary state of development of
in number of areas of Russian science and technology.

The center was established on the outskirts of Moscow, but in the process of its intensive development
has been relocated to the boundaries of the city (Fig. 1).
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Fig. 1. Site diagram of the territory RRC "KI" and y-radiation monitoring points

It is located in the Northwestern part of Moscow at a distance of 1 km. from a meander of the Moscow
River and is 12 km away from the center. It occupies an area of more than 100 ha; in addition to the
main site there is another site occupying about 4 ha, which is directly on the riverside. Adjacent to the
sanitary-protective zone limit of the territory of the center of one hundred meters, there are apartment
houses.

Therefore increased attention is paid to the requirements related to nuclear, radiation, ecological safety
and modern physical protection during the operation and decommissioning of nuclear and radiation of
hazard facilities (NRHF).

As far as the irradiation equipment base used for research reactors is concerned, the series of research
reactors built and commissioned in the 1950s and 1960s have reached the end of the their planned
service life. In this connection the actual problem became the implementation of activities related to
their conversion, renovation and upgrading, as well as decommissioning.

At present there are six research reactors (from 12 located on the site) that are in operation, the others
have been partially or fully dismantled or shut down (Table 1).

Table 1 Nuclear Research Installations of the RRC "Kurchatov Institute"

Name

F-1

WWR-2

RFT

MR

IRT

IR-8

Type of reactor

Uranium graphite

Water-water tank

Channel, graphite

Channel, immersion pool

Pool

Pool

Power MW(th)

0.024

3

20

40

2

8

Year of start-up
(upgrading)

1946

1954(1960)

1952 (1962)

1963

1957

1981

Current status

Operating

Dismantled in 1983

Dismantled
(partially) in 1962

Shut down in 1993

Dismantled in 1979

Operating
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HYDRA

GAMMA

OR

ROMASHKA

TOPAZ

Homogeneous, pulse
aqueous solution of

UO2SO4

Light water tank

Homogeneous, aqueous
solution of UO2SO4

Hyperthermal on fast
neutrons with thermo-

electrical converter

Hyperthermal on fast
neutrons with thermo-

emission converter

0.01-30 MJ in
pulse

0.125

0.05

0.04

0.1

1972

1982

1981

1964

1973

Operating

Operating

Operating

Dismantled in 1966

Dismantled in 1986

One inevitable result of the activities of the experimental reactor base RRC "KI" during the realization
of research works to carry out military and civilian programmemes in the field of atomic energy since
1943 was the generation of significant amounts of spent nuclear fuel (SNF) and radioactive waste
(RAW) in the territory.

The total activity of the SNF, accumulated in the center, is over l*101 7 Bq. The SNF stores hold
around 900 spent fuel assemblies weighing about 6 tonnes.

The total activity of the RAW kept in interim storage at the center is estimated to be ~ 3* 10 Bq. The
volume of RAW (not including contaminated soil) is around 1.200 cubic meters, and its weight is
estimated to be around 2.000 tonnes.

In view of this situation the Comprehensive Programme of Improving Nuclear and Radiation Safety
has been drawn up at the centre, which is aimed at reducing the potential radiation impact on staff, the
public and the environment. This programme was supported by the Ministry of Atomic Energy of
Russia (MINATOM) and has come by the constituent in the Programme "Nuclear and Radiation
Safety of Russia ", approved by the Government of the Russian Federation.

The programme envisages a number of tasks, which have to be carried out during the
decommissioning of the shutdown reactor installations MR, W R - 2 and "Romashka", to export the
SNF to the reprocessing plant "Mayak" for radiochemical processing, and also to eliminate the RAW
stores. The plan for these measures was ratified by the Government of Moscow City in 1998.

DECOMMISSIONING ACTIVITIES

This report is basically devoted to the problem of decommissioning the research reactor installations,
in particular to the reactor MR because of the volume and complexity of actions involved.

The reactor MR, a multi-loop research reactor (fig. 2), was shut down for good in 1993 after 30 years
of intensive operation, and in 1996 has been transferred to a nuclear-safe state with fuel discharge. MR
is a channel-type reactor immersed in a water pool. The reactor power (including loops) was 50 MW.

The maximum thermal neutron flux density in the core reached 5*10 neutron, cm"2 s"*.

-354-



Fig. 2. Vertical section of the MR reactor:

1 - core and reflector vessel; 2 - beryllium and graphite blocks; 3 - fuel channel with fixed fuel assembly (FA); 4
- fuel channel with mobile FA; 5 - support plate of fuel and loop channel guiding cups; 6 - collectors of FA
cooling circuit; 7 - direct-flow U-shaped loop channel; 8 - channel of ionization chamber; 9 - mobile bridge

with drives of control and protection system (CPS) rods and mobile FA; 10 — pipelines of beryllium and graphite
blocks cooling circuit; 11 - channel with CPS rod.

The work carried out in the reactor included the broad test programme and research of the fuel rods,
the fuel assembly, the fuel and construction material used, the radioisotopes for medical practices, etc.

To facilitate carrying out tests of fuel rods and material the reactor has been equipped with nine loop
installations (Table 2).

Table 2 Basic parameters of the MR reactor loop facilities

Loop
facility

PVTs-1

PVTs- 2

PVK

PVU

PVO

Coolant

Water- steam
water mixture

#

#

#

Water

Heat
Power,
kW

3.000

300

300

300

2000

Coolant
flow rate,
t/h

30

30

150

30

100

Coolant
pressure,
MPa

10,0

10

20,0

20,0

20,0

Peek
tempera-
ture of
coolant,
°C

310

310

330

330

330

Maximum
number of
loop chan-
nels in loop

7

2

6

4

5

-355-



PV

POV

PVM

PG

#

#

Pb-Bi

Helium

3000

1000

2000

100

30

30

2,5

7

20,0

10,0

0,5

10

330

310

620

950

2

2

1

1

Up to now the following activities have been carried out to decommission the reactor:

• From the core of the reactor all working and loop channels with fuel assemblies have been
discharged and transferred into a pond store. After the necessary cooling in the pond, the working
and loop fuel assemblies have been placed in dry store for SNF. The store holds a total of 560 fuel
assemblies, weighing a total of more than 5 tonnes.

• The technical and radiation study of the structures, technological rooms, installations and systems
has been performed. In particular, measurements have been made of the y- radiation dose rate over
the height of the vessel made of beryllium and graphitic blocks. The isotope composition of the
residues on the internal surfaces of equipment and pipes lines has been determined.

• Studies have been made of 60 technological rooms and up to 500 units of equipment. All
measurements are conducted in 1.500 points. The study results are laid out on collation maps.

• Measurements of the radionuclide composition of the residues on internal surfaces of circuits
134 137

established that the main contribution to a radiation level (up to 90 %) is attributable to Cs, Cs
60

and Co.

According to data from the radiation examination, the weightof solid radioactive waste in the
reactor systems (the process equipment, pipe lines, experimental installations etc.) is estimated to
be more than 1.000 tonnes.

• The experimental information was entered into the data base on a personal computer. Calculation
programmes to forecast the radiation conditions over time were written and introduced into the
data base.

• The method how to transfer the spent nuclear fuel to the reprocessing plant "Mayak" for
radiochemical processing has been designed.

Unfortunately the removal of the spent nuclear fuel is hampered by the fact that the main body of
the SNF (-70 %) is in the form of experimental FA with different experimental fuel compositions,
which are not accepted by PO -centre "Mayak" for reprocessing, and for which special
radiochemical reprocessing methods need to be developed.

• Work is continuing to develop a process and special equipment to dismantle the loop installations
and reactor structures, to elaborate a decontamination process, and selective methods of disposal
of radionuclides, etc.

• There is an opening-up of input of data to elaborate the detailed method for the decommissioning
of the reactor.
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The entire activities of decommissioning the reactor MR include:

• Elaboration of alternate versions of the decommissioning concept for the reactor up to the stage of
a site with restricted usage. Technical- economical research on optimization of financial, material,
and manpower resources, including the calculation of the dose rate of loads etc. was carried out,
and on this basis the finalized version of the decommissioning plan can be prepared for approval;

• Elaboration of the technology and the required equipment for decontamination and the
dismantling of the reactor structures, circuits and technological rooms of the reactor and nine of
the loop installations. Elaborating the methods how the generated liquid and solid RAW is to be
handled;

• Examination of building designs and systems of engineering maintenance;

• Realization of complementary radiation examination of the equipment, technological rooms of the
reactor and loop installations, definition of a radionuclide composition of contaminations;

• Preparation of a complete set of the documents required to obtain the license to initiate activities
related to the decommissioning of the reactor;

• Evaluation of data and working documentation collected during the implementation of the project
on the decommissioning of the reactor and it of nine loop installations;

• Manufacturing the special equipment needed for the dismantling activities, the deactivation
systems, the sorting of waste etc.

• Acquisition of gears for overload activities in rooms and transport of the RAW;

• Implementation of the dismantling activities (decontamination of rooms and equipment, the
fragmentation, cutting metallic constructions, sorting, compacting and packaging of the RAW);

• Deleting the RAW generated during dismantling of the reactor from a site of the reactor;

• Maintaining the secure contents of the object during decommissioning of the reactor.

Similar activities are carried out with regard to the decommissioning of the disassembled reactors
W R - 2 and "Romashka".

As can bee seen, the decommissioning of the three research reactors: MR, W R - 2 and "Romashka"
with transport of the SNF to the reprocessing plant "Mayak" is a very complex task, which requires a
long time planning, considerable material, labor, and mainly financial resources. According to
preliminary estimate the cost for the implementation of the multitude of activities mentioned above
will be about 60 millions US dollars
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