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ANNOTATION

8 research and experimental reactors have been created at the Institute
industrial site. The majority of them has been or is being decommissioned now.
During many decades the reactor of the First-in-the-world NPP - AM and the fast
neutron reactor BR-5 (BR-10) are the main research reactor base of the Institute. They
are in operation during 45 and 40 years correspondingly. At present the preparation
work for their decommissioning is carried out. One of the problems of that process is
the fuel waste management which amount is about 13 tons. The possibility of its
reprocessing is under consideration.

Introduction

The majority of the SSC RF IPPE reactor facilities was created in the fiftieth,
sixtieth. Totally eight experimental and research reactor facilities were created at the
Institute industrial site. Their initial purpose was carrying out the combine research
supporting the energy reactor designs for NPPs and special facilities. The character of
operation modes of some of them, their status, the character of the research carried out
at them have been changing with the lapse of time. Brief information on these
facilities is presented in the Table 1.

The proposed research program at BR-2, TES-3, 27/VT, 27/VM and IK
"TOPAZ" reactor facilities has been fulfilled and - as the Table 1 demonstrates - two
of them, BR-2 and TES-3, have been decommissioned, and the rest ones are in the
different phases of the decommissioning process.

AM and BR-10 (BR-5) reactor facilities became the main research base of the
Institute for many decades where many scientific programs and industrial experiments
are carried out up to now. They are greatly contributed by the initial design decisions
providing different experimental device construction at these facilities: horizontal and
vertical material research channels, horizontal beams of fast, intermediate and thermal
neutrons, thermal neutrons, thermal columns, loop circuits [1], [3].
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Brief information on the SSC RF IPPE reactor facilities

Table 1

Nos.

1.

2.

3.

4.

5.

6.

7.

8.

Conditional
facility name

AM

BR-2

27 VM

27 VT

BR-10(BR-
5)

TES-3

IK "TOPAZ"

BARS-6

Year of
commis-
sioning

1954

1956

1956

1959

1959

1961

1968

1996

Status

Experimental
research facility
Research facility

Experimental facility
for demonstrations

Experimental facility
for demonstrations
Research facility

Experimental facility
for demonstrations

Experimental facility
for demonstrations

Research reactor

Dedication

First-in-the-world
NPP

Reproduction research

Nuclear submarine
prototype

Nuclear submarine
prototype

Fast reactor combine
research

NPP of small power
prototype

On-board space power
facility prototype

Combine research of
the pulse reactor laser

pumping system

Power,
coolant

30 MW (t),
5 MW (p), water

150kW(t),
mercury

70 MW (t),
water

70 MW (t),
lead-bismuth

8 MW (t),
(5MW(t)),

sodium,
sodium-potassium

8,8 MW (t),
l,5MW(p),

water

200 kW (t),
10kW(p),

sodium-potassium

Present state

In 1997 the permission for the
operation continuation was obtained
The reactor facility was dismantled
in 1957
The facility is being
decommissioned now
The facility is being
decommissioned now
In 1999 the permission for the
operation continuation was obtained

In 1965 the facility operation is
terminated and it was practically
decommissioned.
A green lawn is now on that place
The facility operation is stopped: it
is released from the radioactive
waste
The work on the power start-up
program are finishing now



Operation phases

AM reactor is in operation during almost 45 years. It was many times
improved during that time and subjected to the commission checks in 1987, 1990-
1991 and in 1996-1997 in order to confirm the operability of its equipment and
especially the safety systems.

Beginning with 1956, i.e. two years after the NPP commissioning, the reactor
mode was subjected to the research program carrying out [2], Since that time 18
experimental loops have been installed one after another in the reactor where the tests
of the fuel rods, materials, electricity generating fuel assemblies were carried out as
well as the research of the water coolant boiling and overheating modes and the
natural circulation mode. Recently Mo-99 and other isotopes production has been
developed. It is proposed to terminate the reactor operation in 2004 - in the year of
the fiftieth anniversary since its commissioning.

BR-5 reactor is in operation during 40 years. In 1973 it was re-constructed
with substitution of a part of devices, cable lines, equipment; the secondary circuit
coolant - sodium-potassium - was replaced by sodium; additional "sodium-air" heat
exchangers were mounted in each loop of the secondary circuit; the reactor power was
increased up to 8 MW. The reactor began to be called as BR-10.

In 1980-1981 the second re-construction of BR-10 reactor was carried out; at
that time the reactor vessel was replaced by the new one.

Recently the following researches have been carried out at BR-10 (BR-5)
reactor:
- the technological research in the sodium and sodium-potassium circuits, definition

of operability, resource, the structure improvement of fittings, pumps, oxide cold
traps and cesium traps, measurement instruments, samplers;

- mass tests of oxide (to cores of PuCb) , carbide (one core of UC) and nitride (two
cores of UN) fuel;

- material study including the inside reactor research of the prolonged strength and
ductility of steels at the temperatures of 650-800°C;
the behavior research of the fuel rods with natural and artificial cladding defects,
research of the radioactive element transfer in the circuit, the fuel element
tightness control system research.
Lately the great program on the radioactive isotopes and track membranes

production has been realized in the reactor; the medical complex for oncological
patient treatment is in operation.

It is proposed to terminate the facility operation in 2002.

The facility preparation to decommissioning

During the time before AM and BR-10 facilities operation termination it is
necessary to develop the projects of these facilities decommissioning. It is proposed
that there will be a Museum of atomic power engineering on the base of AM facility.
By present the conceptions of both facilities decommissioning have been developed,
calculation and experimental research on accumulated activity inventory is carried
out, the technological processes of radioactive waste conditioning of the sodium and
sodium-potassium coolants, contaminated graphite are developed, the technologies of
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the cold filter-traps of the primary and secondary circuits and cesium traps transfer
into the safe state in the BR-10 are developed.

The other difficult problem is the problem of the fuel waste management. The fuel
element of tubular type has been developed for AM reactor at the SSC RF IPPE. It
consists of two coaxial pipes, the annular gap between them is filled with the grist of
uranium-molybdenum alloy. After that the gap is filled with the melted magnesium
which plays the part of heat conducting matrix. The cooling water flows inside the
pipe of the least diameter 0 9 x 0,4 mm under 10 mPa pressure. The outer pipe - the
fuel rod cladding of 0 14 x 0,2 mm diameter - has no cooling. The fuel element
length is 1700 mm. The cladding material is austenitic steel of 18-8 type. The fuel
assembly includes 4 fuel elements located inside the graphite cylindrical elements.
The initial uranium enrichment was 5%. Later the uranium of the other enrichment
(6,5-7)% was used.

In 1987 a new fuel element was developed by the Research Institute of Inorganic
Materials. Its structure is as the previous one had. And the grist of uranium-
molybdenum is replaced by uranium dioxide of 10% enrichment in U-235. An
average uranium burning out is (25000-30000) MW x day/t in both fuel element
versions.

First the fuel assemblies (channels) were fabricated at Moscow Experimental
Plant of Chemical Mechanical Engineering and then at Electromechanical
Engineering Plant in Electrostal. There were several cases of "wet" (the fuel rod inner
pipe break) and "dry" (the outer cladding tightness break) accidents during their
operation.

Originally the AM reactor waste fuel is stored in the storage pool of the NPP
building. The pool is filled with water, the sealed pipes-cases are located inside where
the waste fuel assemblies are brought. When many years of the storage have passed
the waste fuel assemblies are subjected to dismantling in a hot cell of the NPP which
is specially intended for that purpose. The fuel elements extracted from the assemblies
are gathered by several pieces into the thin-walled cases and sent for storage to the
central dry storage facility of the Institute. At present there are 10600 kg of uranium
in uranium-molybdenum fuel composition and 211 kg of uranium in oxide uranium
fuel composition in all in the central storage facility. Besides, 1325 kg of uranium is
stored in the pool of the NPP building.

During the First-in-the-world NPP development and construction and the first
years of its operation the research on uranium-molybdenum fuel reprocessing was
carried out in the SSC RF IPPE radiochemical laboratory. It was shown that the
uranium-molybdenum alloy can be dissolved in "aqua regia". Then the research was
stopped.

The fuel element of rod type has been developed at the Research Institute of
Inorganic Materials for BR-5 reactor: the pellets of plutonium dioxide are loaded into
the cladding made of stainless steel of (18-8) type and afterwards - of (16-15) type of
0 5 x 0,4 mm diameter. The fuel assembly was arranged of 19 fuel rods. Two cores
with that fuel were fabricated for BR-5 (BR-10) reactor. Besides, one core was
fabricated on the base of uranium carbide of 90% enrichment in U-235 isotope and
two cores were fabricated on the base of uranium nitride of 90% enrichment, too. The
fuel rods of that cores had the larger cladding diameter - 0 8,35 x 0,4 mm. The
number of the fuel elements in one assembly was 7. Several characteristics of that
cores are presented in the Table 2.
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Table 2

Fuel element
^ ^ characteristics

Fuel type ^ ~ " \
PuO2;
cores #1 and #3
UC; core #2
UN;
cores #4 and #5

Cladding
dimensions,
diameter/
thickness,

mm
5x0,4

8,35x0,4
8,35x0,4

Core
height,

mm

280/320

380
400

Core fuel
total

weight,
kg

75/70

130
140/140

The maximal
reached fuel
burning out,

% t.a.

6,7/14,1

7,1
9/8,6*

Number
of

non tight
fuel

elements
37/13

38

* Burning out reached by February 01, 1999.

The BR-5 (BR-10) reactor waste fuel after washing from sodium residues is
stored originally in the reactor building dry storage and then sent to the central storage
facility of the Institute. The most probable reprocessing method of the BR-5 (BR-10)
reactor fuel of all types is piro-electrochemical method developed at the experimental
facility at the Research Institute for Atomic Reactors. At present that possibility is
under investigation.

* *

Am and BR-10 reactor facility operation comes to their termination. It is
difficult to overestimate their role in obtaining the initial experience, carrying out the
research of combine influence of thermal mechanical stresses, neutron fluxes and
gamma irradiation, coolant corrosion impact on the materials, in personnel training.
The role of the research reactors in future is not closed despite the great experience
obtained.
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