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The Russian Government mandated the ROSATOM to negotiate with the U.S. 
Department of Energy signing of an implementing agreement “concerning 
cooperation in research into feasibility of conversion of the Russian research 
reactors to use low enriched uranium fuel.”

 

Related directive No 1919-r of 
October 30, 2010, was signed by Russian Chairman of the Government 
Vladimir Putin.

 ROSATOM explained that the matter is the financing of a feasibility study of 
conversion of the Russian research reactors to use fuel of lower

 

enrichment. 
The negotiations with the U.S. on this issue are planned to hold

 

during a visit 
of Deputy Secretary of Energy Daniel Poneman to Moscow in December.

 The Russian-American cooperation in this area is carried out in frames of the 
Reduced Enrichment for Research and Test Reactors Program. The program is 
aimed at reducing a potential threat of the use of radioactive materials for 
terrorist purposes and provides for conversion of research reactors to fuel 
enriched up to 20% with uranium-235. 

The Russian Academy of Sciences and the U.S. National Academies formed a 
joint Committee to support the conversion of research reactors from highly 
enriched uranium to low enriched uranium fuel.
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Russian Research Reactors
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RIAR (Dimitrovgrad)

High-Flux Research Reactor SM

 
Year starting: 1961

 
Type: Pressure vessel

 
Therm Power Steady: 100 MW

 
Max thermal neutron flux: 5E15 (n/cm2-s)
Max fast neutron flux: 2E15 (n/cm2-s)
90% enriched uranium fuel

The high-flux research reactor SM is designed for experimental irradiation of reactor 
materials samples under the set conditions and studying the mechanisms of changes in 
different materials under irradiation. It is also used to produce a wide range of 
radionuclides, including far transuranics, to perform research in the field of nuclear 
physics. The idea of achieving high thermal neutron flux density

 

in a moderating trap 
located in the core centre with hard neutron spectrum was implemented for the first time 
in the SM design (thermal neutron flux density achieves 5·1015

 

n/cm2-s, fast neutron flux 
density achieves 2·1015

 

n/cm2-s).
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RIAR (Dimitrovgrad)

High-Flux Research Reactor SM
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RIAR (Dimitrovgrad)

Loop-Type Research Reactor MIR-M1

 
Year starting: 1964

 
Type: Pool/Channels

 
Therm Power Steady: 100 MW

 
Max thermal neutron flux: 5E14 (n/cm2-s)
Max fast neutron flux: 3E14 (n/cm2-s)
90% enriched uranium fuel

The loop-type research reactor MIR is designed mainly for testing fuel elements, fuel 
assemblies and other core components of different types of operating and promising 
nuclear power reactors. Tests and experiments simulate both standard (steady-state and 
transient) conditions and the majority of the design-basis accidents. Tests can be carried 
out in several (up to 10) channels at a time, the neutron flux density being 4-5 times 
different from the average one.
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RIAR (Dimitrovgrad)

Loop-Type Research Reactor MIR-M1

7



RIAR (Dimitrovgrad)

Pool-Type Reactor RBT-6

 
Year starting: 1975

 
Type: Pool

 
Therm Power Steady: 6 MW

 
Max thermal neutron flux: 2.2E14 (n/cm2-s)
Max fast neutron flux: 5.7E13 (n/cm2-s)

 
Uses spent fuel from the SM reactor

The reactor is designed to perform long-term 
experiments under stable parameters that do not 
require rapid achievement of neutron fluence. The 
peculiar feature of this reactor is that it uses fuel 
assemblies spent in the SM reactor. High content 
of 235U in such fuel assemblies provides neutron 
flux density of 1013

 

– 1014

 

sm-2·s-1; low rate of the 
reactivity decrease during the operation is related 
to the presence of gradually burning 149Sm 
accumulated in the SM reactor.
Pool reactor consists of two vertical rectangular 
cross-section tank of similar design, interconnected 
by jumper ∅

 

1000 mm. The core is placed in the 
tank number 1. 8



RIAR (Dimitrovgrad)

Pool-Type Reactor RBT-6

Active zone RBT-6 is formed from the spent SM fuel assemblies with burnup less than 
47% and represents the correct square prism from the base of 615

 

mm. 
Feature of the RBT-6 is the possibility of long continuous work with little initial

 

reactivity 
margin, as accumulated in the spent fuel rods, samarium-149 plays the role of burnable 
absorber.
Three vertical channels of large diameter (158 mm) can be placed

 

in the reflector of the 
reactor and used to obtain doped silicon.

 
The main reactor irradiation channels (eight vertical channels) are located in the core in 
neutron traps. Close to the optimal size of the trap allows the formation of its high 
thermal neutron flux density. Changing the composition of the medium in the channels 
(gas, water) or in the gaps between them and the FAs (displacers

 

installing) allows you to 
change the hardness of the neutron spectrum, depending on the objectives of the 
experiment.

 
In 2007, in order to expand the experimental capabilities of the

 

reactor it developed the 
irradiation unit (IU) for the radiation coloration of minerals. This IU is placed in the 
reflector of the reactor instead of the three channels of large diameter. You can still place 
two channels of large diameter for doped silicon.
In addition, at the reactor RBT-6 is the irradiation unit “Vessel", which is designed to test 
vessel steels of VVER and PWR in conditions simulating a wide range of operating 
conditions of neutron density and energy spectrum, on irradiation temperature, on the 
gradients of these parameters and the regimes of parameters changes during operation.
The results of the survey and assess the actual state suggest the possibility of further 
exploitation IND RBT-6 until 2020.
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RIAR (Dimitrovgrad)

Pool-Type Reactor RBT-10/2

 
Year starting: 1983

 
Type: Pool

 
Therm Power Steady: 7 MW

 
Max thermal neutron flux: 1.6E13 (n/cm2-s)
Max fast neutron flux: 9.6E13 (n/cm2-s)
Uses spent fuel from the SM reactor

The pool-type reactors RBT-10 are designed for experiments on examination of changes in 
materials under irradiation, accumulation of radionuclides and silicon doping. The RBT-

 
10/2 reactor uses spent fuel from the SM reactor, containing 18.4 to 50.7 kg of 50-85% 
enriched uranium fuel.
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RIAR (Dimitrovgrad)

Pool-Type Reactor RBT-10/2

The reactor core RBT-10 / 2 is a right square prism from the base of 771 mm and 350 
mm high. FAs in the amount of 78 units installed in the central support grid, which has 
100 holes (10 ×

 

10), located on a square lattice with spacing of 78 mm. 
Ten cells of the core are designed for sealed channels, the location of which is shown in 
cartogram. 
Active zone is collected mainly from spent SM fuel assemblies with burnup of 10 ÷

 

30% 
but not more than 50%. Allowed loading of fresh FAs (based on the cartogram).
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Kurchatov Institute (Moscow)

The reactor is used for nuclear physics and solid state physics research, neutron-

 
activation analysis, neutron radiography, radiation tests of materials, and isotope 
production.
There are 16 fuel assemblies (initial fuel enrichment 90%, the uranium content in each 
FA-0.294 kg of FM) in the core. The burnup averaged over the core volume is about 25%.

Pool-Type Reactor IR-8

 
Year starting: 1981

 
Type: Pool

 
Therm Power Steady: 8 MW

 
Max thermal neutron flux: 2.5E14 (n/cm2-s)
Max fast neutron flux: 5.8E13 (n/cm2-s)
90% enriched uranium fuel
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Kurchatov Institute (Moscow)

The OR research reactor is used to research and test neutron and

 

gamma-radiation 
shields and to test the radiation stability of nuclear reactor equipment.
The OR reactor core loading is 3.8kg of 36% enriched uranium. 

Tank-Type Reactor OR

 
Year starting: 1989

 
Type: Tank WWR

 
Therm Power Steady: 300 kW

 
Max thermal neutron flux: 3E12 (n/cm2-s)
36% enriched uranium fuel
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Kurchatov Institute (Moscow)

The Argus reactor core volume is 22 
liters of UO2

 

SO4

 

solution containing 
1.71kg of 90% enriched uranium.

The reactor is used for neutron 
radiography, neutron activation 
analysis, and for the production of 
isotopes and nuclear filters.

Reactor Argus

 
Year starting: 1989

 
Type: Homogeneous

 
Therm Power Steady: 20 kW

 
Max thermal neutron flux: 4E11 (n/cm2-s)
Max fast neutron flux: 9.2E10 (n/cm2-s)
90% enriched uranium fuel
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Reactor Materials Institute (Zarechny)

Pool-Type Reactor IVV-2M

 
Year starting: 1966

 
Type: Pool

 
Therm Power Steady: 15 MW

 
Max thermal neutron flux: 5E14 (n/cm2-s)
Max fast neutron flux: 2E14 (n/cm2-s)
90% enriched uranium fuel

The core contains 42 fuel assemblies (initial fuel 
enrichment -

 

90%, uranium content in a FA is 
0.25 kg).
In 1996-2006 carried out works on life extension 
IVV-2M. Allowed to operate until 2025.
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Reactor Materials Institute (Zarechny)

Pool-Type Reactor IVV-2M

Cartogram of IVV-2M core.
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St.Petersburg Institute of Nuclear Physics

Pool-Type Reactor VVR-M

 
Year starting: 1959

 
Type: Pool

 
Therm Power Steady: 18 MW

 
Max thermal neutron flux: 4E14 (n/cm2-s)
Max fast neutron flux: 1.5E14 (n/cm2-s)
90% enriched uranium fuel

Allowed to operate until Jun 30, 2012.
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St.Petersburg Institute of Nuclear Physics

Pool-Type Reactor VVR-M

Cartogram of VVR-M core. The core contains 
145 FA (initial fuel enrichment -

 

90% 
uranium content per FA -

 

0.074 kg).

Layout of experimental facilities on the 
reactor VVR-M
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Moscow Engineering and Physics Institute

Pool-Type Reactor IRT

 
Year starting: 1967

 
Type: Pool

 
Therm Power Steady: 2.5 MW

 
Max thermal neutron flux: 4.8E13 (n/cm2-s)
Max fast neutron flux: 4.3E13 (n/cm2-s)
90% enriched uranium fuel
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Scientific Research Institute of Nuclear Physics (Tomsk)

Pool-Type Reactor IRT-T

 
Year starting: 1967

 
Type: Pool

 
Therm Power Steady: 6 MW

 
Max thermal neutron flux: 1.1E14 (n/cm2-s)
Max fast neutron flux: 1.1E13 (n/cm2-s)
90% enriched uranium fuel

Since the start (1967) to 1970 the reactor IRT-T has worked with fuel rods type ЭК-10 with 
10% enrichment in uranium-235. Reactor power was 2 MW. Since 1971, the reactor uses a 
new type of fuel assemblies of IRT-2M with 90% enriched uranium and beryllium reflector.

 
After a series of further reconstruction the reactor has a thermal power of 6 MW (work is 
underway to increase power to 12 MW).

Further development work on the doping of silicon, the gathering

 

of new 
radiopharmaceuticals, the implementation of works for a nuclear medical center in Tomsk, 
developing a complex of neutron-capture therapy requires an increase in power a nuclear 
reactor.

Allowed to operate until 2034.
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Scientific Research Institute of Nuclear Physics (Tomsk)

Pool-Type Reactor IRT-T

The layout of the IRT-T reactor core. 

The reactor is equipped with 10 horizontal experimental channels, 8 of which have a diameter 
of 100 mm and 2 have a diameter of 150 mm, 14 vertical channels having a diameter of 52 mm 

and 4-channels of the central vertical diameter of 37 and 32 mm.
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Karpov Institute of Physics and Chemistry (Obninsk)

Tank-Type Reactor VVR-Ts

 
Year starting: 1964

 
Type: Tank WWR

 
Therm Power Steady: 15 MW

 
Max thermal neutron flux: 1.8E14 (n/cm2-s)
Max fast neutron flux: 3.3E14 (n/cm2-s)
36% enriched uranium fuel
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Karpov Institute of Physics and Chemistry (Obninsk)

Tank-Type Reactor VVR-Ts

The reactor VVR-Ts is specialized in a wide 
range of activities in the field of radiation 
chemistry, structural and materials research, 
activation analysis, neutron transmutation 
doping of semiconductors, etc.

 
The reactor is equipped with vertical and 
horizontal experimental channels of different 
diameters. Reactor Technology Complex 
includes 21 hot cells.
Given the success of research, as well as a 
favorable geographical position of the VVR-

 
Ts, and in 1980 it was decided to reconstruct 
reactor.

 
The draft of the new reactor IVV-10 was 
developed. Complex of works on 
modernization and reconstruction of the 
reactor site has been done and continues to 
run. All work is carried out without 
interrupting the tecnological

 

cycles of the 
VVR-Ts. The reactor produces 
radiopharmaceuticals and other products.

Contour VVR-Ts after reconstruction

Reactor IVV-10 23



Look at the possibility of conversion of Russian 
research reactors
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RIAR (Dimitrovgrad)

MIR-M1: 
Theoretically it is possible to convert the reactor to use fuel with a lower 
enrichment. Initial studies were performed.
Mini fuel elements enriched to 19.7%, containing silica matrix and a 
protective coating of uranium-molybdenum grains, tested under irradiation. 
The test results showed that such low-enriched fuel elements could provide 
the required parameters of a reactor.

SM-3:
A high-flux reactor with intermediate neutron (neutron flux in the trap

 

is 
5E15 n/cm2-s). Very compact core (size 40x40x40 cm), beryllium reflector, a

 
double vessel. Any changes in the core size and in the vessel internals are not 
possible.

RBT-6 and RBT-10/2:
In these reactors used as a fuel the irradiated nuclear fuel discharged from 
the reactor SM-3. This provides an efficient economy of reactors. Switch to 
another (fresh) fuel is possible but unreasonably because there is no object of 
theft.

Reducing the fuel enrichment in a reactor SM-3, RBT-6, RBT-10/2

 

is 
impossible.

25



Kurchatov
 

Institute (Moscow)

Statements of work, schedules prepared and contracts concluded for works on 
IR-8, Argus

 

and OR

 

reactors to determine ways to reduce fuel enrichment.

Currently the first phase of these contracts implemented. 

However, the transfer of the results to customer hampered by the

 

lack of an 
intergovernmental Agreement between the USA and the Russia for cooperation 
in the field of peaceful uses of nuclear energy.

Also, the implementing agreement concerning cooperation in research into 
feasibility of conversion of the Russian research reactors to use low enriched 
uranium fuel between the Rosatom

 

and the U.S. Department of Energy while 
not formalized. 
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Reactor Materials Institute (Zarechny)

The analysis showed that the reactor can be converted into low-enriched fuel 
(19.7%) only when the specific density of uranium in the fuel kernel of 6.5 
g/cm3. It is virtually unattainable without a fundamental change in design and 
significant degradation of the reactor operation.

Given the extended period of operation (only 10 years) and duration of works to 
change the fuel, experts believe that the transfer to low-enriched fuel would be 
inappropriate.
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St.Petersburg
 

Institute of Nuclear Physics

Research work commissioned by U.S. organizations performed and published 
reports.

Studies have shown that switching to low-enriched fuel would require changing 
the design of fuel elements. 

Since the financial and technological capabilities for the job is not defined, then

 
experts believe that moving to low-enriched fuel would be inappropriate.

28



Moscow Engineering and Physics Institute

It is possible to convert the reactor to use fuel with a lower enrichment.

The University developed computational models that allow to determine with 
precision the parameters of reactors with different fuel enrichment.

Preliminary studies have shown that because of the specific operation mode of 
the reactor requirements for the new fuel can be less stringent.

 

Therefore be 
expected to use fuel with low enrichment of one of several types

 

(U9Mo-Al; 
UO2-Al).
The contract to further the work prepared.
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Scientific Research Institute of Nuclear Physics (Tomsk)

The reactor and its infrastructure is significantly upgraded. The operation life 
extended to 2034. Decided to move the reactor on the power of 12

 

MW. At this 
point, switch to low-enriched fuel is possible.

Preliminary studies have shown the principal possibility of such

 

a switching.
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Karpov
 

Institute of Physics and Chemistry (Obninsk)

It is possible to convert the reactor to use fuel with a lower enrichment.

Such a reactor is operating in Kazakhstan. To this reactor is estimated the 
possibility of the switching to the fuel of 19.7% enrichment. Experienced fuel 
assemblies shall be tested at present in the Reactor Materials Institute 
(Zarechny).

NPCC is ready to take up the creation of an eight-tube fuel assemblies.

Need to make calculations to confirm the neutronic

 

and thermal hydraulic 
characteristics.
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Conclusion

Thus, in principle, research reactors of the Rosatom, the Ministry of Education 
and Science, the Kurchatov

 

Institute are ready to be converted into low-

 
enriched fuel use.

The exception is the reactors of the Reactor Materials Institute

 

and the 
St.Petersburg

 

Institute of Nuclear Physics.
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