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1 INTRODUCTION 

After the nuclear criticality had been reached on a uranium-graphite assembly for the 
first time in the Soviet Union on December 25, 1946, by I.V. Kurchatov and his team [1], the 
critical conditions in a great variety of multiplying media have been realized only in the 
Kurchatov Institute for at least several thousand times.  

Even the first Russian critical experiments carried out by Igor Kurchatov confirmed the 
unique merits of zero-power reactors: the most practically convenient range of parameters of 
kinetic response for variation of critical conditions, as well as invariability, over a wide range 
of the most important functions of neutron flux to reactor power. Neutron physics 
experiments have become a necessary stage in creation and improvement of nuclear reactors. 

Most critical experiments were performed mainly as a necessary stage of reactor design 
in the 60ies and 70ies, which has been the reactor “golden age”, when most of the total of 
over thousand nuclear reactors of various type and destination have been created worldwide. 

Though the ways of conducting critical measurements were very diversified, there are 
two main types of experiments. The first is so-called mock-up or prototype experiments when 
an exact (to the extent possible) simulation of the core is constructed to minimize the error in 
forecasting the operating reactor characteristics. Such experiments, which often represent the 
quality control of the core manufacturing and adjustment of core parameters to the design 
requirements, were carried out in Russia on critical assemblies of several plants, in design 
institutions (OKBM, Nizhni Novgorod; Electrostal and others), as well as in research centers 
(RRC “Kurchatov Institute”, etc.). Their results, which prevail today in the criticality 
database, even taking into account the capabilities provided by present-day calculation codes, 
are not well suited for new applications. It is hard to expect that the error resulting from 
inevitable idealization of calculation models will not exceed the calculation uncertainties 
characteristic for present-day codes. 

The second type is represented by well-described experiments on critical assemblies 
with more or less simple geometry where uncertainties in determining the criticality mainly 
due to inexact knowledge of the material characteristics and geometry are relatively small, 
which makes these experiments suitable for validation of the most powerful (for the given 
period) criticality calculation methods over a broad range of parameters. These so-called 
benchmark data represent the “golden fund” for emerging tasks.  
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2 REQUIREMENTS TO BENCHMARK EXPERIMENTS 

Selection of the world’s best benchmark experiments started already in the 60ies. Its 
goal was to create a database, which could be used as standard in course of reactor design 
process.  

The American Nuclear Society standard of 1975 defines the benchmark as a well-
described series of experiments, the results of which are considered sufficiently precise to be 
used as reference points in calculations. This definition doesn’t contain any quantitative 
requirements as to the precision of the experimental data and supposes the selection of the 
best from the available experimental data to be used as reference points. 

A fundamentally new approach to benchmark experiments initiated by US DOE in 1992 
was implemented at the Idaho National Engineering and Environmental Laboratory (INEEL) 
as the Criticality Safety Benchmark Evaluation Project (CSBEP). The basic idea of the new 
approach consists of collecting, presentation in a standard format, and additional peer review 
of all the available experimental data on multiplying systems’ criticality that meet certain 
requirements. The project received worldwide recognition, and was transferred into an 
international project (ICSBEP) performed under the auspices of the Organization for 
Economic Cooperation and Development – Nuclear Energy Agency (OECD-NEA). Russian 
specialists have joined the ICSBEP project in 1995.  

Implementation of this project was aimed, in particular, at preserving the “nuclear 
legacy” accumulated in the last century, including the results of now disclosed experiments 
performed in the past for defense purposes and almost inevitably being past recovery after the 
death of their authors, for the future arising problems. 

The latest version of the International Handbook of Evaluated Criticality Safety 
Experiments [2], published in 2002, contains descriptions of about 400 series of experiments 
(evaluations) with about 3000 critical and subcritical configurations, performed by the 
specialists from 12 countries. Russian contribution to this world “bank” makes about 40%, 
and for the systems with U-235 of high and intermediate (over 10%) enrichment it makes 
about 60%. CSBEP lives, and the International Handbook is being permanently updated.  

It should be noted that the experimental reactor physics is, naturally, not limited to the 
criticality measurements. However, from a widest range of data obtained from experiments 
(subcriticality, reactivity coefficients, neutron density distribution, spectral indices, etc.), the 
ICSBEP at the present stage has selected only the most precise and reliably described 
criticality data. The only exclusion is represented by the consideration (which started in 1997) 
of the most reliable results of subcriticality and replacement measurements using the “exotic” 
isotope samples: Cm-244, Pu-238, Np-237. 

The main and natural requirement for experimental data to be included in the 
International Handbook is the detailed description of multiplying systems, their geometry and 
material composition, conditions and results of experiments with evaluation of uncertainties 
for all of the above factors.  

The description sufficiency is controlled through calculating the measured critical 
condition by an independent expert using one of the present-day codes (MCNP, MCU, 
KENO, etc.). Mathematical simulation of experiments using precision programs and 
evaluated nuclear data makes an integral part of ICSBEP peer review, thus making it possible 
to check the quality and reliability of the presented description of experiments and their 
precision assessment.  The quantitative criterion of precision is again not fixed, though some 
principal ratios between various uncertainty sources are obvious [3, 4]. 

Since the required result of the experiment is not the value of keff, which is 1, but the 
deviation of the calculated value of kc

eff from it, the goal of experiment is to obtain, based on 
the results measuring the critical conditions, the maximum possible information on ∆kc 
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component, which is a required calculation uncertainty related both to the used algorithm and 
the neutron constants.  

In practice, this requirement could be reduced to the condition ∆ke + ∆kt ≤ ∆kc, where 
∆ke is uncertainty of keff measurement, and ∆kt – “technological” uncertainty related to 
inexact knowledge of composition and geometry of the investigated assembly. Acceptable ∆kc 
level, certainly, can only be subject to mutual agreement, - however, specialists stick to the 
condition of ∆kc ≈ 0.01. For example, in the best Kurchatov Institute’s experiments the typical 
diapason of these components makes: ∆ ke

eff ≅ 0.0001÷0.0005; ∆ kt
eff ≅ 0.0010÷0.0060. At 

least, in the ICSBEP project, the assessments with ∆kc > 0.01 undergo an additional check.  

3 “SOVIET” NULEAR CRITICALITY LEGACY 

Practically all the Russian critical experiments with relatively simple geometry and 
composition were performed in the four national nuclear centers: I.V. Kurchatov Institute of 
Atomic Energy (now RRC “Kurchatov Institute”), Institute of Physics and Power Engineering 
(IPPE), Institute of Technical Physics (VNIITF) and Institute of Experimental Physics 
(VNIIEF). Considerable number of these experiments has not been reassessed, transferred to 
benchmark standard and included in [2], but those already included in it – over 140 
evaluations – form, as noted above, a significant part of the world data “bank”.  

IPPE, since the beginning of the 50ies developing the program of fast neutron reactors 
in Russia, possessed a large database on the uranium and plutonium fast neutron systems with 
varied neutron spectra and reflectors (depleted uranium, copper, nickel, iron), as well as on 
uranium-thorium systems. The obtained fast reactor physics results have been reported 
already at the II International Conference for peaceful use of nuclear energy [5]. Large 
amount of research related to uranyl-nitrate solutions’ criticality for the creation of nuclear 
fuel reprocessing facilities has been carried out since the end of 50ies [6] till the 90ies in a 
wide range of uranium concentrations, enrichment, geometry, absorbers (boron, cadmium, 
gadolinium) and reflectors. A series of experiments related to space and sea reactors 
performed in a wide range of uranium enrichment and temperatures (up to 200°C) have also 
been included in the International Handbook [2].  

Federal Research Centers VNIIEF (Arzamas-16) and VNIITF (Chelyabinsk-70) have 
recently published the results of a series of critical experiments on critical assemblies with 
simple geometry and highly enriched metallic uranium and Pu-239.  

All the experiments presented by VNIIEF in [2] have been performed on the criticality 
test facility CTF. In a series of experiments carried out in the end-50ies – 60ies, the data have 
been obtained on the criticality of plutonium (from 88 to 98% of Pu-239) and highly enriched 
uranium (90% of U-235) spheres with small radius (about 10 cm), both without reflector and 
with various reflectors (polyethylene, aluminum, cadmium, steel, copper, depleted uranium). 
 In a later series performed from end-70ies to the 90ies, similar experiments have been 
carried out using the spheres of 36%-enriched uranium and mixed plutonium-uranium 
systems. 

 In VNIITF, a series of experiments with plutonium (surrounded by uranium) and 
highly enriched uranium (to 96% of U-235) spheres without reflector and with various 
reflectors, including beryllium and its oxide, have also been carried out on the facility, similar 
to CTF, in 80-90ies. Besides, [2] includes a large series of experiments carried out in the same 
period on the criticality test facility FKBN (Vertical Lift Machine), with cylindrical cores of 
highly enriched (96%) uranium without moderator and with beryllium and polyethylene 
moderators, and various reflectors. It should be noted that the publication of the physical 
results received in VNIIEF and VNIITF started only in the 90ies (see, for example, [7]).  
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Some interesting experiments of this class were also carried out in the Minsk Institute of 
Nuclear Power Engineering (now the Institute of Power Engineering Problems of the Belarus 
Academy of Sciences). Here, for the period since the beginning of the 1960s, over 100 critical 
experiments with moderately and highly enriched uranium (10-75% of U-235), moderated by 
water and zirconium hydride, as well as with mixed and multi-zone fast-thermal uranium 
multiplying systems, have been conducted. Unfortunately, the results of these experiments 
have not yet been included in the world criticality bank. 

The Kurchatov Institute has accumulated the data from many hundreds of experiments 
on uranium systems with water and other hydrogen-containing moderators (zirconium 
hydride, polyethylene and their combinations), as well as on beryllium, beryllium oxide, and 
graphite in broad range: U-235 enrichment (to 96%); ratio of moderator and U-235 nuclear 
concentrations (from tens to thousands); temperature (up to 300 °C). We should note in this 
connection the use of systems of various configurations with different reflectors of variable 
thickness (water, steel, beryllium, etc.), with water gaps, containing absorbing screens, with 
absorbers of various configuration and composition (boron, boron steel, cadmium, 
gadolinium, europium, etc.).  

First results on the criticality of simple-geometry assemblies with hydrogen- and 
beryllium-based moderators were reported by the Kurchatov Institute at the III Geneva 
Conference [8, 9]. Further publications were of episodic character. However, it should be 
noted that some of these experiments has a very simple geometry and well-described 
composition, which allows them to be classified as benchmark experiments [10, 11, 12].  

It should be emphasized, that several series of “high-temperature” experiments within 
the range over 300°C, quite rarely performed in the world practice, were carried out on 
assemblies of simple geometry and composition. One of such a series for simple uranium-
water lattices with cylindrical fuel rods of U-235 with 10% enrichment has already been 
presented in [2]. 

A series of critical experiments in the intermediate heterogeneous assembly with fuel 
elements of highly enriched uranium dioxide (96% in U-235) and zirconium hydride 
moderator were also performed [2]. The assembly is intended for investigation of neutronic 
characteristics of a small-sized space reactor in normal operating conditions and at its 
accidental immersion in water or wet (dry) sand. 

Also were performed the critical experiments with a graphite reflected core of uranyl 
sulfate solution (20.9% U-235). Upon approval by the International Working Group, results 
of these experiments were also included in [2]. 

Critical experiments on facilities with water moderators for VVER reactors were begun 
in the 1950s and are still continuing. Systems with an enrichment range from natural uranium 
to ∼ 6.5% in U-235 have been investigated during this period. The generalized data of the first 
stage of experiments in the field of large water-water power reactors are contained in [13]. 

The program of VVER lattices’ investigation was extended radically with the use of 
critical assemblies in Hungary (ZR-6) [14] and former Czechoslovakia (LR-0) [15]. The first 
was used primarily for precision measurements of a set of reactor data (buckling, special 
indices, reactivity coefficients, etc.) in the enrichment range of 1.6-4.4% and temperature 
range of 20-130°C, and the latter – for investigation of systems with burnable poison (boron 
and gadolinium). It should be noted that on ZR-6 assembly the effect of technological 
uncertainties (material composition, zone geometry, etc.) on various neutronic parameters was 
thoroughly investigated.  

A large series of critical experiments were conducted on uranium-graphite facilities. 
Varied parameters were fuel type (metallic uranium and uranium dioxide), U-235 enrichment 
from natural to 2.4%, lattice pitch (20-25 cm), as well as the volume of water in the channels, 
with some of the lattices containing thorium absorbers. Some results of these experiments 
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were published [16]. These results were amplified with experiments simulating HTGR reactor 
cores with two types of fuel elements – spherical and cylindrical, and of U-235 enrichment up 
to 21% [17]. 

The evaluation of 6 critical experiments was performed with the core of the unique 
Soviet pulse reactor IGR (pulse energy release – 5200 MJ, maximum thermal neutron flux 
density - 7⋅1016 neutrons/cm2⋅second). The reactor core was a graphite stack with a very low 
content of U-235 (∼8000 graphite nuclei per uranium nucleus). The experimental data were 
provided by the Atomic Energy Institute of the National Nuclear Center of Kazakhstan 
Republic and VNNITF (evaluations were carried out with participation of the Kurchatov 
Institute specialists) [2]. These evaluations are important to verify the computer codes and 
nuclear data libraries employed for assessing the nuclear safety of various options for storage 
of graphite blocks while solving the task of decommissioning of the first production reactors. 

4 NEW EXPERIMENTS FOR EMERGNG TASKS 

Preserved demand of the data on multiplying systems’ criticality and even the extension 
of this need in such areas as nuclear fuel transportation and storage, decommissioning of 
nuclear facilities, arms’ conversion, radioactive waste repositories and some others, is 
obviously followed with a world trend for reduction of critical experiments. Nevertheless, the 
Russian nuclear centers have preserved these capabilities and in the last years performed a 
whole series of experimental programs, including those ordered by foreign laboratories. 

A series of experimental programs, carried out or planned for the emerging tasks in the 
next future on critical facilities, is presented below.  

 
4.1 Reactors 

A great number of high-quality experiments was performed at the ASTRA critical 
facility (Kurchatov Institute) previously (1980-1985) and lately (1999-2000), with the aim of 
substantiating neutron physics characteristics and nuclear criticality safety of high-
temperature helium-cooled reactors currently under design (international project GT-MHR 
and PBMR in South Africa) [18]. Particular emphasis in these experiments was placed on 
ensuring high accuracy in determining sizes and composition of main components of the 
assemblies, and measuring their neutron physics characteristics, so that the experimental 
results allowed to verify the computational models and codes used for substantiation of 
neutron physics parameters and criticality safety at all stages of operation of HTGRs being 
developed. These experiments are also considered to be of benchmark quality.  

Furthermore, preparations are currently underway at the ASTRA facility for specific 
precision experiments aimed at substantiating the neutron physics characteristics and nuclear 
safety of the GT-MHR high-temperature reactor being developed with the participation of 
Russian, US, French and Japanese companies. These experiments will be performed with due 
regard for the ICSBEP requirements, and their results may be included in the International 
Handbook in future as well. 

A series of experiments with cores using a new fuel with homogeneously added erbium 
poison has been performed recently at the RBMK graphite critical facility. Such experiments 
were needed to validate the use of erbium fuel in full-scale RBMK reactors for the purpose of 
safety improvement at NPPs using this type of reactors. It should be noted that a certain part 
of experiments has included the measurements of negative reactivity using various methods, 
in the range of (0.1÷3)β. Recently a series of experiments on neutron kinetics in large 
uranium-graphite assemblies was performed (stationary and transition distributions of neutron 
density, reactivity effects), in order to validate the non-stationary neutron codes [19]. 
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Investigations on the models of perspective cores (with fast and thermal neutrons) have 
recently been and still are performed at BFS-1 and BFS-2 critical facilities in IPPE. Research 
is going in the following directions: 
• substantiation of BN-600 reactor core using MOX fuel based on ex-military plutonium; 
• investigation of perspective BN-800 cores with nitride fuel; 
• study of BREST-300 reactor models (lead coolant, mixed plutonium-uranium nitride 

fuel); 
• study of neutron physics parameters of the cores with fuel without multiplying material 

(fuel in an inert matrix), including measurements on plutonium samples with variable 
isotopic composition; 

• study of minor actinides’ transmutation for various neutron spectra, including Doppler 
effect measurements for Np-237 and Am-241; 

• critical experiments for testing the neutron data for lead and bismuth; 
• substantiation of MOX fuel use in VVER reactors. 

To a large extent, the research is being carried out in close collaboration with foreign 
laboratories (USA, Japan, France, China, Republic of Korea). In particular, simulation of 
CEFR (fast reactor of 65 MWt capacity under construction in China) and KALIMER (fast 
reactor design with metallic uranium fuel, 150 MWe capacity (Korea)) was carried out.  

Also in IPPE, at MATR-2 critical facility, large programs of experiments for studying 
neutron physics parameters of VVER cores have been carried out, including the studies on the 
temperature reactivity coefficient for various compositions and uranium-water ratios.  

Presently, under contract with the Russian nuclear fuel production concern – TVEL – and 
under the scientific guidance of RRC “Kurchatov Institute”, the program of investigation of 
neutron physics parameters of VVER reactor cores with oxide and uranium-gadolinium fuel 
with variable concentration of boron in the moderator and in conditions close to the operating 
VVER parameters in terms of temperature and pressure is also being carried out. The program 
of experiments includes the following types of measurements: critical mass at various 
temperatures, efficiency of protection and control system devices, temperature reactivity 
coefficient depending on: boron concentration in the moderator, the number and way of 
positioning uranium-gadolinium fuel elements over the core perimeter, and presence of steel 
in the side reflector, as well al measurements of energy release fields and spectrum indices.  

 
4.2 Storage 

Nuclear safety requirements for cooling ponds intended for storage of NPP fuel 
assemblies unloaded in course of planned or emergency fuel reloading (in the last case the 
fuel could not be burnt-up), provide for maintaining the necessary subcriticality level under 
all the normal operation modes, as well as in conditions of their violation. In order to realize 
the above, the verification calculation codes are necessary, applicable to the systems often 
having complex geometry, with packed and distant fuel rods’ positioning, additional 
absorbers, various temperatures, etc. 

The program of critical experiments on modeling a VVER-1000 reactor cooling pond 
was carried out with simulation of water density change in the fuel assemblies and in gaps 
between them (with empty aluminum tubes) in the range from 1 to 0.45 g/cm3 [20].  

Direct subcriticality measurements for nuclear materials’ storage facilities, both those of 
pool-type and those containing solid moderator (graphite), have been carried out in RRC KI 
for the systems, which could not be driven into the critical state. These experiments have used 
pulse neutron source methods, and corresponding equipment and software (three-dimensional 
non-stationary code [19]) have been developed in this connection. 
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At the order and with participation of INEEL specialists, four series of critical and 
subcritical experiments with highly enriched (∼ 80% in U-235) fuel rod clusters with steel and 
zirconium cladding and water moderator have been carried out in the Kurchatov Institute, for 
simulation of highly enriched uranium fuel storage facilities.  

The core construction was developed so that it reduced to the minimum the 
uncertainties related to its elements’ material composition and geometry. In particular, the 
lattice plates specially manufactured for these experiments have ensured its pitch precision in 
0.014% frames, which corresponded to the uncertainty ∆kt

eff ≅ 0.01÷0.02%. 
Much attention was given to the analysis of the fuel material composition, which 

consisted of sintered UO2 and aluminum alloy mixture, as well as fuel assemblies’ zirconium 
alloy claddings and stainless steel tubes containing them. Use of present-day analytical 
methods has made it possible to reduce the summary technological uncertainty related to 
inexact knowledge of multiplying media composition ∆kt to 0.0010÷0.0020. Results of these 
experiments, presented in a benchmark format, were adopted by the international ICSBEP 
expert group.  

A series of critical configurations with heterogeneous compositions of plutonium, 
highly enriched uranium, silicon dioxide and polyethylene was performed at the IPPE, at the 
Big Physical Stand (BFS) facility, in 1999-2000. The U.S. National Spent Nuclear Fuel 
Program (NSNFP) at the Idaho National Engineering and Environmental Laboratory (INEEL) 
sponsored these experiments. The purpose was to obtain data that are applicable to a wide 
range of criticality safety operations involving fissile-contaminated waste streams. In 
particular, the data were intended for NSNFP validations of criticality safety calculations 
performed in support of storage of highly enriched spent nuclear fuels in the United States’ 
geological repository at Yucca Mountain.  

 
4.3 Fissile Materials Control 

Rapid development of works in the field of fissile materials control, initiated in the last 
years by Russian/US cooperation in the area of ensuring the non-proliferation regime, has 
lead to performance of precision experiments on critical assemblies in many Russian research 
centers (Kurchatov Institute, IPPE, VNIIEF, OKBM and others) [21]. The research has shown 
that for the purpose of accounting and control of nuclear materials in the critical facilities’ 
material balance areas it would be reasonable to use the neutron-physics methods of critical 
and reactivity measurements, which do not require core dismantling. 

 The critical measurement method is applied for accounting and control of nuclear 
materials in multiplying critical systems with composition staying unchanged for a long time, 
and this makes it possible to determine, based on reactivity changes, the deviation of nuclear 
material quantity in an assembly from the standard. The reactivity measurement method is 
based on determining the criticality change after the standard sample was replaced with the 
analyzed one.  

Combination of these methods gives the possibility to cover with accounting and 
control the whole spectrum of critical assemblies, which are an important sphere of nuclear 
materials’ application in Russia.  

The series of measurements carried out on the facility with highly enriched uranium and 
solid hydrogen-containing moderator, has confirmed the high precision of reproducing the 
critical conditions for such systems (∆ ke

eff ≅ (0.3÷0.4)⋅10-4). 
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5 PERSPECTIVES 

At present the Russian national nuclear centers have preserved everything necessary for 
conducting the critical experiments; here the most capabilities still belong to the two largest 
centers – Kurchatov Institute and IPPE. These capabilities include qualified specialists, 
nuclear fuel of a wide range of compositions, forms and enrichment, facilities, equipment, etc.  

Park of critical facilities existing in RRC “Kurchatov Institute” is described in detail, for 
instance, in [18, 22]. Operating critical facilities of RRC KI are briefly described below. 

VVER critical facilities’ complex (P, SK-Phys, VVER-100): is in operation since 
1973; intended for experimental investigation of neutron physics characteristics of various 
uranium-water multiplying systems. The cores are loaded with fuel elements or assemblies of 
VVER-440 or VVER-1000-type, including full-scale cores of these reactors. The maximum 
neutron flux of 1011 (cm-2⋅ s-1) allows the use of the SK-phys facility for investigations of 
problems of in-core monitoring, radiation damage and shielding of VVER vessels and vessel 
internals.  

Graphite critical facilities (ASTRA, GROG, RBMK): are in operation since 1980; 
intended for experimental investigation of neutron physics characteristics of prototypes of 
graphite-moderated high-temperature gas-cooled nuclear reactors (HTGR) and RBMK power 
reactors. The ASTRA facility contains critical assemblies with spherical graphite-based fuel 
elements, graphite side and end reflectors. GROG critical facility is intended for experimental 
investigation of neutron physics characteristics of HTGR and other uranium-graphite reactors 
in conditions of variable core geometry, composition and structure. RBMK critical facility is 
intended for experimental investigation of neutron physics characteristics of large loadings of 
channel-type reactors. These facilities’ maximum power level makes 1000 W.  

NARCISS critical facility: in service since 1983; intended for experimental 
investigation of neutron physics characteristics of prototypes of space nuclear reactors. It 
contains a heterogeneous critical assembly with hydrogenous moderator of zirconium hydride 
and reflectors of beryllium and beryllium oxide. Its maximum thermal power makes 10 W. 

Complex of critical facilities for research in the field of light-water reactors for sea 
applications (SF-1, SF-7, DELTA, KVANT) was being launched since 1973 till 1990.  
KVANT critical facility is in service since 1990; intended for experimental investigation of 
neutron physics characteristics of heterogeneous light-water reactors, as well as investigation 
of neutron and gamma-radiation passage through complex shielding compositions, and 
studies concerning the issue of the core start-up from a subcritical state. Its   maximum   
power   level   makes   1000 W.   Neutron flux can be as high as ≈ 109 (cm-2⋅ s-1). SF-1 critical 
facility is the only exclusion – it is in service since 1961 and has been reconstructed in the 
80ies; it is intended for experimental investigation of neutron physics characteristics of 
heterogeneous light-water reactors at temperature up to 300°C and pressure up to 200 
atmospheres.  

The BFS complex of the Institute of Physics and Power Engineering (IPPE) includes 
tow critical facilities – BFS-1 and BFS-2. The BFS is a unique experimental facility designed 
for investigations in the fields of fast reactor physics, fast reactor core design and 
optimization, burning actinides including weapon-grade plutonium utilization, and for 
investigation of neutron physics problems of fast reactor safety. 

Various reactor materials available at BFS facilities (about 8 t of highly-enriched 
uranium and plutonium, about 280 t of fertile materials, about 9 t of coolant materials and 
about 120 t of structural materials) provide a basis both for a construction of complicated full-
scale fast reactor mock-ups and for simple (“clean”) cores, which are investigated for the 
adjustment of neutron cross-section data. 
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Significant amounts of neptunium dioxide and metal thorium, unavailable at other fast 
critical facilities in the world, allow experimental investigations of advanced fast reactor cores 
intended for transmutation of minor actinides or for production of uranium-233. 

BFS-1 facility is used for experimental investigation of neutron physics characteristics 
of critical assemblies with simple compositions and for simulation of research and prototype 
fast reactors.  

BFS-2 is the world’s largest fast critical facility. Its size (vessel height – 3 m, diameter – 
5 m) is sufficient to accommodate simulated full-scale fast reactor cores with blanket, in-
vessel shielding and in-vessel storage.  

IPPE also has in service MATR-2 critical facility – high-temperature uranium-water 
high-pressure facility. It allows heating the uranium-water critical assemblies up to 1.2 m3 in 
volume to 240°C, at 7.3 MPa pressure. The facility is intended for investigating temperature 
reactivity effects in uranium-water regular lattices with variable pitch.  

As it may be observed, the Russian nuclear centers still preserve the capabilities to 
perform new critical experiments. This is confirmed, in particular, by the fact of orders for 
several new critical experiment series placed in RRC KI and IPPE by various foreign 
organizations.  

At the same time, the well-described and adopted by the world community base of the 
data obtained on the criticality of various multiplying systems presents only a small part of 
the possibilities of Russian nuclear centers in publishing the already available criticality data. 
Still unpublished data contain many results, which could be useful for ensuring the nuclear 
criticality safety in the future world nuclear technology development.  

Gradual, but steady transfer of the “stored” critical experiments’ results from the 
nuclear “relics” to the database intended for solving the emerging tasks, would certainly help 
to successfully meet the challenges of the new century.  
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