
3.1. NAТIONAL RESEARCH CENTER 

"KURCHATOV INSТITUTE" 

On April 12, 1943, Vice President of the USSR 
Academy of Science Academician А.А. Baikov 

signed an order on setting up Laboratory No. 2 of 
the USSR AoS, which later on grew to become 
the Kurchatov Institute. I. V. Kurchatov was 
appointed as Head of the Laboratory, the main 
purpose of which was to create nuclear weapons. 

Jnstitute building 

The Russian Scientific Center "Kurchatov 

Institute", the status of which has been recently 
changed to the National Research Center 

"Kurchatov Institute" (NRC КI), has unique 
experimental capabilities, including: 6 nuclear 
research reactors in service; а complex of 
hot cells; 14 critical facilities for studies of 

reactor neutronics; thermal, thermoelectric 

and electrochemical facilities; а facility for 
investigation of deep neutron and gamma-quanta 
penetration into material, and other experimental 
equipment. 

Nuclear research facilities are largely found at the 
Institute of Reactor Materials and Technologies 

and at the Institute of Nuclear Reactors. 

Development of the NRC КI 
experimental capabllities 

On September 28, 1942, Chaiпnan of the USSR 
State Committee of Defense I.V. Stalin signed 
an order to start work on an atomic bomb. То do 

so, it was decided to set up а scientific atomic 
weapons center in Moscow, and on April 12, 
1943, Laboratory No. 2 led Ьу I.V. Kurchatov 
was instituted Ьу the resolution of the Presidium 
of the USSR Academy of Science. Design of an 

atomic pile (as nuclear reactor was referred to at 
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"! ат !10рру that I was born in 
Russia and devoted ту life to the 
atomic science oftl1e g7·eat country 
of Soviets. It is ту pmfound belief 
and fin11 knowledge that our 
people, our govemment ,vil! use 
the achievemen/s of this science for 
по 21ha ршроsе Ьиt the benefit of 
mankind". 

that time) and an atomic bomb necessitated data 

on the nuclear, physical and chemical properties 
( constants) of uranium, plutonium and other 
elements. То this end, а number of experimental 
facilities had to Ье built. 

The ciphered designations of the laboratory 
buildings have long been abandoned. Today, 
the buildings are numbered. Former building 

"К" ("Montazhka" - "AssemЬly Nook"), for 
example, constructed to Р.1. Sidorov's design in 

1946 (with its height increased in 1949), is now 
Building 30, and it is here that the first Soviet 
atomic reactor F-1 was installed. In fact, it was 

the first building in the country that was designed 
especially for accommodation of а new device -
an atomic uranium pile with its potential danger 

of а nuclear explosion and radiation release. 
That is why the building had an underground 
1 О m-deep canyon where graphite Ыocks with 

the total weight of 400 t and uranium rods (50 t) 
were put together to make the pile. 

On December 25, 1946, the F-1, first nuclear 
reactor in Europe and Asia, reached criticality 
and was brought Ьу I.V. Kurchatov to the power 
level of several hundred watts. The reactor was 
used for vitally important experiments which 
underpinned the design of the large (100 ООО kW) 
uranium-graphite reactor "А" - plutonium 
generator brought into operation in 1948. The 
"grandfather" of Russian reactors, F-1, certified 
as а standard neutron source and having the 
status of а monument to Russian science and 

engineering, is still in service. 

То study the stabi lity of nuclear processes in water
cooled, water-moderated reactors of ship-bome 

power systems and to optimize the biological 
shield design for the first Soviet nuclear 
submarine, а 300 kW tank reactor (V VR-2) was 
built on the territory of the Gas Plant in July 
1954; it operated till 1983. In 1960, the 300 kW 
organic-cooled OR reactor was installed in the 
same building to the design ofYu.N. Aleksenko. 
It served as а basis for development of the 
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750 kW ARBUS rеасtоr at NIIAR - а prototype
of the energy source for the station in Antarctica.
At а later point, the rеасtоr was upgraded, with
its coolant replaced with wаtец and returned to
selrrice in 1989.

Iп I9'7З, а critical assembly with the name of
Еfir was brought into operation to support the

design ofthe production rеасtоr Ruslan.

The water-water pool-type reactor IКГ-1000
was built in 1957 to meet the growing needs
of scientists at the Institute of Atomic Energy
and some оthеr Moscow research institutes for
neutronic, materials and biological research,
as well as for probation of specialists frоm
Soviet republics and foreign countries. Its first
startup at low роwеr was реrfоrmеd Ьу High
Commissioner forAtomic Energy of Frапсе and
well-known physicist F. PerTin. After upgrades
in 1965, the reactor роwеr was raised to 4 МЩ
and it received the name of IRT-M. In 198l, it
was retrofitted and brought into operation at

8 MW uпdеr the паmе of IR-8.

The simple design, reliability and
ехреrimепtаl capabilities of the IRT and

facilities paved the way for about 20 rеасtоrs of
these фреs built Ьу the mid-1960s in the USSR
and аЬrоаd.

During the 1960-1980s, the experimental
facilities of the Institute wеrе extended Ьу
provision of critical facilities fоr modeling the

reactor cores of nuclear-powered ships; critical
facilities for sfudying the cores of power rеасtоrs
(of the VVЕR type); the RNM zero-power
rеасtоr; several thermal engineering facilities fоr
studying heat transfer in fuel channels of power
rеасtоr facilities (including the large KS, TPZ
and KSB facilities); а large uranium-graphite
facility (UG) for neutronic studies of production
and power reactors (RBMK); а water-water
rеасtоr facility (Gamma) with thermoelectric
conversion of heat to electriciф (thеrmаl роwеr
rated at 200 kW and electric powef of 5 kW);
critical facilities Delta and RBMK.

Seeking to develop the line of nuclear power
systems for aircraft and space vehicles, the

Institute built a "hot" neutronic facility (FR-100)
in 1955 to study the characteristics of а uranium-
beryllium rеасtоr for aircraft; in 1961 196З, an

good
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Catral hall of rhe Gidrcl reaclor

Main performance
of the Gidra reactor

Thermal power:

steady-state operation """""",10 kW

pulsed ореrаtiоп,................""""""""""",2, 104 MW

Nuclear fuel ...........................Water solution of UOrSOo

EnTichment in 2з5U....,....... """"""" 90 %

2з5U load:

critical ........,... "2,4kg

working.....,.... ",З,2kg

Reactiviф margin............ """"""""""6 В

Pulse duration, minimum..... """"2,10J s

NeutTon flux, maximum..,....... " " " " " " " " "8, 1 017 сm 2, s 1

Maximum flux during steady-state operation:

thermal neutons """""1,1011 cm-2,s-1

t'astneutrons... """""""1,1012 cm-2,s 1

Maximum flux during pulsed operation:

thermal neutfons ..........5,1016 сm-2,Г1

t'ast пеutrопs... """""",5,1017 cm 2,s 1

Gidra reaclor iп secticltl:

l 1""t,: 2 c:oпtrctl roc] сJtаппеls; 3 ,1эпetttttctlic drit,c",

l ,ior:tup ,ua; 5 collпlll rods 
" 

б - (:епlrаl research сJtаппеl

cidra reactor core iп sесliоп:
i"| """i""п"t, 

2 - сепtrаl research сhаппеl; З - startup rod;

4 - сопtrоliоd; 5 - shrouds; 6 - coatiпg; 7 - tапk

Main аrеаý of studies

Studies on radiation resistance of components

exposed to high fast neutron fluxes,

Application of high-sensitivity activation

апаlуЪis to short-lived radionuclides,

production of short-lived radionuclides,

studies and tests of nuclear fuel elements in

transient and off-normal conditions,

Studies of fast processes Ьу the method of
dynamic neutrono graphy.

The Gidra reactor may Ье used for education and

training pulposes (it is 100 о/о safe in the event of
human erTors).

.4
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3.1. NАтIоNLL RESEARCH с]ЕNrдR "KURCHlTor INSTIT\TE"

Gaseous products of water radiolysis in the

fuel solutlon аrе continuously regenerated in

а special catall,tic rесоmЬiпеr, which makes

one sealed system with the rеасtоr tank, This

аррrоасh prevents rеlеаsе of fission products to

the environment.

Two emergency protection (ЕР) rods have

the form of bo.on carbide cylinders in steel

sheaths. А tube of aluminum alloy is inserted

into the inner space of an ЕР rod, forming

а channel of 'diameter 2'7 mm for movement

bf а shim rod made of boron carbide (with

the density of 1.3 g/сmЗ) and hry]lc а

iц 
^^diайеtеr. 

Such а combination of ЕР and

shim rods is used in the peripheral channels

of the reactor tank. Control rods (manual and

automatic) travel in the space between the

reactor tank and the reflector,

The solution feactor safety depends largely

on the self-regulation properties provided Ьу

physical phenomena in the fuel solution, such

bs'solutibn density decrease due to heating

(tеmреrаturе effect) and generation of radiolytic

gas Ьу fission products (void effect), The working

irurrй- сопсЪпtrаtiоп in the solution provides а

minimum critical mass and automatic shutdown

ofthe reactor in the event ofinadvertent increase

оr decrease of uranium concentration,

Experimental capabilities

The reactor has the following research devices:

horizontal channel;

vertical channel;

in-core channel;

7 channels in the reflector,

тhеrmаl пеutrоп fluх is:

5,1011 cm 2,г1 in the central channel and

(1.0...2.S),16ir 
"--z,s 

t in the rеflесtоr,

Several tangential channels in the rеflесtоr

shape the diveгging пеutrоп beams of чаriоus

coliimation dеgЙеs (10 to 60 angular minutes)

fоr use in neutronographic studies, Тhrоugh

special penetrations in the biological shield,

the ЬеЙs аrriче at the radiography chamber,

which is equipped with remotely controlled

mechanisms ior positioning and moving

the tested соmропЙ, and the detector unit,

1l,sllS t,еdL,lо|, i t1 5eL tIl ]t1,

l'"' ,r,'ni'rri'l,', llcttttttl: апсl со"Iiпр ,"ilcJ 1,ip,"' 2 pt,apltitt

t,et!.t-!ot,; J Loп|tlll ttleпtl,,t,t" 1 "ttllrli, t'rcltt]lhlп|l"'

' 
.l,:^l, i hi,',ln,gi,,,l ,hi, tJ,- - ptlettпtutic,-ltalttltl, tt,,abllit

rotttes); 8 resettrclt сhttппеls" 9 beLll11-\llLl]1illq LlL'\'rce,'

10 
'c:olliпlator; 

] ] gate; 12 пetttrollograpll,\, cllaпber"

l 3 sресiпlеп; 14 clelec,lor

.в

9
,10

Il
1?

1з

14

The сhаmЬеr allows handling radioactive

components and has an entry window measunng

200х400 mm.

Main areaý of studies

The reactor is used for unique studies ofnuclear

and radiation safety of various nucleaT power

,y.t"-, as well as for development of innovative

йеthоds for medical radionuclide production,

Together with the series of its shielded сhаmЬеrs,

thЙrgus rеасtоr can produce 99Мо, 89Sr, 1зlI and

оiй.. iudior"clides in an environmentally safe

and economically efficient way,

The rеасtоr is used for:

activation analysis of elements;

radiographic analyses;

non-destructive testing of corrrponents;

production of nuclear fi ltеrs;

production of radionuclides ;

- education and training,
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з.1 NАТIОNДL RESEARCH CENTER " КURСНДТОr INSTITUTE "

Gаmrпа reactor iп sectioп

Шxperimentnl capabilities
The rеасtоr соrе houses the following process

and experimental devices:

"dry" shells for thermoelectric converlers
(thermocouples) which monitor рrimаry coolant
temperature at the соrе inlet and outlet;

"dry" shells for in-core irTadiation of gаmmа-

neutron detectors;

thermal channel - fuel channel modified
to саrry themocouples for fue1 and coolant
tеmреrаfurе monitoring and роwеr density
sensors for online rеасtоr роwеr measurement to

fulfill rеsеаrсh objectives;

рrоЬе with thermocouples distributed in the

space between channsls thTough the core height;

corTosion test channel to sfudy the resistance

of various materials and to deal with other

experimental jobs.

Main аrеаý of studies
. Experimental testing of the concepts of
unattended self-regulated пuсlеаr thermoelectric
plants under development.
. Тry out of high-sensitive methods of
automated computerized diagnosis allowing

Тор view of the Gаmmа reactor

to detect а failure mоrе early than it арреаrs in
determined routine signals.

. Widely applied noise analysis to detect

variations of раrаmеtеrs as а tool for dynamic

studies and early diagnosis of the facility
condition.

. Experimental demonstration of the method

with short-circuiting modules to maintain

constant generator voltage under variable off-

site loads.

Contact реrýоп

ANDREI ВYКОЧ
Gапmа Сопрlех Мапаgеr
Tel.: (4991 ]96-9З-79
Fax: (499) 196,93-79
E-mail : аЬуkоч@ппrd. kiae. su
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з.1 . NATI)NAL RESEARCH CENTER "кURсндтоI/ INSTITUTE"

IR-8 core iп а water pool

The reactor's heat transfer system has а two-
circuit alTangement. The рrimаry circuit
consisting of rеасtоr coolant pumps, heat
exchangers, ion exchange filters, valves and
pipelines between these components, removes
heat from the rеасtоr соrе and caries it to the
recirculating water circuit. The рrimаry water
runs through fuel assemblies frоm the top down.

Experimental capabilities
The reactor has 12 horizontal Ьеаm channels
with equipment installed in them for neutron
study of condensed media, and vertical channels
(up to 42) where radioactive isotopes can Ье

С ro s s - s е с t itl п с1|' I R- 8 :
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3. 1 . N Ат I oN AL лj,sдl д с/1 CEN т Е R " KU RC н дт о l/ In ST r т t ]т Е "

ATOS sресп,опlеtеr DISK dilrt,actolпeter
Mo|iD di|Jiactoпteter

Studies of elastic neutron scattering Ьу

cryStals.

Input inspection of IRT-3M fuel assemblies

Ьу neutron and gamma introscopy.

Development of methods and study of new

materials in а wide range of pressures and

temperatures.

Studies of the struсturе, properties and flaws

of non-irradiated and slightly activated rеасtоr

materials.

International cooperation
The IR-8 rеасtоr is used in rеsеаrсh activities in

cooperation with Belarus, LaУia, Atmenia and

other countries.

Main activities
phase transitions were discovered in nanosize

fullerites Cuo, Сrо and their mixtures at high

temperatures.

Experiments were саrriеd out to study the

sЙcture of and manufacturing flaws in

mono- and polycrystalline materials of turЬiпе

blades, welded joints, micro- and macro-fuel

HEc-llj
iнЕс-2 ]"'"Ж,.

нЕс-з * l.--,"*="ffi1

нЕс-4 ý

HEc_5,j *
i' нЕс-6

Ехр eriп епt al hall l ау out :

HiiC,l - пеutrоп microscopy; нЕс-2 - пuсlеаr spectroscopy;
^нЪё-1 _f"rio" physics; йас,l - siпglе cryst_als_(MOND);

нЕс,5 - excitatioп spectra (ДТОS); НЕС-6 high pressures

(DISK); НЕС-7 capillary optics" НЕС-В .::yt,o"'rЪiiоi-рПу; НЕС-g smаll,iпglе scatteriпg бTOIK);
НЕС1 0',' iпelastic Scatteliпg; нЕс, 1 1, нЕс, 1 2, ultracold

пе ul rопS

compositions, composite and monocrystalline

superconducting materials.

In 2011, the IR-8 rеасtоr approached the end

of its specified 3O-year service life, some of
its systbms grew old, and fоr its operation

to continue, it Ьесаmе necessary to rераlr оr

replace:

heat exchangers, primary coolant pumps and

cooling tower;

control and protection system and

instrumentation;

radiation monitoring system;

power supply system.

Work is under way at present to rерlасе the heat

exchangers, pumps and instrumentation in the

primary circuit.

t :,ru.-,
i HEC-i "1,

40 в0
2B,(deg)

Аппеаliпg amorphous fullerene Cuo
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з. 1 . NAT I o N A L лд,SдлR сн сrNт Е R " KU R C H ATo r I N S TI T U T E "

-1.6х1.6 m. The tunnel 2.1x2.| m in section and
очеr 20 m long, with the сопсrеtе wall thickness
up to 1.7 m has an installation opening in its
middle part, shut off Ьу а sliding shield.

The tunnel accommodates:

а system of beam-collimating diaphragms
remotely controlled to move on platforms along
а rail track all the way through the irradiation
space and to shut offits section;

а set of neutlon and photon filters made of
various materialý аrе placed along the Ьеаm
travel path; with the Ьеаm passing through the
filters, it is possible to vary widely the energy
and composition of neutrons and gаmmа
radiation at the point of specimen location.

The experimental hall measuring 150 m2 in аrеа
and 13 m in height and communicating with the
tunnel is used for preliminary assembly of the
mockups to Ье studied as well as fоr rеfеrепсе
measurements and experiments with the help of
isotope radiation sources.

А bridge crane with the load-lifting capacity
up to 20 t is installed in the hall fоr handling
specimen pieces up to 2.5 m long in the tunnel
and 1аrgеr pieces in the hall.

Тhеrе аrе two storage places for irradiated
specimens 40 mЗ in capacity each; their
separable shielding covers are components of
the hall floor with the loading limit of 50 t.

А radiometry set, including sensors of spatial,
energy and angular flux distributions of both

radiation фреs, logs neutrons in the energy rапgе
from thёrmаl tо 15 МеV and gапrmа radiation -
in the range frоm 0.1 to 10 МеV.

А special system monitors the radiation intensiф
of а Ьеаm, when upon leaving the rеасtоr it falls
on the shield under investigation.

Measurement control and logging аrе provided
Ьу а local area network of реrsопаl computers
with the dedicated softlмare.

An up-to-date radiation monitoring, security and
physical protection system makes it possible
to handle various specimens and components,
while keeping them safe and inaccessible to
unauthorized persons.

Main аrеflý of studies
Experimental development and testing of
radiation shields for various nuclear reactors as
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3.1. NATIONAL RЕSЕдRсН CENTER ''КL.iRсндтоr/ INSTITUTE,

CRITICAL FACILITY LJG
The UG full-scale uranium-graphite critical
facility is intended fоr carrying out critical
experiments with uranium-graphite lattices.

The UG critical facility achieved first criticality
on l8 DесеmЬеr l965.

The UG fасiliф is а large-scale critical facility,
which enables experimentation fоr sfudying the
neutronic characteristics and processes in the
production rеасtоr cores.

In 1988 the UG facility was shut down for
upgrading. In 1996-1998 the facility was rе-
equipped Ьу means оf rерlасеmепt оf morally
and physically obsolete components of the
сопtrоl system and the еmеrgепсу protection, and
Ьу creation of а modem system for automation
of experiments for the pulpose оf improving the
reliability and nuclear safety during the facility
operation.

Main аrеаý of studies
А broad рrоgrаm ofresearch has Ьееп undertaken
at the facility in the following fields:

. experimental validation of the conversion
of production uranium-graphite rеасtоrs to the
роwеr mode without plutonium generation;

. experimental validation of the detailed design
of the MKER-800 increased-safety pressure-
tube reactor.

The technical capabilities of the retrofitted UG
facility offer the environment fоr canying out
rеsеаrсh at the level ofinternational standards.

At present time, the UG facility is operated in
the long-term shutdown mode (safe storage).

CRIT|CAL FAC|L|TY SF-]
Hot critical faciliф SF-l - а uranium-water
rеасtоr рrоtофре - is used in experimental
studies of the neutronic characteristics of чаriоцs
propulsion rеасtоrs with water moderator in hot
states. The faciliф саmе to first criticality on
Мау l9, l972.

In 1996, the faciliф was upgraded, with the
control board moved to а separate rооm, the
control and protection system radically modifled
and the data acquisition and display system
brought up to date.

The operating period of the SF-1 faciliý was not
specified.

UG cr i t i с а l fac i li1., со mраrt m еп1
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з.I. NATIONAL RESEARCH CENTER "KL|RCHATor/ INSTITUTE"

&{ain реrfоrmапсе
of the Efir-2М critical facility

Тhеrmаl роwец mах ....................0.1 kW

Moderator...... .......... Water

Working temperature.... ........,......... 20 ОС

Рrеssurе......... ......0.1 МРа

Fuеl ............... .............UO,

Fuеl enrichment in 2з5U........ .....,......90 %

Reactivity margin ........... .. ..Up to 1 В"*

Subcriticality in shutdown condition
with full modeTator level, not less than....................3 Р"r,

Теmреrаturе reactivity effect ................. -2.5, 1 0l В"/"С

Main activities
The recent years hаче seen:

the development and pilot commissioning
of а measuring рrоЬе required to sfudy the
characteristics of the upgraded subcore
monitoring system at the Еfir-2М facility;

the assembly and preliminary testing of
the рrоЬе, which have proved that its use does
not worsen the safety conditions of the Еfir-
2М facility operation and does not change its
standard operating conditions.

The scheduled activities for the examination and
timely replacement of overaged components
aimed at extending the facility life make it
possible to use the Efir-2M facility for research

рurроsеs for at least 10 mоrе years.

CRIT|CAL FACILITY
Hot critical facility SF-7 - а uranium-water
rеасtоr prototype - is intended for experimental
studies of the neutronics of water-moderated
cores. The faciliф reached first criticality on
March 12, |975.

In 1996, the faciliф was upgraded, with the
control board moved to а separate rооm, the
control and protection system radically modified
and the data acquisition and display system
brought up to date.

The operating period of SF-7 is not specified.

The SF-7 facility allows building cores frоm
fuel assemblies or frоm separate fuel elements.

It is planned to:

upgrade the CPS system and some of the
critical facility's process components;

introduce the computer-aided measurement
system for processing the experimental results,
specifically when canying out activities using
the commissioned measuring рrоЬе.

personalities

ANATOLY DROZDOV
ChieJ'Etlgilleer of the Research Reactors
апd Critical Facilities Colпplex

SERGEYLEONTYEV
Scieпtific Stpervisor апd Head of the
Rttslall LаЬоrаtоп,

Contact реrýоп

VLADIN1IR ANNENKOV
Efu , 2 trI Cri tical Fac il it1, оре rаtiоп
Мапаgеr,
Head of the Efir-2Xl Critical Facilit1,
Ехре ri mепIаliоп La boratory
Tel, (499) 196-71-04
Fax (1991 l96-8б-1]
а п п е п ko t, G ZG!,dll t р, k i ае, ru

SF_7
The facility is а unique multipurpose installation
meant for experimental studies in physics of
propulsion reactor cores and for assessing the
performance ofvarious devices and detectors.

Main areaý of studies

Tests of fuel elements and fuel assemblies fоr
propulsion reactors ofa new generation.

Tests and adjustment of instrumentation
channels and chambers designed fоr propulsion
reactors.
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а graphite element (in the form of inserts and

blocks);

а boron-containing element,

Burn-up products are simulated using 2З5U (with

the aid'of ап enTiched nuclear fuel), 2З8U (with

the aid of а fue1 of а natural composition) and

Ьоrоп.

The required combination of fuel and boron-

containing elements is selected based on the

condition" of the similarity of life-size and

,i-lrtu'"a fission integral, absorption and

microscopic absorption cross-section systems,

Main performance
of Grog СF

Fuеl ....,. U" emichment 10 %

Moderator...... "",Graphite

Reflector........ "",Graphite

Core geometry....... Cube Зх3хЗ m

Graphite stack geometry . " "" " " "" "Cube 4,5 х4,5 х4,5 m

Fuel element mock-up geometly """,Cylinder о5х5 сm

Main реrfоrmапсе
of the СhауЁа rпоdulаr critical

аsýеmЫу uпdеr design

Number of fuel elements

N umЬеr оГ гоtаr1 drums in
side rеflесtоr

uranium-nitride
sпhеriса1 fuel elements
d l.зв л^with 90%
emichment in 2з5U

Beryllium, thickness
110 mm, height up to
600 mm

Grog crilical,facilit}, ty,ilh а tл,allittm-grapllite critical assemb ly:

| 
'| 

,рп"rii"пt _iuel еlеtпепts o.f thc .itll,t,bri+clled , ,core;
) - ar'in, соrе g:raphite bloc,ks; З graphite tъ,llесtа, blocks:

4 - experilпellial сhсtппd; 5 CPS t,ocl" 6 ,1SLillcior:

7 process сlлаппеl storage

6

,' ,''

.*#.ф llWт,
# *lъ

Соmропепls о|' the Grog critical facility urапium-grарllilе

assemblies:-1' 
gu,pbit" blclck; 2 - graphile еlалепIs; 3 , Jiel eleпletlt,s;

Ц 
- 

iiy,rirЫ п,осkltр if i spherical Jile_l еlеплепt апd it,s

соtпропепts: 5 - s/aeye,s; 6 - boroll-cclпtaiпillg paper

Cross-sectiotl of the Cha,ka critical assemb1_1,"

i' 
'rbrb,,:b"r 

rba; 2 - сЬпtrоl сlrum; 3 ;fttel пlоdulе" 1, side

refeclor

--
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3.1. NATIONAL RESEARCH CENTER "KURCHAT)L/ INSTITUTE"

CRIT|CAL FACILITY ASTRA

The critical faciliф Astra is intended to study
the neutronic characteristics of high-temperature
gas-cooled reactors (HTGR) for the rеасtоr
sаfеф and intrinsic sаfеф cases. The critical
facility Astra achieved first criticality on
5 August l981.

The Аstrа critical facility is the world's only
operating facility of such а kind. The simplicity
and flexibiliф оf the facility's design enable
simulation of the configurations which are
typical of different innovative designs. The
results of long-term experimental research at
the facility hаче made it possible to validate
the most advanced Russian HTGR designs
(VGR-50, VG-400, VGМ) and have fоrmеd
the basis for licensing the South African
PBMR рюjесt. The рrоgrаm of experimental
rеsеаrсh based on the Astra facility is an integral
component of the efforts for the demonstration
of critical technologies as part of the GT-MHR
international proj ect.

Тilё critical assembly has а cylindrical steel
vessel with а bottom. The vessel accommodates
the lоwеr and side reflector graphite blocks,
forming so а соrе cavity of varied geometry
which is filled with spherical fuel elements. The
vessel has the outer diameter of 3820 mm, the
height of 4630 mm, the wall thickness of 10 mm.

It is possible to fоrm the iппеr reflector and the
uрреr end reflector ofboth graphite blocks and
graphite spheres.

In section, the side reflector block is а square.
Along its centerline, the block has а channel,
into which а cylindrical graphite plug can Ье
installed. The lоwеr rеflесtоr blocks have the
same cross dimensions and the height оf 40 cm.

Critical experiments on the Astra facility use
а dioxide-uranium fuel of an intermediate
enrichment in 2З5U (about 21%), which has the
fоrm of coated fuel particles distributed in the
graphite matrix of spherical fuel elements.

The external diameter of each spherical fuel
element is 6.0 cm. Each fuel element соrе
contains 2.440 g of uranium. The coated fuel
particles inside the fuel kernel have а spherical
fоrm and consist of а spherical uranium-dioxide
kernel with а coating applied to it in four layers.

Astrafacility s critical assembly

Main performancs
of theAstra critical facilЦ

Neutronpower................,.... ........0.1kW

ModeratoT...... ......Graphite

Reflector........ .....Grарhitе

Nеutrоп flux........,....... .......... 106 cm-2,s-1

Fuеl ..,........,... ............UO,

Enrichment in 2з5U............ ...............21%

Heat removal. .......Natura1 air convection

Соrе temperature...................... ...Ambient

Number of сопtrоl rods................ ........24

The diameter of the uranium-dioxide kеrпеl is
511 рm. The layers of the fuel particle coatings
have the following characteristics (the layers аrе
numbered in the оrdеr frоm the inner layer to the
outer one):

. lауеr l: pyrocarbon (РуС), the buffer
lауеr adjoining the kеrпеl, density 1.0l g/сmЗ,

thickness 94 рm1'
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Аабвгдежзиклмноп
Cross-seclioп o|'the critical asseпbll' y,ith а circular core:

] circular core, 2 side rеflесtоr,; 3 illпеr refleclor, 1 - CPS
rod challпel, 5 пеutrоп soLlrce сhаппеl, б ехреrimепlсtl

сhаппеls.fоr seп,sors,7 - пеutl'оп cot|пter апd iопizаlil)п
chttmber сhаппеls, 8 сhаппеls .for ро|l,еr shарiпg absorber

eloпetlts, 9 tпplugged illпer refector bloc:k сhаппеl,s

Main аrеаý of studies
The results of experimental research аrе used to

demonstrate the feasibility of conceptual designs

fоr selection of innovative confi guration options

for high-temperature reactors and validate

analytical codes.

Араrt from scientific experiments, the Astra
critical facility can Ье used fоr the following
training activities:

training of scientific and operating staff for

next-generation reactors;

scientific research as part of university

ргоjесts:

advanced training оi nuclear industry

SpecialiStS;

training of students - and specialists fоr

operation of а full-scale small-power training

reactor.

International cooperation

Since 1994 the facility has been hosting

experiments on critical assemblies that simu]ate

physical peculiarities of high-temperature
reactors with а сirсulаr соrе, specifically, South

Africa's PBMR and the Russian-US GT-MHR,

Preparations аrе under way as раrt of the GT-

MHR international project fоr upgrading the

facility to enable unique experimentation
in studying the neutronic characteristics of
circular-core HTGR during heat-up.

маiп activities

The critical assemblies investigated at the Astra
facility:

VGR_ 50

3

2

1

Experimental capabilities
The Astra critical facility is used for the following
experiments on studying the peculiarities of the

HTGR physics:

determination of critical parameters for

different confi gurations of critical assemblie s ;

effrciency determination for single rods,

systems of control rods and their interference;

efficiency determination
materials and samples;

for different

studies into the specific featцres ofradial and

axial neutron flux distribution (rates of various
nuclear reactions) in the fuel assemblies;

studies into the options of power density bulk
distribution shaping over the соrе volume;

studies into the effects of the synchTonous

insertion ofan аьsоrьеr rod grоuр on the in-core
axial and radial power density distribution;

measurement of spectral (energy) neutron

characteristics;

measurement of the absolute power and

kinetic раrаmеtеrs fоr the assemblies.

The facility does not have irradiation channels.
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Rвмк CRITICAL FACILITY

The RBMK critical facility is the only facility
of the kind and is intended fоr experimental
rеsеаrсh in physics of uranium-graphite rеасtоr
cores. It achieved first criticaliф on б January
|982.

The major structural elements of the соrе (FAs,
CPS rods, extra absorbers, graphite blocks,

рrосеss channels) аrе standard elements of
the RBMK rеасtоr. RBMK FAs with uranium
dioxide (frоm 0.4 to З.6О/о enrichment in 2З5U)

and urапium metal (enrichment from 0.4% to
|.6Yо) are used for the process channel loading.
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RB МК cri tical ;fac ilit.f сопц)аrlп епl

&'lain реrforrпапсе
of the RВ1\{К eritical facility

Rated роwеr ............25 W

Тhеrmа1 nelltlon flux, max.........,.,.............5,1Otj сm 2,s r

Graphite stack dimensions ..,.................... 4.5 х4.5 х4. l nr

Channel grid spacing.... 250 mm

Core height....

Number of process channels .........

.. З460 mm

............з24

**-i
_з

a ,FА a Exlra absorb.r, Л СгS loa , ] aPS .lапье:

lllap of the RBMK сrili(,d.fасihlу core

Experimental eapabilities
The facility is operated at the ambient tеmреrаturе
and pressure. The facility is equipped with CPS
system, hydraulic system for distilled water
delivery to the channels, radiation monitoring,
communication, ТV surveillance, ventilation
and gas treatment systems, and FА and graphite

block storages.

The facility enables simulation of both small
critical masses in the form of single assemblies
and polylattices of different compositions, and
fragments of the full-scale RBMK load of 256

channels for the purpose of:

examining пеw elements of the RBMK соrе
load (new CPS rod designs, new FAtypes and so

оп);

I

Slrle l,/ert, фthе BR:lrIK cl,ilicalfaciliп*-,
] cac]пlitult slleets: 2 аltппiпum dесkiпg; 3 borated-

ро!1.,еth.чlепе plates: 1 sleel becлll,s; 5 graphile stack,,

б пеttlrоп sutrc,e сhаппеl; 7 steel plates; 8 fоttпсlаttопs
Sleel Sп,I.IcILп,e, 9 steel _fЬuпdаtilлl пtаts; l0 t:oпcreteJtoor;
l1 sleel соltпtпs
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International соореrаtiоп
As раrt of OECDA{EA International Criticality
Safety Вепсhmаrk Evaluation Project, all
components of the RBMK facility соrе have
been certified in detail in terms of structure,
dimensions, tolerances, compositions of
materials and potential impurities. Тhе fuel and
graphite isotopic compositions and impurities
therein have been studied. Iп2004 а description
of 28 RBMK faciliф's critical assemblies
was included in the Intemational Handbook
of Evaluated Critical Safety Benchmark
Experiments.

Main activities
In 2005-2007 the KENTAVR-KS measurement
and computation system was introduced at the

RBMK facility fоr determining and monitoring
neutronic and process characteristics. This
enables:

measurement of the neutron flux throughout
the соrе in static and dynamic modes;

computation of reactivity (subcriticality)
using different techniques ;

determination of subcriticality on assemblies
with а negative reactivity margin;

monitoring and recording of neutronic and
process parameters of the faciliry and data

archiving.

The introduction of the ШNTAVR-KS system

has led to:

а much higher nuclear and radiation safety;

an increased amount and higher quality of
experimental data obtained with а much shorter

time needed for measurement and processing;

much grеаtеr рrосеdurаl capabilities of
experiments (subcriticality measurements on

assemblies with а negative reactivity margin).

Activities have been undertaken using the

KENTAVR-KS system fоr improving the safety

and efficiency of the RBMK reactors:

investigation of the cluster ЕР rod prototypes

(KRO-AZ),

demonstration and trials of а пеw technique

for determination of subcriticality without
reaching the critical condition at an RBMK
rеасtоr;

examination of а rеасtоr load fragment with
shaped FAs.

The RBMK facility is expected to Ье in
operation until 2035. The Kurchatov Institute

has а Gostekhnadzor license for operation of
the RBMK nuclear critical facility until 10 July
2016.

Further successful operation of the RBMK
nuclear critical facility requires upgrading ofthe
CPS system.

Frоm physicaI rооm equipmeni

control rооm

Frоm CPS and сопtrо|
rооm instruments апd devices

communicalion wi[h rеасtоr
subcriticality mопitогiпg system (RSMS)

Block diagrattt of the КЕNТДVR-_КS s,r,.slanz,,

BosK-8 К,\'К-15 сhаmЬеr sigtlal processiПg uпit; BOSD-72 К,VI5,relisor,slgпal рплсеssiпg Llпil; ВКТР-02 рrосе,\,\

parametel, пlопilu,iпg uпit; DWS displat, \f{л,kslatiоп

KNK 15
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Hardware

The аЬоче methods rеlу on the following
specially developed experimental hаrdwаrе
interfaced with реrsопаl computers (РС):

а multichannel computer-based system fоr
measuring the сurrепt of ionization chambers,
which allows application of dynamic reactivity
measurement techniques;

а multichannel system оf pulse lines, which
is controlled frtrm personal computers and is
intended for statistical experiments;

а timing device, which involves IBM РС in
its operation with pulse lines; it is employed in
pulsed-mode and statistical experiments;

ODIMOR system designed to реrfоrm
gamma-scanning of fuel elements, automatic
polling of а large number of sensors and to
provide for measurements of power density and
reaction rate distributions.

All the instrumentation channels are computer-
based with installed software for processing
experimental data and storing the results in а

database.

Research objectives;
to confitm the neutronic characteristics of

reactors;

to prove the nuclear safety ofreactors;

to confirm the neutronic characteristics
of various rеасtоr design options, to qualifil
software systems and their applications.

Iпtеrпаtiопеl eooperetion

Some of the work at the critical faciliф was
саrriеd out together with US specialists frоm
the Los Alamos, Oak Ridge, Sandia and Idaho
1aboratories.

The critical faciliф also served as а training and
probation ground for Chinese and Belorussian

реrsоппе1.

Main activities
Recent and current activities at the Narciss-M2
critical facility:

studies of neutronic characteristics of space
reactors, including the effects of reactivity, the

worth of control rods and the reactivity balance
in поrmаl and emergency conditions;

studies of пuсlеаr safeф characteristics of
space high-temperature nuclear роwеr systems;

studies of роwеr distribution among соrе
components;

studies of the applicability of neutronic
methods (method of critical studies and reactiviф
measurements) fоr high-accuracy determination
of fissile material content in specimens for the
purposes of material accounting and control as

well as foT its securiф;

training and probation of personnel from
China and Belarus.

The Narciss-M2 faciliý was used in benchmark
experiments.

The fасiliф made it possible to catry out
essential neutronic studies during development
of а thermionic conversion rеасtоr for the space
nuclear роwеr system Yenisei. Plans have been
made to use this facility for developing а similar
system for China.

personalities

YENIAMIN USOV
S с ie п t ifi с L е ad е r, D е р u t у^ D ire с t о r,

D epar tmе п t oJ' High -Te mреrаtчrе Р ow er
Епgiпееriпg

GEORGIY KOMPANIETS
Н ead of N еutrоп ic Res earc h Lab oratclry

Contaet реrýOп

YEVGENIY CHUNYAEV
'' Narcis s - М2 " F ас i l ily Ор erat i оп
Мапаgеr
Chief Etlgiпeer of the "R" Сопрlех
Tel.: (4991 ]96-78-З9
Fах: (499) 196-]7-0]
Е -mai I : tchuп(|dh tp. kiae.ru
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CR|TICAL гАсlLlтY V_] 000

The V-1000 critical facility is intended fоr
investigations on rеасtоr cores of the WER-
1000 оr VVЕR-440 fuel assembly types. The
V-1000 critical facility reached first criticality
on З September 1986.

The facility's critical assembly is а uranium-
water соrе with а water rеflесtоц а рrоtофре of
the WER power reactor. It includes а FА load
with UO, fuel enriched uр to 4.4Уо in 2З5U.

The critical facility tank capacity is 70 mЗ. The
number of the CPS mеmЬеrs in the VVER-1000
assembly is up to 109, and that in the WER-
440 assembly is up to 7З. The maximum пumЬеr
of the WER-1000 assemblies is 16З. The
maximum пumЬеr of the WER-440 working
assemblies is 3l2. The maximum number of the

\ДVER-440 shim rod assemblies is 37.

тhеrе is no forced heat rеmочаl.

Main аr€аý of studies
This is а multipurpose faciliф intended to study
the neutronic characteristics of the VVER-1000
or WER-440 роwеr reactor соrеs, perfect their
fuel cycles, improve technical and economic

реrfоrmапсе and safety of the operating NPPs,
and demonstrate the reliability of neutronic
calculations.

International ýooperation
Applied activities to validate the neutronic
characteristics of foreign PWR projects.

personaýties

з.1. NдтIоNдL RЕSЕдRсн CENTER "KURCHATO,I/ INSTITUTE,

YURY SE1\{CHENKOV
Actiпg Director of the WER Dераrtmепt

SERGEYGRADSKOV
Director of tlle Ехреriпlепtаl Facilities
Departпeпt

V-] 000 core

ýl[ :tin реrt'о rralrlrce
of the \LIStX} critical lacilitv

Rated роwег.. ......,0.2 kW

Fuе1 ............... ..,.........UO.

Enrichmelrt iп rr5U ............ .... Up to 4.4%

Moderator..,... ..........,....Distilled u,ater or

solution ofboric acid

Reflector........ ...............Distilled wаtеr оr

solution ofboric acid

Тhеrmаl neutlon flux. max.........................5,107 сm ],s 1

|-]000 critic:al asseпbly tооtп

V- l 000 r:опtrоl рапеl
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3.1. NATI'NAL RESEARCн сЕNrлл "KURCндтоI/ INSTIT{,]тЕ"

CRITICAL tAClLITY KVANT

Critical facility Kvant а uranium-water

,""Бр-r"tур" - is intended fоr experimental

;йi;, Ьгtb"ЪЪ,rt опiс characteristics of water-

moderated reactors and their cores as well as

ihe radiation tTansport, The facility rеасhеd first

criticality оп Мау 20, 1990,

In 2006, the faciliý was upgraded, with. the

;;;ЙЪ"".d retrofitted and the data acquisition

and display system modified, Preparati9.ns foJ,1]:

further-upgrades аrе in progress, 1'he operattng

period of Йе facility is not specified,

critical facility kvant is designed for_ te.sts of

соrеs fоr various propulsion rеасtоr Гacilities,

ii^i, Л' for testing and adjusting standard

irrй*"ntution channels with the use of an

irrr*й*r"riоп channel certified in terms of

пеutrоп flux.

Main аrеаý of studies

Tests of fuel elements and fuel assemblies for

propulsion reactors ofa new generation;

tests and adjustment of instrumentation

сhЙеls and chambers designed fоr propulsion

rеасtоrS;

tests of radiation shields fоr propulsion

reactors;

studies of the impact made Ьу neutron and

gamma-radiation on electronic components,

Д riеt ql lhe Кчопl Ja(Ill .

Main реrfоrmапсе
of the itvant faciliý

Тhеrmаl роwеr, max, "" ...1kW

Water

Water

AtmospheTic

Ambient
tempelature .......

Тhеrmаl neutron flux, mах, 5,10'0cm],sl

CRITICAL FACILITY SK_tlZ

Critical facility SK-fiz - а water-water power

Й"r". prototype - is designed for experiments

i"-rroy the pbysical characteristics of inserts

lмltb йчu"""а n "t 
of water-water reactors

;i";' out experimental procedures Its first

.rlii"urity was attained on June 25,199'l,

The facility is а stainless steel tankwhich is filled

;;;-ЙЙ"пts with distilled water or boric acid

solutibn with boron concentration up to 15 g/kg,

il;;;рЫ tank of the critical assembly has the

volume of 8.5 mз.

Маiп реrformапсе
of the SK-nz lacility

Роwеr, nominal ......"""", " " """,0,6 kW

Moderator.............. Distilled wateT or Ьоriс acid solution

Enrichment in 235U """""" ",lJp to 4,4 %

Thermal neutron flux, max"""""""""""" 1,1011 cm-2,г1

Number of CP S mеmЬеrs " " " " " " " " " " " " " " " " " " " " " 
"21

UO.

view of the KvaпtJacilitv^
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з.1. NATI)NAL RESEARCH CENTER "KURCHATOL. INSTITUTE

Main аrеаs of studies:

experimental research into the neutronic
characteristics of the RP-50 critical assembly
to сопfirm the selected parameters of the space

nuclear power system and the PRU experimental
rеасtоr;

reactor nuclear safety analysis;

validation of the radiation situation and

determination ,of the radiation protection
parameters;

certification of software systems and their
applied uses in the given rеаlm of knowledge.

А key task is experimental research on а

neutronic prototype at the critical facility. These

activities include:

. an integrated rеsеаrсh into the neutronic
characteristics of the critical assembly with а

zirconium-hydride moderator;

. development of physical weighing
procedures for the acceptance of the mаjоr PRU
ieactor components (CPS control drums and

safety rоds);

. acceptance of the pRu reactor's mаjоr

components for пuсlеаr power tests;

. simulation of the neutronic characteristics of
the PRU With TIC simulators;

. research into the neutronic characteristics
of the simulator assembly, and experimental
demonstration of the PRU representativeness

with respect to the standard RP-50 item;

. facility-based supervision of the PRU using

the critical assembly.


