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core neutron fields superposition in the space;
possibility of system control Ьу control elements
housed in one оr in both cores; possibility of
generating fission pulses with the Same роWеr
density and different half-widths.

BARS-4 and BARS-S two-core pulse rеасtоrs
wеrе designed for irradiating large-sized
samples Ьу а high power short-time neutron
pulse. They were developed at the same time
and had the same cores. They differed in CPS
design and authorized operation modes.

BARS-4 rеасtоr was handed очеr to MTsRI
(now NIIP, Lytkarino) iп \9'79.

BARS-6 pulse reactorwas manufactured at IPPE
(Obninsk) as per the design documents handed
очеr from VNIITF. The reactor can operate
along with another subcritical unit, i.e. reactor-

multiplier. As а result of neutron interaction the

subcritical unit becomes third full-fledged core.

At the moment \/NIIТF operates 5 rеsеаrсh

пuсlеаr facilities, namely: 4 research reactors

and one critical facility:

BARS-5+RLrN-2 complex (V-generation
self-quenching fast atomic rеасtоr with II-

generation reactor-multiplier) ;

EBR-L RR (experimental fast reactor-laser);

IGRIK RR (test complex'pulse homogenous
rеасtоr);

YAGUAR RR (nuclear homogenous uranium
aperiodic rеасtоr);

FKBN-2 СF (Il-generation fast neutron pile).

10.00* *

4.00**

сF

* As of2012
** uпder slalic сопditiопs

\ST
Nг}

BARS-5 RR is two-core fast aperiodic self,
quenching pulse reactor designed for irradiating
large-sized samples Ьу а high power short-time
neutron pulse.

The rеасtоr was commissioned in 1986 as

extended neutron source.

In fact, the reactor facility consists of two BARS
pulse rеасtоrs combined Ьу shared mechanical
test bench, which makes it possible to change
the distance between their centerlines from 33 to

150 сm, and CPS. Each соrе has its own neutron

source, remote control mechanism for loading
test samples into the central experimenta1
channel, а set of neutron detectors and control
elements, reactivity maTgin of which makes

it possible to rеасh criticality in the соrе and
generate pulses. BARS-S reactor can Ье operated

with one of three core configurations differing
in сепtrаl channel dimensions and the number
of parts made of fissionable material. The most
usable (main) соrе configuration has а central

RR

RR

BARS-5

iGRIK

EBR-L

YAGUAR

FKBN-2
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reactor and irradiation samples installed near the
reactor. The rеасtоr is controlled frоm the control
rооm in the building which is 400 m apart from
the reactor hall.

Fission pulse is generated, ifthe rеасtоr is located
in the centre ofthe hall at the table with irradiation
samples. After the pulse has been generated the
test bench with rеасtоr recoils to the wall, whеrе
the cores are covered with radiation shielding.
Thanks to this а gamma dose rаtе is not as high
as it is in the vicinity of the table with samples
and rеасtоr. So,'_ access to the reactor hall for
handling irradiated samples and maintaining the
reactor is permitted almost immediately after
fission pulse has been generated.

То enlarge its capacities to irTadiate 1аrgе
samples the RUN reactor-multiplier was added
to BARS-S rеасtоr. BARS-S+RLIN соmрlех is а
rеасtоr system with thrее neutron coupled cores
separated frоm each other in the space.

BARS-S+RUN state-of-the-art complex reached
first criticality in January, 1994 and was
commissioned in June, 1994.

RlлN consists of а mechanical test bench,
unmovable upper and mочаЬlе lower units,
mechanisms for verlical and horizontal transfer
of а lower unit, CPS.

In conducting а11 the соmрlех neutronics
studies BARS-5 rеасtоr was used in unchanged
configuration with similar cores. Distance
between the rеасtоr cores remained constant
during all tests. BARS-5 rеасtоr was operated in
the way that соrе powers were equal.

Matrix arTangement of the соrе consisting of а
large пumЬеr of similar active elements (up to
60) is а salient feature of RUN design. Active
element has а cylindrical shape. RIIN matrix is
а 22 cm-long stainless steel суliпdец with walk-
through channel, which is cut along а horizontal
сепtеr plane into two similar semi-cylinders (the
upper one and the lower one).

ВАRS-S+RIЛ{ complex can also Ье used in
irradiation studies as gаmmа source. Fоr this,
n-T-converter which consists of plates made of
homogenous polyethylene-europium mixture
is placed into the RUN central experimental
channel. Other сопчеrtоr configurations wеrе
also studied.

BARS-5+RLIN complex makes it possible to
conduct а wide range of radiation resistance
studies of large (up to 25 cm in diameter) samples

BARS-5 reactor hall

*Ь"W;
,*

,ж.
i Tj.]i..

Gепеrаl r,lerг ol'B.,1RS-_5+ RL,N-2 сопрlех

В ARS- 5 + R L| l\ - 2 l сt.ч out :

1, 2 В.4RS-5 coizs., З, 1- RUN ttpper апd loyrer sес,tiсlпs

with controllable neutron fluence throughout the
sample volume. Neutron fluence in the centre of
the channel is up to -'7,|0|4 cm-2, and close to its
surface - up to -1015 сm-2.

Radiation analysis laboratory functions on the
basis of BARS-S rеасtоr. Reactor channel is а
class 2 neutron field rеfеrепсе sample.
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IGRIK RR is а homogenous pulse reactor with
а Solution соrе.

IGRIK rеасtоr was commissioned in the static
mode for the first time in Маrсh, 1975, the first
fission pulse was obtained in September,1975.
Iп |916IGRIK reactor was commissioned.

Initially, IGRIKreactor as powerful gаmmа- and
neutron source was а part of the test соmрlех
which was used for studying nuclear effects
on rrarious devices, then rеасtоr was operated
independently.

The reactor includes а соrе vessel with
mechanism for control elements - pulse rods
with neutron absorbers; test bench consisting оf
support plate and observation deck, which аrе
designed for holding the core vessel; process
equipment used for fuel preparation, storage and
supply to the соrе vessel; control rооm.

The rеасtоr is installed in the rеасtоr hall,
9х9х8 m, with heavy concrete walls which
protect personnel frоm gаmmа and neutron
irradiation. Thickness of outer walls of the
reactor hall housing IGRIK and YAGUAR
rеасtоrs is 1.5 m, and thickness of inner wall
separating these rеасtоrs frоm each other is
3 m. Reactor control rооm is in another building.

The bulk of process equipment is housed in а
sump in the concrete bottom under the reactor
test bench. Reactor sump walls are lined with
stainless steel. The rеасtоr sump has concrete
wells housing main and auxiliary reservoirs -
liquid fuel storages. This sump also houses а
sealed dosing pump which supplies the solution
to the соrе vessel and control shutoff valves.
Frоm the top, the rеасtоr sump is covered with
30-cm thick steel plates which selve as radiation
shielding.

Two ways of inserling reactivity has been
fulfilled at IGRIK reactor:

pulse rods аrе fully rеmочеd frоm the core.
At that, excessive reactiviф is controlled Ьу
changing solution volume in the соrе;

fission pulses are generated at constant
solution чоlumе in the vessel. In this case
excessive reactivity is controlled Ьу limiting the
level of pulse rod rеmочаl frоm the соrе.

Fuel .............. .................... UO.SO1+lIrO

Епriсhmепt iп ]rjU ............ .,..,......... 90 %

Соrе r,olume ..............54 l

NumЬег of fissions реr pr.rlse ......2.0,10r8

Total power density реr pulse ...................,,...........60 M.I

Specific роwеr density iп the solrrtion 1.1 МJЛ

Minimurr-r pulse width.... .........,..,..2.5 ms

Neutron ffuence in tlre сепtrаl сhаппеl........ 1.1 , 10r5 cm ]

Neutron fltlence in the lead

shielding lvindow........,. ,.,...2.2 10L4 сm-]

Gаmmа dose rate in the centra1

channel (in wаtеr) 1.З 10а Gy

Gаmmа dose rate irr the lead shielding
r.vindorv (in ,,vater)....... l50 Gy

Using а dosing pump the solution is supplied
from the storage cylinder to the соrе vessel
immediately before pulse generation. Pulse is
generated in the absence of personnel in the
rеасtоr hall. Right after operation is completed
the solution is drained to the storage cylinder.
Device for cooling solution between fission
pulses is mounted on the outer surface of the
main storage reservoir. Water in this device
circulates around а closed loop.
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Radiation resistance studies of electronics
and its hаrdwаrе components.

Study of thеrmаl, physical and mechanical
properties of fi ssionable materials.

Neutronic studies of systems whеrе

fissionable material solutions аrе applied.

About 1700 pulses have been generated and 300

startups have been реrfотmеd in the static mode

at the rеасtоr during its operation.

It is planned to modernize all rеасtоr systems

and develop IGRIK-2 rеасtоr with extended

experimental capabilities on its basis.

La.t,ottt of сопl'еrtеrs fu IGR]K t:епtrаl сhаппеl"
l core чеssеl. 2 L,ol1l,et,ter

EBR-L rеsеаrсh reactor, experimental fast

reactor-laser, is а fast pulse rеасtоr with (U+Mo)

metal fuel. Reactor is fast aperiodic self-
quenching pulse rеасtоr designed for studying

пuсlеаr pumped lаsегs.

Fоr these purposes, EBR-200M rеасtоr was

modernized in the following way. Horizontal
walk-thTough channel which goes through the

central copper rеflесtоr was developed. EBR-L
rеасtоr reached critical state with delayed

neutrons in Маrсh, 1981 and was commissioned
in the same year.

EBR-L rеасtоr-lаsеr is housed in the reactor hall
with dimensions of |2х|2хб m.

The соrе consists of two hemispheric assemblies

made of uranium-based alloy (enriched to 90%

uranium atd ЗО/о of molybdenum) surrounded

with the сорреr reflector.

qf
Maximum пumЬеr of fissions per pulse

Rated пumЬеr of fissions реr рulsе

Minimum pulse time, ps

п_й

Viey, ol' EB]]-L reactot

- 
Ро!чеthчlепе ttпit iп сас!пlittm саsiпg; ct poli,shed аltплliпuпl саsiпg is tпсlttпlеd оп lhe iппеr sш-fасе rlJ'the сhаппеl

EBR_L PULSE REACTOR-LASER

EBR-L main реrfоrmапсs

1 .5 . 1017

140

Maximum соrе tempeIatule, ОС 450

Neutron fluence in the central channel, сm-2 5.8,101З (thеrmаl)
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produce gаugе pressure а mеmЬrапе рumр and

Ъуliпdеr Тот press,rrired air аrе provided in the

process system.

Closed loop process cycle is provided Ьу а

regeneration system forwater radiolysis products

generated in rеасtоr operation, То_ 1e_Belelate
Бхрlоsiче mixture а spark igпitец which ignites

thЁ mixture directly within the vessel, was

included in the gas pipeline, Generated water

goes to the storage cylinder and mixes with the

solution.

Reactor control rооm and automated fission

pulse data recording system аrе housed in а

separate building.

While generating а fission pulse the control

system bd uir-porered drives simultaneously

Йоч. two ро1." rods using the special

connection circuits for electrical and pneumatic

valves which аrе envisaged in an air-powered

drive system. The drives аrе designed to provide

the possibility to move rods independently from

each other.

Fuel composition of YAGUAR соrе is highly

concentraied urапуl sulphate solution in light

water with small content of cadmium salt, Соrе

vessel is designed to make it possible for fuel

solution to flЙ both vertically and horizontally

during а fission pulse. It allowed inertial pressure

to Ье reduced in the fuel down to а tolerable

level and а fission pulse which is the longest-

lived one fоr solution systems to Ье obtained (its

half-width саmе to - 700 ps).

When YAGUAR reactor reached first criticality

in 1990 the following parameters were specified:

- роwеr density in the fuel solution and

nobalization oflcontrol equipment in tetms of
this value;

- neutron enefgy spectra and 3-D fluence

distribution in the areas designed for housing

irTadiation samples;

- fluence energy Spectra and 3-D distribution of
gamma-quannm dose rates around the rеасtоr

and gamma-irTadiator.

'IЪ,GUАR experimsntfll
capabilities
The main experimental facility is the central

experimental Ъhаппеl, а|44mm, which walks

tЙugh the соrе and goes as а 2,5 m-deep well
into the сопсrеtе bottom ofthe rеасtоr,

Gепеrаl чiе\| ф'УАGUАR

YАGUАR main реrfоrmапсе

Fuе1 Uo2So4+H2o+cdso4

Соrе чоlumе....., 381

NumЬеr of fissions per pulse"""", 1,0,1018

Total power density per pulse """"""""""""""""З2 MJ

Specific power density in the solution 0,85 МJЛ

Minimum pulse width """""""""720 ps

Neutron fluence in the experimental

channel ........ 1.2,10r5 cm]

Gamma-quantum dose rate rn

the expe.bental channel (in wateT) 0,8,10З Gy

Maximum power in the static mode """"""""""",4 kW

Use of activated fuel solution as delayed gamma

sоurсе tumed out to Ье beneficial, Fоr this, а

radiation loop (gamma-irradiator) was added to

the rеасtоr process system,

The gamma-irradiator consists of four (-5 cm-

rhickj identical flat reservoirs-modules, each of

whicir is parallelepiped with очеrа1l dimensions

of 54.0х54.0х5.0 cm.

Inner volume of the module which can Ье filled

With fuel solution is -10 l. Thickness of solution

flat lауеr is 4 cm; its width and length are 50 сm

each. ihe module consists of two parts, each one

being milled frоm solid titanium plate, It has Ьох

shарЪ with 0.5 cm-thick bottom, side walls and

reinforcing ribs between them, TWo such boxes

u.. .onrr.it"d to each other and welded along

the реrimеtец that generates а parallelepiped

lмirb ioo", сhаmЬеr. Such а design has required

^\iмч, _t* 1

*=,_*",,,*

чiе\| ф'УАGUАR



S,D|J|ll:i) a8DJo!S 9 ;|.йрl!ц,() aBD,!OtS

/Ь 8чrylаtцs LtotlDlpD.l _с .'1а,r,rrа э.кD aL|! о/ uorlr11os |\'ld(Л19

ot аЙd 2 :s,l,Kltlt[tt"^ { :чоllпlоS !апf' a ;lэ\,Sэ1 ),к);) r
:!LllLudlпba s,s,aэolr{ s]t 1lutэ ,toDDaJ lra]r|,.l /Ь lllob1

(а 1 
t1 t u t t1 1 1 1э ll o,tt1 s Б tt t lCt.t п l - ptэ о 1 

.t tэ ч tt t 6
;laLllrDL!) ]DlltэLLLLladIa lDJ!Lr;]) 8 :asD) 8L!l,\.r-rD)-pnol l
:е3чпg| Бtttl.to|ulel 9 :аlпtlrluп с :l,po,r aS!]ld t :Бt{Iпаlцl
1пэtВоlоtq роа7 ; ;ашlайd utп.tp a !S.!эч,lоSqDl)оц\, t

.),к),) [raэf,\

rэрull{э
э8вJоlS в о1 >IэBq SоIпоэ uollnlos эч1 рэSп SI

JоlвIр€лI-вIпtпвЗ эJэч,ц'slло,4А Jo uоI}эIdшоэ
Jэцч ,Suolllpuoэ }Sэ1 uollslp€лI uо Зulрuэdэр
JэрuIIfс э8еJоlS Jo IэSSэ,\ эч1 ul рэIоос uээq
Sвч uoI}nIoS эч} Jэцв Jo эSInd эч1 Jэце Sэ}пuIш
л\эJ е SэFроIII Jо}еIрешI-ешшеЗ Jo SJэqIuечс
эч1 о} рэцddпS эq uес uoI}nIoS uоц€IрQ{

,rucýxQQIxQOI 'эuо }вЕ эч1 puв 'шс 0ýхOýхOý
.;оlеtрвлt-вtпше8 

рэdвчsJIэ.ц с-€ эJэ,ц
SJo}BIp€лI-Btпtu€8 эIqBSn 1SOIIJ эчJ ,sэInроrц эч1

Jo uolllsod элI}€IэJ в 8ul8uеqэ .,{q рээпро.rd эrе
suol}€Jn8guoэ эсJпоS шп]u€пЬ-€IIJIuв8 SnoIJBл

,€dW 
ý о1 dnJo эJпSSэJd

JэuuI Sрuеlsч}lлА 1l iфtрtЗш puв SSэu1чЗIDIвэI

,t?put!,r') sп3 у7 ;dtuпd
эLID.IqLu)Ltt ;7 ;пl1! Бuttltэa1;l ,,оts a [ ;э).lпоS L{(l.!]пэLr t I
,'lassal a.to) г)[ ;аJф б ;alt.tp ВLtцlпо1 aldtuпs g :uoЦtsod
uor|1tpD.lJl ш аlduпэs 1 :prэ.t as,lttd .talo1 9 ;1lol as,pld
,tасlrlп _с ;)1l,rp ц|1,1| 3utцattls uollDlpn,l 2 ;,taltu8t l1,tпds г
,'s./os,rla, a,пtssald a ;LюIllllos, ptlf F}utloцs .!of s.Dlэч111' r

. tuaL slG s s. э.эо.td у 7 i1 97 t

n,r1o^ 1rr,.uou, - у\
;еlрд раtор illntulou ж

;е.\|)л paLlado ч|DLUJоu х

uоJJYэu эS,l:ld D \ I н JNэп0-1lз S JIсIоIuаdV нч п DVл

?

LLto о,! | O,!t чо.) Е rл, r,\



3.10.RUss1'{NFлDERALNl-iCLEдRCENTERALL-RL,ss/lл'sClДNTIFlCRESEARCH
iiiTi|uTТ ог тЪснхlс,чr FiyslCS псlmеd afler E.I. Zababaklliп (I/NIIтF)

3-D gatпtll а, iп,аdi clor

Development, modernization, study of

реrfоrmапсеS, commiSSioning, ореrаtiоп and

decomrr.issioning of solution-type rеsеаrсh

reactorS.

Radiation resistance studies of electronics

and its hаrdwаrе components during irradiation

teStS.

Study of thermal, physical and mechanical

properties of fi ssionable materials,

-F' lat gа tпl11 a-ir г а d ial оr

Neutronic studies of systems where

fissionable material solutions аrе studied,

Basic studies of nuclear and elementary

particle physics.
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FBKN-2 critical facility (СF) was designed

and manufactured with respect to state-of-the-

all organizational and technical choices using

modern electronic and hardware components,

FKBN-2 СF rеасhеd first criticality in ОсtоЬец

2000.

The first facility fоr measuring critical mass -
fast neutron pile (FKBN) was commissioned

at VNIIТF in Маrсh, 1958. In 1970, it was

modernized during its transfer to а new building,

This faciliý was named FKBN-M and operated

up to the end of 1998, when it was fully wom

out.

Ву еаrlу 2000 а new СF named FKBN-2 was

mапufасtцrеd fоr critical mass measuIements, It

differed frоm FKBN-M in the following:

enhanced mechanical precision in

manufacturing СF parts and units;

automation and computerization of neutron

flux recording system Ьу logging and saving

measurement protocol on а magnetic caкier;

Gепеrаl viaп of FКВN-2 CF

computer-aided audio and video surveillance

of аssеЙЬliпg and data logging on а magnetic

саrriеr.

In addition, all the machine units and hardware

included in the facility set were qualified,

Building, control rооm and test hall аrе equipped

with the state-of-the-afi security means,
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FКВN-М modernization was aimed at 
increasing its reliability and safety of conducted 
works, enhancing accuracy and repeatability of 
results of criticality tests, replacing wom-out 
and obsolete equipment. 

CF mechanisms were replaced Ьу the new ones 
with а better movaЬ\e part centering mechanism 
design. Electronic equipшent was also replaced 
Ьу the new one which used up-to-date electronics 
and hardware components as well as contactless 
autoшatic control and protection circuits. The 
main focus was on introduction of systems 
enhancing safety during nuclear hazardous 
works. 

Among theш are: 

- system which monitors personnel access to
the reactor hall and шakes it iшpossiЬ\e for one
worker to сапу out operations in the hall;

- automatic system for measuring neutron
multiplication coefficient and power;

- system which p1·ohiЬits assemЫing of
шultiplying system if neutron multiplication
coefficient exceeds 30;

- system which prohiЬits operation of the
facility in the static mode if core power is more
than 100 W;

- automatic systeш which records multiplying
systeш assemЬ\y process.

The facility was modemized at the design stage 
in three main areas, namely: modernization of 
electromechanica] test bench, recording system 
and CPS. 

То install FKBN-2 СТВ а new foundation bed 
was constructed in the test hall. 

As of now, FКВN-2 СТВ includes 5 sets of parts 
made of fissionaЬ\e materials. Sets 1-4 consist 
of heшispherical layers which, when assemЬ\ed, 
foпn spherical systems made of HEU and Pu. 
Set 5 (ROMB) involves HEU and Pu disks as 

AssemЬ/ing ofmultiplying system at FКВN-2 

CRПJCAL TEST BENCH - FBКN-2 FAST NEUTRON PILE 

FКВN-2 CF main performance 

AllowaЫe роwег in the static mode ...................... 100 W 

Al1owaЫe temperatшe at the hottest point .......... 100 °С 

Maximнm inpнt electrical power .......................... 15 kW 

Travel of CF movaЫe part at emergency 

discharge (backup discharge) .............................. 10 mm 

Scram rod response time ......................................... 0.2 s 

Maximum load on mechanical test 

bench support ......................................................... 65 kN 

Maximum load on movaЫe part 

ofmechanical test bench .......................................... 5 kN 

Travel speed of movaЫe part 

ofmechanical test bench: 

"fast" .............................. , ............................ 0.5 mm/s 

"average" .................................................... 0.1 mm/s 

"slow" ....................................................... 0.02 mm/s 

Епоr in measurement of clearance 

between movaЫe and fixed parts 

of mechanical test bench ..................................... 0.1 mm 

Maximum trave1 ofmovaЫe part 

ofmechanical test bench .................................... 500 mm 

well as disks and rings шаdе of various non­
fissionaЬ\e materials. 

Main areas of studies 

- Development, шodemization, study of
performances, commissioning, operation and
decommissioning offacilities, critical assemЫies
and research reactors.

- Nuclear physics research at SCF to justify
nuclear safety, specify nuclear physical
constants and verify mathematical models and
calcu lations.

- Deteпnination of physical and radiation
characteristics of nuclear materials and
components of subcritical systems.

Contact person 

,.., ALEXANDER LUКIN 

Head of Division 
Те/. (35146) 5-11-00 
Fax (35146) 5-11-01 
dep5@vniitfn, 


