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З.3. RЕSЕДRСН INSTITUTE OF ДТОМIС RЕДСТОRS

а lls of2012

RlАR's rеýееЕ:ýh rе*еtФý:ý arld *riti*aý f**ilýtiеs

RR Sм-з 100 000.00 1961 In operation 51

RR RBT-6 6 000.00 1975 ln operation -rl

RR MIR.M1 100 000.00 1966 In operation 46

RR RBT_10/2 10 000.00 1 98з In operation 29

RR BoR-60 60 000.00 1 969 In operation 43

RR vK_50 200 000.00 l964 In operation 48

RR MBIR 150 000.00 2019 Planned

сF SM 0.02 1970 In operation 12

сF MIR 0.005 1 966 In operation 46

ýN4-з рRýýýU K",ZED WАтЕR-с{}{}Lгш
WATER_futOD rж"дтг ш кrýгАксh*
RгАстtк
The SM rеsеаrсh rеасtоr is а NlKIET-developed
vessel-type high-flux nuclear reactor with an
intermediate neutron spectrum and а pressurized
water cooled соrе. The rеасtоr achieved first
criticality on 2З.05.1961 and its energy starfup
took рlасе on 15. 10. 1961.

The SM reactor design was the first one to
embody the concept of а high thermal neutron
flux with а hard spectrum in а moderator trap in
the соrе сепtеr.

The rеасtоr is intended for experimental research
in irradiation of rеасtоr material samples in the

given conditions, inyestigation of regularities
in radiation-induced changes in the properties

of materials, and generation of transplutonium
elements and radioactive nuclides оf lighter
elements.

Очеr the years of its operation, the rеасtоr
was retrofitted mоrе than once to expand the

experimentation capabilities and improve the

safety of operation. The core, the reflector
and the reactor main рrосеss systems wеrе
redesigned extensively, including, specifically,
the introduction of X-shaped fuel elements with

trIаiп Ьчiltliпg o.f the SM-3 reactor

Сепtrаl hall o.|'the S14-3 reactor
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Sесtiопаl t:ieyt, of the SM-3
rеасIоr;
] lid;
2 rфtеliпg пlесllапisпt,,
J SlИ-J ye,s,sel,,

1 iпlеl llozzle"
5 oullet поzzlе;
б stпctller ttпlоаdiпg platJbrпt:
7 - shiп rod tube:
8 lоtзеt, ttttlo.tdiпg рlа(Ьгп:
9-FA:
l0 сепП^аl high-flttx cal,ity;
1] benllittпt rеfiесlоr,,
] 2 S;И-2 yesse/,,

1З SM-2 heat shieldiпg;
14 аппчhts сооliпg sуstem iпlеl
поzzlе

1

2

3

4

5

6
7

8
9
10
11

12

А mар of lhe S]|l-З reactor cclre:
] сепlrаl betyllittпt block; 2 belyllitutt iпserls; 3 rфесtоr
Ьец.,lliчпl hlocks: 1 сепlrаl slliп1 пtепЬеr

& ф Сhаппеl аru] its пumьеr

ý shim mеmьеr

* АС workiпg mеmЬеr

ffiл
жl tоrе cell wlth 1-А

|{,,,, ЕРwоrkiпg
|' лпеmЬеr with Ве

"' refiector

Sм-з rеасlоr FA:
] hectd; 2 .jacket:
5 - support gricl: б tail

З spacer grid; 1 rttel еlеlпепts;

FА sесtiопаl yiey,. а tl,pes l апd
3 (188 Jilel еlеmепts); Ь types 2
апd 1 (160./uel eleпlellts): с l!^pe

5 (158;fuel еlеmепts)

А11 FA types hаче standard очеrа11 and
connecting dimensions.

А FА is an integral structure consisting of а
square-shaped shToud of stainless steel (for
FAs of types 1 and 2) or zirconium (for FAs of
tуреs.З, 4 and 5) with the outer dimensions of
69х69 mm, а cylindrical tail and an upper rасk
having а head for transportation. The FА очеrаll
length is 910 mm. The fuel elements are retained
at their tail portions using plate-type spacer
gridS.

The fuel elements have an X-shaped cross-
section. The fuel cladding thickness is 0.15 mm,
and the fuel composition is uranium dioxide
dispersed in а matrix of а сорреr and beryllium
Ьrопzе mixture. The fuel element active height
is З50 mm,

+
S М- 3 retlcto r,|ite l е lеmепt
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J.J. R sдлRсI1IлýтIтUтЕ oF АтоMIс REAстоRS

Main аrеаý of studies

Material sсiепсе - studies into the mechanisms
of radiation damage to existing and futurе
fissionable, structural and аЬsоrЬеr materials.

Isotope рюgrаm
The unique capabilities of the SM-3 rеасtоr have
made it Europe's lead facility in production of
transuranium elements and accumulation of
radionuclides of а high specific activiф.

The following features contribute to this:

there is а 1аrgе number of irradiation positions
in the reflector with а thermal neutron flux range
from 101а to 1.5.1015 cm-2.s-l,

Flolt sheet o.f the llP-1 loopJLlcility:
l loop сhаппеl: 2 iоп-ехсhапgе

.filter; 3 пlr:ftечр pttmps; 1 ejector,,
5 degasфer; б с()пtасt apparatlts;
7 сirсчlсtiоп рчпlр; 8 hectt ехсhсtпgеr

Floy, slteet rtf the trlP--| loop.faciliп:
l lопl, сhаtlпеlх; ) ,,it,cttlatiotl pttпtlls;
З eleclric Jiо,пасе; 1 heal ехсltапgеr,
5 pre,ssLл,izer s_),,stem; б low-lelпpera-
rltre.filler 7 chiller, 8 makettp st:sletп.
9 сооlапt c,hemistt,|: с,опtrrl| с\,stепl

targets can Ье irradiated inside the соrе fuel
bulk, where the share of epithermal and fast
neutrons is great;

there is а neutron trap with an undisfurbed
thеrmаl neutron flux of 5 , 

1 015 cm-2, s-1 in the core
center.

Multistage generation of heavy curium and
californium isotopes has been achieved in
the neutron trap cells and in the two reflector
cells that аrе the nearest to the соrе. Besides,
radionuclides of а high specific activity аrе
accumulated in а broad rапgе (пiсkе1-6З; tin-l13,
- l 1 9m; tungsten- 1 8 8; iron-55, -59; chromium-S 1

and others). Also blanks of irradiation sources
based on selenium-75 and iridium-192 аrе
activated.
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J._j. KESEARCH INSTITUTE ОF АТОЛ,IIС REACTORS

Retrofit of 1965 (iпсIаdiпg сепttаl zQпе
rерlасеmепt)

Major activities:

beryllium metal was adopted for the reflector;

а fuel cladding failure detection system was
put into operationwith individual sampling from
FА in the соrе;

the рrimаry circuit pumps were replaced for
more advanced and reliable ones;

two water loops were united into one low-
tеmреrаfurе loop with its full isolation from the
rеасtоr рrimаry circuit;

а pump was installed to ensure reliable core
cooldown during refueling operations inside the
rеасtоr with а depressurization.

Results:

the reactor was given safety and reliability
operation at 75 MW, with the neutron flux
increased to З.3,1015 cm-2,s-l.

Retrofit of 1974

Major actiyities:

the heat exchangers were replaced for new
ones (of stainless steel);

the emergency соrе cooling system was
upgraded.

Results:

the reactor power was increased to
100 МW with the neutron flux having
reached 5 , 1015 сm-2, s-1.

Retrofit of 1977-1978

Major actiyities:

а new сепtrаl zone was installed;

hydraulic shaping of the соrе cells with the

aid of throttling insefis was introduced;

the electrical components of the main
circulation pumps wеrе upgraded.

Results:

the coolant flow rate was increased frоm
2000 to 2400 mЗh:'

the dryout margin was increased to 1.7.

Major retrofit of 1991-1992

Major actiyities:

а new rеасtоr vessel was manufactured and
installed, with the old vessel converted to the
function of а safeguard vessel that withstands
the рrimаry circuit pressure;

the primary circuit piping was rerouted with
the coolant delivery and discharge arTanged in
the vessel uрреr portion;

the соrе was reconfigured;

the emergency core cooling system was
upgraded using active and passive features;

а computer-based measurement and
computation system for а11 process parameters
WaS Set up;

an additional роwеr source was introduced (а

diesel power station).

Results:

the facility safety was increased;

modem safety requirements were fulfilled;

experimental capabilities were expanded.

Тhеrе was а great deal of experience in
improving different systems and components
and increasing the operating safety gained
during the rеасtоr operation.

Work is continued to give the rеасtоr greater

experimental capabilities. А concept was
developed and is implemented to upgrade
the rеасtоr core, which is aimed рrimаrilу
at enabling long-term irradiations of NPP
material samples, including in large-diameter
instrumented devices, in а hard neutron
spectrum, the damaging speed being up to
15 dpa реr year.

Orderly and task-oriented work to improve
operations and extend the service life of the
reactor facility will make it possible to use the

SM-3 reactor for research applications for at

least 25 years more.
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Rд,rrlRCHINSTITUTE oF AT)MIC REACTORS

The rеасtоr core is accommodated in tank 1,

which is а rectangular double-wall vessel filled
with distilled water. Тhе internal wall of the tank
is of stainless steel and the ехtеrпаl wall is of
саrьоп steel.

The соrе is made up of FAs installed in а support
grid, which represents а welded structure based
on two horizontal plates, in which thеrе are 64
holes forming а square lattice with meshes of
(8х8) spaced at 78 mm.

The gaps Ьеtwеёп the FAs аrе used to insert
the EP-SM controls. The соrе consists of 56
fuel assemblies, б shim mеmЬеrs (SM) and
еmеrgепсу protection (ЕР) members combined
therewith, one arrtomatic power control (АС)
rod and 8 experimental channels with displacers.

The соrе is made up of spent SM-3 FAs Ьurпt
up to 10. ..З0 % (< 4'7 %), and fresh FAs mау Ье

also used.

The enrichment in 2З5U is about -90 ОА, and the
weight of 235U in the fuel element is 5.0+0.1 g.

в.-_.

RBT-6 reaclor taпks:
] reaclor coolatll ottllet pipe; 2 rеасtоr сооlапl itllet pipe,,

З core sLlpport strllclure; 1 Jilel asseпlbl.t, (FА); 5 ЕР-
SM; б mаiп side shieLcliпg; 7 reaclor tапk ]; 8 tапk iпller
sul,face; 9 reactor lапk 2; 10 ovel,flow tube; ]] I,Ьеапt;
12 соппесtiоп; ]3 extra side shieldiпg: 14 loy,er heal
shieldiпg

i .: ", |. *. .,1 :,,. i:'.,, :,, i:.,i.,,l,: :, :, l:

: j: : a_ i:,]_a _j.l.. a:, i -.1',..: :; ..: jj i, i. i i a

Desigr-r thеrmаl роwеr. mах. ................................. б MW

Соrе shape and dimensions...........,............ А rectangular
parallelepiped with

а squale tbundation

of 620х620 mm.

height З50 mm

Core volume.. ......,....132 l

Number of FА cel]s ...,.............,............56

Nuclear fuel*............... .....UO., dispersed
in а mаtriх of copper

and beryllium bronze

Enrichment in r]5U ........... .... Up to 90 %

Coo[ant.......... """", WateT

N4odeTator...... .....,... Water

Reflector........ ......... Wаtеr

Number of CPS mеmЬегs:

еmеIgепсу protection and shim (EP-SM)..........,.....6

automatic controt (АС)... ..,..............1

АЬsоrЬеr .......... Cadmium

Рrimаry coolant flow rаtе......... .600 mr/h

Coolant speed in the соrе.....,.... ...0.9 rn/s

Reactor inlet temperature.

6

5

4
)

2

1

EP-SM

Ng1

Ер SM

NgЗ з

tP:ýM

I,b2

ffilffiffil
ffilffiffil
ffiý:ffi
ýffi.ffi
ыж;ý
жЕ:ж

ý
lж
@
ш

ffi
ffi
ffi
ж
ж
ffi

ffilffill
ffilffi|l

шжl
жffi]
ffiffi
шffi
,ffi,ffil,

l*|ф
rдl
{56)

RВТ-б core пар

Nsб Np5 Np4

tр SM Ер Sti EP,SM
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3.з. RESEARCH ]NSTITUTE oF ATOMIC REACTORS

тhrее vertical channels of the diameter l58 mm
mау Ье installed in the rеасtоr reflector for
silicon doping.

An irradiation device was developed in 2007
fоr radiation coloring of minerals. This mау Ье
placed in the rеасtоr reflector instead оfопе ofthe
thrее large-diameter channels. The aшangement
of the two remaining large-diameter silicon
doping channels is left unchanged.

The "Kotpus" iradiation device is intended
to test vessel steels fоr the VVER and pwR
reactors in environments that simulate, in а
broad range, their operating conditions in terms
of neutron flux and energy spectrum, irradiation
temperature, gradients of these parameters and

раrаmеtеr Ьеhачiогs duri ng орегаtiоп.

The device consists of two раrts, namely: а fixed
part contained in the tank next to the соrе and
а mочаЬlе pafi moved closer to the fixed part
from tank 2 through а connection of the diameter
1000 mm between the tanks. The movable par1

ofthe device is based on а dedicated trоllеу that
travels horizontally on rаil guides.

Main аrеаý of studiss
The reactor is primarily used fоr rеsеаrсh into
the radiation damage mechanisms ofthe existing
and advanced str"uctural and аьsоrьеr materials.

Row 2 of the "Korpus" in,adiation
device

Si doping сhаппеl

Recently:

а great deal of post-irradiation rеsеаrсh
has been performed to investigate the creep
of cladding fubes of the Е110 and ЕбЗ5 alloys
during longitudinal tension and pressure loading;

work has been undefiaken to test the сорреr
alloys used in the ITER project;

vessel steels fоr French роwеr rеасtоrs have
been tested uпdеr а сопtrасt with EdF;

test production of advanced isotopes for
medical applications (59Fе) has been under way;

Nеutrоп fluх (Ф) in the RВЪб
соrе irradiation channels

0.046

Row 1

device

Nеutrсп fl*x {Ф} iп the RВЪб rsflесtоr irradiation сhаппеlý

of thе "Korpus" itTadiation

0.75

test irradiation of minerals hаче Ьееп
conducted as ц"еll as pilot and ехреrimепtаl wоrk
has been uпdеr -,vay to identify the irTadiation
modes fоr radiation coloring of minerals.

.,'] j 1]' : ; l ::: :: ; : : : : :; i,l_ :.] . : ;,i :.. :' ;].i :' : : a a l

Rеsеаrсh is conducted at the RBT-6 rеасtоr as
part of соllаЬоrаtiоп with the IAEA, the USA,
the EU. the ClS and other countries.

1

Gas 6.1 5.6

Water 22 4.2

2
Gas 5.2 5.0

Water 19 3.6

_)

Gas 5.8 5.5

Water 20 4.1

4
Gas 5.5 5.1

Water 2| /1

5

Gas 4.7 4.2

Wаtеr l7.5 з.0

6
Gas з.2 2.8

WateT 11.0 2.0

,7
Gas 1.6 з.,7

Water 16,2 2.4

8
Gas 4.1 3.з

Wаtеr 15.0 2.2
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з.3. RESEARCH INSTIT\ITE оF дтомIс REACTORS

August 19В9 - steel чаlчеs were installed
instead of cast-iron ones as required Ьу PNAE
G-7-008-89 rules for the secondary circuit
valves;

April 2009 - the EP-SM drive control circuit
was updated to enable the control mеmЬеr mоtоr
powff supply circuit disconnection frоm the

rеасtоr control rооm.

In 1991-1992 work was also undertaken during
the SM rеасtоr upgrading to improve the RВЪб
rеасtоr safeф:

instruments wеrе replaced for mоrе advanced

instrumentation, and monitoring lines for the

most impofiant process parameters wеrе backed
up;

the CPS was improved;

the ECCS equipment had its роwеr supply
circuit altered and was additionally connected to

the uninternrptible power supply system;

two diesel power stations were built with а

function of automatic actuation in the event of
offsite роwеr loss;

а gate valve was installed in the рrimаry
circuit line beМeen the heat exchanger and the

rеасtоr pool to cut offthe pool from the рrеssurе
pipeline in the event of the latter's break;

the pool's очеrflоw drain pipe was fitted with
an electrically operated valve to isolate the faulty

length and avoid spontaneous роо1 empфing in

the event of its break within the pool.

Contact реrýоп

SERGEY SAZONTOV
Chief Епgiпееr oJ the SM-3
апd RВТ-б Reactors
Tel. (Е42З5) 6-56-55
]|ах (842з5) 6-55-92
РАL(а),пiiахru

Orderly and task-oriented work on improving
the operations ofthe rеасtоr facility and extend

its service life will make it possible to use the

MIR.MI reactor for rеsеаrсh applications until
approximate|y 2025.

Each FА of the MIR.MI reactor is made of fоur

tuЬulаr fuel elements retained in the upper and

lowerracks. The fuel elements have the thickness
of 2 mm and thTee azimuthally oriented ribs on

their outside throughout the length. The fuel is
uranium dioxide (UOr) with а 90О/о enrichment

in the 2З5U isotope.

MIR.M,| MATER|AL TEST REACTOR
The MIR-M1 material test reactor is а unique
multirole facility used to test structural, fuel and

аЬsоrЬеr materials applied оr considered for use

in nuclear industry.

The MIR.M1 research reactor reached first
criticality оп 24.12.\966 and its епеrgу startup

took place on 11.08.1967. It was in 1968 that

experimental rеsеаrсh activities were launched
at the rеасtоr.

Physically, the MIR.M1 rеасtоr is а

heterogeneous thermal-neutron reactor with а

moderator and а reflector of beryllium metal.

Structurally, it is а channel-type reactor and

is accommodated in а pool with water. It was
such design that allowed combining the best

advantages of the pool-type and channel-type
rеасtоrs.

As part of the retrofit in 1975 the reactor had

six working FAs and four оr five control rods

installed around each ofits 1оор channels. This
made it possible to make all 1оор cells in the

соrе practically equivalent and achieve better

conditions foT individual regulation of test

modes in each of the channels.

MIR, М1 rеасtоr паiп buildiпg



The fuel layer thickness is 0.56 mm. The fuel 
cladding made of the SAV-6 alloy has the 
thickness of 0.72 mm. Each FA contains from 
345 to 350 g of 235U. There is а displacer of the 
diameter 38 mm made of the SAV-6 alloy inside 
the central fuel element. 

Heat is removed from the reactor in two circuits 
and is discharged to the atmosphere through а 
cooling tower. 

The coolant circulation through the FA is 
downward. 

The primary circuit comprises reactor coolant 
pumps, heat exchangers, pressurizers, valves 
and pipelines. It is intended to remove heat from 
the core and transfer it to the recirculating water 
supply system, and to retain the active fluid. 

For the purpose of biological shielding, 

ensuring the safety of underwater maintenance 

� 
Core Ве-Ыосk EP-SMmd 

©J Rejlector Ве-Ь/осk • AC rod

© Loop channel Ве- о Core Be-plug
Ь/осk 

• Working c/10nnel
Rejlector Be-plug 

ф Al-plug 

Loop channel 

• CPS tube 

Extra load channel 

о CPS tube 111ith а plug 

... Jonization c/10mber 

А тар ofthe МJR.Ml 1·еасtог соУе 

MIR.MJ MATERIAL TEST REACTOR 

Main performance 
of the MIR.Ml reactor 

Thermal power, max . ........................................ 100 MW 

Loop channel diameter, max . ............................. 120 mm 

Number of loop channels, max . ................................... 11 

Thermal neutron flux, max ........................ 5 · 1014 cm·2·s·1

Average core bulk power density .................. 0.85 MW/l 

Coolant: .................................................................. Water 

core inlet pressure ...................................... 1.25 МРа 

reactor inlet temperature .......................... 30 . . .  70 °С 

reactor outlet temperature ...................... Up to 98 °С 

Cycle length ............................................. Up to 40 days 

Sectional view ofthe МJR.Ml reactor: 
1 - CPS drive area; 2 - delivery heada system; 3 - reactш 
core; 4 - discharge piping system; 5 - ionization chamber 



З.З. RESEARCH INSTITUTE OF ATOMIC REACTORS

and refueling, improving the rеасtоr facility
safety and confining radioactive emissions
in emergencies, the MIR.MI rеасtоr соrе is
deployed in а water-filled роо1, which is а
component of the reactor pool cooling circuit
(рсс).

The Рсс is intended to rеmоче radiation heat
frоm beryllium blocks, actuators and structural
components of the rеасtоr.

The Рсс coolant flows downward between
the beryllium Ыосks of the core stack and the
CPS tubes, and in process gaps in the reactor
structures.

Experimental capabilities
of the MIR.MI react{}r
The MIR.MI rеасtоr is designed for testing
prototype fuel elements, fuel assemblies and
structural materials of nuclear facilities fоr
different applications operating at different
loads in different environments (gas, water,
liquid metals, organic compounds).

The reactor's major features include 11 in-
соrе experimental 1оор channels, which аrе
connected to independent loop facilities with
different coolant types, fоr tests in different
thеrmаl and hydraulic conditions.

At present time, there аrе 7 1оор facilities in
operation at the MIR.MI rеасtоц with one оr
two loop channels connected to each ofthese.
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З.З. RЕSЕДRСН INSTITUTE OF ATOMIC REACTORS

РVК-1 ýteem-\Mater loop faciliф
Intended for in-pile tests of fuel elements, fuel
assemblies and strucfural materials for water-
cooled nuclear reactors in both modes with and
without coolant boiling. One оr two experimental
loop channels аrе connected to the facility.

Maximum parameters of the РVК-1 facility:

thermal power of the facility - 2000 kW;

thеrmаl роwеr of one channel - 1000 kW;

primary circuit рrеssurе - 17 МРа;

coolant temperature:

о channel inlet - 300 "С;

о channel outlet - 350 'С;
coolant flow rate - up to |6 tlh
in-channel steam quality up to 40 %.

PVK-2 ýtearn-water loop facility
Intended for in-pile tests of fuel elements, fuel
assemblies and structural materials for water-
cooled пuсlеаr rеасtоrs in modes both with and
without coolant boiling. One оr two experimental
in-pile 1оор channels аrе connected to the facility.

Maximum parameters of the РVК-2 facility:

thermal роwеr of the facility - 2500 kW;

thеrmаl роwеr of one channel- 1500 kW;

primary circuit pressure - l8 МРа;

coolant tеmреrаturе:

о channel inlet - З50 "С;

о сhаплеl outlet - 355 "С;

coolant flow rate-up to 16 t/h;

in-channel steam qualiý - up to 40 %.

PVP-1 ýteam loop facility
Intended for service life tests of prototype
fuel elements, fuel assemblies and struсturаl
materials in the loop channel of the rеасtоr
соrе. In the primary coolant circulation pipeline,
slightly superheated steam is generated in а heat
exchanger and used to соо1 the fuel assembly
of the 1оор channel and to transfer heat to the

condenser. One experimental in-pile 1оор

channel is connected to the faciliф.

Maximum раrаmеtеrs of the РVР-2 facility:

FApower- 100 kW;

FA inlet steam temperature - 300 "С;

FА outlet steam tеmреrаturе 5 10 "С;

fuel cladding temperature - 655 'С;

FА outlet coolant рrеssurе.- 6.5 МРа.

PVP-2 ýteam-rvater loop facility
Intended to сапу out serviceability and
feasibiliф studies fоr the соrе components of
advanced роwеr rеасtоrs in а broad temperature
and pressure ranges, including emergency
modes of the fuel element operation. The facility
has three circuits.

Maximum parameters оf the РVР-2 facility's

рrimаry circuit:

channel outlet coolant tеmреrаtцrе 550 "С;

coolant flow rate - up to l0 t/h;

pressure 20 МРа.

PG-l loop facility
Intended for comprehensive sfudies into
the serviceability of fuel elements and fuel
assemblies for advanced gas-cooled power
reactors of the HTGR фре. Heat is removed
Ьу the primary gas coolant and transferred to

the fluid in the heat exchangers of two parallel
cooling system circuits. Frоmthе cooling system,
heat is transferred to the production circuit and

to the recirculating water supply system of the

MIR.M1 rеасtоr faciliý.

Maximum parameters of the PG-l facility's
primary circuit:

channel outlet coolant temperature - 600 "С;

coolant flow rate - 1.3 kg/s;

pressure - 20 МРа.

lVlain аrеаs of studies
Tests of fuel elements and fuel assemblies for
the cores of improved-safety new-generation
reactors in design modes.

Tests of irradiated and unirradiated fuel elements
in conditions that simulate different emergencies.

studies into the behavior of failed irTadiated fuel
elements in steady-state and transient modes.

International coоperation
The MIR.MI rеsеаrсh rеасtоr is used for
rеsеаrсh programs as part of collaboration with
the IAEA and а пumЬеr of countries, including
China and the Republic of Korea.
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3.3. RЕSЕдRсн INSTITUTE оF ATOMIC REACTORS

the test mode regulation in separate channels,
and so harmonize the set of diverse modes. Аftеr
the upgrade, the rеасtоr was fitted with the PV-2
and РVК-2 water loops. Following the launch of
the BOR-60 rеасtоц the sodium-cooled 1оор was
transfotmed into а loop with а high-temperafure
organic coolant.

А loop with а steam-water coolant, indexed
РVР-1, was made operational in l983. This had
parameters close to those of the RBMK rеасtоr
coolant. Two 1оор facilities, the gas-cooled PG-l
facility and the РVР-2 facility with а steam-
water coolant, were put into operation in 1989-
1990. These facilities have additional safety
Ьаrriеrs in the fоrm of leak-tight containments.
This makes the facilities fit fоr conducting
specific experiments on simulating and studying
emergencies with fuel elements in the 1оор

channe1.

Orderly work was саrriеd out to refurbish the
major rеасtоr components and systems:

\992 replacement of the CPS rods;

1995-2002 - phased replacement of the
MIR.M1 rеасtоr beryllium blocks;

2001 application of fire safeф paste to the
KRU-6kW cables;

20022006 partial rерlасеmепt of the
channels for the working FAs;

2003:

о retrofit of the monitoring system for primary
circuit раrаmеtеrs, rеасtоr and working FА
thermal power based on digital hardware;

. replacement of wom out and outdated
instrumentation for monitoring the coolant
flow thTough the supply pipelines, working
channels and extra-load channels of the
MIR.M1 reactor facility, and introduction into
the rеасtоr еmеrgепсу protection system of а
'2 out of 4'majoriý logic to secure against а
flow rаtе reduction in supply pipelines;

. upgrade of the рrimаry circuit heat
exchangers;

2005 - rерlасеmепt of the CPS electronics
for the ASUZ-O9P hаrdwаrе set;

2006:

. upgrade of the РV-1 and РVК-1 LF
process monitoring and automated radiation
monitoring systems;

. uрgrаdе of the rеасtоr coolant pump
independent circuits at the MIR.MI rеасtоr
facility;

о construction of а new nuclear material
storage facility at the MIR.MI rеасtоr;

2007:

. upgrade ofthe automatic chemical control
system for LF primary coolant;

. upgrade of the rеасtоr working FА
emergency cooldown system;

о reinforcement of the physical protection
System.

А review into the state and results of operation
of the major process components and pipelines
demonstrates the feasibility of their further
operation. А рrоgrаm has been developed for the

reactor improvement and service life extension
to 2020. The пеаr-tеrm plans include fuilher
replacement of the соrе and CPS components
and creation of additional safety systems.
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3.з. fuESEARCH ]NSTITUTE оF AToMIC REACTORS

RBT- ] 0/2 rеасlоr pool:
] сепlrаl y,ell: 2 ,serviciпg plat|brm; 3 vепtilаtiоп dttct,,

4 охуgеп activiп dalпper (OAD) surge liпе: 5 ol,erflow lttbe,,

6 pressttre рiреliпе; 7 К-2 yalye; 8 OAD; 9 pool liпiпg;
]0 l-hеаlп; ]] sапd-апd-grачеl soltttioп; ]2 .shieldiпg
сопсrеtе; l3 support .\tl,Ll(,|,L{re; ]1 sчс,tiсlп рфlеliп,,,,
]5 , а56 rcsl пЬе; ]6 OAD раrliliоп; 17 ]2 FА baskets;
]8 dесопlаtпiпаtiоп trеаtmепl hеаdеr

ýxperimental capabilities
of the RВъ10l2
Production of 131I preparation

As stipulated Ьу the RIAR plans for opening
production of lЗ'I-Ьаsеd radionuclide products,
the RBT-IO/2 rеасtоr facility ampoule channels
Wеrе upgraded. In 2000 test irradiation of two
tellurium-dioxide target batches was conducted
in an irradiation device in а flowing ampoule-

фре channel.

Nuclear doping of silicon
Ingots of monocrystalline silicon аrе irTadiated
in the rеасtоr's peripheral channels in а dedicated
experimental device fоr silicon irradiation.
The device is fitted with an electric mоtоr that
ensures reciprocating and rotational movements
of the containerwith samples. These movements,
together with the sample rotation Ьу l80o after
irradiation during а half of the design time, make
it possible to dope samples along the length with
an irregulariф of not mоrе than З...5 %.

Radiation coloring of minerals

А technology for radiation coloring of minerals
was developed and patented fоr the RBT-10/2
reactor facility. At present time, commercial
coloring of minerals is carTied out.

Minerals аrе irradiated in the "Mineral"
experimental device fоr 2...8 days depending on
the rеасtоr power, the fluence preset and the size
of stones.

То RBT,1OI1
primary circuit

Floyychart of lhe RBT- l 0/2 primal), circuil :

1-reaclorpool;2 poolliпеr;3 reaclorcore;4 sttсIiопhеаdеr,5._охl,gепасtililr^dапреr;6 vаlуе"7-сirсulаtiоп
рumр; 8 heat ехсhапgеr; 9 - ioп-exchcttlge colutltпs: ]0, ]] pttпlps; l2 tleutralizatioп tапk" ]3 еmеrgеп(:у сооliпg tапk,'

] 1 dесопtаmiпаtiоп tl,еаlпlепt рi)еliпе
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З.З, RESEARCH INSTITUTE OF ATOMIC RЕДСТОRS

BoR-60 FАSт ERlMENTAL
REACTOR
The BOR-60 reactor facility is а fast-neutron
sodium-cooled reactor facility. This is а
prototype NPP with the роwеr generation of 12
MW. The reactor reached its first criticality оп
30.12.1968 and its energy startup took place on
28.12.1969. The BOR-60 rеасtоr facility systems
were connected to the grid on 28.|2.1910.

The BOR-60 fast-neutron experimental reactor
is а unique multipurpose facility used fоr
tests of structural, fuel and аЬsоrЬеr materials
employed оr to Ье employed in different types
of nuclear reactors, including fusion reactors.
Additionally, tests of separate parts fоr fast
reactor circuit components аrе conducted.

Reactor material test рrоgrаms extend across the
spectrum of reactor types in existence or under
development frоm fast rеасtоrs (BN-800, BN-1200,
BREST, SVBR) and thermal leactors (AES-2006,
VVER-I500, GЪМНR, HTGR) to fusion reactors
(ITER) and special-purpose rеасtоrs.

Scheduled and purposeful activities undertaken
fоr improving components, systems and
processes under the reactor facility service life
extension рrоgrаm make it possible to ореrаtе
the BOR-60 for rеsеаrсh pulposes until 2015.

Itý*iп реrfФrffiаý**
*f tfue жФR-SФ rее*tФr

Тhеrmаl power, mах. ..........60 MW
Electric роwеr............. 12 MW

Fast neutron flux, mах........ 3.7.10r-' cm-r.s,

Average neutron епеIgу............ . З80 keV

Bulk iп-соrе thermal power density. 1100 kWЛ

Linear thermal rating
оп the fuel surface, mах.. ......................,......... 450 Wcm
Damaging dose accumulation rate......Up to 25 dpa/year

Coo1ant:.......... ..... Sodiurl

flow late through the reactor...... 1 l00 m]/h

rеасtоr inlet temperatule.... Up to 360'С
rеасtоr outlet temperature.... Up to 530 'С

Reactor coolant prrmp discharge pressure........ 0.55 МРа

Microcycle length ............. 90... l20 days

lnterval between microcycles .,... 45 days

Ехр

The BOR-60 rеасtоr faciliф has а two-loop
thTee-circuit system for heat rеmочаl frоm the
rеасtоr. Sodium is used as the primary and the
secondary coolants. The tertiary circuit uses
а steam-water coolant and comprises steam
generators, а turbine generator and а district
heating plant.

The primary circuit is intended fоr rеmочаl
of heat from the reactor and its trапsfеr to the
secondary circuit in the intermediate heat
exchangers. The circuit has two symmetrical
loops connected to the rеасtоr vessel. Each 1оор
Iemoves from the reactor 50% of its роwеr.

In the event ofa defect in one loop, the rеасtоr is
sсrаmmеd, and the faulted 1оор is isolated with

ВОR-б0 сепlrаl rоопl, Rфеliпg пlacllitle

BOR-60 сопtrоl rооlп

BOR-60 bttildiпg
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З.з. RЕSЕдRСН INSTITUTE OF ATO\,LIC REACTORS

Ехреrimепtаl capabilities
Fоr experiments the rеасtоr offers:

an experimental се11, where instrumented
fuel and material test assemblies оr independent
loops аrе installed, enabling data acquisition
during irradiation;

а capability for the simultaneous insertion
of up to 12 irradiation devices with structural
materials in the rеасtоr соrе. Number of
experimental FAs with advanced fuel
compositions and irradiation devices with
structural materials in the side screen is
practically not regulated;

9 "dry" vertical channels behind the reactor
vessel of the diameter 90 and 200 mm and of the

height 7 m, with the neutron flux of 101З cm-2,s-1,

2 horizontal channels ofthe diameter 300 mm
(1 tangential channel and 1 central channel)
behind the reactor vessel with the neutron flux
of 9, 1010 cm-2,s-1;

а capability for testing prototypes of sodium-
cooled circuit components and the diagnostic
and protection systems in the facility's рrimаrу
and secondary circuits.

The BOR-60 rеасtоr facility operates in an

integration with the material test laboratory and
а pilot faciliф for fabrication and processing of
nuclear fuel.

The research results obtained have been used to
verifl, and certify the JAR-FR and MCU-RFFI/A
neutronic codes and the DINBOR code for

Sесliопаl чiеу, oJ'the ВОR-б0 reactor:
l iпlet поzzlе; 2 IIР сhаtпЬеr: 3 barrel: 4 therпal апd

пеL]llоп рr{)tес!iоп сlf tlle reac:lclr vessel; 5 safegttard vessel,,

6 otttler пozzle; 7 Sttpporl flaltge" 8 sпlaller ,61gп, plLtg,,

9 lttrger rolary plug; l0 - support .t'laltge: 11 reftteliпg
сhаппеl; ]2 CPS driye; ]3 с:rл,е апсl side sсrееп ttssemblies

В () R- 6 0 l ll е rпl а l cl i agr аm -,

] rectclor,. 2, 5, 7, ]] primarv atlcl sec,oпdatl,circuit рчпlрs; З, l0 iпlеrmеdiаlе heal

exchallgers; 4,8 Sleatllgetleralcл,s: б tlirheclexchaпger; 9 tш,bille; I2 heatitlgullit

,l t t l,



009z о1 dn000I" 00,sdool эйl-эlпоdшв 1uэрuэdэрu1

006",0ý9(uоqd.(sоuпэql) эdtd 1вэq qlTM

699 оl d1эlпsdес cluoc ч1l.ц

009",00йэJLI€1slsэJ 1вэq рэlеlп3э: tlttM

se8 цэul Jo Iзlеш рцЬц qrlм 'рэzuпssаJd

00z",00I009",0ý,(tтэls3uп1 :rаlвэq) uоIlээлuоэ чlt.ц

009€",00ýZ661 ol d1('оп % 66 :rэlвэq) yд pJ€puels uo рэsвq

000Z, 
, ,000 

I00l",009('оп % 96).rэlеэq рэlэпJ чlLе\

00Z",00I00ý",0ý,(uэls8uщ) Jэ}ееч сцl?1эш чlLц

000€",000z0S€",00Е]э]€эq 1почll.ц

ý*ýýýар Еý*g}ýёржяJ! se ý}{iýЕý"ýеJ"Еаd

,Sшэ1S,(S ctlsou8etp puв uol}cэdsul

}uэuоdluоэ рu€ эJоэ JоlсвэJ рu€ S}uэIцп4SuI

'sэ;прэсо;d зо 3ul}sэ1 рuв 1uэtudоlэ,л,эр

isluэuоdruос Jэч}о рu€ sJоlеJэuэ8 ruеэlsзо sцеd

рuв sIэрош эI€эs-э8J€I рэсuвлр€ Jo slsэl

i.,{1qruэssв рIэIчs эрIs эчlJо рвэlsul Jo
SY{Jо рвэlSш эJоэ эч1 оlш рэп€lSuI SJэqJoSpB

}свdшоэ 8utsn sэrlr.rndrut э,л,rlэеоtрвJ Jo Iе,\о[UэJ
JoJ luЕIооэ frвrцlлd Jоlс€эJ эч1 Jo }uэuцвэ4

lsrоlэеэr uо4пэu-ls€J JoJ эрIqJвэ uoJoq

рэ}есIJqвJэJJо эрвш SpoJ SdэJо эJц ээIлJэS эч1

э}ерцвл о} sler;olem 8utulвluoc-uoJoqJo s}sэ1

lsluэurэlэ Iэrц Jо}сеэJ uflлS
puв g6E-Co-JSEmfl эч} Jo slsэ1 эltd-ut

:u8lsэр Jарuп rо uорвrаdо u;
sJo}f,sal до sаdф }uаJаJJIр лоg цsflвuв фадв5

,PDcsr 
рuе JS6BJo uоIl€JэuэЗ

:uo11onpord apIIJnuoIpBlI

,(sэрt.цruоq.rвс'sэрrq;еэ'sэршltu

'sэlпlхttп эplxolp ruпшоlпld рuе IпnIu€Jn

'sfоце Jz-nd-n) sэt8оlоutlсэ1 uoI}ecIJq€J рuе
sэd,ф 1эщi рэсu€лр€ Jo uollвpцe,t эltd-ut

1(sэsор
3ur3ешвр q8rq.rэdns puB dп-шпq q8rq.rэdns

Jo luэIuэлэIqэе) sэроru 8utlв.lэdо э}вIпIIIп uI

flцrqвэсr,л,rэs 1uэшэIэ Iэrц эч} ;о fpnls

isэlоэ 8utрээJq IцпIJоч} JoJ sluэtuэIэ Iэц
1o1rd рuв suol}Isodmoc Iэц Jo slsэ1 эlld-ut

isэпЬшqээ1
8urssэсоrd 1эщ f-lp uо рэsвq эlэ,(с 1эrц эql
8utsolc зо ,фrltqlsвэз эч1 Jo uоI1€4suошэр -

q3по_тq1-.моg'рэztmssэ;d-uоц

эр lullc€ Joullu эч},", ;Ж:]: J#;Tff#frX]
IэnJJo slээdsв 1есr3оlоuqсэ1 эч1 оlщ чсJ€эsэJ

lruntuolnld эрвr8-suоdеэлr
8utrппq лоз фцrqrssоd эq1 зо uоI}€4suошэр -

isuotltpuoc .(эuа8лэrцэ

pue }uэIsuе4'эlеls-,(рвэls ul ,в,ч о7обg лэ,tозо dn
-runq эч1 о1 dn sуд рu€ S}uэшэIэ IэluJо SlSэ}

ilэп; рэlэвdruосоJqlл в чlLц
flцtqвээt.л.tэs 1uэшэIэ Iэrц эч} Jo uоI}е4suошэр

IBJI}sI}Bls JoJ syd 1еluэruuэdхэ Jo slsэ1

:salpn}S Iапд

,edp gg7зo эsор эчl JоJ эо 000I о} 0€€ lцоц
sэлпlвrэdruэl }€ эсuвtrslsэJ 1c€Jc рu€ чl3uэ;ls ru;э1

-3uo1 'эdеqs ш э8uвqэ эчi Jo эсuэрuэdэр

!цuэuоdшос Jо}свэJ

1sBз rоГеш эч} JoJ uоIsuэlхэ рu€ uоIlвuIIIIJэ}эр

эJII э}еJпэс€ эJоIu JoJ sIвIJэlеш pue sэldшеs

!suotltsodruoэ JэqJosq€

iоlд рuв qN'л uо рэsеq s.(оцв рu€ эfl
i (slsэ1 рэlеrэlээсе) s;оlсеэ"t

рэ1вJэроIп-Jэ}Е,ц'рэlоос-лэlем Jo sI€IIJэ}uI

эч1 Jo_+ рэSп SIоэ1S SSэIuIе1S эI}Iuэ}Sпе

:SaIpnlS IBIJalBm Jo}JBalI

Salpn}ý Jo ý8aJ8 u!8иI

,SIIэс Jо}эеэJ рэluэшlu}Sul
-цоu рuе рэluэшlu}Sul ш чlоq uoI}BIpeлI

IвIJэ1€ш Jo sJэ}эIп€JЕd рuе sэроru эч1 JоlIuош
,tlэзвs о1 рэdоlэ.tэр uээq элsч sэJпрээоJd

,stsflBue эроru
.(эuэ8rэtrrэ рu€ suоцвIпсIес сцпеJрfqlвru:эql

ЕоJэYаu,IYJNаиllЕаdха JSYJ 09-ноа



лДsлlRСд 1л,ýТIТL| ТЕ о F дТо MI С RE д CTORS

i : : l, т ; : : * a i i i : i ;j :,1. i ; i : i.1..1 1 :,] :, i :.. : i

As раrt of interrrational соореrаtiоп with the

USA, Frапсе, Japan, Germany, China, Czechia
and poland, lr,ork has been under way to test

different components, struсtцrаl materials and

tue1 compositions, and пumегоus bilateral
meetirrgs аrе conducted fоr intensive exchange
оГехрегiепсе iп |'ast геасlог operatiol,l.

G е о gr ар hy of с о о р erat i оп

The BOR-60 reactor was used for training
and on-the-job training of Frепсh, Indian and
Chinese experts.

In 2006, the BOR-60 experts began to rепdеr
consulting services to Chinese specialists on the

sodium technology and adjustment of the CEFR
experimental fast-neutron rеасtоr components,
and, in July andAugust 2010, took an active part
in the рrоgrаm to achieve CEFR first criticality.

Main activities
The reactor utilization factor was 0.65 in 2011.

Irradiation of structural materials at tеmреrаturеs
of 320...450'С.

Production of target radionuclides: 63Ni, 89Sц

153Gd.

Experimental rеsеаrсh on long-term strength
and сrеер of cladding steel under the action of
internal pressure in conditions of irradiation at

temperatures frоm 600 to 650 'С.

In-pile tests of hafnium hydride at temperatures
of 500...600 "С.

In-pile tests of the SVBR-100 rеасtоr fuel
element mockups.

Irradiation of assembly to validate the

serviceability of fuel elements with
vibrocompacted and pelletized MOX-fuel and а
getter thermal insulator.

In March 2010 а scientific and technical
sеmiпац "The Role оf the BOR-60 Reactor in
the Innovative Evolution of Nuсlеаr Industry",
was held, which was dedicated to the 40th
anniversary of the BOR-60 reactor.

The near-term plans include:

implementation of the measures developed
to extend the reactor life until 2015 and

demonstration of the feasibility for its further
operation after 2015;

safe and reliable operation of the rеасtоц
and aшangement of experiments for testing
of structural materials and пuсlеаr fuel fоr
the existing and futurе пuсlеаr rеасtоr under
intemational and Russian рrоgгаms:

validation of the SVBR-100 and BREST:
OD-300 rеасtоr соrе characteristics;

reproduction, in the experimental
environment of the BOR-60 rеасtоц of the most
near-service conditions for advanced пuсlеаr
power plant соrе components, with а combined
action of damaging factors and tests on the

closed nuclear fuel cycle;

generalization of а mоrе than 40-уеаr reactor
facility operation experience, and transfer of
the knowledge and skills in carrying out wоrld-
class technological and experimental wоrk to
personnel trained for operation of NPPs with
fast reactors.

History
The idea of building а fast-neutron пuсlеаr fuel
breeding reactor was conceived Ьу Academician
A.I. Leypunskiy, the scientific supervisor at

IPPE. Together with O.D. Kazachkovskiy, the

head of laboratory at IPPE, he proposed that
an experimental reactor, BOR-60, to Ье built to
validate the majorprocess and design approaches
for fast powel reactors.

Iп 1964 а decision was made Ьу the USSR
Council ofMinisters to buildthe BOR-60 reactor,
and the reactor design еffоrt was launched at

ОКВ "Gidropress".

The RIAR site neal Melekess, now
Dimitrovgrad, was allocated for the rеасtоr
facility construction Ьу the Ministry fоr the

Medium Machinebuilding.

The construction of the rеасtоr building was
begun in the summer of 1965.

The first criticality was achieved at the reactor
facility on З0 DесеmЬеr 1968 without sodium
loaded into it.

28 DесеmЬеr 1969 saw the facility energy
startup with heat removal to а sodium-air heat
exchanger.
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3.З. RESEARCH INSTITUTE OF ДТОМIС REACTORS

Vк_50 BolLlNC WATER-COOLED
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WATER-MODERATED RЕАСТОR

The VК-50 reactor facility is а nuclear
system with а pressure vessel boiling water-

cooled water-moderated reactor and паturаl

coolant circulation, in which Steam iS Supplied

immediately frоr,п the reactor to the turbine.

VК-50 is а prototype of an NPP (the electricity
generation capacity is up to 50 MW). Its first

criticality was achieved on \5.|2.1964 апd

the energy startup of the rеасtоr took place on

20.10.1965.

The VК-50 reactor facility generates and outputs

electricity to the offsite grid and heat for heating

RIAR's site.

Work is continuously under way to increase the

reliability and imрrоче components and parts of
the VК-50 reactor fоr raising its operating safety.

The \rK-50 reactor faciliф has an integral
arangement of the rеасtоr components, in

which the соrе and the water circulation circuit
аrе contained in one vessel.
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TheTrnal роwеr............. ... Up to 200 MW

Electric роrvеr............. ...... Up to 50 MW

Heating station poweI ....Up to З7 Gcal/h

Working pIessule ............. Up to 6,0 МРа

Steam output ..,.", З00 
'h

Reactor outlet steam quality.,.......,.. Up to 15%

Specific соrе power..... ........Up to 40 W/l

Heat ]]rrx. avelage ...............0,29 MW/m]

FД width acToss flats 176.5 mm

FА length....... ." 2500 mm

FА shroud wall thicltness 1,5 mm

FА spacing...,. ,.." 185 mm

Fuеl element dimensions
(diameter,cladding thickness) ....,.. ....,.... 7,5 8 "0,65 mш

Fuеl element 1errgth.....,....... "", 1980 mm

Number оf fuel elements реr FА............... ......""""" 1з8

Соrе fue1........ .""""",UO,

F]пс1 sсrееп rr-raterial.......... """"""" WateT

In-core fuel clensity, eff'. ..........,.......,.......,. 40, ., 45 kg/mЗ

Fuеl u,eight in FА (active pafi) ..................,..""",3000 g

Fuеl Ьum-uр in dischaTged FАs......24...30 MW,day/kg

Соrе сусlе ler-rgth............. ...., 1 to 2 years
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З.З. RESEARCH INSTITUTE OF ATOMIC REACTORS

VК-50 reactor (ceпtral hall)

The VК-50 reactor vessel is а welded cylindrical
vessel of the diameter З550 mm and the height
112З0 mm with an elliptical bottom. At the top,
the vessel has а flat соvеr, on which thеrе are
the CPS drive and ionization chamber housings
forming а multipurpose upper block. The vessel
wall thickness in the nozzl,e area for discharge
and supply of water and steam is 165 mm and
that in the other portions is 105 mm.

There аrе 72 working fuel assemblies installed
in the соrе. Соrе dimensions: efficient diameter
1.8 m, height 2.0 m.

The reactor соrе is cooled due to natural coolant
circulation, i.e. based on а passive principle
of action. The safurated steam generated Ьу
the rеасtоr соrе comes sequentially into high-
рrеssurе separators, the throttling control valves
and the low-pressure separators. The dried
steam comes into the turbine. The waste steam
is fuither dumped into the condenser and is
pumped, now as condensate, into the deaerators,
from where it is delivered to the rеасtоr using
feedwater pumps. Some оf the feedwater goes to
the reactor via the cps actuator drives.

Experimental capabilities
The specific features of а boiling rеасtоr (lower
values of the working pressure, heat flux and
neutron fluence onto the vessel than in WER-
type reactors) make it possible to ensure high

engineering level of safety for the research
conducted at the VК-50 RF thTough simple
approaches.

The flowchart of the experimental пuсlеаr
facility enables problems of еmеrgепсу
conditions, water chemistry and gas modes to
Ье addressed, as well as the serviceability and
characteristics of different NPP components to
Ье checked.

Main areaý of studies
Work is under way at VК-50 to support the
nuclear cogeneration plant project including:

FА service life tests to validate the design
bum-up of up to 42 GW,daylt;

tests of the level mеtеr and rеасtоr water
level alatm prototypes;

tests of sensors for the in-core power
densiф distribution monitoring system and of
pulse-current fission chambers for the reactor
subcriticality monitoring system;

service life tests of the cps drives and
absorbers;

study ofthe in-vessel natural circulation and
separation characteristics of the VК-50 reactor
facility;

acquisition of data for verifying the codes
adopted fоr the VК-300 calculation with
required experimentation.

Research рrоgrаms are uпdеr way to:

extend the rеасtоr life to 60 уеаrs (until
2025);

study the natural coolant circulation circuit
with an expanded соrе and а retrofitted uрсоmеr
section;

ТчrЬiпе gепеrdоr (tttrЬiпе hall)
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З,З. RЕSЕДRСН INSTITUTE OF ДТОМIС REACTORS

Д.S, Kurskiy А.Г, ]чlоrо:оt L|A- Sll

At present time, the rеасtог facility is directed
Ьу Vlаdimir Shirokov, the head of the rеасtоr
facility, and Drnitгy Protopopov, chieГ епgiпееr
of tlre VK-50 rеасtог fЪсilitу.
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DNIITRY РRОТОРОРОЧ
СhiеJ'Епgiпееr of the
VK- 5 0 Reactctr Fac ility
Tel. (84235) б-5б-9б
Fax (81235l б-58-59
пiiаr(gпiiаr.rч

A.S, Kttrskiy Г.А. Shchepetilпikov li1,1, So/ol,l,el,

SM CRITICAL FACILITY, А PHYSICAL
MODEL ОF ТНЕ SМt_З RESEARCH
REACTOR
First criticality was achieved at the SM critical
facility on 16.01.1970. The facility's critical
assembly is а physical model of the SM high-
flux research reactoI and offers capabilities for
simulation of all its modifications (SM-2, SМ-З).
Within the core and the reflector, the geometrical
dimensions and the material composition of the

critical assembly аrе the same as in the SM
rеасtоr.

The critical facility comprises а control and
pIotection system, а moderator filling system,
а роWеr supply System, а radiation monitoring
system, а ventilation system, а firе alarm
system, а distillate filling and makeup system,
а water supply system, а heating system and а
contaminated water discharge system.

The SM соrе is а square of 420х420 mm (6хб
cells spaced at 70 mm). The fоur сепtrаl cells аrе

used as the central moderator space (CMS) (а

neutron trар), and the fоur соrпеr cells are used

KS SM core reloadiпg

to accommodate shim members. Altogether,
the соrе can accommodate up to 28 FAs (the

total пumЬеr of FАs reaches З2 when the shim
mеmЬеrs аrе introduced into the fuel suspensions
аrеа during the experiment). The fоur еmеrgепсу
protection (ЕР) mеmЬеrs аrе at the CMS

I,'V- Yеsht:hеrkiп N Р Turtael,
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blocks with the dimensions of 210х100х500
mm. The blocks have vertical cylindrical holes
for the insertion of 30 experimental channel
mockups and two reactor automatic control rod
simulators. The coordinates of the holes in the

reflector blocks match the rеасtоr coordinates.

The experiments on the critical facility define
the reactivity effects during refueling and of
experimental devices and structural elements,
the efficiency of CPS rods, соrе power density
distributions,,_ and distributions and spectral
characteristics ofneutron fluxes in the соrе and
in experimental devices.

wlain flrеаý of studies
Тhе SM critical assembly is used for:

nuclear sаfеф justification of operation;

neutronic characterization ofthe experimental
channels and devices;

selection of means to shape irradiation modes
and harmonize the preset modes fоr testing
experimental devices irradiated simultaneously
in the reactor;

studies to substantiate the reactor соrе
upgrade concepts and the adopted designs;

experimentation to try out procedures for
calculating the rеасtоr neutronic characteristics;

personnel training.

In а 1опgеr tеrm it is planned to:

ехреrimепtаllу validate phase 2 of the rеасtоr
core retrofit for conversion to fuel elements with
а low harmful neutron absorption;

validate the neutron trap rearrangements;

validate the replacement of the neutron
аьsоrьеr in cps members.

Main activities

The following activities wеrе conducted at the

SM critical assembly:

the feasibiliф of forming new high-flux
irradiation volumes in the reactor соrе was
experimentally demonstrated;

redesign of the ЕР and АС members was
experimentally validated;

test experiments were conducted to adjust
calculation procedures fоr the reactor neutronic
characteristics.

SM CF dеsigп:
l CPS drives platform; 2 - shilп mеmЬеr guide tube; 3 - ЕР
yod; 4 ехреrimепtаl сhаппеl mockup; 5 ехреriпепtаl tапk;

6 wоrkiпg FA; 7 - сепtrаl moderator cavity; 8 - berylliuп
rфесtоr block; 9 ioпizatioп сhапЬеr сhаппеl; l0 - support
grid assembly

The accomplishment achieved so far are as

follows:

; the key measurement point in the nuclear
material accounting and control system was

equipped with up-to-date measuring devices;

. the method fоr laying out the соrе, including
the formation of additional irradiation volumes
in the core, was justified based on experimental
results and practically introduced during the

rеасtоr operation;

. the new design of the ЕР and АС mеmЬеrs

was selected and implemented based on the

investigation results;

. а Тv process surveillance system was
introduced.
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Working FAs of б and 4 fuel elements аrе used
in experiments at the critical assembly. An FА
of coaxially аrrапgеd circular fuel elements is
а fuel assembly of the old design used earlier
in the rеасtоr. Where required, standard MIR
rеасtоr FAs of а modern design, with 4 circular
fuel elements each, аrе used in experiments.
The dimensions of the 4 outer fuel elements
for both assembly types are identical. Each fuel
element is а three-layer tube (а fuel 1ауеr has а
cladding of an aluminum alloy on both sides).

The fuel burn-up in the working FAs is
simulated with а reduced content оf 2з5u.

The CPS mеmЬеrs have the same design and
arrangement as those in the rеасtоr. The working
CPS mеmЬеrs (6 ЕР and 18 shim mеmЬеrs)
mоче inside guide tubes inserted in the holes
at the core stack block joints. The ЕР and shim
mеmЬеrs have an identical design and hаче
the form оf rods (diameter 24 mm) comprising
four stacked sections. The length ofone section
is 550 mm with hinged joints between
the sections. The two upper sections form the
аЬsоrЬеr (30 % В4С and 70 % Al, the cladding
material is steel), and the two lower sections
fоrm а beryllium-metal displacer clad in
stainless stee1.

The design also includes up to 3 extra-load
compensators installed in the core.

ýxperirnental capabilities
Mockups of the MIR.M1 rеасtоr loop channels
are accommodated in the critical assembly core,
into which experimental FAs (or simulators
thereof) аrе inserted for investigations рriоr to
the experimental FА loading into the rеасtоr.
The loop channel mockups simulate the physical
parameters of the rеасtоr 1оор channel materials
radially and at the end reflectors. In terms of
design, the 1оор channel mockups form а set of
coaxially аrrапgеd metal tubes attached to each
other. The size ofthe tubes, the materials thereof
and the gap between the tubes depend on the in-
pile investigation tasks.

The experiments at the critical assembly аrе
used to determine the reactivity effects during
refueling, and of experimental devices and
structural elements; the reactivity effects during
the mоdеrаtоr withdrawal frоm оr insertion
into different cavities of experimental devices;

the efficiency of the CPS mеmЬеrs; the роwеr
density distribution in the соrе; the neutron flux
distribution and spectral characteristics in the
соrе and in experimental devices.

маiп аrеаý of studies

The MIR critical facility is used fоr the following
research activities:

nuclear safety analysis for the operation of
the reactor;

neutronic characlqization of the experi-
mental channels;

selection of the means to generate irradiation
modes and harmonize the preset modes for
testing the experimental devices simultaneously
irradiated in the rеасtоr;

experimentation to try out the reactor
neutronic characterization techniques;

personnel training.

А portiotl rlf the MIR crilical assembly llertic:al sесliсlп:
] , exlra-load сопlреllsаlоr silllttlalor; 2 tчоrkiпg с,hаппеl,,

3 staпdard FА; 1 ехh,а-lоаt] соlпрепsаlоr: 5 CPS mеmЬеr;
о loo7,, ltaпttel: - , |itcl \l!5pcп\iot]
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