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Main performance of the medical Ьеаm rеасtоr
cooled Ьу wаtеr natural circulation

200 kW

WR-M2
600 mm

Thermal power

Fuеl assembly type

Соrе height

Тhеrmаl neutron flux (Е <0.4 еV):

in the tTap

in the separable beryllium blocks

in the stationary beryllium reflector

Coolant temperatule at the соrе inlet

Coolant temperature at the соrе outlet

NumЬеr of horizontal experimental channels

Number of veftica1 experimental channels, mах.

including the сепtrаl trap

Number of rabbit tubes

Аьsоrьеr of cps rods

Number of contro1 mеmьеrs

including:

shim membeTs (SM)

automatic control members (АСМ)

еmеrgепсу plotection members (ЕРМ)

ВОС reactivity margin

Cycle duration

uranium-235. Seven fuel assemblies in the соrе
center can Ье replaced Ьу а beryllium block
with а water pocket - neutron trар - 80 mm
in diameter. The radial reflector is made of
beryllium. Desalted water is used as coolant,
moderator, axial rеflесtоr and biological
shielding.

Heat rеmочаl from the соrе relies on а cooling
arrangement with intensification of coolant
natural circulation. Having lost heat to the heat
exchanger, coolant is pumped to the reactor tank
up to the top edge of the uрсоmеr well and is
drawn off frоm the uрреr portion of the reactor
tank. Part of the pumped water passes through
the core, with the rest rising in the space between
the tank wall and the uрсоmеr well, then mixes
with the water from the core and comes to the

pump inlet.

The materials of the neutron Ьеаm shapers in
each of the horizontal channels are selected with
regard to the strict requirements imposed Ьу the
medical purposes of the channels.

Owing to the 1ong rеасtоr campaign and the
possibility of simultaneous irradiation Ьу

1.0.10,з cm_2.S-l

(2...3.5), l 012 cn:]-:,s r

40 ,с

52.5,с

воrоп carbide

8.1 % 
^k/k

4.8 years

different beams, the contribution of а radiation
treatment procedure to the operating costs is
substantially reduced.

Multipurpoýe 10 MW reactor
The reactor is meant fоr а Ьrоаd spectrum of
rеsеаrсh and applied studies with the use of
experimental devices and irradiation capsules
installed directly in the rеасtоr соrе and reflector
as well as in the path of neutron beams. Its

possible applications include :

nuclear physics;

solid-state physics;

- radiation mаtеriаl science;

neutron activation analysis;

neutronography;

silicon doping;

production of isotopes for medical and

industrial purposes (nnMo, 13'I, 125I, З5S, 32Р 90Y,

166но, 60со, 15зSm, 192Ir).

neutron capture therapy.

2
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1

2

3.10L2 cm_2.S-1
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Fоr the above activities, the reactor is equipped
with the following built-in and rерlасеаЬlе
devices:

verlical experimental channels (VЕС),
including а loop channe1 for in-pile tests of
materials, fuel elements and mockup fuel
assemblies of роwеr reactors;

channels оf the pneumatic rabbit system of
the activation analysis laboratory;

horizontal experimental channels (НЕС).

Соrе design studies wеrе carried out for two
types of fuel assemblies, namely: IRT-4M and
WR-KN.
The proposed rеасtоr has an enhanced safety
level due to the following design approaches:

the соrе is found in а water pool which can Ье
а good heat sink in emergencies;

the water column above the соrе is 7.5 m;

the coefflcients of reactivity are negative;

the еmеrgепсу cooling tank rules out the risk
associated with component failures;

the water column above the top core end,
when the ECCS tank is full, is 6.2m;

the pipelines аrе provided with еmеrgепсу
flow limiters. Wаtеr height above the core during
accidents with pipeline ruрturе outside the tank,
is 2.6 m.

Arraпgelltetlt of rеаскл, (,опlроl-tепtS iп the pool:
/ СР"9 driyes; 2 rеtеllliоп reseryoil,; З НЕС .shttttet,,,

1 reflector; 5 - core: 6 паlчrаl circttlatioп valve;
7 biological shieldiпg: Е- rоlliпgplale; 9 latlk: ]0 rеа{:lоr
paol; Il storagepool; l2 юррlаtе; l3 ECCStallk

А t*хзdеgхэ *ff ýs*t*р*-рв-я*týвэсtйсэка

s*ýж*ý*зяа*фр* r***tс}е"s wЙt&а рФеч8r
ýeveýs Ёjр ts 75 kýV

This facility is being developed to produce
medical isotopes - 99Мо and 89Sr Ьу an

innovative fuel solution process as an altetnative
to the target-based technology, Application of
the fuel solution process promises to rеduсе Ьу
оrdеrs of magnitude the neutron fluence and the

thеrmаl power of reactor required for production
of а specified isotope quantity, and to rеduсе
appreciably the resulting аmоuпt of radioactive

Gепеrаl vielt, с|' the soltttioп-lype rеасkл, .for producliotl
oJ iSolopeS:
] rесоmЬiпеr: 2 CPS mеmЬеr: 3 lict: 4 CPS r:llаппеl:

5 guide; б solutiotl charge/discharge lчЬе; 7 ioпizali.tlп

chamber сhспlпеl; 8 - iпstruплепtсtliоп c,hcлlttel: 9 irоп апd
у,а|еr s]lield; ]() sulleillttпce specitlletl с,hаппеl; ]] yesse/,,

l 2 coolittg coil; l З .|uel soltttioп
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with coolant, is divided Ьу а leak-tight vertical
partition into two parts - the rеасtоr pool and
the storage pool. The reactor pool contains the
соrе with the rеflесtоr and the inlet pipeline,
the storage pool accommodates stluctures
fоr keeping fresh and spent fuel assemblies,
iшadiation devices and silicon ingots, as well
as the tank of the forced circulation extension
system (FCES), the heat ехсhапgеr of the
emergency heat removal system (EHRS), and
the outlet pipeline. The storage pool is covered
with а dismountable deck and is connected to
hot cells Ьу Мо canyons for transportation of
spent fuel assemblies and irradiation devices.

The bottom part of the rеасtоr pool acts as а
retention reservoir to reduce the oxygen and
nitrogen activiý of the water that has passed
thTough the reactor соrе. Under the reactor pool
there is а rооm for the drives of cps members

and neutron transmutation doping (NTD)
devices, as well as for neutron detectors of
irradiation devices, which can check the qualiф
of generated products.

А biological shield above the reactor роо1
is constructed as two eccentrically installed
rotatable plugs, which also реrfоrm the reloading
functions. The reloading device in the rotating
plug can Ье guided to any соrе cell. The lower

раrt of the vertical parlition has а niche housing
а reloading drum with verlical cells, which can
turп about its чеrtiсаl axis. once the irradiated
component is inside the cell, the drum is rotated
through а required angle so as to transfer it to the

storage роо1.

The figure presents the genera1 view of the

isotope-production rеасtоr, while the table gives

its main technical characteristics.

Gепеrаl чiеу, ofthe isotope rеасtоr:
] NTD с:hаппеl driче: 2 CPS tпеmЬеr driye; З reactor соrе; 1 reloadiпg drttпl;

5 yertical раrtitiоп; б iпlеt рiреliпе; 7 tапk; 8 reaclor pool: 9 rоltttiпg plttgs:
10 strlrage pool: I1 deck; 12 olnlet рiреliпе;1J - ЛСДS tапk; ]1 hot cell;
]5 trапsроrt сапуоп: lб сопсrеlе biolclgical shieldiпg ves.se/" 7 lпоlt,Ьdепum holdttp
del,ice; ]8 rеtепli.оп reservoir; 19 EHRS heat ехсhапgеr; 20 sрепt FA slorage device;
2 1 silir:оп illgol holdup deTir:e; 22 roollt чпrtеr lhe rеасtrл, pool
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NUCLEAR RЕSЕДRСН RЕДСТОRS IN RUSYA
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Research геасtоrs have rесепtlу found wide
application fоr medical pulposes. An example
of this trепd is а пеutгоп capture therapy (NrСТ)
Ьеаm in а pool-type геасtоr, which сап Ье set up
fоr trеаtmепt of localized tumоrs. where оthеr
methods fail.

An NcT channel сап Ье located rn the niche of
the thermal coiumn of а small (2...3 MW) pool-
type reactor and rvill Ье designed fоr reliable and
safe neutron Ьеаm ехtrасtiоп to an irTadiation
rооm (experiment hal1) with the following
раrаmеtеrs at the channel axis (at -2.5 ш frоm
the соrе сепtеr):

TheTnral neutron fl uх...................... Ф,п - 2,2, l 09 gm-2, 5- 
t

Epitl-rennal neutlol1 1]ux ...,............. Ф.,о- 1,3, 1 09 сm 2, s ]

Absorbed dose rate (ADR)
caused Ьу f'ast пеutrопs.................D,, - 2.7,10-1r Gy,cmr

ADR caused Ьу photons ...............D" - 3,9,10 r-' Gy,ctT]

The design studies ofadvanced rеsеаrсh reactors
described hеге rnake allowance for possible
variations to meet the рrеfhепсеs оf prospective
cuStomers.

12

л-СТ сhаппеl shi|ied lalerall.v Ь), 250 lпllt Ji,опl lhe c,ore сепlеr:
l * graphite stack; 2 - lead s]lield; 3 - аlчmiпчm hlock"
1 reac,klr; 5-reactorpool; б НЕС-1: 7-altttttilltttп
shloud; ,8 slatioпary biological shieldiпg blocb; 9 с:hаппеl
300 mпl ilt diaпleter: 10 additioпal gate yalye; ]] tпсtiп gate
чаlче; ]2 alrtmiпtolt sсrееп (б пltп); l3 сопсrеlе (biological
,shieldiпg1
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