
3.1 5. I.I. Afrikantov EXPERIN{EI,{TAL
MACHINERY DESIGN BUREAU

The history of the I.I. Afrikantov Experimental
Machinery Design Вurеаu (ОКВМ Afrikantov)
dates back to DесеmЬеr 27 , 1 945, rл,,hеп

fbllou.ing а governmental decree Е,хреrimепtаl
Special Machinery Design Bureau was set uр
on the basis of Gогkiу Afiillery Works No. 92
to suppofi the activities оf the Soviet "Atomic
Project".

Starting in the late l940s, the Вurеаu ц,,аs

actively involved in creation of the first
prodriction rеасtогs and in the 1950s embarked
on development оf rеасtоrs fог the Navy and tlre
crvil fleet.
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On Jапuаry 1, 1964, the Bureau
Ьесаmе an independent organization
within the framework of the state
committee of the ussR for the use
ofAtomic Energy.

Iп 196'7 , it саmе to Ье openly rеfеrrеd
to as the Experimental Machinery
Design Bureau and in 1998 added

to its title the паmе оf Igor Afrikantov - Chief
Designer (since 1961) and Director (from 1964
to 1969).

ОКВМ Afrikantov is one of the leading design
organizations of Rosatom and а major diversified
research and production center in the sphere of
nuclear engineering with its own manufacturing
and experimental capabilities.

The company's well-developed infrastructure
supports а full engineering and manufacturing
cycle: from design to manufacture and testing,
to complete delivery ofproducts to customers, to
servicing suppor1 throughout the full operating
period ofhighly reliable rеасtоr facilities.

The experimental capabilities of ОКВМ
аrе concentrated in its Research and Testing
Complex (RTC).
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This соmрlех built to deal with integrated
and diverse objectives is engaged in research
and development activities to provide special
equipment for the nuclear power industry and
to carTy out experiments and tests in а wide
sресtrum including:

studies of neutronic processes in the rеасtоr
соrе;

studies of thermal processes in fuel
assemblie s, rеасtоr facility, safety circuits ;

tests of the whole range of rеасtоr faciliф
components, fuel handling equipment, whole-
plant systemsl

studies of structural strength and material
properties;

studies of tribotechnical characteristics,
colTosion properties and resistance of materials
to extreme impacts.

The Research and Testing Complex includes the
Laboratory of Critical Systems (Assemblies)
and Thermal Physics with two critical rigs for
"cold" tests (5T-659) and "hot" tests (ST-1 l25).

The critical facilities of the laboratory аrе
intended for testing first-of-the-kind and series-
produced rеасtоr cores ofships, submarines and
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Afrikaпtov ЕХРЕRIМЕNТДL LL4CHINERY DESIGN BUREAU

Scheпatic hydraulic circuil of the 5T-6 5 9 facility :

] electric рumр; 2 - CPS пепЬеr сопtrоl mесhапism;
З - CPS support; 4 critical assembly; 5 - mаiп tапk,,
б еmеtgепсу drainage valve ; 7 , 8 - еmеrgепсу drаiпаgе tапЬ ;
9 - distributor (devices for breakiпg the рrесisiоп makeup jet
апd the coarse makeup jet); ]0 - sоlutiоп preparatioп tапk;
11 drаiпаgе рumр; 12 sаmрliпgроiпt

Shim members comprised of аЬsоrЬеr rods аrе
grouped on one cross-aттn which is moved in а
vertical plane Ьу а special control mechanism.
The absorber rods travel in between assemblies
оr inside them. The пumьеr of the rods and the
fоrm of the cross-aшn depend on the core Фре.

The moderator system comprises subsystems fоr:

intake and accumulation of distilled wаtеr
inside the facility;

moderator supply to the main tank of the
facility (makeup);

makeup control and safety assurance;

monitoring ofthe moderator level in the main
tanJ<;

emergency emptying of the main mоdеrаtоr
tank;

pleparation
"poisoning");

оf solutions (mоdеrаtоr

spent moderator drainage.

Fоr their operation the above subsystems rely on
the following components:

main tank to accommodate the critical
assembly;

.ITon and water

NumЬеr of fuel assemblies in the соrе ............. VаriаЬlе-

Number of еmеrgепсу
protection members......... .No less than 4-

Number of shim members......... . Up to 5-

CPS mеmЬеr materials..,....,.... Absorber materials based

on В, Eu, and Dy compounds

Туре of CPS пrеmЬеr drive..

* Dерепсls .)п the соrе Ц.,ре

ElectTomechanical

emergency drainage tank where moderator
is stored (the tanks communicating via an
emergency drainage чаlче 250 mm in diameter);

solution preparation tank, which selves
also for precision makeup (with the speed of
level risе in the main tank set at 0.1 mm/s) and
communicates with the main tank via а device
for the precision makeup jet breaking.

Control sпd protecfiorl ýуýtýш

The CPS of the 5T-659 facility incorporates:

physical parameters monitoring system;

еmеrgепсу control signal generation system;

emeIgency protection features;

shim and urgent reactivity reduction features
(regulators);

systems for control of emergency protection
devices, regulators and shim devices.

The emergency protection - information and
control - signals аrе generated:

if the preset power lече1 is exceeded - in any
one ofthe eight channels;

if the power doubling time is reduced (to
below the preset value) - in опе out of two
channels;
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З, ] 5. I.I. Afrikaпlov EXPERIMENTAL MACHINERY DESIGN BUREAU

CRITýCAL гдс!L!тY г{}R "н{}т"
TESTS ог RЕАстоR соRгý, ýт-з125
The ST-1125 critical facility was put into
operation in 1975 and was brought to first
criticality on NочеmЬеr |'7, \9]5. This critical
facility was designed for studying the neutronic
characteristics of various water-water rеасtоr
cores (and their parts) in а cold condition and
during heating to the working temperafure Ьу an
ехtеrпаl source.

The faciliф combines pressurized components
and suppor1 systems intended to maintain the
specified thermal parameters of mоdеrаtоr-
coolant (water оr aqueous solution of boric
acid), of water in component cooling circuits,
as well as to monitor and measure the neutronic
parameters during studies and tests of modeled
and operational reactor cores.

Т}I*in perfsrmencý
*f tfu* ýъlt2ý fa*ilitv

Iпstallalioп o.f пlechaпi,sltls J'оr сопtrоl of .slliпl members at
ST-] 1 25

Preparatioп ofthe ST-] ] 25 yesselfor hydraulic tests ofthe mаiп
joiпt uпit

The ST-1l25 fuel elements are metal-clad rоds
with uranium fuel and filling inside. The 2З5U

content is variable.

The fuel assemblies are designed as bundles of
spaced fuel elements, bumable аЬsоrЬеr rods
and displacers aranged in accordance with the
соrе map. The bundles аrе enclosed in round or
hexagonal shrouds. The end parts ofthe shrouds
sеrче for spacing fuel assemblies in а rеmочаЬlе
unit.

The emergency protection mеmЬеrs appear as an
аrrау of five articulated absorber elements (with
the аЬsоrЬеr contained in а cylindrical metal

Maximum neutTon flux at
N:100 W:

Number of fuel
assemblies in the соrе

NumЬеr of emergency
protection mеmЬеrs

Number оf shim mеmьеrs

* Dерепds оп the tl.,pe oJ'the core

2.5,10E сm r,sr

Distilled wаtеr

Iron and Watel

Cylindricai side
screen(s) enclosing the
соrе, top and bottom
reflectors

No less than 9-

Electromechanical
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3. 15. I.I. Afrikaпtov EXPERIMENTAL \LACHINERY DESIGN ВURЕДLr

The faciliф has six control mechanisms with
step motors and seven control mechanisms with
induction motors.

The пumЬег of penetrations in the rерlасеаЬlе
vessel lids allows mounting on them up to seven
mechanisms for control of shim mеmьеrs and
up to seventeen mechanisms for raising and
releasing ЕР members (rods).

Emergency protection - information and control
- signals аrе generated:

if the specified power level is exceeded - in
any one ofthe fouT independent pulse channels
and four independent сurrепt channels;

if the power doubling time is reduced (to
below the specified value) - in any one of
the four independent pulse channels and four
independent current channels;

if the specified gamma background level is
exceeded - in one out oftwo channels;

in the event of overpressure in the facility
vessel and high-pressure circuit (> 18 МРа) - in
one out oftwo independent channels;

in the event of pressure drop in the facility
vessel and high-pressure circuit (< 5 МРа) in
one out oftwo independent channels;

ifpower is lost to any detector of the physical
monitoring system;

if any physical monitoring instrument
becomes unavailable оr is switched ofi

in the event of а malfunction оf а gamma
background monitoring channel.

Warning signals аrе generated:

if voltage is lost to the control circuit of the
shim members;

if physical monitoring instruments аrе found
faulty;

if the monitored neutronic parameters rеасh
the warning sефоiпts;

if supply voltage is lost to the position
indicators of shim control mechanisms;

if supply voltage is lost to the end switches оf
shim сопtrоl mechanisms;

if coolant temperature at the faciliф vessel
inlet exceeds the specified level;

if doors to the facility compartment are
opened.

An еmеrgепсу signal will cause automatic
release of emergency protection rods, release
(lowering) of regulators, lowering of shim rods,
and actuation ofreactivity insertion interlocks in
any way provided for this purpose.

The time taken Ьу ЕР rods to enter the соrе
frоm the top end switches to the extreme bottom
positions,is<ls.

ýхреrimепtаI capabilities
of the ýЪ1l2ý faciliф
The faciliф can provide the following соrе
characteristics to Ье determined through
experiments:

critical positions and differential worth of the
shim mеmЬеrs at different соrе temperatures and
absorber concentrations in mоdеrаtоц which can
Ье used in estimating the core reactivity margin
at working temperature;

Ьоrоп coefficient of reactiviф;

temperafure and pressure coefficients of
rеасtiчiф which аrе involved in estimation of
the temperature effect of reactivity;

the worlh of еmеrgепсу protection mеmЬеrs
throughout the rапgе of соrе temperature
variations;

criticality conditions at different соrе
temperatures;

variations in the worth of Ер and shim
members with changes in the core temperafure;

роwеr density distribution in the соrе
(including such distribution in individual fuel
assemblies and along individual fuel elements)
for the core state specific to the working
temperature, which is obtained on the basis of
measured residual gamma radiation оf fission
products and using radioactivity indicators;

power densiф distribution near the reflector
and the соrе cavities;

spectral characteristics of the core obtained
Ьу the activation method using combinations
of activation indicators with different пеutrоп
filters.

The facility is fit for experimental studies
relating to nuclear safety of rеасtоr соrеs and
including:

estimation of the соrе subcriticaliф in the
case of one оr several CPS members getting
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