
3.4. Iг{STITUTE оF REACTOR MATERIALS

Research соmрlех, which is now called OJSC
"Institute of Reactor Materials" (hereinafter
referTed to as IRM), was established in еаrlу
1960s fоr testing rеасtоr materials, studying
rеасtоr physics and producing isotopes. IVV-2M
reactor is the main rеsеаrсh facility at IRM.

Complex site is located within the Beloyarsk
NPP controlled аrеа.

Gепеrаl yiew of research соmрlех

Company's test facilities include rеsеаrсh
nuclear rеасtоц hot cells building and test

equipment workshop. They determine specific
nature of company's activity, namely: in-pile
tests, рrе- and post-irradiation examination of
various samples.

IVV'-2M reactor is used in а wide range of basic
and applied rеsеаrсhеs in solid state physics,
magnetic structure of materials, nature of
magnetic interaction and neutron irradiation
effect on various crystal structures.

IRM performs the fo1lowing activities:

R&D to support design, construction, safe
operation and decommissioning of various-

pulpose rеасtоrs including propulsion and space

пuсlеаr rеасtоrs;

experimental research to introduce new
technologies and materials as well as to enhance
perfotmances of introduced objects which use

nuclear energy;

basic researches, experimental and theoretical
works in nuclear energy fields;

experimental and analytical justification fоr
пuсlеац radiation and environmental safety and
reliability of nuclear facilities;

faciliф life management, monitoring of
equipment, struсturеs, materials of reactor cores
at nuclear facilities and nuclear power plants,
researches in extending life of nuclear power
facilities and objects;

engineering and production of units for
propulsion nuclear power facilities as well as

their pilot test benches and components;

production of isotopes fоr medical and
technical application.

А.д. DYАкоч
Dit,ector oJ' aJSC IRlvI

624250, Zаrесhпу,
Sverdlovsk Region., РО Ьох 29

Tel: (3zl3-77) 3-50-0,1
Frх: lЗ,lЗ-7Т) З-J3-96

E-пrail: irm@irmаtоm.ru

prodltctioп апd research y,ork al,eas
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З.4. INSTITUTE ОF RЕДСТОR MATERIALS

IfV-2М пtаiп hall

View uпdеr relractable shieldiпg plates (а) апd yiew of IW-2M
core Ф)

The rеасtоr is also used fоr implementing basic
rеSеаrсhеS in solid state physics, magnetic
structure of materials and паturе of magnetic
interactions.

In 1975-1988 the rеасtоr had been retrofitted.
А tank made of stainless steel, steel-zirconium
adaptors for horizontal experimental channel
tubes and additional uрреr biological shielding

wеrе installed. Core and reflector support grid,
reactor tank shell and соrе suction pipe wеrе

replaced. Fuel failure detection system was
installed, conversion to tubular FAs of IVV-2М
type with cermet fuel was performed; reactor
heat exchanger, рrimаrу рumр and CPS weTe

replaced.

Reactor retrofltting allowed core neutronics to

Ье enhanced, rated роwеr оf the reactor to Ье

increased up to 15 MW and rеасtоr life to Ье

extended til'l2025.

IVV-2M FAs аrе used in the rеасtоr core. As реr
the specific task for the fuel campaign the core

arrangement is selected on the basis of standard
or newly developed соrе maps.

Ечеrу fuel element is а 3Jayer hexagonal tube

which consists of cermet (UOr+A1) fuel meat,

inner and outer claddings, top and bottom plugs.

Fuеl enrichment in terms of uranium-235 is
90%.

Seclioпal drayy i пg rlf I V V- 2 М reacl or.

l |itel Jililure dеlес,tiоп s.чstеп, 2 horizoпtal ехреriпlепlаl
сhаппеl; 3 reclc,tor core; 1 rea(:lor (,ооlапl рuпlр" 5 he.lt

ехс,hапgеr; б CPS.floor
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з.4. INSTITUTE oF REACTOR \шTERIALS

Number of FAs in the standard loading of the

соrе can vary frоm З0 Io 42. It is achieved due

to the combination of additional loading of FAs
and partial reloading of FAs with ultimate fuel
Ьurп-uр.

Primary coolant circulates through FА
downwards Ьу means of а circulation pump
which is submerged into the rеасtоr pool. Heat is
rеmочеd from primary coolant through the heat
exchanger which is installed into the rеасtоr tank
and cooled with service water.

Experimental capabilities
IVV-2M rеасtоr is equipped with the following:

test benches and facilities fоr gas testing fuel
and fuel element mockups to Ье used in various
facilities and for studying fission product release,

channels fоr studying structural material
Ьеhачiоr in gas media within а temperature
rапgе from 40 to 1200 "С;

8 horizontal experimental channels equipped
with neutron diffractometers and spectrometers
for sfudying polycrystalline and monocrystalline
materials.

Experiments can Ье conducted within а

wide range of temperatures, pressures and
magnetic fields. The rеасtоr is used to produce
radionuclides, i.e. iaC, З2Р ЗЗР, 192Iц etc.

Power generating channel tests. SKAT-6-
type devices with thermionic роwеr generating
channels for two-mode space пuсlеаr facilities
аrе tested at IW-2M rеасtоr.

Tests are conducted at the reactor test benches
which аrе collectively called PURS. These
test benches are equipped with state-of-art
gas-vacuum devices, load-diagnostic device,
measurement and gаmmа-rау spectrometry
systems to rесоrd fission product release during
the tests.

PURS test benches аrе а соmрlех of several
sophisticated test benches ensuring continuity
of the unique tests at specified parameters
throughout а уеат. Моrе than 80 various
parameters can Ье maintained and recorded once
а second.

Load-diagnostic device allows electrical
parameters of power generating channels to Ье
maintained within а wide rапgе of power.

Gаmmа-rау spectrometric system makes it
possible to obtain on-line information оп activiф

puRs test Ьепсll

and composition of inert radioactive gases which
release from fuel in power generating channels
in various test modes.

When testing SKAT:6-type channels the

neutronics аrе measured and calculated, and
the data on thermal power of power generating
channels as well as on neutron and gamma fields
аrе obtained.

After in-pile tests the power generating channels
аrе transferred to hot cells whеrе post-irradiation
examinations of structцral materials, fuel
and power generating channel elements аrе

conducted as реr test рrоgrаms.

Fuel and fuel composition tests. RISK test

bench was developed to conduct in-pile tests

of fuel pellets, fuel element mockups, spherical
fuel elements and coated particles. This facility
is used to test the behavior оf aforesaid objects
under сlоsе-tо-rеасtоц. conditions (i.e. thermal
load on fuel elements, fuel cladding tеmреrаturе,
fuel tеmреrаturе, burnup rate and fluence rate

аrе close to rеаl conditions).

То test fuel compositions the ASU-8-, ASU-
18- and Vostok-type facilities are used. They
аrе instrumented ampoule-type test facilities
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struсturаl material tests

То test structural materials under ionizing
radiation the rеасtоr is equipped with а set

оf test facilities and devices which make it
possible to conduct complex in-pile tests

of structural material samples and product
elements at undisturbed neutron flux of up to
2,101а cm-2,s 1 (E>0.1 МеV) and duration of test

ruп of up to 7000 h а уеаr. Irradiation facilities
and devices for in-pile tests can Ье placed in
FА cavity which is 30 mm in diаmеtец соrе

periphery cavity with diameter of 60 mm оr
central cavity with diameter of 120 mm.

The rеасtоr is used to:

irradiate samples in liquid nitrogen;

irradiate samples in inert gas media and in
часuum in the range of temperatures from 60 to

1500 "С;

conduct соrrоsiоп tests in liquid and gas

media in the range of temperatures frоm 30 to
1000 "С;

conduct mechanical tests of structural
material samples.

Irradiation devices
То irradiate samples in inert gas media and in
yacuum the devices which can house samples of
Yarious (i.e. flat, spherical, figured and tubular)

shape аrе used. Conditions required for reaching

specified neutron fluence are provided Ьу

рЪsitiопiпg these devices in various points of the

rеасtоr соrе.

Test temperature is achieved due to radiation
heating-up of the samples in ionizing radiation
ffuх оr use ofelectrical heaters. Irradiation device
affangement and size can чаry. Теmреrаturе,

duration of test and medium composition
(rarefaction) in the working volume аrе

monitored during these tests. Тhеrmаl behavior
of the samples сап Ье controlled and maintained
within the specified range Ьу the composition of
the medium (inert gas volume-to-volume ratio).

Соrrоsiоп test device for testing
materials in superheated ýteam
flow
CotTosion test device for testing materials
in superheated steam flow makes it possible

to simulate аЬпоrmаl operation of structural

elements of the rеасtоr at temperature of up

to 1000 ОС and steam flow velocity of up to
l00 m/s.

Humidity сhаmьеr is housed in the rеасtоr core.

Water is supplied to deaerator, then to steam

generator and to working сhаmЬеr. Steam is

reheated Ьу radiation heater. Теmреrаfurе,

medium composition and flow rate аrе monitored
during the tests.
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3.4. INST]TUTE оF REACTOR I,IATERIALS

circulation facilities
LP loop

Low pressure loop is designed fоr testing
structural and fuel materials in specified water
composition at coolant temperature frоm 60 to
100оС and water flow rate of 4 mз/h at most. The
facility is used to test LEU fuel composition fоr
rеsеаrсh reactors. Coolant flow rate, tеmреrаturе
and medium composition аrе monitored during
the tests.

IIР loop

High-temperature high-pressure water loop has
been developed to test fuel claddings at coolant
temperafure of З00 ОС and coolant pressure of
uр to 20 МРа. The facility allows corTosion
tests of WER and RBMK fuel claddings to
Ье conducted at the specified water chemistry
parameters. It is possible to monitor tеmреrаturе,

рrеssurе, flow rate and water chemistry.

Prospects fоr developing IW-2M test facilities

То justify heavy liquid metal cooled rеасtоr
design approaches, an in-pile 1оор has been
developed. It is liquid metal-cooled (С00 lead)

non-isothetmal circulation 1оор equipped with
а few test аrеаs where samples can Ье placed
for corrosion tests as well as with gas 1оор and
systems which maintain specified 1оор operation

раrаmеtеrs.

The 1оор simulates conditions of operation оf
heavy liquid metal cooled reactor. It makes it
possible to study coolant activation, transfer
of radionuclides along the рrimаry circuit,
their rеlеаsе into gas cavity and deposition on
structural elements of the reactor соrе.

structural material corrosion tests аrе conducted
under simultaneous exposure to neutron flux and
liquid metal coolant flow during 1оор operation.

шIain аrеаs of studies
Reuctor materiшl tests :

tests of materials and strucfural elements' of
various-purpose power reactor соrеs in steady
and dynamic modes;

in-pile irTadiation and post-irradiation
examination of candidate materials to Ье used in
structural elements of ITER blanket mоdulе and
simulation of its operation conditions.
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Priпcipal ditlgraп oJ' lead-cooled loop:
] irrаdiаtiслl dey,ice; 2 c,ore; З Il/Ii-2lI re.lctor yes,sel; 1 radiatioп {tete(:lor: 5 area 2 ъ,ith ч,оrkiпg tetпperature /)опl 150
to 54() 'С: б ох.чgеп,sttpply tlпit (lltass-lrttпs.fer deyice): 7 pre,s,sttrizer; 8 bubbler соlчmп" 9 сй'сulаIiоп pttmp: l0 пixer:
]] area ] with у,оrkiпg lеlпреrаtllrе frоlп 120 to 450'С

coo|ant sampling
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