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/7 Nuclear physics and technology: the situation by 1:93@0

S

"1933: J. Chadwick. Discovery of the neutron.
D.lvanenkoand V. Heisenberg (independently) proposegrotonneutron model of the nucleus
1938: Otto Hahn and Fritz Strassmaridiscoveryf uraniumfission
Niels Bohr and John Wheel@he droplet model of the nucleus
1939: Leo Szilard and, independent¥a.B Zeldovich Yu.B Khariton A.l.LeipunskyUranium fission and chain reaction.
L. Szilard proved that secondary neutrons are emitted in the process of fission of uranium nuclei.

Chain reaction or#3°U: the idea of atomic weapons (USA and USSR)
1941: Berkeley Group (Glenn Seaborg et al.). Discovery of plutonium and the 239Pu isotope.

1941: It was discovered that slow neutrons cause fission oftPeu isotope. Division releases up more
neutrons and, therefore, as well 88U - can cause a nuclear chain reaction.

1940: Memorandum of RudolPeierlsand Otto Frisch "On the construction of a" superbomb "(for a nuclear warhead
only 5 kg of?®*U is needed, and the power of such a charge will be equivalent to two thousand tons of dynamit
submitted to the British Department of War.

The comimgoHHitlenandibhelNazis tapawer.
Mass enijgration| ({incldting serentists)dromeGenmany.
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1939: Uranium fission and chain reaction
(Leo Szilard and, independenttia.B ZeldovichYu.B Khariton A.l.Leipunsky
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In 1939 Leo Szilard and independenty.B Zeldovich Yu.B Khariton A.l.Leipunsky
substantiated the possibility of a selfistaining nuclear reaction in uranium during the
fission of uranium nuclei.

L. Szilard was also one of the first to prove that secondary neutrons are emitted in the
process of fission of uranium nuclei. Together with V. Zinn, he obtained the value of the
average number of secondary neutrons per fission event.

Experimental confirmation of spontaneous uranium fission: Rettzhakand G.NFlerov

(1940)

Chain reaction irt3*U: the idea of atomic weapons (USA and U$SR
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Albert Einstein and Leo Szilard
Prepare the letter to Franklin Roosevelt some recent work by e.rerni and L. 3atlara, waich has besn com-

(atomicheritage.org

25 Feb 2021

August 2, 1939: Letter from Albert Einstein to US President

Roosevelt as a "trigger" of Manhattan project

Albert Einstein
014 Grove Rd.
Hassau Point
Peconie, Long Island
August 2nd, 1939
Roosevelt,
President of the United States,

White House
ington, D.C.

8irs

municated to me in manuscript, leads me to expesct that the element uran-
fum may be turned into a new and important sourece of energy in the im-
mediate future. Certain espects of the situation which has arisen seem
to call for watchfulness and, if necessary, qulci: action en the part

of the Administration. I believe therefors that it is my duty to bring
to your attention the followiny faots and recommendationss

In the course of the last four months it has been made probable -
through the work of Joliot in 7rance as well as Permi and Szilard in
America - that it may become posaible to set up a nuclear chain reaction
in a large mass of uranium,by which vast amounts of power and large quant-
ities of new radium-like elemente would be generated. How 1t appears
almost certain that this could be achieved in the immediate future.

This new phenomenon would also lead to the construetiom of bombs,
and it is conceivable - though rmch less certain - that extremely power-
ful bombs of a new type may thus be constructed. A single bamb of this
type, carried by boat and exploded in a port, might very well destroy
the whole port together with seme of the surrounding territory. However,
such bombe might very rell prove to be too heavy for transportation by

air.

Research reactors

%

The United States has only very poor ores of urenium in moderate ..
quantities. There is some good ore in Canada and the former Czechoslovakia,
while the most important source of uranium is Belzian Congo.

In view of this situation you may think it desirable to have some
permanent contact maintained between the Administration and the group
of physicists working on chain reactions in America. One possible way
of achierving this might be for you to entrust with- this task a persocm
who has your confidence and who could perhaps serve in an inofficial
capacity. ilis task misht comprise the following:

a) to approach Government Departments, keep them informed of the

further development, end put forward r dations for Gov t action,

Ziving particular attention to the problem of securing a supply of uran-
ium ore for the United States;

) to speed up the experimental work.which is at present being car-
ried on within the limits of the budgets of University laboratories, by
proviaing funde, if such funds be required, through his contactes with
private persons who are willing to make contributions for this cause,
and perhaps also by obtaining the co-operation of incustrial laboratories
which have the necessary ejuipment.

1 understand that Germany has aotually stopped the sale of uranium
from the Czechoslovakian mines which she has taken over. That she shbuld
have taken such early action mizit perhaps be understood on the ground
that the son of the German Under-Jecretary of State, von Weizsicker, is
attached to the Kaieer-Wilhelm-Institut in Berlin where some of thl
American work on uranium is now being repeated.

Yours very truly,

(Albert Einstein)

THE WHITE HOUSE
WASHINGTON

October 19, 1939

3y dear Frofessor:

I want to thank you for your recent letter end
the most interesting and important enclosure.

1 found this data of such import that I have
convoned a Foard consisting of the head of the Bureau
of Standards end a chosen representative of the Army
and liavy to thoroughly investizate the possibilities
of your suggestion regarding the element of uranium.

I wn glad to say that Ur. Sachs will cooporste
and vork with this Committee and I feel this is the
most prectical and effective method of dealing with
the subject.

Please accept my sincere thanks.

Very sinocerely yours,

e I Al s B

Dre Albert Einstein,
Old Grove Road,
Nasszau Point,

Pooconie, Long Islend,
Yew York.

V. Kornoukhov




Race of two superpowers for (against) monopoly oveowb
weapons in the 40s of the 20th century

The USA

October 189
9AYalSAyQa fSUGSNI G2 t NBAARSYyl w22aSgStay
Sincel940the Committee S was transformed

to National Committee for Defense Research (science & development)

September 1942
Manhattan project (production of weapon) The USSR
October 1942

16 July 1945 o | Lavrenty. SNA T Q y23GS G2 w2aS¥ (il f
Test of Acharge(code name Trinity, nick name The GadgetAlamogordo, NM Committee No 1 devoted to atomic problem
the beginning of the Atomic Age

20 August 1945

Special Committee under Government Committee for
Defense of the USSR

L. Beria is a head of the Committee.

First Chief Directoratander Council of People's Commissars
of the USSR/a@nnikovis a head of Directorate)

29 of August 1949
Test of 2 atomic bomb RD& (based on P239)
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Number of Sphere

neutrons radius”,
per fission

1. Isotopic composition of natural uraniunt3°U (0.72% and 238U (99.27%

Enrichment of uranium in th&U isotope is required fror.72% to> 93%n an industrial scale (tens and hundreds of kg of the
isotope?32V)

2. Plutonium does not exist in nature2®pu(| y =2.4b10*", t 0

Irradiation of uranium in an intense neutron flux is required (higgdower nuclear reactors!)

238y JBU (23.5 e(g(,zsng(Z.:an x)cg 239p

Uranium blocks unloaded after irradiation undergo chemical treatment in order to separate the formed plut@amiothemistry)
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nDawno of Dbig scale separat
from mg-scale to tons-scale

Manhattan (USA) project and Soviet A-project: separation of 23°U (0.73%) and 238U (99.27%) for manufacture of the
atomic bomb (23°U up to 93.5%)

A Production of 23%Pu with nuclear reactors: 238U(n,0)23°U %N p ¥3°Pu.

Hydrogen bomb

A Separation of 6Li (7.53%) and 7Li (92.47% ) for manufacture thermonuclear weapons (and future peaceful fusion
application)

A Tritium production using nuclear reactors to make a thermonuclear bomb (and future uses in thermonuclear power)

Country Plutonium HEU Total Fissile Material
United States 95.4 544 639

Russia 128 712 840

United Kingdom 7.6 25 32.6

France 53 30.5 35.8

China 1.9 194 213

Total 238 1,330 1,570 (rounded)

(rounded)

Test of the 1-st thermonuclear H-bomb 1.6 Mton 22.11.1955
25 Feb 2021 Research reactors . Kornou




@ Z The world's first nuclear reactors (USA and USSR)

K MEPHL e

Goal: production of fissile isotope 239Pu for an atomic bomb
29py@E v =2.4D10%yr):

238Uy J**U (3.5 min)cg 2~°°9Np(2.35days)<g 239Py

Unloaded after irradiation
uranium blocks exposed to _
chemical treatment for the purpos =
discharge of the formed
plutonium (radiochemistry)

The world's first nuclear reactor was launchedDecember 2, 1942
under the leadership of Enrico Fermi. The experiment to achieve a
"supercritical" state took place in a former squash court under the
stands of a football field on a densely populated university town in
Chicago. The "woodpile" consisted of graphite blocks, which were

neatly stacked, and in every second layer the blocks were hollow, and On December 25, 194he first Soviet reactor started up under the leadership of
inside the nuclear fuel were pressed uranium oxides and metal ingots. Kurchatov The body of this reactor was a ball of seven meters in diameter. The first
Control rods are cadmium. reactors did not have a cooling system, and their power was minimal.

Average power 1 Watt The Soviet reactor had an average power of 20 watts.
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Industrial Reactor B of the DuPont company in Hanford (Washingtc
USA).Septembet944 - February1968.
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Power- 250 MW, productivity 6 kg of plutonium per month.

The number of channels is 2002.

It contained about 200 tons of metallic unenriched (natural) uranium,
1200 tons of graphite and cooled with water at a rate of 3% min.

The arrangement of the fuel rods is horizontal.

This reactor produced P239 for the "Fat Man" bomb dropped on Nagasaki
on August 9, 1945.

25 Feb 2021 Research reactors V. Kornoukhov



Soviet industrial uraniurgraphite reactor (type ADE)

(under the leadership of I.XXurchatovand N.ADollezhal)

Industrial uraniuragraphite reactor type ADE
1. Reactor deck, 2Top shielding, 3Side

8 shielding, 4 Bottom shielding, 5 Active zone, 6 Reactor vessel,
* a1 7 - Graphite stack, 8Pipelines supplying the coolant,
2~ oL A pel
"! L0 O 5 9 - Pipelines that remove the coolant
6
In operation | uantit, tons
7 100/900 06.19.48/06.16.87 B,
S 50/500 12.22.51/05.25,87 3,4
300/1200  04.01.50/12.08.89 8,9
300/1200  04.06.51/06.14.90 9,0
9 4 300/1200  09.15.52/11.01,90 6,3
600/1200  11.20.55/09.21.90 8,5
600/1200  09..58/12.31.90 8,2
1600/1900  07..61/08.14.90 11,9
1600/1900 N H PHCc Pcnk 17,7
1600/1900 nc ®HT dcpk 17,1
1600/1800  08.25.58/06.30.92 13,5
1600/1900 . .61/08.29.92 12,3

B 1600/1900 X cok. h ™~ %o 182
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Nuclear reactor: definition

A nuclear reactor, formerly known as an atomic pile, is a device used to initiate and control

a fission nuclear chain reaction.
https://en.wikipedia.org/wiki/Nuclear reactor

Moderated, controlled fission of uranium-235 moderator
moderator nuclei _O st O n:.:::‘:)n ,' o,
as| 4
st (@) — LI o OQ. .o _;143 Q
slow neutron L ,; neutron T 3 o i
neutron =" 0/‘ O o 0__ _’9!2 Q) O}
— _o_ 92 Q ‘f’ 1 i-53o /“\Q 'O
14\?0‘ /Ir~~0~* » O \\\ " fast Wy O
‘"fast O 7 neutron ‘OQ
neutron Q i/
moderator nuclele:ooo Q b
fast / fast "o
slow neutron » \vo | neutron G O O
t A9 i | sl .
i NP |00t e OO
“—o- 1430 'L\ o~ "Q"‘Ngz "r” O slow
0\.‘ Q 1 1430 /"\*0 Q ! | neutron ,f'a\
fast it ; e ~l L2 92 Y
! O 4P )
uranium-235 e 6 D nef:tsrton OO ‘Q 1v<1\3° J
nucleus <
moderator O O O

© 2012 Encyclopaedia Britannica, Inc.

Any nuclear reactor consists of the following parts

x Nuclear fuel core; Schematic device of a heterogeneous thermal
. ] reactor
x A neutron reflector surrounding the core; 1 - Control rod:
x Coolant; 2 - Radiation shielding;
x Chain reaction control system, including emergency protection; 3 -Thedrmal insulation;
iati aldina: 4 - Moderator;
x  Radiation shielding; 5 _ Nuclear fuel:
X Remote control system 6 - Coolant.
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https://en.wikipedia.org/wiki/Nuclear_reactor

Classification of nuclear reactors

By the nature of their use, nuclear reactors are divided into:

Power reactorglesigned to generate electrical and thermal energy used in the power industry, as well as for desalination of sea water.

Transport reactorglesigned to supply energy to engines of vehicles (marine transport reactors, submarines and various surface ships;eastorsd| @sed in space technology).
Experimental reactorslesigned to study various physical quantities, the importance of which is necessary for the design and operation cfdadmigar r

Researchreacto® Ay $KAOK (KS ¥T-fudzia$yénerater inyhS care BB yséd for ngsRarch in the field of nuclear physics, stalie physics, radiation chemistry, biology,
for testing materials intended for operation in intense neutron fluxes, for the production of isotopes. Research reactocittagaes not exceed 100 MW. The released energy is usually
used.

Industrial (weapons, isotopic) reactongsed to produce isotopes used in various fields, Including for the production of nuclear weapons materials, the isotopemi?piPu and tritium.
Multipurpose. For example, they can be both energetic and produce isotopes, often generate electrical and thermal energy.

According to the neutron spectrum, nuclear reactors are divided into:
Thermal (slow) neutron reactor ("thermal reactor"”)

Fast reactor (“fast reactor”)

Intermediate neutron reactor

Mixed spectrum reactor

According to the placement of fuel, nuclear reactors are divided into:
Heterogeneous reactors, where the fuel is placed in the form of blocks, between which there is a moderator;
Homogeneous reactors where the fuel and moderator are a homogeneous mixture (homogeneous system).

By type of fuel:uranium isotope$3°U, 238U, 233U; plutonium isotope&3°Pu, also isotope¥?242Pu in the form of a mixture withf8U (MOX fuel); thoriumd32Th (when
converted to233U)

By the degree of enrichmennatural uranium; poorly enriched uranium; highly enriched uranium

By chemical compositiommetallic U; UO2 (uranium dioxide); UC (uranium carbide) etc.

By type of coolantH20O (water), gas (graphigas reactor); D20 (CANDU); organic heat carrier; liquid metal coolant; melt of salts.

By the nature of the moderatorC (graphite, RBMK); H20 (water, VVER); D20 (heavy water, CANBEY) Bestal hydrides; without moderator (fast neutron
reactor, BN600)

25 Feb 2021 Research reactors V. Kornoukhov



From a "military" atom to a peaceful atom!

In October 1945the Technical Committee of the First Main Directorate under the USSR Council of
People's Commissars (predepessor oflﬂmesﬁton) considered a note by :Agademiciﬁyotr Kapitsa A
"On the use of intra/ dzOf SI NJ SYSNH& F2NJ LISIF OSTdzf LizN1LJ2aSa

On May 16, 1949%he USSR government issued a decree on the creation of the first nuclear power
plant. Kurchatowvas appointed the scientific supervisor of the work, and Nikotdiezhalwas the

chief designer of the reactor. @bninskon June 26, 1954for the first time in the world at a nuclear
power plant, an energy staxip was carried out.

The NPP was equipped with an AM (Atbhinny) uraniumgraphite watercooled channel reactor with

a capacity obnly 5 MW,

In Junel955 I.VKurchatovand A.PAleksandrosheaded the development of a program for the
development of nuclear power in the USSR, which provides for the widespread use of atomic energy
for energy, transport and other national economic purposes.

In 1955 the world's first fast neutron reactor BRwith zero power was put into operation, and a year
later - BR2 with a thermal power of 100 kW. The experience of creating the first nuclear submarine
was used in the construction of civil nuclear icebreakers, which ensuredq@ad navigation along

the Northern Sea Route.

In 1958,0n the initiative of the Academy of Sciences, the Councils of Ministers of the USSR adopted
decisions on the construction of standard research nuclear reactors at the Academies of Sciences of
the Union Republics and higher educational institutions, incluMigphl

) On December 5, 195%e Lenin nuclear icebreaker was put into operation. Over 500 enterprises and
The first nuclear power plant. organizations of the country took part in its creation.

IPPEObninsk Kaluga region

25 Feb 2021 Research reactors V. Kornoukhov
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Research and university reactors of various capacities

(i SM3 (100 MW), HFIR (85 MW), MURL (100 MW) and BGBO (60 MW)
0 IVMA2M (15 MW), BR, VVRS (2210 MW), VVFBM (15 MW), ..

(i Pool reactors IRMEPhK2.5 MW), IRTT (6 MW), IF8 (8 MW), TRIGA (0.28ark |,
a!wyY LLUOX®

U Critical and subcritical stands

25 Feb 2021 Research reactors V. Kornoukhov



Water-pool nuclear reactorsistory

The construction of poelype nuclear reactors seems extremely simple and even primitive core is simply immersed in a tank of water.
During the operation of such a reactor at power, it is only necessary to maintain the temperature of the water in theteedctut
higher than a certain level.

This simplicity became the basis for the creation of an entire class of nuclear research reactors designed and manuféatureclb
Atomics calledTRIGATraining, Research, Isotopes, General Atomids® TRIGAevelopment team, which included thé&ther of the
hydrogen bomb" Edward Telldt is intended for scientific research in scientific institutions and universities for purposes such as
undergraduate and graduate education, private commercial researchdestructive testing, isotope production, etc. Over thexne
decades, about 60 TRIGA reactors were built around the world.

TRIGAvas designed to be a reactor that, according to Edward Tetlenld be given to a group of high school students to
'play’ with without fear of unintended consequend®as

The prototype for the TRIGA nuclear reactor (TRIGA Mark I) entered semvidey 3, 195@t the General Atomics campus in San Diego
and operated until its closure in 1997. It has been designated as a Historic Nuclear Landmark by the American Nucle@ineSoBEBA
reactor uses uraniurzirconium hydrideZrH fuel, which has a large negative temperature coefficient of reactivity, and natural
circulation of the coolant, which increases with increasing power.
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ReactorTRIGA Mark | IPR1 (250 kW)4 hourg day, 4daysweekand
40 weeksyear. Burn up~ 13MW-days.

For a typical 250 kW TRIGA reactor operating about 200 days a year, 8 hours a day, the consu#fiptias of
L approximately 20 grams per year. Reactor physics calculations show that fordayl{ér 24,000 kWh) of

ol Aluminium : .
: 10 mm heat generation, most reactors consume 1.25 gran®Sf. For the 250 kW TRIGA reactor, approximately o

T Reinforced Concrete 0] cell needs to be added every two years to compensate for the loss of reactivity due to coxgoburn

Steel

- 63 mm

Vater Level

f
!
—
= |
1920

6417 mm

Reinforced Concrete
203 mm

ORINCE PLATE /
PRESSURE TRANSMITTER

i

Steel Plate

- \
{ <=;/ .
MEAT EXCHANGER -
' JEACTON TANK .

' SECONDARY COOLING LOO?P PRIVARY COOUING LOOP

CORL__
Pool Reactor Tank i
TRIGAVark | IPRR1 (25kW) & = It { Tompwrt
Ouie Wt Termgeratue

Cooling system of
TRIGAVark | IPRR1 (25kW) reactor

. Kornoukhov
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Atomic Center NRNU MEPNhI: history

In 1958, the Councils of Ministers of the USSR, on the initiative of the Academy of Sciences and the USSR Ministry of Higher Education,
decisions on construction of standard research nuclear reactors at the Academies of Sciences of the Union Republics and higher educational
institutions, including MEPhI.

The atomic center of the Moscow Engineering Physics Institute - AC MEPhI was created on the basis of a research nuclear reactor,

as an educational, scientific and methodological complex for collective use.

For MEPhI, an IRT-1000 pool-type reactor with an ejector cooling system was chosen, which is still most fully meets the concept of safety of
nuclear power plants, i.e. completely safe with failure of power supply and forced cooling systems.

The design and construction technology of the reactor was developed under the scientific supervision of the I.A. I.V. Kurchatov.
Already in 1959 MEPhI began to receive equipment for the reactor, which was manufactured at the Gorky plant "Krasnoe Sormovo".

The construction of the reactor began in 1962 and was completed in December 1966.

In March 1966 a subdivision "Reactor IRT" was organized at the institute.

In May 1967, commissioning work was completed.

On May 26, 1967 at 23:35 hours the reactor reached a critical state - a physical start-up!

Most of its systems and assemblies have been modernized so that it is still operational and safe.

The reactor is under the control of state regulatory authorities and the IAEA.

25 Feb 202: Research reactors V. Kornoukhov




o
£ Nuclear Center NRNU MEPhI: reactor IRT MEPhI

IRT MEPhI is designed to carry out research and educational work in the following areas:
U physics and technology of reactors;

U nuclear physics;

U solid state physics;

U radiation physics;

U radiation materials science,

U neutron activation analysis;

U radiobiology;

U training and retraining of students and specialists for leading research centers.

25 Feb 202: Research reactors V. Kornoukhov




Nuclear Center NRNU MEPNhI: building of IRT MEPNI

The building of IRT MEPhI consists of three main volumes:

Physical hall with a span of 18 m and a height of 14.4 m to the floor beams
Is a reinforced concrete frame with self-supporting brick walls.

The volume of the physical hall is 6600 m3. The hall contains an array of
biological protection with a reactor pool.

The hall is served by an overhead crane with a lifting capacity of 5 tons.

The laboratory part of the building is four-storey with a floor height of 3.9 m from
floor to floor with load-bearing exterior brick walls and interior
reinforced concrete frame.

The annexes are one-story with a height from the floor to the bottom of the ceiling 3.5 m with load-bearing
outside walls. At marks below 0.0, there are special ventilation filter chambers,
caissons of heat exchangers and ion-exchange filters of the 1st circuit.

On the floors of the building are located:

On the first floor there is a physical room, a pumping station of the 1st circuit, ventilation chambers for supply and special ventilation, a hot
chamber with an operator's room, and a battery room.

On the second floor there is a power supply panel, a mine-storage of spent fuel assemblies, laboratory premises.

On the third - the reactor control room, the upper platform of the reactor, dry assemblies for storing radioactive parts and spent fuel
assemblies, laboratory rooms.

On the fourth floor, there are general exhaust ventilation rooms, service rooms.
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IRTMEPhIreactor: characteristicgl)

Moderator

Coolant

Thermal neutron flux, max, mfis-t
- in Active Zone

- In reflector
Fust neutron flux ( > Me\8 in Active Zone, max, mffs-t

Reactivity at the beginning of the campaign , %
The change of the reactivity during the campaign , %

Burn up, %

- averaged over the core
- averaged over FA

- max over FA

Energy generation per campaign, integral, MWh

Thermal flux, max, MW/m?

Temperature of the wall of fuel element, 5a

Surface boiling point, 0 d

Margin before the beginning of the boiling surface (g 45 ¥ -
U,), S

Pressure drop across the core , MPa
Executive bodies Control and protection systems:

emergency protection /compensating /regulator

25 Feb 2021 Research reactors V. Kornoukhov 23



IRTMEPhIreactor: characteristic)

Reactor power, MW

Core heat transfer surface , m2
Mass of U-235 for a loading, kgs

Maximum heat flux, kW/m?

The coefficient of non-uniformity of energy release over
core volume

Pressure drop across the core, mm of water

HUccnedosamenbckuii adepHbiii peakmop UPT MU®U:
YuyebHoe nocobue o akcnayamayuoHHOU Npakmuke.
/Mod ped. B.IN. Angpeposa. M.: HUSTY MU®PHU, 2012.
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IRTMEPhHIreactor: reactor core vessel

The reactor core vessel consists of
- upper and lower cases,
- support grid and hopper and placed in the pool
7.8 m deep, filled with chemically purified water.
Both housings in plan are rectangular shells
—=+ with internal dimensions 429 1 572 mm.
Al . |a 812 All parts of the reactor vessel are made of aluminum alloys.
¥ The lower body 1 is the base for the support grid and
+ $\ upper casing 2 of the core, and is also used for
— formation of the coolant flow through the core.

++‘
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1 /. * ~ > o '@ With the help of a lateral cylindrical pipe with a flange, the lower body is
: : ' 7:‘\ [ connected to the ejector (water jet pump, which is used to create
q
-0

It has a blank bottom, an upper flange and a side cylindrical pipe 3 with
a flange. The bottom of the lower body is fastened with six bolts to a
base plate welded to the bottom of the pool lining.

640

1533

casing is used for connection with the support grid 4 and the upper
casing of the core.

circulation of the coolant through the core). The upper flange of the lower
. ¥ '

558
@350

245
(e

The Support grid is used to install and distance the fuel assemblies loaded into the upper body
and reflector blocks. It is made of alloy SAV-1 and has 48 (6 I 8) cells with holes for coolant
passage. Between the support lattice and the flange of the lower body, the hopper flange 5 is
The reactor IRT MEPhI core vessel fixed, which provides profiling of the coolant flow through the core. The upper body of the core
is designed to accommodate fuel assemblies, reflector blocks and experimental devices.

The central plane of the core is at +0.94 m .
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Core map of IRMEPhIeactor

1 2 3 4 5 & 7 3
YXH Be |B=B3K PeB3K
Be | Be |Gowol|[Gosof| B | B= JHo
H,0 5 . . .
B0 "o ’ &4 The reactor core is a neutron source and is designed to house fuel and other elements
—— affecpng the neutroq multiplication factor (reactivity), and the removal of heat generated by
Be | Be KC.2 AP | Be | Be the fission process in a nuclear fuel.
185 | 152 | 147 | 154 The reactor core includes the following elements:
419 | 142 | 193 | 54 - reactor core vessel,
WPT-M[ 19K | 9K |WPr-3M| Be - fuel assemblies (IRT-3M fuel assemblies);
- - 3.7
Be | Be [ FC= | KCS A2 o0 = - reflector blocks:
156 00991 | 007.91 187 N a40 ] ] .
a6 | ase | 531 | sso 2 - working bodies of the control and protection system (CPS);
T B B T - moderator and coolant.
Be Be A33 A3l KC-1 Be Be
146 | 01051 | 00851 | 151 The core can contain vertical experimental channels and "traps”
4@]{4 16,7 439 45 20,6 neutrons.
0 :BE T T | s | Chemically purified pool water serves as a retarder and partially reflector reactor,
186 |oosor | 131 | 153 @ which is both a coolant and biological protection.
35.8 55,2 263 11,1 B3E-23
Al Al +Be
Al Al Al Al Al ‘E; Be
(32) (&)

HUccnedosamenbckuii adepHbiii peakmop UPT MU®U:

Yue6Hoe nocobue o sKcryamauuoHHOU rpakmuke.
IRT MEPhI reactor core map /Mod ped. B.M. Ancpeposa. M.: HUSTY MUSH, 2012.
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o
/
s 6 IRT MEPNhI reactor core map

8-td 8-tubes FA,

6-td0 6-tubes FA without CR;

ARQd 6-tubes FA with regulatory rods;

KC-1, KC-2 KC-3d 6-tubes FA with control rod;

AZ-1, AZ-2, AZ-38 6-tubes FAwith ) C tsdalstetsdz' dzr d3d Mlsj oy
Bed beryllium block;

Ald aluminum block;

Pbd lead block;

H,0d water.

The numbers indicate the degree of burn-up of 235U in % in FA
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FA (fuel assemblies) intended for:

- placement of fissile materials in the core;

- protection of fissile materials from exposure
external environment;

- preventing the release of fissile materials and
radioactive materials into the coolant

- organization of heat removal;

- ensuring loading and unloading of fissile
material.

IRT MEPhI uses IRT-2M and IRT-3M fuel assemblies with
coaxial tubular fuel rods of square cross-section

FA of IRT MEPhI reactor:
| - shank;

2 - washer;

3 - fuel rods;

4 - displacer;

5 - head

25 Feb 2021

105

7

35

Research reactors

0,45 min.
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f OLOdi] stc0,

Thickness of fuel
element, mm

Uranium concentration
in fuel element, g/ M3
Uranium concentration
in the core, g/L

Fuel rod hydraulic
diameter, mm

Volume fraction of
water in the cell
Surface of het-
exchange, m?

Specific heat transfer
surface, m?/fin?

Ratio of nuclear
concentration
hydrogen and 235U

IRT-2 [
4-tubes

1.22
58
9.0

0.726
0.785

2.65

326
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IRTMEPhIreactorFA (fuel assemblies) RV and IRF3M

IRT-2 |
3-tubes

0.8
58
90
UAI
148
1.22
50
9.0
0.649
0.676

2.29

336

1.4
0.5
58
90
uo,
300
1.07
101
4.1
0.624
1.577

5.25

161

0.5
58
90
uo,
263.7
1.07
89
4.1
0.627
1.369

4.62

176




Reactor IRMEPhH] operating elements of the control and protection system (C

In the critical operating mode of the reactor, the number of neutrons produced is equal to the sum of neutrons leaving the core

(AZ) and absorbed in it. To vary the neutron multiplication, especially in the case of thermal reactors,

the absorption method is used. The absorption method consists in changing the composition of the core, which leads to more or less
intense absorption of neutrons. This can be done using the absorbing rods of the control and protection system.

or the introduction of absorbing material into the coolant (boron regulation used in VVER reactors).

CPS rods can freely move along the core height individually or in groups.

CPS rods, mainly, depending on the functions they perform, are divided into:

1) emergency (AZ) - designed for emergency shutdown of the reactor;

2) Compensating (KS) - designed to compensate for the reactivity margin and rough setting power level adjustment;

3) Regulating (AR) - designed for smooth power level control.

One of the main parameters of the control rods is their efficiency (physical weight), which characterizes the change

reactivity in cases of presence and absence of an absorbing rod in the core. The efficiency value is influenced by

the absorbing capacity of the rod (macroscopic absorption cross section) and the value of the neutron flux density at its place

location.
IRT MEPhI is equipped with 10 working bodies:

- three independent emergency protection rods (AZ);
- rod of the automatic regulator (AR);
- three groups of compensating rods (KS) (2 rods on one servo drive).
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Reactor IRMEPH] operating elements of the control and protection system (CI

The working bodies of the Control and Protection System (CPS) are designed to carry out the processes of starting,
maintaining and changing the reactor power level, its emergency shutdown and maintaining the reactor in a subcritical

state. Working Number | Effectiveness of group, Velocity od Time of entering
bodies of | of rods in D, ywy increasing of the active zone
IRT MEPhI is equipped with 10 working bodies: the CPS reactivity no more, | by the AZ signal,
. . b, Ws no more, s
- three independent emergency protection rods (AZ); Not less /

- rod of the automatic regulator (AR);

- three groups of compensating rods (KS) (2 rods on one servo
drive).

The working bodies of the CPS are made in the form of an
assembly of parts:

- displacer-weighting agent,

- the absorbing element and

. 0,02
- end displacer .

Physical characteristics of CPS working bodies
- The displacer-weighting agent is made of stainless steel 1X18H9T,;
- the absorbing element is made of boron carbide pellets enclosed in a stainless steel tube with a diameter of 23 mm;
- the end displacer is made of SAV-1 alloy. The mass of the CPS working body is 3.25 kg.
CPS working bodies are placed in channels made of aluminum alloy with an inner diameter of 26 mm.

The channels are fixed on brackets installed under the reactor platform and have swivel rollers, through which the cables pass, connecting the rods
to the servos.

Permissible fluence of thermal neutrons on the operating elements of the CPS - no more than 1*102! neutrons/cm?
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BOTA MepBOTO KoHIYPa

B Bacceiin
A3 Baccediia

AHAKT aBapHIHOID
3amoTHeHAS DaccaiHa
A

Pacxon Boasl B 1-M KoHIype 154 £v6 .M/ 4ac
Pacxox podbl BO 2-M ¥oRIYPE 260 Ry6.M/gac
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Schematic diagram of the cooling system of the IRT MEPhI reactor

The technological scheme of reactor cooling is three-circuit.

The zero cooling circuit is closed in the reactor basin itself (core -
pool) due to the use of an ejector, which provides a coolant flow
through the core three times greater than the coolant flow
generated by the primary circuit pumps due to water suction
directly from the reactor basin. This makes it possible to reduce
the number of pumps, to reduce the diameters of pipelines and the
dimensions of the primary circuit fittings.

The primary circuit includes four circulation pumps, a primary
circuit pipeline, two heat exchange
apparatus, shut-off valves.

Forced circulation of water in the secondary circuit (heat
exchangers - cooling tower) is carried out using two pumps (one in
operation, one in reserve).

Chemically treated pool water serves as a moderator and partially
as a reflector of the reactor, while at the same time it is a coolant
and biological protection.

V. Kornoukhov




Core cooling system

Section of the IRT MEPhI reactor

Primary circuit water consumption - 154 m3/h

- Second circuit water consumption - 260 m3/h 1 - lower body of the core,
£ 2 - active zone,
@fé%ef’“ }f: 3- ejector inlet cone,
 smpason 4 - ejector nozzle,
= =j:—_:_—-_;~_:—§ i 5 - cylindrical body,
-R- f”::—-‘:; = :ft ) 6 - outlet diffuser,
.‘ lad K— BTEIA 51CCEV'lHA 7 - base plate
: ~~~~~ ‘ BOJA
_____ MEPBOIO
N —-]:m-— 1t '&\ KOHTYPA

§69L=d "§x06!
n §

A====" l

1 :: f 3~.— : . il = l“’ /

o . ! !

Primary ejector cooling circuit
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Arrangement of horizontal (HEC) and vertical (VEC) experimental
channels of the IRT MEPhI reactor

FaK 10
g Me | Tum | (IlmotHOCTE No Tun (Lo THMCTE
A=l motoralf 107 notora):10%
; 4 wlemic wlenlc
——r—— 7 APT . 1 [B3K 2000 12 TIK- 15
) S AV , roK 9 TOPH30HTAIBHBII
o . %
O B : - i 3 : 2 | 3K 15 13 B3K BepTuRATBHBL 1000
raK 1 o bim == 3K 8
AKMUEHEA 30Ha TR < © + | : 3 | B3K 730 14 3K Lo
Active zone -3 4 ' 4 | 3K 22 15 B3K 20
o i & % 5 | B3K 1000 16 II3K- mesrpaismssi 16000
~_ _/ Reflector AR
~  — Ompaxamens 6 | I9K 1.5 17 BIK 370
{0 FoK7 —=T®x 1000 18 A3 asusnansoma
Opzat CY3 NN REER IS RS Z ~ | 8 | DK 14 19 BIK 260
Working body SPS N ; S
raK 2z " 9 | B3K 810 20 K3K- kacaTerbHIH 0.6
()
) B3 iR : 10 | T3K 10 1 TK- remioBas 2.0
N \ KOJIOHHA
O‘/ raK 6
11 | B3K 2500 22 Buoaormyec kas 3ANIHTA
3K 4 F3Ks

IRT-MEPhI is equipped with 10 horizontal experimental channels (HEC), through which neutrons enter the experimental facilities.

The fluxes through the HEC are 101° 610 neutron/s. Vertical experimental channels (VEC), mainly used for irradiation, pass through the reactor core, reflector, and
thermal column. The maximum flux in the VEC is 51 1023 neutrons / (cm2s).

Some HECs serve as neutron sources for subcritical stands used in the reactor physics laboratory workshop. Students and postgraduates specializing in nuclear physics,
solid state physics, etc. study and work at other GEC and VEC. Dozens of specialists are trained annually at IRT-MEPhI.
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Arrangement of horizontal (HEC) and vertical (VEC) experimental
channels of the IRT MEPhI reactor

The horizontal experimental channels (HEC), as well as the vertical channel (VEC) for the extraction of "very cold neutrons" are designed to output the reactor radiation
beams to the facilities located in the experimental hall of the reactor. Eight HECs are made of a 110 I 5 mm pipe with a 6 mm thick welded bottom. HEC-4 with a diameter
of 150 mm is made of a pipe 160 1 5 mm. On the basis of HEC-1, a specialized channel is being created for the purposes of neutron capture therapy of malignant tumors.
The material for pipes and bottoms of HEC and VEC is an aluminum-based alloy.
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3
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Application of IRT MEPhI reactor

FUNDAMENTAL RESEARCH
Powder diffractometer
Time-of-flight spectrometer VCN
Beta-NMR spectrometry on polarized neutrons
Positron annihilation spectroscopy

APPLIED RESEARCH
Measuring complex for the study of functional and
metrological characteristics of CPS equipment
VVER subcritical stand
Research reactor fuel burnup control devices
Irradiation devices with a variable spectrum of neutrons andgamma radiation
Instrumental neutron activation analysis
Experimental complex NZT
Quantification of boron and gadolinium for NRT (neutron capture therapy)

EDUCATIONAL ACTIVITIES

Literature:
Experimental installations of nuclear research reactor IRTM&PhI
https://www.researchgate.net/publication/277952583
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https://www.researchgate.net/publication/277952583

Fundamental Research at INNEPhI

Powder diffractometer
Time-of-flight spectrometer VCN
BetaNMR spectrometry on polarized neutrons

Positron annihilation spectroscopy

Literature:
Experimental installations of nuclear research reactor IRM&EPhI
https://www.researchgate.net/publication/277952583
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Powder diffractometer of the IRT MEPhI reactor (1)

The powder diffractometer at HEC-8 is an upgraded device from the British company "John Curren” with a superposition multi-detector system

for detecting thermal neutrons for studying the atomic and magnetic structure, microinhomogeneities of condensed media with varying degrees of
order in the crystalline, amorphous and ultra-dispersed states.

Neutrons are recorded by sixteen helium counters, which increases efficiency by an order of magnitude compared to the single-detector version.

Collimator
KOJMHJMCIMOP

prred

| 3aujuma u3 napaqbuna Shielding:
— 3aWUMA U3 CEUHYA paraffin

T MoHOXpOMAMOp lead
monochromator

JAuma U3
napaghuna
Shielding
paraffin

Goniometr

eonuomemp

KLI()MH@SLIE FACAOHK
Cd shutter obpaszey

Sample

demermop

detector
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MONOChIOMAtOr ......coovviiiiiee e Cu (1112),
mosaic d = 20’
Outgoing beam aperture, MM ......ccccceeeeveeees e, 13173
Divergence:
horizontal, Min 32
vertical, degree oo 3,3

1 - collimator in the gate sections; Maximum sample size, mm 101 70

2 - crystal monochromator; Wavelength (constant), @ ..o, 1,07

3 - second collimator; Second-order contribution ; %0 ........ccovvveiiiiiiiiiiiie e, <1,0

4 - monitor neutron counter; Scattering angle range, degree ........ccccvvvvvvvvieeenerenennne. -101 135

5 - test sample; DEtECIOr oo 16 helium

6 - a block of third collimators; counters &1 [-30

7 - block of neutron counters Background without sample, pulse/min channel ................... 1
Distance:
core center - monochromator, m 3,15
Sample- mMoNOChromMAator, M ........coovviiiiiiieiiii e 2
Sample-detector, M ... 1,2
Monitor . . . . . . . . . . . . ..o ..o ool
Collimator divergence, min * deg.:
the first (multi-slot), Sollertype . . . . . . ..o 0L,
the secondissingle-slot. . . . . . . . . . . . . . ... Lo L0
the third - single-slot . . . . . . . . . ..o Lo

Helium cryostat
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Powder diffractometer of the IRT MEPhHI reactor (3)

The form of the atomic density func

Advantages of neutron diffraction for structural analysis perfection of atomic structure:

1. Due to the commensurability of the amplitudes of coherent scattering o (r)

heavy and light atoms can separate the contributions to the interference maxima from the 1-

corresponding atoms. High sensitivity to light atoms (oxygen) makes it possible to localize I I I | I | | | | | I | a a - perfect crystal;

their location, for example, superstoichiometric oxygen atoms in compounds with uranium S

atoms, and also to determine their root-mean-square displacements. 11 . b - real (partially disordered)
— polycrystal;

2. The absence of an angular dependence (form factor) of the amplitude of coherent ' ¢ - ultrafine (nano-) material;

scattering facilitates the measurement of diffraction maxima with large Miller indices, when
their intensity decreases with increasing angle due to the absence or low degree of long- --
range order. il d - amorphous (partially

/\/‘W = d ordered) material;

3. The high penetrating power of neutrons makes it possible to study the structure of =

nanomaterials in its entire volume: a) it is possible to obtain data on the structure of a i . ©- perfectly amorphous
material in its entire volume, and not only on the surface (as in the case of radiography); n w2 nd (completely disordered)
b) it is possible to examine samples without interaction with the environment - air (for e sa s~ 1 substance

ntl n+3  n+s

example, in hermetically sealed metal containers made of Ti-Zr alloy with zero neutron
scattering matrix), which is methodologically convenient not only in the case of
nanomaterials susceptible to oxidation, but also in the case of radioactive materials.

The facility has been used to study the peculiarities of the atomic-crystal
structure of a large number of solids of various types (metals, alloys and
compounds) at small (<100 nm) particle sizes of ultra-dispersed (nano-)
powders.
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Timeof-flight spectrometer VCN (1)

The VCN timef-flight spectrometer on VEC is designed to study ordered, eprdsired and

General view of the VCN spectrometer disordered, magnetic and nemagnetic nanostructures of condensed media

= 1 - cryostat chamber;
o 2 - monitor;

3 - gate;

% 1 4 - neutron guide;
255 RN 5 - interrupter;
6 - converter;
7 - counter;
8 - sample;
9 - sample holder;
10 - low-temperature bath;
11 - nitrogen jacket

11
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Main characteristics
Wavelength range, nm
RESOIULION U0 .ttt
Flux density at the neutron guide exit,

NEUITONS/CITPS 1ooiiie et eee e RLB6?
Neutron guide

electropolished stainless steel tube

inner diameter, mm
length, m
Neutron flux interrupter unit
main cylindrical (breaker axis
perpendicular to the neutron flux)
diameter mm
Number of slots
Width of slots mm
additional disk with a window for passing the neutron flux
(the chopper axis is parallel to the neutron flux):
diameter, mm
Chopper speed ratio
(main / additional)
Path length, m
Neutron pulse frequency, Hz
Neutron pulse durationms
Working proportion counter
diameter mm

filling mixture L b H W
Pressure, TOIT e 220
Number of loaded samples........... .o 14
Maximum distance from sample

to the working counter, CML...........coevvveeeeiiiiiiiiiiiniiinnennns 14

Research reactors

Timeof-flight spectrometer VCN (2)

PPPDPPPDPDPDP m D O IF etde Sigh @ e /O Shab e IgeP Slldwsmmemsurements with samples at various

temperatures (up to helium), in magnetic fields (up t¢ O®rsted), and placing containers
with liquid and gaseous samples in it.

The VCN spectrometer is used to study nanostructures and dynamic features of polymer
systems, liquid crystals, liquids, metal hydrides, semiconductors, magnetdehmglerature
superconductors, composite materials, glasses, etc.

In the study of nanostructures, the developed techniques make it possible to determine the
size and concentration of inhomogeneities, their geometric shape, the width of the
transition layers from the inhomogeneity to the matrix, and density drops at the interface of
two phases in nonmagnetic media. In the case of ordered, eurdsred media

type of superlattice, order parameter, degree of disorder, characteristic sizes of coherence
regions of the structure. In magnets, such parameters of magnetic inhomogeneities as
fluctuations of magnetic induction and correlation lengths are determined.

In the study othe supramolecular structure and dynamics of crystallizing polyntlees
parameters of the supramolecular structure of these polymers were determined, and the
features of inelastic neutron scattering near the points of relaxation transitions were
studied.
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Method schematic diagram

polarizer
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BetaNMR spectrometry on polarized neutrons

The betaNMR method (nuclear magnetic resonance and polarization relaxation of b
active nuclei) arose following the discovery of pangnconservatiorin weak
interactions. The betAIMR technique is an experimental study of the relaxation
kinetics of polarization (longitudinal relative to the direction of the external magnetic
field) and nuclear magnetic resonance of polarized fzattive nuclei (beta nuclei).

The betaNMR spectrometer installed at the IRTEPhlincludes two main units:

a device for obtaining and analyzing a polarized thermal neutron beam and a device
YSFadzZNAY 3 GKS LRt I NAnlceiids@nyhetr§ & decay eleStybds)s

The block for obtaining polarized neutrons includaseutron collimators; neutron
polarizers; analyzer of neutron polarization; polarized neutron beam chopper; a spin
flipper for reorienting the polarization direction of the neutron beam incident on the
sample; neutron detector.

The measuringunif 2 NJ 6 KS | a@YYSGNR 2F GKS SYxa
nuclei includes: an electromagnet; scintillation counteziescopes for registration of
decay electrons, counting electronics. The operation of the spectrometer and the
collection of information is carried out under the control of a computer.

The parameters of the beam of polarized thermal neutrons are 1.5 cm wide, 10 cm |
flux density 8 1P neutrons/cnts, polarization degree (92 -2)%, polarization reversal
efficiency (98 +/1)%.

The essence of the beta-NMR method is to cyclically create in the samples under study using the thermal field capture reaction of polarized
neutrons from an ensemble of polarized beta-active nuclei with subsequent observation of the temporal evolution of their field analysis by
measuring the angular (0-180) Aasymmetry of beta radiation of these nuclei.

Obtained in the (n,!)-reaction, beta nuclei-probes used: 8Li (the lifetime of the nucleus is 1.21 s, equal to T,,,/In2,), 1?B (29 ms), ?°F (16 s), >Ne
(54 s), *™Na (29 ms), 28Al (3.2 min), 38ClI (54 min), %6Cu (7.4 min), 198Ag (3.5 min), 1°Ag (35 s), 16In (20 s).
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Angle Annihilation Spectrometer

Positron annihilation spectroscopy (PAS)

Positron annihilation spectroscopy (PAS) is a modern method of studying matter. Its essence lies in th
implantation of positrons into the sample under study, which are formed as a result of beta decay of a
source (for example, nuclei of tlféCu isotope obtained in the VEC of NREPh), followed by registration

of the characteristics of annihilation gamma radiation.

PAS methods are an informative tool for diagnosing the electronic and defective structure of a solid an
among the nordestructive research methods.

In positron spectroscopy, a positron acts as a probe, the annihilation characteristics of which are
determined by the properties of its environment. In matter, the process of positron annihilation can
proceed both in free collisions with electrons of the medium, and through the formation of bound state:
positrons with electrons, atoms, molecules, and various defects, with each annihilation channel makin
own specific contribution to the experimental annihilation spectrum.

Currently, there are three main types of PAS:

1) registration of the time distribution of annihilation photons (TDARj consists in measuring the lifetime
of each positron (§ implanted into the sample (that is, the time interval between the registration of the
starting gamma quantum emitted by the radioactive nucletige positron source at the moment of beta +
decay, and one of the annihilation photons with an energy of 511 keV) ;

2) measurement of the angular distribution of annihilation photons (ADAR) this case, a deviation from
1802 F (GKS Fy3aftS 2F &aolF GdSNAghaihilgidn, LIK202ya Aa NB
3) measurement of the Doppler broadening of the annihilation line (DBAdgre the difference in the
SYSNH& 27T | yy A K ianihilakiod)yfron 3 2ké\Rig/méeasardd2 NJ H

TheTDAPmethod provides information on the electron density at the site of positron annihilation, whil&EePand DBALmethods provide information on the distribution of
momenta of electrons in the medium. Taken together, the use of these positron techniques makes it possible to extradhiongagon regarding vacancy point defects, as well as
radiationrinduced damage up to one cubic nanometer in size. The threshold for the sensitRABofsuch defects is approximately #@efects/cn¥. Positron diagnostic methods are
intensively used in the study of the electronic structure of metals and alloys. This is due to the fact that the posiindatemmethod allows one to determine such important
characteristics of metals as the momentum distribution of electrons, the energy of the Fermi level, the number of fremgpestmetal atom, and their concentration in the

conduction band.
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Applied researcht IRTMEPhIreactor

x Measuring complex for studying the functional and metrological characteristics of the control and safety system equipment
x VVER subcritical stand

Research reactor fuel burnup control devices
Fuel burmout control unit.
Determination of IRT fuel burnup by the method ofinediation of spent fuel assemblies
Determination of fuel burnup by the intensity 6¥Cs gamma radiation by scanning spent fuel assemblies
Determination of the residual content of fissile materials in spent fuel assemblies of research and transport reactors

Irradiation devices with a variable spectrum of neutrons and gamma radiation

X X X X X X X X X

Instrumental neutron activation analysis
x Experimental complex of neutron capture therapy (NCT)

x Quantification of boron and gadolinium for NCT ..
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Measuring complex for the study of functional and metrological
characteristics of control and protection system (CPS) equipment

Power control range, W rrerrreeeneeeffomce T fMaio Z pét o mon
. (fromm ~ H®towvn n 2z eoa e ™"’
Control and protection system IRMEPhI(UZOR system) Operating range of the sedtarting and power control system, W:
INstart mode ..o fram 0,01toH X p®~ ™M n
in stabilization mode...............cccccovvvvvvvveeeeeefrom2toH 2 p®7 MmN
Linearity of power control characteristic
In the regulatory system is NOt WOISE0 .......ccooeevvviviiiiiiiie e, 1

The purpose of testing devices and channels of NFMM is determined in each case [

place of testing in the cycle of product development and release:

x  research of characteristics of electronic devices in the process of their developmr

determination of the sensitivity of neutron detectors to thermal neutrons;

X conducting interoperative control of the parameters of ionization chambers,
suspension of ionization chambers in the process of their manufacture;

X investigation of the linearity of channels for monitoring the neutron flux from IR a
PIK of different types.

Development, testing and implementation of the Mirage equipment and the UZOR system, carried oL
19801990, laid the foundation for reactor tests of control equipment neutron flux for reactors of variol
types:

- testing of the safety channel "Mirage MB" intended for the CPS of thd & IR\M2 reactors;

- testing of widerange devices and channels for monitoring neutron flux for RP VVER, RBMK, etc.

- testing of new types of ionization chambers and IR suspensions (detecting assemblies);

- research and testing of elements and devices of promising new generation CPS;

- calibration of emission detectors of neutron flux for RBMK reactor plant;

- testing of new types of radiaticresistant cables.
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Subcritical stan®&CS VVER

The VVER subcritical uranitwater test bench is installed in the physical hall of the reactor.
Physical startip of the VVER subcritical test bench (S08)06/1974

SCS VVR consists of a subcritical assembly, a neutron beam converter, biological shielding and equipmer
monitoring the neutron flux. A neutron beam from the horizontal experimental channel of the reactor serve
a neutron source for assembly.

The subcritical assembigontains experimental fuel rods with an active part length of 125 cm, made of
sintered uranium dioxide coated with a {Kb)-alloy with an outer diameter of 9.1 mm and a wall thickness of
0.65 mm. The diameter of the fuel blocks is 7.65 mm; enrichm6ri% for isotop&3°U. The maximum

possible multiplication factor is 0.88. Achieving a critical state at the VVR SCS is impossible due to the ab:
of channels for the introduction of fuel elements of more than the permissible number.

¢KS GKSNXYIf ySdziNRy TtdzE RSyaAaid®&masy GKS g2NJ] Ay3

The §ubc[iti§al a§sembly §imu|ates a VAR reactor fuel aAssvemny. - A
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mm; 10.5 mm; 1.0 mm; 11.5 mm; 12.7 mm, 1Z, 6 mm; 15.0 mm; 16.0 mm; 19.0 mm.

1 - hole for the technological channel for monitoring the neutron flux in the reflector (3 pcs.);
2 - external tank;

3 - active assembly zone;

4 - centering discs (2 pcs.);

5 - converter of the neutron beam from the HEC reactor;

6 - cover of the external tank;

7 - lid of the inner tank;

8 - equipment for placing the activation detectors in the specified positions in the reflector;
9 - threaded rod (4 pcs.) For attaching centering discs;

10 - experimental samples
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ES Research reactor fuel burnup control devices (1)

An experimental setup for measuring gamma radiation from irradiated fuel assemblies
consists of a standard reloading container, a system of collimators,

devices for rotating fuel assemblies during measurement and measuring spectrometric
system.

The investigated fuel assembly 3 is placed in the transfer bucket 9 and through the
transfer channel 5 is installed inside the transfer container 2 at a given height with an _
. . . Rotary device schem@):

accuracy of 1 mm using a winch 1 located on the upper plane of the container. Ganlmg _ . L _ \

diation f he fuel blv th h f colli 6in th Il of the™ ase; 2- rotary ring; 3- sliding contacts; 4 leading
ra |at|9n rom t.e uel assem yt rough a system of collimators 6 in the wall of t € gear: 5- reducer of the driving stepper motor: 6leading stepper
reload|ng container a.nd In the |ead Sh|e|d Of the deteCtOI’ 7 entel‘SHﬁGGjeteCtOI‘ 8 engine; 7- ro||ers; 8- holes for the drive gear; gpower blocks for Stepper motors;
located at a distance of 7 m from the container. 10 - frame for fastening the clamping mechanisms of the gripper;-istepper
To eliminate the uncertainty in the azimuthal position of the fuel assembly relative tohotors; 12- gearboxes, stepper motors; 13clamping screws; 14limit switches
the collimator, as well as the possible difference in the depth of fuel burnup on
different sides of the spent fuel assembly, it was rotated during measurements using a
special rotary device 4 with remote control.
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Research reactor fuel burnup control devices (2)

Research reactors

The experimental setup for measuring gamma radiation from irradiated fuel
assemblies consists of a standard reloading container, a system of collimators, a
device for rotating fuel assemblies during the measurement, and a measuring
spectrometric system.

The investigated fuel assembly 3 is placed in the transfer bucket 9 and through tl
transfer channel 5 is installed inside the transfer container 2 at a given height wit
an accuracy of 1 mm using a winch 1 located on the upper plane of the containe
Gamma radiation from the fuel assembly through a system of collimators 6 in the
wall of the reloading container and in the lead shield of the detector 7 enters the
HPGaletector 8 located at a distance 7 m from the container.

To eliminate the uncertainty in the azimuthal position of the fuel assembly relativ
to the collimator, as well as the possible difference in the depth of fuel burnup on
different sides of the spent fuel assembly, it was rotated during measurements
using a special rotary device 4 with remote control.

V. Kornoukhov




Determination of IRT fuel burnup by the method eirradiation of spent fuel
assembliegl)

Experimental determination of the value of fuel burnup of spent fuel assemblies of the research readitizPRIT

The technique is based on comparing the amourf®@f in spent and fresh fuel assemblies according to the relative
activity of the fission product’®a in thenafter their shortterm irradiation in the reactor coreA fresh fuel assembly
with a known uranium mass was used as a standard.

The fuel assemblies were irradiatatthe edge of the IRT cornia a cell remote from the control rods and surrounded
on three sides by beryllium blocks. Irradiation of each fuel assembly labtad three daysThe thermal neutron flux
density at the site of irradiation was 2*10scn2. To monitor the neutron fluence over time, copper and cobalt
monitor wires were placed at the center of the fuel assembly.

The burnup distribution was measured at 17 positions along the fuel assembly height. The duration of the experime
with one fuel assembly from loading into the core for irradiation until the end of measurements was 7 days.

From the ratio of thé“% a radiation intensities in the fresh and spent fuel assembly, the residual contéfityahass in
the spent fuel assembly is calculated. Burnup is found as the difference between the initial (passport) cot¥fehtrof
the investigated spent fuel assembly and its residual content. Corrections for the difference in the depression of the
of thermal neutrons in fresh and spent fuel assemblies were obtained by calculation.

25 Feb 2021 Research reactors V. Kornoukhov



Determination of IRT fuel burnup by the method efradiation of spent fuel
assemblie$?)

Linear density distribution U in fresh (a) and in three spent fuel assemblies (b), obtained by measuring the radiatiori%ram
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It should be noted that the data obtained characterize both the average fuel burnup and the maximum burnup depth in Hieasnwf the fuel assembly.
The accuracy of the results of determining the burnup when using the method of repeated irradiation with a fresh fuelyagsamstandard can reach (1.0
p 1.5)%, which is much higher than the capabilities of otheraestructive methods. The spent fuel assemblies measured with @&@ccuracy can
themselves serve as standards for fast relative measurements of burnup'éféir@rradiation or neutron radiation.

An important advantage of the described method for determining burnup is the absence of the need to take into accoutarphefisadiation of the
spent fuel assembly.
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Determination of fuel burnup by the intensity!®Cs gamma radiation by
scanning spent fuel assemblies

Distribution of!3’Cs intensity over the height of spent fuel assemblies
The basis of this passive method for determining the burnup of spent fuel
assemblies is the determination of the total intensity of gamma radiation from the e
fission product of 137Cs, obtained as a result of scanning the spent fuel assembly
over the entire height of the fuel column in the experimental device.

KC-0

K-

KC-0

£C-1

KC-0

k-1
=]

When measuring the activity of cesium, 26 positions were selected at the height
of the fuel column, which allows us to speak about a fairly accurate representation
of the distribution and, consequently, burnup along the height of the fuel
assembly. To eliminate the uncertainty in the azimuthal position of the fuel
assembly relative to the collimator, as well as the possible influence of the
irregularity of the neutron flux incident on the surface of the fuel assembly fro
different directions, it was rotated during the measurement.

A spent fuel assembly was used as a standard in determining the burnup of th
investigated fuel assemblies, the burnup of which was determined with high
accuracy in experiments with its repeated irradiation in the IRT reactor core.

To calculate the burnup of the investigated fuel assemblies, the following calculated corrections were made to the medsemsartisn

U correctionforse- 6 & 2 NLJO A 2 Y R dzNJAradi#tionifrisrs thellalyeisiot fulSeler@iefits in fuel assemblies;

0 correction for the contribution from fission 8#8U to the measured activities &¥'Cs;

U a correction that takes into account the decay and accumulatidd’@s during operation and subsequent holding of fuel assemblies.

The errors in determining the burnup using this technique, taking into account the error in the burnup value of the refieetassembly, werepb%.
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Determination of the residual content of fissile materials in spent fuel assem|
of research and transport reactors (1)

2 1.6 7 3

The stand includes:

- prism3 made of polyethylene with dimensions of
400R400R900 mm with a cavity of D 190 mm;

- two AmLineutron sources in an aluminum tube on

the edge of the cavity,

- lead protection 1 against gamma radiation, 100 mm thick;

- four 3He neutron counters in a plexiglass bl@k

- steel and aluminum frame;

- a personal computer with a pulse analyzer board

by CANBERRA and the GEMNIED control program.

Transfer of spent fuel assemblies from the storage to the cavity
the stand was carried out using a reloading contatser
installed directly on the stand.

General view (a) and diagram (b) of a mobile test bench for determining the residual content of fis
materials in spent fuel assemblies at RREPhI
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Determination of the residual content of fissile materials in spent fuel assem|
of research and transport reactors (2)

This method for determining the mass of fissile materials in spent fuel assemblies is based on active neutron measurensimsailzted fission
neutrons in a spent fuel assembly placed in a neutron field from an external radioisotope source.

To determine the mass of fissile materials in a spent fuel assembly, the dependence of the fissions neutron count fagariess 0#3°U is used.
The calibration curve is constructed from measurements with reference samples of different weights, containing from@Dgyaiz33U.

In experiments on IRT, spent fuel assemblies were placed in a cavity inside a neutron moegelgteihylene, surrounded bylaad shield. To irradiate
spent fuel assembliesyo AmLineutron sourcewith a total power of 10n/s were used, and for measuremeritsir 3He neutron counters were used

Advantages of the developed technique:

- to determine the content of nuclear materials in a spent fuel assembly, data on the history of its irradiation and exipose thot required;

- simple design of the stand;

- simplicity and reliability of the equipment used to register neutrons;

- when analyzing small fuel assemblies, it is possible to immediately receive a response from all the fissile materiad cottiaime which simplifies and
speeds up the measurement process.

The results obtained in preliminary experiments confirm the possibility of determining the content of fissile materials lmepassemblies of research

and transport reactors of various designs using the proposed measurement scheme.

¢KS SNNBNJAY RSGSNX¥YAYAY3I (GKS NBaARdzZ f Yl aa 27F 7TAaalofespervhbnisSidoneffual & A
assembly, not counting the time required to deliver fuel assemblies to the measuring stand.
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Height starting
Research in the field of radiation physics of semiconductors and dielectrics is aimed at studying  The bottom of Dozer/rsate’
radiation effects in semiconductors, thin dielectric films on their surfaces, as well as in semiconductnehannel, cm
devices and integrated circuits: BricoTa MOLIHOCTE
- study of radiatiorstimulated aging of MOS integrated circuits at OT IHA e
low-intensity exposure to ionizing radiation; KaHama, | oo
- study of the radiation resistance of MOS integrated circuits atifttensity irradiation cM I'p/c
P 0 27.50
FERR ol 20 10.00
Work is being carried out in the IMEPhIstorage mine at 10 0.60
installed channel D219 mm, equipped device for lowering i
and lifting samples. 60 0.35
The main source of gamma studies is isotéF€s. 80 0.17
100 0.06
110 0.03 a
120 0.016 -
130 0.009
The dose rate depends on the depth of lowering of the samples into the channel. _ The structure of the test bench based on IRIEPhI
The process of positioning the samples in the irradiation channel and removing them 1 -irradiation channel, 2 mine storage of spent nuclear fuel,
P ) p ) 9 i . _p ) ) g 3 - spent fuel assembliessources of ionizing radiation (total 6 pcs.);
upon reaching the required irradiation dose is automaFed using a softwar(f,- and 4 - specimen fixation device; &device positioning of samples:
hardware complex based on a personal computer, which controls a stepping motor 6 - universal dosimeter DKB)1 with ionization chamber BMED:
that performs the descent and ascent of the samples. 7 - personal computer; 8the irradiated object;

9 - cover of the irradiation channel
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Instrumental neutron activation analysis

At the IRTMEPhH] work has been developed on neutron activation analysis, while the elemental composition of technological, geologg@s! lantbother
samples is studied both by the yield of gamma radiation and by secondary heavy charged particles fugp/dd dlthe concentration of fissile materials using
delayed neutron and fission fragment radiometry.

At the gammaspectrometric complex in the spectrometric laboratory, metrological work is carried out to study the physicaéfmsaand certification of
neutron-activation detectors; methods of measuring the characteristics of neutron fields in the irradiation devices of tloe aeadieing developed; the
assessment and refinement of the cross sections of nuclear reactions is carried out with inclusion in the libraries.

Fullscale measurements of reactor neutron spectra and spectral indices were carried out for a number of experimental d&ices of

The measurement error ig94%. Including the spectrum of a medical channel baseldB®&4 for the purposes of neutron capture therapy.

Preliminary calculations of the thermal neutron flux density and neutron spectrum in the rangeg

0.5 eV- 19 MeV were performed using the MCMR program.

Experimental studies were carried out at a reactor power of 2500 kW with a set of activation

detectors (DND), which included

V 7 capture reactions; eLuf/ 3, #°Scy J, HoAny I, FP7Auly 3, *2°Laf 3, #3Cuf/ 3, *°Nafy 3; -

V  5fission reactions 22'Np(n,f), 228U(n,f), 2°8Puf,f), 2Puf,f), 2Am(n,);

V 8threshold reactiong; 119n(n,n"), 111Cda,n), 4'Tih,X), 31Pn,p), 32S0,p), 2°Pbh,n"), >°Fef,p),
27Al(nh).
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Instrumental neutron activation analysis

The main directions for the application of neutron activation analysis in the technological chain oMEFhi

- measurement of the flux density of thermal and fast neutrons in the experimental channels;

- measurement of the concentration of radionuclides in the coolant of the 1st circuit;

- measurement of the concentration of radionuclides (including the isofSfef iodine) in the ventilation discharge and air;
- measurement of the concentration of radioactive aerosols in the vent discharge;

- measurement of the radionuclide composition of aerosmdetryanovilters;

- measurement of the radionuclide composition and specific activity of radioactive waste;

- analysis of soil samples to control the absence of radioactive effluent leaks;

- measurements of tracking detectors during testing of ionization chamber suspensions.

The main directions for the application of neutron activation analysis in geological and environmentdical
research
- analytical support of the "World Ocean" program, analysis of bottom sediments and marine biota;
- high-precision analysis of ultfeow concentrations ofr in rocks to identify space impact;
- analysis of drilling columns of Jurassic clays for the content of As and other toxic elements;
- analysis of samples of natural environments and vegetation for the content of heavy and toxic metals during environmental
geochemical research;
- analysis of solid biological materials for the content of heavy and toxic metals during medical biological research.
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Neutron capture therapy (example of BNCT)

Neutron capture therapy is a form of radiation therapy based on the ability of isot¥Besr1°’Gd to absorb thermal neutrons. The

therapeutic effect is created due to the rupture of DNA strands by photons or heavy charged products of nuclear reactions o
neutrons with radiosensitive drugs.

Incident

- < 0,1 eV Direct damage
Epithermal 8 m _—
Neutrons o oo

Creation of radicals:
00 ,0° HO X &

Q- @ o= @ ooy
1OB 11B*
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\ﬁy; 0.48 MeV N
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Research reactors

Scheme of the medical channel NCT at the nuclear reacttMBERI

Transportation of the neutron beam to the patient, as well as reliable and safe overlap provides a gate,
which is a rotary disk with a hol@ neutron guide.

The gate is placed in a steel stepped casing with wheels and mounted on a rail way in stationary protecti

Scheme of the NCT medical channel at theMEPhInuclear reactor

V. Kornoukhov
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Neutron beam extraction device in the irradiation box and a table for attaching the animal (a);
placing the dog in the box before irradiation (b)
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External view of the irradiation box for neutron capture therapy (NCT
the IRTMEPhIreactor

Main characteristics

- thermal neutron flux densitypeutr. / cn¥s 5P10° At the IRTMEPhIreactor, a tangent horizontal experimental channel GBEas selected
- Fast neutron flu>2,8MeV),e _  .fcis 2,9P10° and modernizedpn the basis ofvhich an irradiation device for the purpose of NRT wa
- Gamma dose rateGy's ......ccevvvviieeeeeieiieeee, 0,0006

created by means of a collimation and conversion system of a neutron beam. The
protective composition of the channel provides the ability to conduct a therapy sessi
under conditions of constant monitoring of the physical state of a biological object, a:
well as integral parameters of radiation exposure.

The channel characteristics were measured using NAA. The following set of reactior
used: 1°7Au(n,*), 83Cu(n;) Wi/o filter); 4°Sc(n; ), 1In(n;), 1°7Au(n,*), 13%La(n,'), 3Cu(n,
1),23Na(n,'), 22%Puf,f), 238Puf,f), 2**Am(n,f), 22'Np(n,f), 228U (N, 1), 11%In(n,nQ EHEd6,nQ O
204ph,nQ &' T(N,X), 31PM,p), 32Sh,p), °Feh,p), 2’Al(nh) (in Cd filte)

Neutron beam extraction device Placing the dog in the box in front
in the irradiation box and the table for of irradiation
animal attachment

The HEEn & LISOGNHzY A& NI UGKSN) daz27Fi0¢3z oK
ySdziN2ya (2 F0a2NbSR R2aS Ay I aLlsSo
the side effect from exposure to fast neutrons is reduced.

As an assessment of the integral measure of impact on biological objects, they were calculated based on the measu
spectrum KERMA (K = 3.48EG)) and absorbed dose of neutrons (D = 102K5Y}), energy dependence

which is compiled from the reference. The dose rate of photon radiation was measured by TLD detectors

(for a reactor power of 2.5 MW, it is 0.40Gy/ s (5 20%)).

The NRT method has reasonable prospects for practical application. Further research in the field of creating installat
with an improved ratio of neutrons for groups of energies, as well as the maximum reduction in dose loads on the bc
when exposed to side components of the radiation field.
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Schematic of the setup for neutron radiation analysis at-8iEMEPhI
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Quantitative analysis dPB on IRMEPhIby the method of track
neutron activation autoradiography

For the quantitative analysis &1B on IRMEPhby the TNAA method, a solglate track detector (TTD) based on-8RRTASTRAK
plastic (TRACK ANALYSIS SYSTEMS LTD) is used.

The test sample is brought into close contact with the39Rletector plate, the sample with the detector is irradiated in arthal
column, then the detector is etched, its surface is photographed, the track density on the detector surface is analyaed, iyl
the calculation of the quantitative content &¥B.

For irradiation of the analyzed samples in the thermal column, a vertical experimental chanr28 it a thermal neutron fh
density of 1.6x1& n/cm?s at a reactor power of 2.5 MW and®Au cadmium ratio of 13.5 was selected. After irradiation, the
detectors are treated with a 6.25N KOH solution for two hours in a thermostatic cabinet at a temperature©f 70

Quantitative determination of%B in vitro in biological tissue samples in the range fron»0# for 1°B. Measurement time is up to 12 hours for
NATARO®B. The measurement error is1%%, depending on the concentration of the element, uniformity of distribution and measuremest Am
method for quantitative assessment ¥B in vitro in samples with neaniform distribution of'°B using HPA is proposed. A method for visualizing
thermal neutron fields and evaluating the distribution of the neutron flux density in them is also proposed. The develbpedlamented
methods for the quantitative determination of 10B were used to study the biodistribution of’Beontaining preparation ahminobutyric acid
cobaltbisdicarbollideas well as to assess the absorbed doses received by dogs with spontaneous tumors during NRT sessions&Rhe IRT
reactor.

) ]
S at 4 ’ ' i .
5 ’ e . A ) ’ :

1-m H ZghmL ¥ 2Cy Z ogbmL x 8c Z HghmL 4 distilled water
Autoradiograms P1000) of aqueous solutions of boric acid with a concentration'¢s
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AES Quantitative instrumental NAA gadolinium

For quantitative INAA of gadolinium, the 161Gd radionuclide was chosen as the analytical one, and gamm@diBesnd 360.8eV.
Determination of Gd is performed by a relative method. The samples are activated in the position of {88 stia@nel irradiatin for 37 minutes.
The thermal neutron flux density is 1R8L.0! n/cm?s (reactor power 2500 kW), and the cadmium ratio'f§Au is 13.5.

Each sample is irradiated together with a neutron flux monitor made of mangaalasgnum alloy from the certified kit

activation detectors AKN. Sample delivery systems allow measurements as early as 30 seconds after the end of irradiation.

The holding time of the sample before starting the spectrum measurement is 1.5 minutes. Measurement duranod20 to 600 sconds.
Neutron flux monitors are measured aftef3?hours for 600 seconds.

" oa . h e Y ¢ h o .o Tyt m ’Ym@<c_otahoo'%1’E'®h°o%qu) ) “aa”™

The first one includes a HPG CANBERRA from ultrapure germaniufpwith5% along the 1332.5 ké%Co line and a processing system
spectrometric information, consisting of the amplitude analyzer INSPECTOR (CANBERRA) and a personal computer.

The spectrometer resolution is 1.9 keV along the 1332.5°%V line.

The second spectrometer: PPD DGI3K, spectrometer ruler and SB8 pulse analyzer from Green Star.

The spectrometer resolution is 3.5 keV along the 1332.5 keV line.

Measurement geometry (souregetector distance} 52 mm.

The detection limit for Gd by this method is =H

The developed technique was used to study the dynamics of the distribution of the gadetoniaining preparatiorDipentastin the body of laboratory rats. It
allows the quantitative determination of Gd in vitro in biological tissue samples in the range dfgl

The developed and implemented methods for the quantitative determination of Gd were used to study the biodistributionlwfigadoontaining the drug
Dipentast as well as to assess the absorbed doses received by dogs with spontaneous tumors during NRT sessionsaiRhiee&LTor.
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Possibilities of using similar types of research reactors

U IRTFT (6 MW), TRIGA(Q,25Mark |, MARK!IX
u IVMV2M (15MW), VVRC(2p 10MW), ..
 Highflux vessetype reactor SMB (100 MW)
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Pooltype research nuclear reactor IRT
(Tomsk Polytechnic University, Tomsk)

IRFT (TPU) has a power of 6 MW.
The reactor is used to train specialists in the development and operation of nuclear installations, as well as to stfie aatepractical tasks in
the field of nuclear physics, neutron activation analysis, radiation physics and chemistry, nuclear medicine.
The reactor is also used to fulfill orders for silicon alloying, the income from which is a significant part of the foagsrméo maintain the
normal operation of the reactor.

Since its starup in 1967 the reactor has undergone several reconstructions, its
initial capacity has been increased from 2 MW to 6 MW. As a result of the
reconstructions, the reactor has an authorized life of up to 2034. Currently, there ar:
plans to transfer the reactor to a power of 12 MW.

The IRT2M fuel assemblies are used, and since 191 IRT3M fuel assemblies

with 90% enrichment iA%°U and a beryllium reflector. At present, the core is formed
from eight sixtube and twelve eightube fuel assemblies containing 309 g and 352 g
of 235U, respectivelyThe total mass of3°U in the core is 6.7 kdf the average
operating time of the reactor at power per year is 3500 hotirspn the annual
requirement for23%U is 2.2 kg.

The IRTT reactor is one of the six-tRRpe reactors in respect of which a preliminary
study is underway on the possibility of converting the reactor to low enriched fuel.

25 Feb 2021 Research reactors V. Kornoukhov



Average operating time at capacity per yed500 hours.
HEG 10 pcs. with D 100 mm (8) and D 150 mm (2);

VEG 14 pcs. (VE8 and VEQ - D52 mm and 4 central VE
D37 and D32 mm) in a beryllium "trap".

2 VECs in the center of the core in a beryllium "trapsSed t
ANNY RAFGS Y2t e@oRSydzy (ISHHE
700 mb).

Ud. activity of 99Mo for 100 h of irradiation: 2 Ci/ g on
natural molybdenum and 10 Ci/ g on enriched 98Mo (9¢

All VECs were made curved, which made it possible to
abandon the protective plugs in these channels and mac
possible to load samples into the channels at power.

HE&4 is designed for silicon doping in containers with a
diameter of up to 150 mm and a length of up to 750 mm

25 Feb 2021

OcHoBuble xapakTepucTHkn peaktopa UPT-T

HaumenoBanue napamerpa 3HayeHue

Mounocts peakropa, MBT 6
Yucno TBC tuna UPT-3M B akTuBHOIA 30He, T,

8 — TpyOHBIX 12

6 — TpyOHBIX 8
[ToBepXHOCTB TEIIOOT/IAYN AKTHBHOM 30Hbl, w’ 29.6
O0beM aKTHBHOI 30HbI, JI 59,3
3anac peaxrusHocti, % Ak/k 1.2
Paboune opratbl cuctembl ynpasienns u 3ammtbl (CY3), wr.

— aBapuiiHoOii 3atuThbl (A3) 2

— komnencupyouwme (PP) 6

— aBTOMATHYeCKOro peryiuposanus (AP) 1
Cymmapas s¢dexrurocts opranos A3, % Ak/k 35
Cymmapnas a¢pdexrusrocts opranos KC u AP, % Ak/k 10,0
Koo duument HepaBHOMEPHOCTH IHEPIOBbIIEIICHHS

~ 110 TOPU3OHTAILHOMY CEYEHHIO AKTHBHOI 30HbI 1,78

— 110 BBICOTE AKTUBHOI 30HbI 1,26
MakcumanbHas II0THOCT YHEProsblaenenns, kKBr/n 227
MakcHMaIbHas [I0THOCTS TEIUIOBOTo 10ToKa, KB1/M 427
[lepenaj jaBneHus Ha aKTHBHOI 30HE, M BO/L.CT. 34
Cpennsisi ckopocThb Teruionocutens B 3asopax TBC, m/c 2,88
Pacxo/1 TeIJIOHOCHTEIIS Yepe3 aKTHBHYIO 30HY H OTpaKaTellb, 900
/4
Temneparypa Bojibl Ha BX0/ie B aKTHBHYIO 30HY, °C 45
MakcHmanbHas pacueTHas TeMiepaTypa noBepXHOCTH TBIIIA, 77
NG
Temneparypa Hauasa IOBEPXHOCTHOIO KineHus, °C 123
MakcimaibHast HeBO3MYILEHHAS UIOTHOCTb MOTOKA TEIIOBBIX
HelTpoHoB, (£ < 0,6257B), (w/em>c)/MBT

— B OTpaxareie 1,76:10"

— B AKTUBHOI 30HE 1,50:10"

To sxe juis ObicTpbix HelTponos (£ >0,821 MaB)
— B OTpakaresne 0,34-10"
— B aKTHBHOI 30HE 1,12:10"
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IK-6 [9K-5

K3

Pooltype research nuclear reactor HRI{Tomsk Polytechnic University,
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TBC 8-mu 1pyGuas

TBC 6-m1 TpyGHas ¢ KaHANIOM
Juist crepxns CY3

Giiok GepryLTHEBbIH ¢ KaHATIOM
Juist crepkus AP

Griok Gepusutuenbiii ¢ npoGkod
dd4 wm, pasmep 69x69 mMm
B aKTHBHO# 30He

BHITCCHUTE!h ¢ KAHAIIOM JUIS
HOHH3ALMOHHOM KaMCphl

Grok GepuuienLii

¢ npoGxramu d32mm,d40 mm,
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BHepranmuesniii 610k
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CTEpXeHs 1/
crepxkerb A3
crepkerb AP
BHYTPEHHAA Tennosas cOopka

610K GepH/ITHEBbIH
¢ nmpoGkamu d90mm,d110 M,
pasmep 138,5x138,5 mm

G0k GepryLTHEBBIH
¢ ripoGkamu d96 mm.d44 mm,
pasmep 138,5x138,5 mm




Layout of the core of the pcbtpe research nuclear reactor HRT

oK-2

Since 1984 it has been operating at a design capacity of 6 MW FoK-6
Power reserve without significant changes in its systems is 1.5, B3KA0

the safety factor to surface boiling is 2.42.

10 horizontal experimental channels, 8 of which D100 mm and 2 have C
mm, 14 vertical channels, ViBC

VEG7 with D52 mm and 4 central VEC D37 and D32 mm

All VECs were made curved, which made it possible to refuse
protective plugs in these channels made it possible to load samples intc B3k-8
channels at power. B3K-7
At a power of 6 MW, the thermal neutron flux of the central VEC was
m & m 4 in/cmispin the vertical channels outside the core, the thermal
neutron flux is on averageP10* n/cm?s.

k-7

The closest world analogue: the reactor plant of the Massachusetts Insti
of Technology (MIT, USA), operating at the same power level (6 MW). A
specific feature of IRT is the use of a central beryllium trap, which allows
the same power, to provide a thermal neutron flux density in the central
experimental channels at a level of BI04 neutrons*st w @ YWhich is an
order of magnitude higher than in the MIT reactor ...
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Specifications:

Retarder- water,

Reflector- beryllium water; A
Horizontal ducts 10 pcs.;

Vertical channels14 pcs.;

Power- 6 MW (since 1984); B
Thermal neutron densitym @t i mamn Yy k OYHAT

Fast neutron densityh ®n i Mamo Yy k OYwaT

Average operating time at capacity per yed600 hours. C

10 horizontal channels with a diameter of 2080 mm;

14 vertical channels30 mm, 2 of them in the center of the core in a beryllium "trap"

are used for irradiation of molybdenum targets § ¥ 700 mb). D
Ud. activity of 99Mo per 100 h of irradiation: 2 Ci / g on natural molybdenum and 10

Ci/g on enriched 98Mo (98.6%)

All VECs were made curved, which made it possible to avoid protective plugs in these F
channels made it possible load samples into the channels at power

8-tt 8-tubus FA; E
6-tt 6-tubes FA without AR road

ARr beryllium block with AR rod;

KG1, KC2 KC3t 6-tubes FA with control rod; G
AZ1, AZ2, AZ3t 6-tubes FA with safety rod,;

Bet beryllium block; Al aluminum block;

Pbrt lead blockH,Ot water. H
The numbers indicate the degree of brup 0f%3%U in % in FA
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Possibilities of isotope production in the-{Rieactor

Obtaining the isotope of molybdenw®0 and the synthesis of the radiopharmaceutical "Sodium pertechnetate 99mTc"
Obtaining the isotope of lutetiuml 77

Obtaining the isotope iridiurli92

Obtaining the isotope of tungsteh88

Production of radionuclide nickél3
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Global Radiopharmaceutical Diagnostic Market

2010 2017
USS$3.2 Billion USS$4.1 Billion

5%

®99mITc ®99mTc
® 18FDG ® 18FDG

W Other ® Other

1 Giobal Radsopharmaceuticals Market (PET/SPECT imaging & Therapy) — Current Trends & Forecasts (2010 - 2015k MarketsandMarkets, August 2011
2 BMI - Business Monitor International Lid, Molybdenum-00: Privatising Nuclear Medicine, Special Report 2011
3 interim Report on the OECD/NEA High-Level Group on Security of Supply of Medical Radicssotopes, The Supply of Medical Radicisotopes, OECD 2012



PET uses isotopes that emit positrons, elementary

particles equal in mass to an electron and positively charged
Two gamma quanta with energy 0.511 MeV each are formed in
the process of annihilation of a positron and an electron

Diagnostics: PET (Positron emission tomography ) and
SPECT (Single photon emission computed tomography)

A:PET -~ i B:SPECT_ -~ o
o ¥ Radiation ™ i Radiation
o detector Vi o Antactsh #
/ \ 7/ \
/ \ / \
/ \ / A\
/ /
/ Gamma ray \\ ] \\

Gamma ray

Several mm ’

\ \ /
\\ Gamma ray ,' \\ I’
\ / \ /

\ 7/ \ Y 4
S Radiation 7 S >
~ detector - -~ -
™ - = - -~ - "

~
™ - =B L R —

In SPECT, to obtain a volumetric image, a radionuclide is used,
which accumulates in different organs and tissues of the patient in
‘different ways, depending on the biological properties of the objects
and the characteristics of metabolic features (metabolism) and
emitting gamma quanta
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- Moszg,,

o
72 i iSSi
() Positron emission tomograpifiP E)

In form of8~fluorodeoxyglucose

PET used radionuclidesultra short-lived positron emitters {8F,1°0, 13N, 11C)
produced by cyclotrons which are situated at/near hospitals

r +r My (0,511 MeV) + (0,511 MeV)

Coincidence detection

attached to proper biomolecule
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