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UdolyaIYp,omn;l

Udomlya is a small town in the north of Tver
region between Moscow and St.Petersburg. The
word Udomlya as the name of the area was first
mentioned in the annals in 1478. This word may
have a meaning of “a deep, wet place”.

Last century Udomlya was a small village. But with
commissioning of Kalinin Nuclear Power Plant in
1984, it became a beautiful town with about 28
000 people living in it.

There are many interesting places to see in
Udomlya now - monuments, museums, parks,
R sport facilities. Many famous people — artists,
T e | scientists — lived and worked in Udomlya.

There are many lakes and woods in this area with
lots of fish, mushrooms, berries, animals.
Udomlya is a very comfortable place for its
residents and tourists.

If you want to know more about Kalinin NPP and
Udomlya, welcome to us!
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KanuHuHckaa ASC ctouT Ha Bepery o3epa
Yoomns, KoTopoe B KOHLE 19 Beka n3obpasun
Ha cBoen kapTuHe «Hag Be4YHbIM NOKOEM»
BENUKNIN pyccknmn xyooxHuk N.W. JlesutaH.
KapTuHa HaxoguTca B TpeTbsAKOBCKOM
ranepee, a MecTo, rae JleButaH pucosan
CBOI KapTUHY, OTMEYEHO NAaMSATHBLIM 3HAKOM,
Ha KOTOPOM MnepeyuncrieHbl MUMeHa

N3BECTHEeWNLLUNX pyCCKI/IX XWJ,O)KHI/IKOB, KMBLUUNX
¥ R YNnomMenkCcKOM KD




SlaepHbIN TONSIMBHBLIW LUK

SaepHbIN TONNMUBHbIN LUKI
(ATL) - uenoyka NOBTOPSAIOLLNXCS
pabo4ynx npoueccos, OT 406bIUK
Ny - - ypaHa 4O OKOHYaTesIbHOro
3aXOPOHEHMUA paanNOaKTUBHbIX
otxogos (PAO).
ATL, MmOXeT ObITb OTKPbITLIM UK
3aKpbITbIM, KOrga TonmBo
Bo3BpaLlaetca B ATL nocne ero
nepepadoTKu.
OcHoBHble aTanbl ATL:
v/ [obblua n nepepaboTka
ypaHOBOW pyabl
v/ [lponssoacTeo agepHoro
TONnuBea
v 3kcnnyatauusi aaepHbIX
v

ELECTRICTY GENERATION

https://rosatom.ru;

https://www_pub.iaea.org;
A.A.Akamos, FO.C.

Kopsikosckuli «510epHbil
monnueHbIl Yukn. lNyms
ypaHa», Mockea, 2012;
A.B.Kondobekut, Cmo
80r1poCco8 U omeemos 0b

AT NNOMHO Hen ajas K E

peakTopoB
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Nuclear fuel cycle

Nuclear fuel cycle (NFC)

is a chain of repeated work
processes from uranium mining to
final disposal of radioactive waste
(RW).

NFC can be opened or closed
when the nuclear fuel is returned
to the NFC after its reprocessing.

The main stages of NFC :
¢/ Uranium ore mining and
processing

Fabrication of nuclear fuel
Operation of nuclear reactors
Storage & reprocessing of
spent nuclear fuel

AN AN

Russia is the only country in the
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YpaH Uranium

YpaH (U) — cambin TSXKeNbIN
NPUPOSHBIN XUMUYECKUIN 3STIEMEHT,
meTann. OTKpbIT B 1789 roay,
Ha3BaH B YeCTb NnaHeTbl YpaH. B
1896 roay obHapyXeHbl ero
pagnoakTUBHbIE CBOWCTBA.

YpaH sBnsieTCst OCHOBHbIM
SAepPHbIM TOMMIMBOM COBPEMEHHbIX
peakTopoB. OH cOCTOUT 13 3
n3oTonos. [lns Tonnmea
NCMONb3YyHT, B OCHOBHOM, U30TOMN
U-235, KOoTopbI cocTaBnsaeT 0,72%
npupoaHoro ypaHa. Poccusa
3aHMMaeT 4 MecTO Mo 3anacam
ypaHa B mupe. KpynHenwee
MecTopoXaeHuns ypaHa B Poccum -
ApryHckoe (3abankanbCkuin kpan)
(93 % BCcen godbblun). Poccus

Uranium (U)

is the heaviest natural chemical
element, the metal. It was
discovered in 1789 and named
after Uranus planet. In 1896 its
radioactive properties were
found.

Uranium is the main nuclear fuel
for modern reactors. It contains 3
isotopes. We generally use U-235
isotope for fuel. It is 0.72% only
of natural uranium.

Russia takes the 4t place in the
world on uranium reserves. The
biggest uranium deposit in Russia
is Argunsk, Zabaykalsk region
(93% of all uranium production).
Russia produces about 3 000 tons

http://howdoright.ru/interesny
e-fakty-o-urane/

https://new-science.ru




https://rosatom.ru;
https://www.nkj.ru/archive/articles

/31858/

https://ru.wikipedia.org/wiki

flaepHoe TonsMBO - 3TO
Martepuarn, KOTopbl NCMOSb3YeTCs
B A€PHbIX peakTopax B BUAe
TabneTok, pacnonararLwmxcs B
TENNOBbLIAENAIOLWMX aNneMeHTax,
00beaANHEHHbIX B
Tennosblgensaoume cOopKu.
ApepHoe TonnnBo UMEET CaMyto
BbICOKYH NIIOTHOCTb SHEPTrnn N3
BCEX BO3MOXXHbIX MCTOYHUKOB
Tonnuea. OgHa TonnueHas
TabneTka U3 gnokcuaa ypaHa
Maccown 4,5 r BblAeNseT SHEPruto,
9KBUBANEHTHYH CXXuraHumio 350
M3 npupogHoro rasa nnun 350 Kr

HedTn. OHa BbipabaTbiBaeT
cBbille 1400 kKBT/y
3NEKTPO3HEpPrum 3a 3 roga. ITon
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Nuclear fuel

Nuclear fuel

is @ material used in nuclear
reactors in the form of pellets put
inside the fuel rods banded in
fuel assemblies.

Nuclear fuel has the highest
energy density of all possible fuel
sources.

One fuel pellet made of uranium
dioxide weighing 4.5 g produces
energy equivalent to burning of
350 m? of natural gas or 350 kg of
oil. It generates more than 1400
kW/h of energy during 3 years.
This energy is enough for
computer to work for about one
year.

Russian Fuel Company TVEL is
one of the world's leaders in
nuclear fuel fabrication.




https://ru.wikipedia.org/wiki

https://dic.academic.ru/dic.ns

/ruwiki/29507

TennoBbigenaOLWnn
anemeHT (TB3N)

TennoBbigensaroOLWUN
anemeHT (TB3M) - rnaBHbIN
3NeMeHT aKTUBHOW 30HbI
peakTopa. B HeMm npoucxoguT
oenexHve sgep ypaHa unm
NNYTOHKUS, cCOnpoBOXaatoLeecs
BblAeneHnemM TeNNOBOWN 3HEPTUMN.
TBO3I1 - ato repmeTnyHas Tpydka
N3 cTanu unn UMPKOHMEBBIX
CnnaBoOB ANaMETPOM =1CM,
AnnHown =3,8M, Becom = 21kr. OH
3anonHeH TabneTkamm saepHoro
Tonnuea (=350 TabneTok obLen
maccon 0,9-1,5kr).

TennoBas 3Heprus, Bblaensemas
ogHum TB3Jlom 3a cpok cryxbbl
paBHa aHepruu 2251 HedpTKn, 300T
yrns unu 250m° raza. TBOJbl
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Fuel rod / Fuel element

Fuel rod (Fuel element)

is the main element of the
reactor core. Uranium or
plutonium fission takes place in
it. The fission is accompanied by
heat release.

A fuel rod is a leak tight tube of
=1cm diameter, =3.8m long, =
21kg weight from steel or
zirconium alloy.

It is filled with fuel pellets (=350
pellets of 0.9-1.5kg total weight).

The heat released by one fuel rod
during its lifetime equals to 225
tons of oil, 300 tons of coal or
250m? of gas.

Fuel rods are fabricated in



TennoBbigensoLwas
coopka (TBC)

TennoBblgensowasn coopka
(TBC) - mawumMHOCTpOUTENBHOE
nagenve, cogepxawlee sgepHble
mMartepuansl 1 npegHa3Ha4YeHHoe
ANa nNony4vyeHust TENNoBON SHEPTUN
B SiA€PHOM peakTope 3a CHET
KOHTPONMpyeMon saepHON
peakunun. O6bIMHO NpeacTaBnseT
cobom YeTbIpEXIPaHHbINA Unn
LLUEeCTUIpaHHbIN ny4yok TB3OJlos
ANNHOM 2,5-3,5 M U AMaMeTpoMm
30-40 CM, U3rOTOBIMEHHbIN U3
Hep)KaBeloLLlen ctanu unum cnnaea
LumpkoHus. B ogHon TBC
coaepxutcs 18-350 TB3AJlos B
3aBMCMMOCTM OT TMNa peakTopa. B
aKTUBHYHO 30HY peakTopa
nomewaetcs 200-450 TBC. Cpok

https://neftegaz.ru
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Fuel assembly (FA)

Fuel assembly

is @ machine-building product
containing nuclear materials and
designed to obtain thermal energy
in a nuclear reactor through a
controlled nuclear reaction.
Usually it is a tetrahedral or
hexahedral bundle of fuel rods
2.5-3.5 m long and 30-40 cm in
diameter, made of stainless steel
or zirconium alloy.

One fuel assembly contains
18-350 fuel rods depending on the
reactor type. There are 200-450
fuel assemblies in the reactor
core. The service life of fuel
assemblies is 4-5 years.




AKTMBHasA 30Ha peakTopa

AKTMBHasA 30Ha peakTtopa —
NPOCTPaHCTBO, B KOTOPOM
NPONCXOANT KOHTPONMpyemas
LenHas peakumns geneHna sgep
ypaHa unu niytoHus. B
pesynbraTte geneHus
ocBoboXaaeTcsa B BUae tenna
orpomHas aHeprus. OHa
BbIBOAUTCS U3 aKTUBHOW 30HbI C
MOMOLLIbIO ra3a, BoAbl UK
apyroro BellectBa. AKTUBHas
30Ha 00ObI4YHO UMeeT hopmy
umMnuHapa obbemMom OT gonen
nnTpa oo MHOrMx KybomeTpos,
COOEPXKMUT Aensileecsd BELLECTBO
(aoepHoe Tonnmeo). B akTnBHYtO
30HYy peakTtopa BBOP
nomeLuaetca 163 TBC.

http://nuclphys.sinp.msu

.ru/enc/e199.htm
https://ru.wikipedia.org/
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Reactor core

Reactor core

is a space where a controlled chain
reaction of uranium or plutonium
nuclei fission takes place.

As a result of fission huge energy is
released in the form of heat. It is
removed from the core using gas,
water, or other substance.

The reactor core has usually the
form of a cylinder. Its volume is
from fractions of a liter to many
cubic meters. It contains fissile
material (nuclear fuel). The VVER
reactor core holds 163 fuel
assemblies.




OTpaboTaBLiee sgepHoe
Tonnuso (OAT)

OTtpaboTaBLuee sgepHoOe TONNMUBO
(OAT) - n3BNEYEHHbIE N3 aKTUBHOM
30HbI TENNOBbIAENAIOLLNE
SNEMEHTbI UMK UX TPynnbl,
Tennosblaensawoume coopkm
SAAEPHbIX PEaKTOPOB U APYIrnx
YCTaHOBOK (MCCneaoBaTenbCKux,
TPaHCMOPTHBLIX K Npo4mMx). ToNMBO
OTHOCSAT K OTpaboTaHHOMY, eCNK OHC
bonee HecnocobHO aPPEKTUBHO
NoAaepKMBaTh LIENHYIO peakLmio.
OTtpaboTaBLlee TONNMBO NOMELLAKD
B GacCcelH BblAEPXKKN ANt CHUXKEHMS
ero akTMBHOCTU N TeMNepaTypbl,
nocne
4Yero OTNPaBNSAOT HA XPaHEHKE,
3axopoHeHme nnu nepepaboTky.
[MepeBoska OAT nponcxoout B

https://ru.wikipedia.org/wiki

http://www.ecp.ru/sites/def
ault/files/download/doc/100
voprosov 100 otvetov.pdf
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Spent nuclear fuel (SNF)

Spent nuclear fuel (SNF)

is fuel elements or their groups,
fuel assemblies of nuclear
reactors and other installations
(research, transport, etc.)
extracted from the reactor core.
Fuel is considered spent if it is
no longer able to effectively
maintain a chain reaction.
Spent fuel is put in the special
pool to reduce its activity and
temperature. Afterwards it is
sent for storage, disposal or
reprocessing.

SNF is transported in special
protected casks able to
withstand the impact of a
severe rail accident.

0 0 CALEC .
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MOX-TonnuBo MOX fuel

MOX fuel (Mixed-Oxide fuel)

is nuclear fuel containing several
types of oxides of fissile materials
— plutonium and uranium oxides.
It can be used as additional fuel
for light-water nuclear reactors.
But it is more efficient to use
MOX-fuel in fast-breeder reactors.

MOX-TtonnuBo
aepHoe TONMBO, coaepallee
HEeCKOJ1bKO BUAOB OKCUO0B

| enqawmxca maTepmanos: OKcug,
NNYTOHMA 1 okeua ypaHa. MoxeT
NPUMEHATBLCS KaK
AOMONHUTENbHOE TONNMBO ASS
NEerkoBOAHbIX SAEPHbIX
peakTtopoB. Ho 6onee
9dopeKTUBHO ncnosnb3oBaTb MOX-
TOMMNBO B peakTopax Ha BbICTPbIX
HenTpoHax. [lpuopuTeTt B
pa3paboTke Takmx peakTopoB
npuHagnexut Poccun.
Ncnonb3oBaHne MOX-Tonnuea
ABIISIETCS BaXXHbIM LLArom Ha nyTu
K 3aMblKaHWUIO SAEPHOro
TOMSIMBHOIO LMKNa.

Priority in the development of
such reactors belongs to Russia.
Using MOX-fuel is an important
step to close the nuclear fuel
cycle.

https://ru.wikipedia.org/wiki
https://rosatom.ru;




http://www.norao.ru/wa

ste/

PagnoakTuBHble oTxoAbl
(PAO)

PagnoaktuBHblie otxoabl (PAO) -
nobble cybcTaHUuK, Ybe
NPUMEHEHME HE NPEdYCMOTPEHO U
Yeln ypoBeHb PaANOaKTUBHOCTM HE
gonyckaeT ceobogHoe obpalleHmne
C HUMW. BbIBaIOT XXNOKMMU, TBEP-
ObIMU 1 ra3000pa3HbIMU, KOTOPbIE
B CBOIO Ovepeab noapasnensoTcs
Ha KaTeropuu - HU3KOAKTUBHbIE,
cpeaHeaKTUBHbIE N BbICOKO-
akTuBHbIe. [epen yTunmnsaumen
PAO nognexat obasaTenbHOW
nepepaboTke. 3aXxopoOHeHMEe
TBepablX paanoaKkTUBHbIX OTXOO0B
OCYLLECTBNSAETCA B cneyuanbHbIX
COOPYXKEHUAX - MOTUINbHUKAX
pagnoakTUBHbIX OTXOO0B.
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Radioactive Waste (RW)

Radioactive waste (RW)

is any substance which use is not
foreseen and which level of
radioactivity does not allow free
handling. There is liquid, solid
and gaseous waste which in turn
is divided into categories -
low-level, medium-level and
high-level. Radioactive waste is
subject to mandatory processing
before disposal.

Disposal of solid radioactive
waste is carried out in special
facilities - radioactive waste
repositories.




TonnuBHbIU LUKN/Fuel Cycle

XpaHeHue oTpaboTaBLUero
siAepHoro Tonnmea

XpaHeHue oTpaboTaBLuero
AAepHoOro Tonnuea - atan
TonnMBHOro uukna. XpaHenme OAT
OCYLLIECTBNAETCA MOKPbIM UIn
CYX1M Ccnocobom.

[Mocne BbIrpy3ku n3 peakropa OAT
BblaepkuBaeTtcsa B baccenHe 1-3
roga, 3aTemM TpaHCMNopTUPYETCS B
xpaHunuwa OAT, rge
yCTaHaBMBaeTCs B crieynanbHbIX
repMeTUYHbIX KOHTENHEpPaX B
OeToHHble KaMepbl, OXNnaxaaemMble
BO3OYXOM (Cyxoe XpaHeHune) nnu
BOLOW (MOKpoe).

B Poccuu (r.>KenesHoropck,
KpacHosapcknn Kpan) NoCTPoeH
nepBbIN B MUPE KOMMIEKC
LeHTpann3oBaHHOIO CyXoro

https://www.atomic-energy.ru/SMl/20
18/04/09/84831

https://moluch.ru/archive/262/6058(

https://fishki.net/3153049-saga-o-ros
atome
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Storage of spent nuclear fuel

Storage of Spent Nuclear Fuel
is a stage of the nuclear fuel cycle.
It can be wet or dry.

After unloading from the reactor
the SNF is kept in the pool for
about 1-3 years, then it is
transported to the SNF storage
facilities. There SNF in special leak
tight casks is installed in concrete
boxes cooled by the air (dry
storage) or water (wet storage).

The world's first facility for
centralized dry storage of SNF was
built in Russia (Zheleznogorsk,
Krasnoyarsk region).

After its storage SNF is sent for
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