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Task. Read the text and trandlateit into Ukrainian. Use vocabulary.
The Biosphere At Risk
In the Earth's
atmosphere, the |
warming effect of I
"greenhouse gases'
is an undisputed
phenomenon.
Without it, the
globe would be T
covered in ice. For
thousands of years, |
a fairly constant| = °
level of greenhouse ™
gases created the moderate environment in which civilisation
evolved.
In the 21 st century, human activity could cause a doubling of these
hest-trapping gases. In geological time, such change is sudden and
with little precedent.
In the next fifty years, the global population will use more energy
than the total consumed in all previous history. Humal Coal-fired heat anc
future of radical change - either in the way we produce energy or mm—_—
the health of our planet.
Most energy today comes from burning fossil fue to make
electricity, run factories, power vehicles and heat homes. Fossil
resources - coal, oil and natural gas - are being consumed so fast as
°] Impacts of global warming s cve\r/:ttl;lr);“ fossil energy, waste
' . llproducts are  dispersed
- directly into the air. Much of
- this waste takes the form of
. greenhouse gases such as
. carbon dioxide. Each year
1 7 fossil fuel waste adds 25
- billion tonnes of carbon
. 4 dioxide to the atmosphere.
.4 This equates to 70 million
tonnes each day - or 800
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tonnes a second.

To analyze the effects of the rapid build-up of heat-trapping gases,
world experts are cooperating though the UN's Intergovernmental
Panel on Climate Change. The dynamics of climate change are
complex and subject to competing theories. But scientists agree that
increased greenhouse gases are causing the Earth to capture more
solar heat. For most climate scientists, man-made greenhouse gases
explain why thedecade of 2000-2009was the warmest on
instrumental record of global surface temperature (since 1850).

Climate experts are virtually unanimous in warning that the
build-up of the greenhouse gases could, in the century ahead, become
catastrophic. Rising sea levels, extreme temperatures, violent storms,
devastating droughts and the spread of disease would destroy food
production and human habitability in many regions. These experts
warn that radical climate change could eventually destabilize the
entire biosphere.

All nations are involved in climate change - in both cause
and effect. North Americans rdease carbon dioxide into the
atmosphere at a daily rate of 54 kilograms - or 120 pounds - per
person. In Europe and Japan, daily per capita emissions are more
than 23 kilograms - or 50 pounds. In fast-devel oping China, with 1.4
billion people, the emissions level already exceeds 6 kilograms - or
13 pounds - for each person each day.

Nuclear Power Today

Nuclear generation began more than 50 years ago and now
generates as much global eectricity as was produced then by all
sources. Some two-thirds of world population lives in nations where
nuclear power plants are an integral part of electricity production and
industrial infrastructures. Half the world's people live in countries
where new nuclear power reactors are in planning or under
construction. Thus, arapid expansion of global nuclear power would
require no fundamental change - simply an acceleration of existing
strategies.

Today nearly 440 nuclear reactors produce e ectricity around
the world. More than 15 countries rely on nuclear power for 25% or
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more of their eectricity. In Europe and Japan, the nuclear share of
electricity is over 30%. In the U.S., nuclear power creates 20% of
electricity.

Nuclear power is power (generally electrical) produced
from controlled (i.e., non-explosive) nuclear reactions. Commercial
plants in use to date use nuclear fission reactions. Electric utility
reactors heat water to produce steam, which is then used to generate
electricity. In 2009, 15% of the world's electricity came from nuclear
power, despite concerns about safety and radioactive waste
management. More than 150 naval vessels using nuclear propulsion
have been built.

Nuclear fusion reactions are widely believed to be safer than fission
and appear potentially viable, though technically quite difficult.
Fusion power has been under intense theoretical and experimental
investigation for many years.

Both fission and fusion appear promising for some space propulsion
applications in the mid- to distant-future, using low thrust for long
durations to achieve high mission velocities.

Nuclear Power isa Waste. No one wants such a legacy

Every nuclear power station converts uranium fuel rods through
nuclear fission into highly radioactive nuclear waste. Nuclear waste
congtitutes a life-threatening hazard because of its radioactive
emissions. People, animals and plants need to therefore be shielded
from it for several hundreds of thousands of years. Nuclear power
stations have been in operation for some 50 years but to date no one
knows how nuclear waste can ultimately be stored. Worldwide there
is not one safe and secure disposal option for the highly radioactive
waste produced by nuclear power stations. In the short period of time
that nuclear power has been used, it is leaving behind - in the shape
of the resultant nuclear waste - a dead hand of historical dimensions
for the Earth. If prehistoric man had aready had nuclear power
stations we would even today still be having to maintain a watch
over hiswaste.

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

Vocabulary:

fossil fuel —BukonHe, MpuUpoIHE MATHBO

unani mMous-oiHOCTaitHU I

nuclear fuel- sngepra manuBo — Matepianu, SKi  CIOYTYHOTh JUIS
OTpUMAaHHS EHeprii B sIEPHOMY PeaKkTopi

nuclear power plant —aToMHa eIeKTPOCTaHIlis — ENEKTPOCTAHIIIS,B
sSIKili aToMHa (siIepHa) EHeprisi MEPETBOPIOETHCS B CIEKTPUUHY
nuclear power reactor- simepHuii peakTop — MPUCTPil, B aKTUBHIN
30H1 SIKOTO BiIOYBA€TbCS JIAHIFOTOBA PEaKIlis TOAUTY si/iep BaXKKHUX
€JIEMEHTIB, B pPE3YJIbTaTi SIKOI BiIOYBAEThCS BUIUICHHS €HEprii
nuclear fission reaction-peaxkiiisi siIEPHOro NOALTY

nuclear propulsion-siepta pymriiHa cuia

fusion power-tepmosiiepHa NOTYKHICTh

fission power-norysxHicTh Moy

fud rod-manuBHMIA CTPHKEHD

disposal-sunanenns

Task. Trandate into English

SlnepHa eHepris (aToMHa €Hepris) — BHYTPIIIHS €Hepris

aTOMHHX  SiIep, 10 BHUAUBIETBCS TPH  ACIKUX  SIEPHUX
neperBopeHHsX. BukopucranHs siepHOi eHeprii 3acHOBaHO Ha
3IiICHEHH] JIAHIIIOTOBUX PeaKLiii po3MoaiTy BaXKKHX Sep 1 peaxiin
TEPMOSIIEPHOTO CHUHTE3Y JIETKHX sIIIep.
ATOMHa eHeprist — eHepris, U0 BUALIIETHCA IiJ] Yac IepeTBOPEHb
aTOMHHX sifep. [lepeTBOpeHHs Ili MOXKYTh BiOyBaTHCS CIIOHTaHHO
abo BiJ MAisHHS HEHTPOHIB 1 MPUCKOPEHHX 3apAKEHHX YaCTUHOK.
L enepris B MiNbHOHM pa3iB MEpeBULIYE XIMIYHY €HEpriro, Harmp.
MIpH TOPiHHI. ATOMHA €HEeprisl 3yMOBIIOETHCS SIACPHUMHU CHIIAMH, SIKi
JIIOTh MK HYKJIOHaMH, TOOTO HEHTPOHAMH, 1 TPOTOHAMH.

Eneprist 3B's3Ky, sika mpunajgae Ha 1 HyKJIOH, HEOJHAKOBA
s pisHEX  ggep. [Jns  omepkaHHS aTOMHOI eHeprii MoHa
KOPUCTYBATHCS SIEPHUMH PEAKIISIMU TIOAUTY 1 IAEPHUMHU PeaKkIisiMH
cuHTe3y. Peakmii cMHTE3y MOXYTb BiOyBaTHCS TUIBKH TOMi, KOJIH
sA1pa HaGMMKAIOTHCS OJHE 10 OJHOrO Ha BiacTamb, MeHmry 3a 107
CM, Ha SKii TOYMHAIOTH IATH sIepHI CHIHM. 30JMKEHHIO siiep
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MPOTHUIIIOTH KYJIOHIBCHKI CHUJIM BiAIITOBXYBAHHS; TOMY, 1100 I1i CHJIH
MOJ0NaTH, sIpa TOBHHHI MaTH JOCTaTHIO eHeprito. OpepxaHHS
BUIBHUX HEHTPOHIB 1 TPUCKOPEHHS PYyXY 3apsKeHHX YaCTUHOK
BHMAarae BUTPATH eHeprii. IMOBipHICTh MonagaHHs TAKUX YACTHHOK Y
saapa ayxe Mana. ToMy BUTpadeHa eHeprisi epeBUILye eHeprilo, sKa
BUJISETHCS MIPH SACPHUX peakuisx. EHepreTHuHuil BUTpam MoxKHa
JiCTaTH TNBKH B TOMY BHIIAJKY, KOJIHM MEPETBOPEHHS BiAOyBa€ThCS
BHACHIZIOK JIAHIIOTOBUX peakiii. Peakuii cuHTE3y MOXYTh OyTH
JIAHIIOTOBUMH TIPU y’)KE€ BHCOKHX TeMIIepaTypaxpax — B JICCATKH 1
HaBiTh COTHI MUIBHOHIB TpaayciB. 3a IIMX YMOB PEUOBHHA iCHYE Y
BUTJISAIL MJ1a3MH, 1 eHEPTisl OKPEMHUX YaCTHHOK TUIA3MHU JAOCTATHS JUIS
MOJONaHHsl ~ KYJIOHIBCBKOT'O  BiJIITOBXYBaHHS. Taki  BHCOKI
TEeMIIepaTypH iCHYIOTh B HaJpax 3ipoK, oaHi€lo 3 sikux € CoHie.
Came BHacHmiIok TepMosiepHUX peakuii cuHTely CoHue
BUIIPOMiHIOE  eHeprito. B ramy3i OBONONIHHS KepOBaHUMH
TEPMOSIICPHIMH PEaKIiIMH CHHTE3y BXKE pO3B'A3aHO OAHY 3
OCHOBHUX TMpOOJieM — TEpMIYHy I30JISIiF0  TUIa3MH, sKa
3OIMCHIOETBCS 3@ JOIMOMOIOI0 Mar”iTHux 1oiiB.  OcoOnuBO
BXIMBIUM Y PEaKIisAX CHHTE3Y € Te, M0 SIK «albHe» JUIS HUX
MOXXHa BHKOPHUCTOBYBAaTH JIeWTEpili y NpakTHUYHO HEOOMEXeHiH
KibKoCTi. JlefiTepiil e MICTUTBCS Y BaKKili BOJI, SIKa € JTOMIIIKOIO
70 BOOM MOpiB 1 okeaHiB. JlaHIforoBi peakuii momiry MOXYyTbh
BiOyBaTUCS TOMY, IO TOJUI KOXHOTO siipa CYIMPOBOAUTHCS
BUJIUJICHHSIM KUJIbKOX HEHTPOHIB, AKi MPH 3aXBaTi X IHIIMMHU SApaMH
3HOBY MOXYTh CIIPHUMHHTH TOJLT 3 BUALUICHHSIM HOBUX HEUTPOHIB, i
T 1. SIKIIO CTBOPUTH YMOBH, TPH SKUX KUIBKICTh BHJIUICHUX
HEUTPOHIB, IO CHPUYMHSIOTH TIOAUT HOBUX snep, Oyne, B
CepeIHbOMY OUIbINA BiJ| OJMHMII HA OJWH TOJIUI, TO JAHIIOrOBa
peakiliss 0e3nepepBHO PO3BHBATHMEThCS. SIKIIO K JIAHIFOrOBa
peaKilisi pO3BUBAETHCS Iy)Ke MIBHIKO, TO BOHa HaOyBae XapakTepy
BUOYXy, Hamp. B aroMHiii O6omOi. [licims BuOyxy atomHoi GomOm
BHUHUKAE JIy)Ke BUCOKA T-pa. sIKa € HEOOXiHOK YMOBOIO MPOTIKaHHS
TEPMOSIJIEPHUX PEAKIiid; 1€ BUKOPUCTOBYEThCA TOKH IIO JIHIIE Y
BojHEBiIM OomOi. IlIBMuKicTh JAHIFOTOBUX peakilii  Mominy
PETYJIIOI0Th MOKH IO TUTBKK B sIEpHUX peakTropax. Enepris, mo
BHJIUISIETHCS BHACHIJIOK WX PEaKIliii, BIIBOAUTLCSA BiJ| peakropa y
BUTJISAI TelUla 3a JOMOMOTOI0 TEMJIOHOCIIB, SIKHMH MOXYTh OyTH
BO/Ia, Tapa, piaki Merand, rasu Ttomo. Llg TermoBa eHepris
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BUKOPUCTOBYETHCS Ha SAEPHUX EIEKTPOCTAHLISAX 1 B aTOMHHUX
JIBUTYHAX.

Do you know?
Exonomiuna nepesaca amomuux eiekmpocmanyin.  Hao

meniosuMy  6e3nepeperHo  3pocmamume AK  GHACTIOOK  IXHbO2O
VOOCKOHALEHHSL, MAK | 6HACAIO0K NOOOPOICUAHHSL KAM'IHO20 8Y2ilis,
mopgy, Haghmu i npupooHo2o 2azy, 3anacu AKUX Y 6EPXHIX UApPax
3emni weuoko smenuwyromocs. Ilpu cyuwacnux memnax 3pocmanHs
BUKOPUCTNOBYBAHHS eHepaii Yux 3andacié namuea Modice GUCTHAYUMU
na 100—150 poxie, euxopucmauus ¢ SOePHUX peakyitl nooiLy
Ypawy, mopir i WIYMOHIIO 3MOJice 30Lmblumu yel Cmpox wje Hd
200—300 poxis. Jluwe 080100iHHA MeEPMOSOEPHUMU PeaKyiamu
cunmesy 3abesneuumv  JII0OCMBO  eHepeielo 6  HeoOMedceHill
KIMbKOCMI [ HA HeOOMeHCEeHUTl MEPMIH.

IHepuwiy y céimi amomuy enexkmpocmanyiro 6yio 36y0068ano 8
CPCP i énepute excniyamosano 27 ueperns 1954.
Y 1959 6 CPCP 3axinueno OYOiBHUYMBO Nepuiozo 8 Cceimi
Kpueonama «JIenun» 3 amomHum 08USYHOM.

Task. Read the text and translaeit into Ukrainian. Use vocabulary.
Energy for the World - Why Uranium?

About half a million years ago human beings learned to make fire.
We took our first steps in the use of mechanical energy with the
harnessing of wind and water power. Later, the industrial revolution,
based on coal and steam power, laid the foundations for today's
technological society, with significant developments such as the
internal combustion engine and the large-scale generation of
electricity.

Together with this increasing energy consumption, it has been
possible for the world to sustain an ever increasing population. At
present, however, three quarters of world energy production is
consumed by the one quarter of the world's population living in the
industrialised countries.

A population increase will have a dramatic impact on energy
demand, at least doubling it by 2050, even if the devel oped countries
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adopt more effective energy conservation policies so that their
energy consumption does not increase at all over that period.
Energy can be considered in two categories - primary and secondary.

Primary energy is energy in the form of natural resources, such as
wood, coal, ail, natural gas, natural uranium, wind, hydro power, and
sunlight.

Secondary energy is the more useable forms to which primary
energy may be converted, such as dectricity and petrol.

Primary energy can be renewable or non-renewable:

Renewable energy sources include solar, wind and wave energy,
biomass (wood or crops such as sugar), geothermal energy and hydro
power.

Non-renewable energy sources include the fossil fuels - coal, oil
and natural gas, which together provide over 80% of our energy
today, plus uranium.

The availability of energy

There is no shortage of primary energy. The sun pours an
abundance on to our planet each day. We seethis energy in a variety
of forms, ranging from solar radiation, through wind and waves, to
trees and vegetation which convert the sun's rays into plant biomass.
In addition, there is an enormous amount of energy in the materials
of the earth's crust, the fossil fuels also storing energy from the sun.
Uranium is an energy source which has been locked into the earth
since before the solar system was formed, billions of years ago.
The challenge today is to move away from our heavy dependence on
fossil fuels and utilise non-carbon energy resources more fully.
Concerns about global warming are a major reason for this.
Fossil fuels have served us well. Coal was the first to be widely used
industrially and to increase peoples standard of living. Qil is a
convenient source of energy. Because of its easy availability and low
price, it played an important role in the economic development of
many countries during the past century. It remains vital for much
transport. Natural gasis widely used alongside coal and oil, as avery
versatile fuel.
But the question of "Why Uranium?" puts the focus on energy
sources which are suitable for e ectricity. Generating e ectricity
already accounts for 40% of primary energy use, and at 2.7% per
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year, demand for it is growing twice as fast as for total energy
worldwide.

Hydro-electric generating facilities have the attraction of providing
electricity without polluting the atmosphere. They harness the energy
of falling water, which can occur naturally, but more often has to be
engineered by the construction of large dams with lakes behind them.
The advantages of hydro-e ectricity have long been appreciated and
today it provides 18% of the world's power. In many countries most
of the suitable dam sites have already been used, thus limiting further
major development of this source. P
Other renewable energy sources have more
potential for increased use, but also have / vl
characteristics which limit their ability to play a
major rolein meeting eectricity needs, bearing in
mind that much of the demand is for continuous,
reliable supply:

Solar energy
has considerable logical and popular appesal.
However, for eectricity generation solar power has limited potential,
asit istoo diffuse and too intermittent. First, solar input is
interrupted by night and by cloud cover, which means that solar
electric generation plant can typically only be used to a small
proportion of its capacity. Also, thereis alow intensity of incoming
radiation and converting this to high-grade el ectricity is still
.. reatively inefficient (less than 20%), though this

5 5 1 has been the subject of much research over several

: ‘A-_ e decades.

e On asmall scale (and at relatively high cost) it is
ji__F g possibleto store eectricity. On alarge scale any
% solar electric generation has to be worked in with

“other sources of eectricity with full back-up.

Whileit istruethat sunlight itself is free, the capital, energy and

materials costs of conversion, maintenance and storage are extremely

high. The main role of solar energy in the future will be that of direct
heating.
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Wind, likethesun, is'freg andisincreasingly harnessed for
electricity. About 20,000 megawatts capacity is now installed around
the world. However, in meeting most
electricity demand, similar back-up issues
ariseasfor solar. It is not always available -
when needed, and some meansisrequiredto , .

provide substitute capacity for windless - TELTHENY, *

periods. Nevertheless, costs have come o | i
down, and contracts for dectricity from some , " ‘E T:; "ol

new US plants are as low as for conventional o Q’g’% )
Sources.

Geothermal

energy comes from natural heat below the earth's surface. Where hot
_underground steam can be tapped and brought to
=, ! thesurface it may be used to generate el ectricity.
.,/ Such geothermal sources have potential in
Ui /- certain parts of the world, and some 8000 MWe
eoE || &% of capacity is operating. There are also prospects

FOR

Fa

o7 e @:‘ in other areas for pumping water underground to
[y, s R\L very hot regions of the earth's crust and using the
J = TR

- steam thus produced for electricity generation.

Biomass. Most forests and agricultural crops are technically capable
of being converted into some form of energy, even if the pri mary
purpose of the crop isto providefood. Thereare
also some 'energy farms, where crops are produced
solely for energy production. Such farms however
compete with other crops for water, fertiliser and
land use, thus requiring some choice between fuel
and food. Biomass does provide a useful and
growing source of energy, especially for rural communitiesin third
world countries, and organic waste and water plants can be used to
produce methane or 'biogas. Nevertheless, it is only likely to play a
very small role overall.

Thus as we head into a new century, the only energy resources
available for economic large-scale e ectricity generation are likely to
be gas, coal and nuclear.

L
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Oil has generally become too expensive to use for electricity and it
has the great advantage of being a portable fuel suitablefor transport.
Wherever possible it is conserved for special uses, such as transport
and in the petrochemical industry.
Gas can be seen in the same way as oil, as being too valuable to
squander for uses such as large-scale electricity generation. But after
the oil price shocks of the 1970s, increased exploration efforts
revealed huge deposits of natural gas in many parts of the world and
today these are extensively used for power stations. The main virtue
of gas however is that it can be reticulated safely and cheaply to
domestic and industrial users and burned there to provide heat very
efficiently. It is also a valuable chemical feedstock.
Coal isabundant and world production is about 3.5 billion tonnes per
year, most of this being used for eectricity. It dominates the scene,
and produces 38% of all electricity worldwide, while uranium
produces 16%. In OECD countries the figures are closer together:
38% and 24% respectively.
Uranium is aso abundant, and technologies exist which can extend
its use 60-fold if demand requires it. World mine production is about
35,000 tonnes per year, but alot of the market is being supplied from
secondary sources such as stockpiles, including material from
dismantled nuclear weapons. Practically all of it is used for
electricity.
Which should be used?
World reserves of coal are, in theory, large enough to produce the
electricity we shall need for more than a hundred years. However, it
is likely that more and more of the coal mined in the future will be
converted into the more valuable liquid fuels and so will not be
available for electricity generation. There are also environmental and
other problems associated with the increased mining and burning of
coal.

The difference in the heat value of uranium compared with
coal and other fuels is important (though both are used at about 33%
thermal efficiency in the power station). A one million kilowatt
(1,000 MWe) power station* consumes about 3.1 million tonnes of
black coal each year, or about 24 tonnes of uranium (as UO,)
enriched to about 4% of the useful isotope (U-235). This requires the
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mining of over 200 tonnes of natural uranium which may be
recovered from, say, 25-100,000 tonnes of typical uranium ore.
*operating at 80% capacity

Vocabulary:

uranium - ypax

harness - BukopucToByBaTn

steam power — mapoBa TAra, MapoBa eHepris
primary energy — rmepBMHHA €HEPTist
secondary energy — BTOpHMHHA €Heprist

an abundance — HaUINIIOK, BEIUKA KUIBKICTh
versatile fuel — yHiBepcanbHe naiuBo

fossil fuel — BukomHe, MpUpPoOIHE MaTUBO
fertiliser - mobpuBo

to squander - mapHyBaTH

reticulate - ciruactuit

virtue— cuna, 1ist, eheKTUBHICTH

abundant — 6aratwuii, psicauit

crude oil — HeouneHa Hadra

Task. Trandate into English

[MpupomHi BuaM majiivBa — KaM'sHE BYTULIS, BKJIIOYAIOUU
MaJIWBHI TMPOAYKTH, OlepKaHi MmpH 30araueHHi Ta COpTyBaHHI Ha
HiINPUEMCTBAX BYTUIbHOI MPOMHCIOBOCTi, Oype Byriuis (JIirHir),
CJIaHIlI TOproYi, Top(d MaTMBHHUI, JPOBa ONANIOBANIbHI, JIEPEBUHHI
BIJIXO/IM JIICO3aroTiBJli, ACPEBUHHI BIIXOU JIEPEBOOOPOOKH, BiAXOIU
CUIbCHKOIOCTIOIAPCHKOr0 BUPOOHUIITBA (COOMa, KayaHu Ta credna
KyKYpY/3H, JYIITHHHS COHSIIHUKOBE Ta PUCOBE TOILIO), IHII BHIH
NEPBHHHOTO TBEPAOr0 MNaivBa (HENPUAATHI IINAIH, PYIHHKOBI
CTilikM, JepeB'ssHa Tapa TOINO), HadTa, BKIOYAIOYM Ta30BHM
KOHJICHCAT, MPUPOAHUH ra3, 10 SKOTO BXOANUTH MIAXTHHN MeTaH.

pizke Ta ra3oBe NAJINBO, SIKE € aJbTEPHATHBOIO BiAMOBIAHUM
TpaIUIiHHUM BUJaM MajnBa 1 Ke BUI00YBAETHCS 3 HETPAAUIIIHUX
JDKEpeIl Ta BHJIIB €HepreTHYHOI CHPOBHHU,
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Herpamuuiiini kepena Ta BUIAM €HEPTETUYHOI CUPOBUHU -
CHpPOBHMHA POCIMHHOTO TIOXO/KEHHS, BIXOAHM, TBEPAi TOpIOYi
PEYOBHHH, iHIII MPUPOAHI 1 IITYYHI JuKepena Ta BUAW eHepreTHIHOT
CHUPOBUHHM, Y TOMY 4HCIi HaTOBi, ra3oBi, Ta30KOHICHCATHI I
Ha(TOra30KOHJICHCATHI BUYEPIaHi, HEMPOMHUCIIOBOIO 3HAYCHHS Ta
TEXHOI'CHHI POJIOBHWINA, Ba)XXKi COpPTH Ha(TH, NPHPOAHI OITyMmH,
ra30HACUYCHI BOJM, Ta30TipaTv TOIIO, BUAOOYTOK i mepepodka
SKUX TOTpeOye 3acTOCYBaHHS HOBITHIX TEXHOJOTIA 1 sKi He
BUKOPHUCTOBYIOTBCSL Ul BHPOOHHIITBA (BHIOOYTKY) TpaaUIidiHUX
BH/IIB AJINBA;

Jlo anbTepHAaTUBHUX BHUIIB PIKOTO MajJHBa HAJIEKATh:

- TOpIOYl piAMHH, OfAEpXaHi MiJ Yac MepepoOKH TBEPANX
BUJIiB NajuBa (Byriuis, Topdy, claHIiB);

- COUPTH Ta iX cymimri, oii;

- TOPIOYI PiAMHM, OJIepKaHi 3 TPOMHUCIOBUX BIIXOJIIB;

- TaJMBO, oOjiepkaHe 3 HapTH 1 Ta30BOro KOHJACHCATY
Ha(TOBUX, ra30BUX Ta ra30KOHICHCATHUX POAOBUIILL
HEMPOMUCIIOBOTO 3HAYEHHSI Ta BUYEPIAHMX POAOBHIL, 3 BAKKHX
copTiB Ha)TH Ta MPUPOIHUX OITYMIB, SIKIIIO II€ MAJIMBO HE HAJICKUTH
JI0 TPaJuIiHOTO BUY.

Jlo anbTepHAaTUBHUX BHJIIB Ta30BOTO MATHBa HAJIEKATh:

- Ta3 (MeTaH) BYTiTbHUX POJOBHII, 4 TAKOXK a3, OJep KaHuit
y mporeci mij3eMHOl rasudikamii Ta MiA3eMHOr0 CHAaJIOBaHHS
BYT'UJIBHUX IJIaCTiB;

- ras, oJepKaHUU Mg 4Yac MepepoOKH TBEPAOTO IMaJINBA,
MPHUPOAHUX OITyMiB, BaKKOi HaTH.

- Tas, olepKaHWH 3 MNPHUPOAHMUX Ta30BUX TiIpaTiB, Ta
MiAriApaTHUH Tas3;

- ra3, oJiep>kKaHui 3 MPOMHCIOBUX BiJXOJIIB;

- CTHUCHEHMH Ta 3piKEHWH NPUPONHUHA Ta3, 3piKEeHHH
Ha(TOBMIA ra3, BUILHMIA Ta3 METaH, SKIIO BOHU OJICPXKaHI 3 Ta30BUX,
Ta30KOHJCHCATHUX Ta HApTOBHUX POJAOBHI] HEMPOMHCIOBOTO
3HA4YCHHS Ta BUYEPIAHUX POAOBHIL 1 HE HaNEKaTh JO TPAAULIIHHX
BU/IIB [AJIABA.

Cdepa anbTepHaTHBHHUX BHJIIB HaJMBa - cdepa IisIbHOCTI,
NOB'sI3aHa 3 BUPOOHUITBOM (BHJOOYTKOM), TpPaHCIOPTYBAHHSM,
30epiraHHsAM Ta CIIOKUBAaHHAM aJIbTEPHATUBHUX BH/IIB MaJIHBA.
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Task. Read the text and trandate itinto Ukrainian
The Fud Cyclein Brief.
Mining

Uranium deposits are found in rocks around the world. The two
largest producers of uranium are Canada and Australia. Uranium is
recovered either by mining hard rock or by in situ leaching (I1SL),
where dissolved from the orebody in situ, the solution then being
pumped back to the surface. If uranium is mined the rock is crushed
and then leached to dissolve out the uranium, which is then
precipitated out of solution as the uranium oxide U3;Og, sometimes
known as 'vellowcake.

Conversion, Enrichment and Fuel Fabrication

Most reactors use fuel enriched in the U-235 isotope. The
solid uranium oxide from the mine is converted into the gas UF,
which is then enriched in the U-235 isotope by one of two physical
methods of enrichment. Diffusion enrichment, works by exploiting
the different speeds at which U-235 and U-238 pass through a
membrane. Centrifuge enrichment, works by passing the gas through
spinning cylinders, the centrifugal force moving the heavier U-238 to
the outside of the cylinder, leaving a higher concentration of U-235
on the inside. Uranium dioxide pellets are produced from the
enriched UF6 gas.

Electricity Generation

Nuclear reactors produce el ectricity by heating water to
make steam. The steam is then used to drive turbines that generate
electricity. In this sense nuclear power plants are similar to other
thermal power stations, where the heat from burning coal or gasis
used to produce stream. A key difference of nuclear reactors is that
they don't emit carbon dioxide. A nuclear chain reaction is so-called
because when a U-235 atom splits (or fissions) in the reactor's core
the released neutrons cause other uranium atoms to undergo fission.
A moderator slows down the neutrons to achieve this. The nuclear
reactor uses control rods to ensure that this chain reaction occurs at a
controlled rate.
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Used Fuel Management

Used fuel from a nuclear reactor isfirst stored to allow most
of the radiaoactivity to decay. Then it can either be reprocessed to
recover the reusable portion, or it may be disposed of directly as
waste. In reprocessing, the used f fud is dissolved and the uranium
and plutonium in the used fuel are separated from the waste fission
products. Plutonium can then be combined uranium to make Mixed
Oxide Fuel (MOX), which can be used in many modern reactors.
Reprocessed uranium can be used in new uranium oxide fuel.

No underground facilities have yet been built for used fud, although
severa are planned.

Waste M anagement

Nuclear wastes range from low level wastes, which contain
bardly radioactive materials which are called through to high level
wastes such as used nuclear fud that is not destined for reprocessing.
Low level waste facilities are already in operation, taking wastes not
only from the power generation sector, but also those from nuclear
medicine. High level waste is currently kept in storage facilities and
will finally be put into specialy engineered underground
repositories.

Decommissioning

Nuclear facilities are decommissioned after the end of their operating
lives. All nuclear materials, machinery and plant are removed and it
is ensured that the siteis returned to a state where it can be used for
NEW purposes.

Transport

Nuclear materials, such as feedstock in the fuel manufacture
process, new fuel, used fuel and wastes are transported between
nuclear facilities by road, rail and sea in specialy designed
containers. Care is taken to ensure that this is safe even in accident
situations
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Vocabulary:

fud cycle— nanuBuuit nukn (peakropa)

to mine - BunoOyBatn

in situ — Ha cBOEMY MicIri

to leach — BumuBaTu, BUIIyroByBaTH

orebody — cyrinbHe pooBuIlle, PYAHUN ITOK

to dissolve — po3uunHsTH, BUIapOBYBATH

precipitate — ocakyBaTH,IPHCKOPIOBATH

«yellowcake» - HeoummieHuil okcun ypaHy (OTpuMaB Taky Ha3By
depes Te, 10 YTBOPIOE 0CA[] dKOBTOT'O KOIbOPY)

conversion - mepepo6ka

enrichment - 36araueHHs

fue fabrication — BupoOieHHs nanBa

UF6 — rekcadropua ypaHy (Ciib IIOCTHBAJEHTHOTO YpaHy W
(TOPOBOTHEBOI KUCIOTH, CIIONYKa, KA BUKOPHCTOBYETHCS i Yac
MPOMDKHOI cTanii mpomecy 30araueHHs ypaHy, HEOOXiTHOTO st
BupoOienHs nanmsa it AEC)

to exploite — po3pobnsTu (pomoBuiie)

spinning cylinder — wuiaap, mo odepTaeThest

to emit — BUIIPOMIHIOBATH, BHITYCKATH

to fission — AinUTHCH, PO3IIEIITIOBATHCE

to split — po3koTIOBATHCE, TITUTHCH

moderator — crioBibHIOBAY (SI71. peaKiliii)

control rod — perysrorunii CTpKeHb

decommissioning - criucyBaHHs

feedstock — cximaz st 3aroroBok

Task. Read the text and trandateit into Ukranian
Getting uranium from the ground

Uranium is a relatively common metal, found in rocks and
seawater. Over half of the world's production of uranium from mines
isin Canadaand Australia
Uranium ore is recovered by excavation or by in situ leaching
techniques. Excavation may be underground or open pit mining.
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After the uranium has been mined it is milled. the uranium ore is
crushed to a fine slurry, which is then leached with sulfuric acid to
produce concentrated UsOg, commonly known as 'yellowcake'.

In situ leaching involves pumping a liquid into the ground to dissolve
the uranium and then pumping that liquid back to the surface.

Mining and Milling

There are two main types of mining. In general, open pit
mining is used where deposits are close to the surface and
underground mining is used for deep deposits, typically greater than
120 m deep.

Underground mines have relatively small surface disturbance and the
quantity of material that must be removed to access the ore is
considerably less than in the case of an open pit mine.

In the case of underground uranium mines, special
precautions, consisting primarily of increased ventilation, are
required to protect against airborne radiation exposure.

After the uranium ore has been mined it is milled. Milling,
which is generally carried out close to a uranium mine, extracts the
uranium from the ore. Most mining facilities include a mill, although
where mines are close together, one mill may process the ore from
several mines

At the mill the ore is crushed and ground to a fine slurry.
Sulfuric acid or a strong alkaline solution is used to dissolve the
uranium to allow the separation of uranium from the wasterock. It is
then recovered from solution and precipitated as uranium oxide
(U3Og) concentrate. This is sometimes referred to as 'yellowcake' and
generally contains more than 80% uranium. The original ore may
contain as little as 0.1% uranium.

After drying and usually heating it is packed in 200-litre
drums as a concentrate.

The remainder of the ore, containing most of the radioactivity and
nearly all the rock material, becomes tailings, which are placed in
engineered facilities near the mine (often in mined out pits). Tailings
contain long-lived radioactive materials in low concentrations and
toxic materials such as heavy metals; however, the total quantity of
radioactive dements is less than in the origina ore, and their
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collective radioactivity will be much shorter-lived. These materials
need to be isolated from the environment.

Conversion and Enrichment

Uranium found in nature consists largely of two isotopes, U-235 and
U-238. The production of energy in the form of heat in nuclear
reactors isfrom the “fission' or splitting of the U-235 atoms. Natural
uranium contains 0.7% of the U-235 isotope. The remaining 99.3%
is mostly the U-238 isotope which does not contribute directly to the
fission process.

Uranium-235 and U-238 are chemically identical, but differ in their
physical properties, particularly their mass. The nucleus of the U-235
atom contains 92 protons and 143 neutrons, giving an atomic mass of
235 units. The U-238 nucleus also has 92 protons but has 146
neutrons - three more than U-235, and therefore has a mass of 238
units.

Uranium is enriched in U-235 by gaseous diffusion or centrifuge
technology. Both of these processes work on the principle of
separating the lighter U-235 from the heavier U-238, when in the
form of uranium hexafluoride gas.

Some reactors, for example the Canadian-designed Candu and the
British Magnox reactors, use natural uranium as their fud, but most
types require uranium enriched to 3 to 5 percent U-235 .

Conversion

Uranium enrichment requires the material to be in gaseous form. The
product of a uranium mine is not directly usable and the uranium
oxide must be converted into uranium hexafluoride (UF6) which is a
gas at rlatively low temperature.

There are conversion plants in Europe, Russia or North America . At
a conversion facility, the UsOs is first refined to uranium dioxide,
which can be used as the fuel for those types of reactors that do not
require enriched uranium. Most is then converted into uranium
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hexafluoride, ready for the enrichment plant. It is shipped in strong
metal containers.

Gaseous diffusion enrichment

The diffusion process involves forcing uranium hexafluoride gas
under pressure through a series of porous membranes. As U-235
molecules are lighter than the U-238 mol ecules they move faster and
have a dlightly better chance of passing through the pores in the
membrane. The UF6 which diffuses through the membrane is thus
dlightly enriched, while the gas which did not pass through is slightly
depleted in U-235.

This process is repeated many times in a series of diffusion stages
called a cascade. The enriched UF6 product is withdrawn from one
end of the cascade and the depleted UF6 is removed at the other end.
The gas must be processed through some 1400 stages to obtain a
product with a concentration of 3% to 4% U-235.

At present the gaseous diffusion process accounts for about 40% of
world enrichment capacity. However, because they are old and
energy-inefficient , most gaseque diffusinn nlante ara hainn nhaced

out over the next five years The large tricastin enrichment plant in Fra

; ; (beyond cooling towers) the four nuclear reactors
cent”fUQe enrichment technolo the forearound provide over 3000 MWe power for |

Centrifuge enrichment

Like the diffusion process, th =
centrifuge process uses UFeﬁ,%{

gas as its feed and makes Usemas”.
of the slight difference in massiE
between U-235 and U-238. The
gas is fed into a series of = 2
vacuum tubes, each containing a rotor one to two metres Iong and
15-20 cm diameter. When the rotors are spun rapidly, at 50,000 to
70,000 rpm the outer wall of the spinning cylinder moves at between
400 and 500 meters per second to give a million times the
acceleration of gravity. Centrifugal force causes the heavier
molecules with U-238 increase in concentration towards the
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cylinder's outer edge. There is a corresponding increase in
concentration of U-235 molecules near the centre.

The enriched gas forms part of the feed for the next stages while the
depleted UF 6 gas goes back to the previous stage. Eventually
enriched is drawn from the cascade at the desired concentration and
depleted uranium is removed for storage .

Enrichment of reprocessed uranium

_ :' In some countries used fuel is

7 & reprocessed to recover its

: 4 uranium and plutonium, and to
reduce the final volume of
high-level wastes. The
/i plutonium is normally
‘= recycled promptly into mixed-
L"' oxide (MOX) fuel, by mixing
it with depleted uranium. The
uranium can be re-enriched,

Task. Trandateinto English.

Haitnepra cTaist YpaHOBOI'O BUPOOHHUIITBA —
KOHIIeHTpyBaHHs. [lopony MOApiOHIOITH 1 3MIMIYIOTH 3 BOIOIO.
Baxkki KOMIIOHEHTH CycreH3ii ocijaroTh mBuime. SKmo mopona
MICTUTh TIEPBUHHI MiHEpalu ypaHy, TO BOHH OCIIalOTh IIBUAKO: 1€
BaXKKi MiHepanu. BropuHHI MiHepanu ypaHy Jerui, B IbOMY
BUMIQJIKy paHillie ociae Bakka mycrta mopoxa. (Brim, mameko He
3aBKIM BOHA CIpaBAi MOPOXHS, B HIH MOXyTb OyTm Oarato
KOPHCHHX €JIeMEHTIB, Y TOMy uucii i ypaH). Hacrynna cramis —
BUJIYTOBYBaHHS KOHIIGHTpATiB, NEPETBOPEHHS YpaHy B PO3UUH.
Po3pizHsIOT KHCIOTHE 1 Jy)XHE BHIyroByBaHHA. [lepmie —
JIeIIeBIe, OCKUTbKM sl BHAOOYBAaHHS ypaHy BHKOPHCTOBYIOTH
cipuaHy KHCIIOTY. AJie SIKIIO Y BUXIIHINA CUPOBUHI, SIK, HATIPUKJIIAJ, B
YPAHOBOI CMOJIII, ypaH 3HAXOIUThCS B YOTHPHLOXBAJCHTHOM CTaHi,
TO el cnoci®é HempuIaTHHUN: YOTUPHOXBAICHTHUH ypaH B cipuaHi
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KHCJIOTI MPAKTUYHO HE PO3YMHSETHCA. Y I[bOMY BHUIIQJKY MOTPIOHO
abo BIaTHcs A0 JYXHOTO BHJIYTOBYBaHHS, a00 TOHEpenHbO
OKHCHSTH ypaH [0 IIECTHBaJeHTHOro craHy. He 3acTocoByroTh
KHACIOTHE BHWJIYIOBYBaHHA 1 B THX BHNAJKaX, SKIIO YPaHOBHMH
KOHIIGHTpAT MICTUTh JOJOMIT a00 MarHe3uT, IO pearymTh 3
CIpYaHOIO0 KUCIIOTOI0. Y IMX BHUIAJKaX BUKOPHCTOBYIOTH TiPOKCH]T
HaTpito. [IpoGiieMy BHIYroByBaHHSI ypaHy 3 Pyl BUpILIyE KUCHEBE
nponyBanHa. Y Harpity no 150 °C cymim ypaHoBOi pyau 3
cynbdigHUMK MiHepajJaMH TOAAIOTh MOTIK KucHio. [Ipu mpomy 3
CIpUMCTHX MiHEpaliB YTBOPIOETHCS CipuaHa KUCIIOTA, KA 1 BUMHUBAE
ypan. Ha HacTymHOMy erami 3 OTpPUMAaHOrO PO3YHMHY MOTPIOHO
BUOIpKOBO BUAUIMTH ypaH. CydacHi METOAM — eKCTpakiiis Ta
ioHHUII  OOMiH —  JIO3BOJISIIOTH ~ BUPILIMTH 110 TpoOIiemy.
Tenep po3unH MICTUTh HE TUIBKU YpaH, ajie ¥ iHIi kaTioHu. Jleski 3
HUX Yy T[EeBHHX YMOBax BeAyThb cebe Tak caMo, SIK YypaH:
EKCTParyloThCsl THMHU K OPraHIYHHMHU PO3YMHHHKAMH, OCiJar0Th Ha
TUX K€ 10HOOOMIHHUX CMOJIaX, BUIAJAIOTh B OCAJ MPU THX KE
yMoBax. ToMy Uil CEJIEKTHBHOTO BHIIUICHHS ypaHy JOBOJUTHCS
BHKOPHCTOBYBAaTH 0araTo OKHCIIIOBAJIbHO-BIJHOBHUX peakiliii, mo0
Ha KOXHINA cTanil mo30aBisSTHCSA BiJ TOrO YW iHIIOrO HeOakaHOTO
nonmyTHUKa. Ha cydacHuX i0HOOOMIHHMX CMOJIaX ypaH BHIUIIETHCS
Iy’)K€ CEIeKTUBHO. MeToan 10HHOro OOMiHY Ta eKCTpaKIii XOpoIi
mie i TUM, 10 AO03BOJSIOTH JIOCHTH MMOBHO BUTATATH ypaH 3 OiTHUX
pO34MHIB (BMICT ypaHy — JIecsTi 4aCTKu rpamy Ha jitp). [licis mux
oreparliii ypaH MEepPeBOJATh Y TBEPAMM CTaH — B OJWH i3 OKCHIIB
abo B terpadropun UF, Ase neli ypan me Tpeba OYMCTUTH BiX
JOMIILIOK eNTIEMEHTIB 3 BEIUKUM IMEepepi3oMOM 3axBaTy TeIJIOBUX
HelTpoHiB — Gopy, Kajamilo, rauiro. IX BMicT B KiHIleBOMY
MPOAYKTI HE TIOBUHHUH TEPEBUILYBATH CTOTUCSYHUX 1 MUIbHOHHUX
4acToK BifcoTka. s BUIANEHHS HUX AOMIIIOK TEXHIYHO YHCTY
CHONYKY YypaHy pO3YHMHSIOTH B a30THI KHCIOTL. [lpu 1pomy
yrBoproeThess  ypauinHiTpaT UO,(NOs),, sxkuit mpu  ekcrpakiii
TpuOyTHI-PocdaToM i AEIKUMHU IHIIMMH PEUOBHHAMH JIOJATKOBO
O4YHMIIAaeThCs 10 mnoTpiOHMX Kowamuid. [loTiMm 1ng pedoBuHA
Kkpucramisyiotbes  (abo  ocamkyiote mepokcun  UO,-2H,0) i
MOYMHAIOTH 00EPEeKHO MPOXKApIOITh. B pe3ynbraTi miei omepamii
yTBOpIOEThCsl okcua ypaHy UQjg, sSKuii BITHOBIIOIOTH BOIHEM [0
UO,. Ha miokcun ypany UO, mpu temnepartypi Big 430 no 600 °C
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JUIOTH CyXHM (TOPUCTHM BOJHEM JUI OTPUMaHHS TeTpadTopHuiIy
UF;. 3 wmi€i crnoiyku BiIHOBIIOIOTH METaJIeBHH ypaH 3a JAOMOMOTOI0
KaJbllito a00 MarHito.

Task. Read the text and trandlateit into Ukrainian.

Fuel Fabrication

Most nuclear reactors use fuel made comprising of pellets of uranium
dioxide encased in metal tubes, which are arranged in fuel
assemblies. Uranium dioxide fuels are used in PWR, BWR and
Candu reactors.

Uranium Dioxide Fuel Manufacture

In a fuel fabrication plant enriched UFs gas is converted to uranium
dioxide (UO,), which is formed into ceramic fuel pellets by baking it
at ahigh temperature (over 1400°C).

The pellets are then encased in metal tubes, usually made of
zirconium alloy (zircalloy) or stainless sted, to form fud rods. The
rods are then sealed and assembled in clusters to form fue
assemblies for usein the core of the nuclear reactor.

Fuel Types
Pressurized water reactor (PWR) fud consists of cylindrical rods of
~ Zircaloy tubes filled with UO, pellets
put into bundles. The Zircaloy tubes are
about 1 cm in diameter, and the fuel
¥ cladding gap is filled with helium gas to
. improve the conduction of heat from the
| fuel to the cladding. There are about
8 179-264 fuel rods per fuel bundle and
about 121 to 193 fuel bundles, about 4
metres in length, are loaded into a
reactor core. Control rods are inserted
through the top directly into the fue
bundle.

: In boiling water reactors (BWR), the
fud is similar to PWR fuel except that the bundles are "canned".
That is there is a thin tube surrounding each bundle. In BWR fuel
bundles, there are about 500-800 fuel rods per assembly. Each BWR
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fud rod is back filled with helium to a pressure of about three
atmospheres (300 kPa).

CANDU fuel bundles are about a half meter in length and 30 cm in
diameter. They consist of sintered (UO,) pellets in Zirconium tubes,
welded to Zirconium end plates. Each bundle is roughly 20 kg, and a
typical core loading is on the order of 4500 bundles. Current
CANDU designs do not need enriched uranium to achieve criticality
(due to their more efficient heavy water moderator), however, some
newer concepts call for low enrichment to help reduce the size of the
reactors.

Vocabulary:

pressurized-water reactor (PWR) - Bojo-BoIsiHHIA siIepHHI pEaKTOp
boiling-water reactor (BWR) - kuruisiumii saepHuii peakrop
pressurized heavy water reactor (CANDU) - Ba)XxKOBOIHUIA BOJIO-
BOJSIHUI siIepHUiT peakTop, sikuid Oyio po3pobiierno y Kanani (from
Can(ada) + theinitial letters of deuterium and uranium)

pellet — 6pycok, 610K, KATHUIIIOK

to encase — ynakoByBaTH, BCTABJISATH

zirconium - HUpPKOHii

fue rod — nanuBHMIA CTPHIKEHB

to seal — i3051r0BaTH, TEPMETUYHO 3aKPUBATH

fud assembly — kacera enemenTiB, 1110 BUIISIOTH TEILIO

COre — cepueBruHa,CepICYHUK, IIPO

bundle - By3on

sintered - arnmomepoBaHuit

What is Uranium?

Uranium is a very heavy metal which can be used as an
abundant source of concentrated energy. It is common in the Earth's
crust and is found in economic concentrations in a wide variety of
geological settings.

Unlike fossil fuels which are combined with oxygen in burning to
release alot of heat, uranium atoms can be made to split, or fission,
to release heat. A kilogram of natural uranium produces as much

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

25

heat as 20 tonnes of coal. This is harnessed to make steam and
generate power.

It was discovered in 1789 by Martin Klaproth, a German chemist, in
the mineral called pitchblende. It was named after the planet Uranus,
which had been discovered eight years earlier.

Uranium was formed in super novae about 6.6 billion years ago.
While it is not common in the solar system, today its slow
radioactive decay provides the main source of heat inside the Earth,
causing convection and continental drift.

The high density of uranium meansthat it also finds uses in the kegls
of yachts and as counterweights for aircraft control surfaces, as well
as for radiation shielding.

The Uranium Atom

Uranium is the heaviest of all the naturally-occurring
elements (hydrogen is the lightest). Uranium is 18.7 times as dense
as water.

Like other elements, uranium occurs in several slightly differing
forms known as 'isotopes’. These isotopes differ from each other in
the number of particles (neutrons) in the nucleus. Natural uranium as
found in the Earth's crust is a mixture largdy of two isotopes:
uranium-238 (U-238), accounting for 99.3% and uranium-235 (U-
235) about 0.7%.

The isotope U-235 is important because under certain conditions it
can readily be split, yielding alot of energy. It is therefore said to be
'fissile' and we use the expression 'nuclear fission'.

Like all radioactive isotopes, uranium atoms decay. U-238 decays
very slowly, its half-life being about the same as the age of the Earth
(4500 million years). This means that it is barely radioactive, less so
than many other isotopes in rocks and sand. Nevertheless it generates
0.1 watts/tonne as decay heat and this is enough to warm the Earth's
core. U-235 decays slightly faster.

Energy from the uranium atom
When the nucleus of a U-235 atom captures a moving

neutron it splits in two (fissions) and releases some energy in the
form of heat. During the fission two or three neutrons are thrown off.
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If enough of these expelled neutrons are captured by the nuclei of
other U-235 atoms to split, releasing further neutrons, afission ‘chain
reaction' occurs. When this happens over and over again, many
millions of times, a very large amount of heat is produced from a
relatively small amount of uranium.

Inside the nuclear reactor

In a nuclear reactor the uranium fuel is assembled in such a
way that a controlled fission chain reaction can be achieved.
Nuclear power stations and fossil-fuelled power stations of similar
capacity have many features in common. Both use heat to produce
steam to drive turbines and generators. However, the fissioning of
uranium atoms replaces the burning of coal or gas. Burning coal or
gas oxidises carbon to produce carbon dioxide. This is not produced
in the fissioning of uranium.
The chain reaction that takes place in the core of a nuclear reactor is
controlled by rods which absorb neutrons and which can be inserted
or withdrawn to set the reactor at the required power level.
The fuel elements are surrounded by a substance called a moderator
to dow the speed of the emitted neutrons and thus enable the chain
reaction to continue. Water, graphite and heavy water are used as
moderators in different types of reactors.

Advanced Nuclear Power Reactors

The next two generations of nuclear reactors are currently
being developed in several countries.

The first (3rd generation) advanced reactors have been
operating in Japan since 1996. Late 3rd generation designs are
now being built.

Newer advanced reactors have simpler designs which reduce
capital cost. They are more fuel efficient and are inherently
safer.

The nuclear power industry has been developing and improving
reactor technology for more than five decades and is starting to build
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the next generation of nuclear power reactors to fill orders now
materialising.
Several generations of reactors are commonly distinguished.
Generation | reactors were developed in 1950-60s, and outside the
UK none are still running today. Generation |1 reactors are typified
by the present US fleet and most in operation elsewhere. Generation
Il are the Advanced Reactors discussed in this paper. The first are
in operation in Japan and others are under construction or ready to be
ordered. Generation IV designs are still on the drawing board and
will not be operational before 2020 at the earliest.
About 85% of the world's nuclear eectricity is generated by reactors
derived from designs originally developed for naval use. These and
other second-generation nuclear power units have been found to be
safe and reliable, but they are being superseded by better designs.
Reactor suppliers in North America, Japan, Europe, Russia and
elsewhere have a dozen new nuclear reactor designs at advanced
stages of planning, while others are at a research and development
stage. Fourth-generation reactors are at concept stage.
Third-generation reactors have:

a standardised design for each type to expedite licensing, reduce
capital cost and reduce construction time,

a ssimpler and more rugged design, making them easier to operate
and less vulnerable to operational upsets,

higher availability and longer operating life - typically 60 years,

further reduced possibility of core melt accidents,

resistance to serious damage that would allow radiological release
from an aircraft impact,

higher burn-up to reduce fuel use and the amount of waste,

burnable absorbers ("poisons”) to extend fud life.
The greatest departure from second-generation designs is that many
incorporate passive or inherent safety features which require no
active controls or operational intervention to avoid accidents in the
event of malfunction, and may rely on gravity, natural convection or
resistance to high temperatures.

Vocabulary:

advanced reactor — cygacHuii peakTop
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fleet — BilicbkOBO-MOpCHKHI (IIOT

naval — BilicbKOBO-MOPChKH

to expedite — mprckoproOBaTH, IIBHIKO BUKOHYBATH
rugged - rpyOwuii

vulnerable — cipuitHATINBHH, TiATATIHBHI

Nuclear Power Reactors

Most nuclear electricity is generated using just two kinds of
reactors which were developed in the 1950s and improved since.

New designs are coming forward and some are in operation as
the first generation reactors come to the end of their operating
lives.

Over 16% of the world's electricity is produced from nuclear
ener gy, mor e than from all sour ces worldwidein 1960.

A nuclear reactor produces and controls the release of energy from
splitting the atoms of certain elements. In a nuclear power reactor,
the energy released is used as heat to make steam to generate
electricity. (In a research reactor the main purpose is to utilise the
actual neutrons produced in the core. In most naval reactors, steam
drives aturbine directly for propulsion.)

The principles for using nuclear power to produce el ectricity are the
same for most types of reactor. The energy released from continuous
fission of the atoms of the fuel is harnessed as heet in either a gas or
water, and is used to produce steam. The steam is used to drive the
turbines which produce dectricity (asin most fossil fuel plants).
There are several components common to most types of reactors:
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Fuel. Usually pelets of uranium oxide (UO,) arranged in tubes to
form fuel rods. The rods are arranged into fuel assemblies in the
reactor core.*

* |n a new reactor with new fuel a neutron source is needed to get the
reaction going. Usually this is beryllium mixed with polonium,
radium or other alpha-emitter. Alpha particles from the decay cause a
reease of neutrons from the beryllium as it turns to carbon-12.

Restarting a reactor with some used fuel may not require this, as
there may be enough neutrons to achieve criticality when control
rods are removed.

Moderator. This is material in the core which sows down the
neutrons released from fission so that they cause more fission. It is
usually water, but may be heavy water or graphite.

Control rods. These are made with neutron-absorbing material such
as cadmium, hafnium or boron, and are inserted or withdrawn from
the core to control the rate of reaction, or to halt it.* In some
reactors, special control rods are used to enable the core to sustain a
low level of power efficiently. (Secondary shutdown systems
involve adding other neutron absorbers, usualy as a fluid, to the
system.)

* Infission, most of the neutrons are released promptly, but some are
delayed. These are crucia in enabling a chain reacting system (or
reactor) to be controllable and to be able to be held precisely critical.

Coolant. A liquid or gas circulating through the core so as to transfer
the heat from it. . In light water reactors the water moderator
functions aso as primary coolant. Except in BWRs, there is
secondary coolant circuit where the steam is made. (see also later
section on primary coolant characteristics)

Pressure vessel or pressure tubes. Usually a robust steel vessel
containing the reactor core and moderator/coolant, but it may be a
series of tubes holding the fuel and conveying the coolant through
the moderator.

Steam generator. (not in BWR) Part of the cooling system where
the primary coolant bringing heat from the reactor is used to make
steam for the turbine.

Containment. The structure around the reactor core which is
designed to protect it from outside intrusion and to protect those
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outside from the effects of radiation in case of any malfunction
inside. It istypically a metre-thick concrete and steel structure.

There are several different types of reactors as indicated in the
following table.

Nuclear power plantsin commer cial operation

Most reactors need to be shut down for refuelling, so that the
pressure vessel can be opened up. In this case refudling is at
intervals of 1-2 years, when a quarter to a third of the fuel assemblies
are replaced with fresh ones. The CANDU and RBMK types have
pressure tubes (rather than a pressure vessel enclosing the reactor
core) and can be refuelled under load by disconnecting individual
pressure tubes.

If graphite or heavy water is used as moderator, it is possibleto run a
power reactor on natural instead of enriched uranium. Natural
uranium has the same elemental composition as when it was mined
(0.7% U-235, over 99.2% U-238), enriched uranium has had the
proportion of the fissile isotope (U-235) increased by a process
caled enrichment, commonly to 3.5 - 5.0%. In this case the
moderator can be ordinary water, and such reactors are collectively
called light water reactors. Because the light water absorbs neutrons
aswell as slowing them, it is less efficient as a moderator than heavy
water or graphite.

Practically all fuel is ceramic uranium oxide (UO, with a melting
point of 2800°C) and most is enriched. The fuel pdlets (usualy
about 1 cm diameter and 1.5 cm long) are typically arranged in a
long zirconium aloy (zircaloy) tubeto form afuel rod, the zirconium
being hard, corrosion-resistant and permeable to neutrons.*
Numerous rods form a fud assembly, which is an open lattice and
can be lifted into and out of the reactor core. In the most common
reactors these are about 3.5 to 4 metres long.

*Zirconium is an important mineral for nuclear power, where it finds
its main use. It is therefore subject to controls on trading. It is
normally contaminated with hafnium, a neutron absorber, so very
pure 'nuclear grade Zr is used to make the zircaloy, which is about
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98% Zr plustin, iron, chromium and sometimes nickel to enhance its
strength.

Burnable poisons are often used (especially in BWR) in fuel or
coolant to even out the performance of the reactor over time from
fresh fuel being loaded to refuelling. These are neutron absorbers
which decay under neutron exposure, compensating for the
progressive build up of neutron absorbers in the fuel as it is burned.
The best known is gadolinium, which is a vital ingredient of fuel in
naval reactors where installing fresh fud is very inconvenient, so
reactors are designed to run more than a decade between refuellings.

Vocabulary:

to improve - BIocKoHaIOBATH

to release - 3BiIbHIOBATHCH
propulsion - pyrriiiHa cuia

fission - posmogmin, momin

emitter - BunpomiHoBayu

hafnium - radmiit

boron - 6op

insert - omyckatu

withdraw - Buiimati

to halt - synunsTu

to sustain - miaTpumMyBaTn

shutdown - 3ymuHka

promptly - mBuIKO

to delay - 3arpumyBaTHCh

crucial - kimtouoBwHit

robust stedl - 3araprosana crann
vessel — mocynnHa

containment — Oy10Ba, CTpyKTypa
CONVeY - CIpsIMOBYBATH,HATIPABJISATH
concrete - ieMeHT

intrusion - BTpy4aHHs

malfunction - HecripaBuIicTb, AedeKT
gas-cooled reactor (AGR & Magnox)— peakTop 3 ra30BuM
OXOJIO/IKEHHSIM

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

32

Light water graphite reactor (RBMK) - rpacdito-razoBuii simepauit
peaxTop
Fast neutron reactor (FBR) - peakTop Ha IIBUAKUX HEHTpOHAX

Pressurised Water Reactor (PWR)

This is the most common type, with over 230 in use for power
generation and several hundred more employed for naval propulsion.
The design of PWRs originated as a submarine power plant. PWRs
use ordinary water as both coolant and moderator. The design is
distinguished by having a primary cooling circuit which flows
through the core of the reactor under very high pressure, and a
secondary circuit in which steam is generated to drive the turbine.

A PWR has fud assemblies of 200-300 rods each, arranged
vertically in the core, and a large reactor would have about 150-250
fuel assemblies with 80-100 tonnes of uranium.

Water in the reactor core reaches about 325°C, hence it must be kept
under about 150 times atmospheric pressure to prevent it boiling.
Pressure is maintained by steam in a pressuriser. In the primary
cooling circuit the water is also the moderator, and if any of it turned
to steam the fission reaction would slow down. This negative
feedback effect is one of the safety features of the type The
secondary shutdown system involves adding boron to the primary
circuit.

The secondary circuit is under less pressure and the water here boils
in the heat exchangers which are thus steam generators. The steam
drives the turbine to produce eectricity, and is then condensed and
returned to the heat exchangers in contact with the primary circuit.

Boiling Water Reactor (BWR)

This design has many similarities to the PWR, except that there is
only asingle circuit in which the water is at lower pressure (about 75
times atmospheric pressure) so that it boils in the core at about
285°C. The reactor is designed to operate with 12-15% of the water

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

33

in the top part of the core as steam, and hence with less moderating
effect and thus efficiency there.

The steam passes through drier plates (steam separators) above the
core and then directly to the turbines, which are thus part of the
reactor circuit. Since the water around the core of a reactor is aways
contaminated with traces of radionuclides, it means that the turbine
must be shielded and radiological protection provided during
maintenance. The cost of this tends to balance the savings dueto the
simpler design. Most of the radioactivity in the water is very short-
lived, so the turbine hall can be entered soon after the reactor is shut
down.

A BWR fuel assembly comprises 90-100 fuel rods, and there are up
to 750 assemblies in a reactor core, holding up to 140 tonnes of
uranium. The secondary control system involves restricting water
flow through the core so that more steam in the top part reduces
moderation.

Seam +— Concrete shield
separator

See
Eress re
e

Fuel elements

Control rods

Pressurised Heavy Water Reactor (PHWR or CANDU)

The PHWR reactor design has been developed since the 1950s in
Canada as the CANDU, and more recently also in India. It uses
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natural uranium (0.7% U-235) oxide as fuel, hence needs a more
efficient moderator, in this case heavy water (D,0).**

** with the CANDU system, the moderator is enriched (i.e. water)
rather than the fud, - a cost trade-off.

The moderator is in a large tank called a calandria, penetrated by
several hundred horizontal pressure tubes which form channels for
the fuel, cooled by a flow of heavy water under high pressure in the
primary cooling circuit, reaching 290°C. Asin the PWR, the primary
coolant generates steam in a secondary circuit to drive the turbines.
The pressure tube design means that the reactor can be refuelled
progressively without shutting down, by isolating individual pressure
tubes from the cooling circuit.

confainment structure

A CANDU fuel assembly consists of a bundle of 37 half metre long
fuel rods (ceramic fuel pellets in zircaloy tubes) plus a support
structure, with 12 bundles lying end to end in a fue channel. Control
rods penetrate the calandria vertically, and a secondary shutdown
system involves adding gadolinium to the moderator. The heavy
water moderator circulating through the body of the calandria vessel
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also yields some heat (though this circuit is not shown on the
diagram above).

Advanced Gas-cooled Reactor (AGR)

These are the second generation of British gas-cooled reactors, using
graphite moderator and carbon dioxide as coolant. The fud is
uranium oxide pellets, enriched to 2.5-3.5%, in stainless stedl tubes.
The carbon dioxide circulates through the core, reaching 650°C and
then past steam generator tubes outside it, but still inside the concrete
and stedl pressure vessel. Control rods penetrate the moderator and a
secondary shutdown system involves injecting nitrogen to the

coolant.
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Sraphite modanahor

The AGR was developed from the Magnox reactor, also graphite
moderated and CO, cooled, and two of these are still operating in
UK. They use natural uranium fuel in metal form.

Light water graphite-moderated reactor (RBMK)

This is a Soviet design, developed from plutonium production
reactors. It employs long (7 metre) vertical pressure tubes running
through graphite moderator, and is cooled by water, which is allowed

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

36

to boil in the core at 290°C, much asin a BWR. Fudl is low-enriched
uranium oxide made up into fuel assemblies 3.5 metres long. With
moderation largely due to the fixed graphite, excess boiling simply
reduces the cooling and neutron absorbtion without inhibiting the
fission reaction, and a positive feedback problem can arise, which is
why they have never been built outside the Soviet Union.

Advanced reactors

Several generations of reactors are commonly distinguished.
Generation | reactors were developed in 1950-60s and very few are
still running today. They mostly used natural uranium fuel and used
graphite as moderator. Generation |l reactors are typified by the
present US fleet and most in operation elsewhere. They typically use
enriched uranium fuel and are mostly cooled and moderated by
water. Generation |ll are the Advanced Reactors, the first few of
which arein operation in Japan and others are under construction and
ready to be ordered. They are developments of the second generation
with enhanced safety.

Generation 1V designs are still on the drawing board and will not be
operational before 2020 at the earliest, probably later. They will tend
to have closed fuel cycles and burn the long-lived actinides now
forming part of spent fuel, so that fission products are the only high-
level waste. Many will be fast neutron reactors.

More than a dozen (Generation 111) advanced reactor designs arein
various stages of development. Some are evolutionary from the
PWR, BWR and CANDU designs above, some are more radical
departures. The former include the Advanced Boiling Water Reactor,
a few of which are now operating with others under construction.
The best-known radical new design is the Pebble Bed Modular
Reactor, using helium as coolant, at very high temperature, to drivea
turbine directly.

Considering the closed fuel cycle, Generation 1-3 reactors recycle
plutonium (and possibly uranium), while Generation IV are expected
to have full actinide recycle.
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Fast neutron reactors (FNR)

Some reactors (only one in commercial service) do not have a
moderator and utilise fast neutrons, generating power from
plutonium while making more of it from the U-238 isotope in or
around the fuel. While they get more than 60 times as much energy
from the original uranium compared with the normal reactors, they
are expensive to build. Further development of them is likely in the
next decade, and the main designs expected to be built in two
decades are FNRs.  See also Fast Neutron Reactors and Small
Reactors papers.

Floating nuclear power plants

Apart from over 200 nuclear reactors powering various kinds of
ships, Rosatom in Russia has set up a subsidiary to supply floating
nuclear power plants ranging in size from 70 to 600 MWe. These
will be mounted in pairs on alarge barge, which will be permanently
moored where it is needed to supply power and possibly some
desalination to a shore settlement or industrial complex. The first
will have two 40 MWe reactors based on those in icebreakers and
will operate at Severodvinsk, in the Archangel region. Five of the
next seven will be used by Gazprom for offshore oil and gas field
development and for operations on the Kola and Yamal peninsulas.
Oneis for Pevek on the Chukotka peninsula, another for Kamchatka
region, both in the far east of the country. Further far east sites being
considered are Yakutia and Taimyr. Electricity cost is expected to be
much lower than from present alternatives.

Lifetime of nuclear reactors.

Most of today's nuclear plants which were originally designed for 30
or 40-year operating lives. However, with major investments in
systems, structures and components lives can be extended, and in
several countries there are active programs to extend operating lives.
In the USA most of the more than one hundred reactors are expected
to be granted licence extensions from 40 to 60 years. This justifies
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significant capital expenditure in upgrading systems and
components, including building in extra performance margins.

Some components simply wear out, corrode or degradeto alow level
of efficiency. These need to be replaced. Steam generators are the
most prominent and expensive of these, and many have been
replaced after about 30 years where the reactor otherwise has the
prospect of running for 60 years. This is essentially an economic
decision. Lesser components are more straightforward to replace as
they age. In Candu reactors, pressure tube replacement has been
undertaken on some plants after about 30 years operation.

A second issue is that of obsolescence. For instance, older reactors
have analogue instrument and control systems. Thirdly, the
properties of materials may degrade with age, particularly with heat
and neutron irradiation. In respect to all these aspects, investment is
needed to maintain reliability and safety. Also, periodic safety
reviews are undertaken on older plants in line with international
safety conventions and principles to ensure that safety margins are
maintained.

L oad-following capacity

Nuclear power plants are essentially base-load generators, running
continuously. This is because their power output cannot readily be
ramped up and down on a daily and weekly basis, and in this respect
they are similar to most coal-fired plants. (It is aso uneconomic to
run them at less than full capacity, since they are expensive to build
but cheap to run.) However, in some situations it is necessary to
vary the output according to daily and weekly load cycles on a
regular basis, for instance in France, where there is a very high
reiance on nuclear power.

The ability of a power reactor to run at less than full power for much
of the time depends on whether it is in the early part of its 18 to 24-
month refueling cycle or late in it, and whether it is designed with
special control rods which diminish power levels throughout the core
without shutting it down. Thus, though the ability on any individual
reactor to run on a sustained basis at low power decreases markedly
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as it progresses through the refueling cycle, there is considerable
scope for running a fleet of reactors in load-following mode. See
further information in the Nuclear Power in France paper.

Primary coolants

The advent of some of the designs mentioned above provides
opportunity to review the various primary coolants used in nuclear
reactors. There is a wide variety - gas, water, light metal, heavy
metal and salt:

Water or heavy water must be maintained at very high pressure
(1000-2200 psi, 7-15 MPa) to enable it to function above 100°C, as
in present reactors. This has a major influence on reactor
engineering. However, supercritical water around 25 MPa can give
45% thermal efficiency - as at some fossil-fuel power plants today
with outlet temperatures of 600°C, and at ultra supercritical levels
(30+ MPa) 50% may be attained.

Helium must be used at similar pressure (1000-2000 psi, 7-14 MPa)
to maintain sufficient density for efficient operation. Again, there are
engineering implications, but it can be used in the Brayton cycle to
driveaturbine directly.

Carbon dioxide was used in early British reactors and their AGRs. It
is denser than hdium and thus likely to give better thermal
conversion efficiency. There is now interest in supercritical CO, for
the Brayton cycle.

Sodium, as normally used in fast neutron reactors, melts at 98°C and
boils at 883°C at atmospheric pressure, so despite the need to keep it
dry the engineering required to contain it is relatively modest.
However, normally water/steam is used in the secondary circuit to
drive a turbine (Rankine cycle) at lower thermal efficiency than the
Brayton cycle.

Lead or lead-bismuth eutectic in fast neutron reactors are capable of
higher temperature operation. They are transparent to neutrons,
aiding efficiency, and since they do not react with water the heat
exchanger interface is safer. They do not burn when exposed to air.

However, they are corrosive of fuel cladding and stedls, and Pb-Bi
yields toxic polonium (Po-210) activation products. Pb-Bi meltsat a
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reatively low 125°C (hence eutectic) and boils at 1670°C, Pb melts
at 327°C and boils at 1737°C but is very much more abundant and
cheaper to produce than bismuth, hence is envisaged for large-scale
usein the future. The development of nuclear power based on Pb-Bi
cooled fast neutron reactorsis likely to be limited to a total of 50-100
GWe, basically for small reactors in remote places. In 1998 Russia
declassified a lot of research information derived from its experience
with submarine reactors, and US interest in using Pb or Pb-Bi for
small reactors has increased subsequently.

Molten fluoride salt boils at 1400°C at atmospheric pressure, so
allows several options for use of the hesat, including using heliumin a
secondary Brayton cycle with thermal efficiencies of 48% at 750°C
to 59% at 1000°C, or manufacture of hydrogen.

Low-pressure liquid coolants allow all their heat to be delivered at
high temperatures, since the temperature drop in heat exchangers is
less than with gas coolants. Also, with a good margin between
operating and boiling temperatures, passive cooling for decay heat is
readily achieved.

The removal of passive decay heat is a vital feature of primary
cooling systems, beyond heat transfer to do work. When the fission
process stops, fission product decay continues and a substantial
amount of heat is added to the core. At the moment of shutdown,
this is about 6% of the full power level, but it quickly drops to about
1% as the short-lived fission products decay. This heat could melt
the core of a light water reactor unless it is reliably dissipated.

Typically some kind of convection flow isrelied upon.

Primitive reactors

The world's oldest known nuclear reactors operated at what is now
Oklo in Gabon, West Africa. About 2 billion years ago, at least 17
natural nuclear reactors achieved criticality in a rich deposit of
uranium ore. Each operated at about 20 kW thermal. At that time the
concentration of U-235 in all natural uranium was 3.7 percent instead
of 0.7 percent as at present. (U-235 decays much faster than U-238,
whose half-life is about the same as the age of the Earth.) These
natural chain reactions, started spontaneously by the presence of
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water acting as a moderator, continued for about 2 million years
beforefinally dying away.

During this long reaction period about 5.4 tonnes of fission products
as well as 1.5 tonnes of plutonium together with other transuranic
elements were generated in the orebody. The initial radioactive
products have long since decayed into stable elements but close
study of the amount and location of these has shown that there was
little movement of radioactive wastes during and after the nuclear
reactions. Plutonium and the other transuranics remained immobile.

Task. Trandate into English

ATOMHMI peaxkTop, MPHUCTPIA IS OJep:KaHHS eHeprii 3a
paxyHOK KepoBaHOi peakiii mnoiiuty sapa. ICHye Kilbka THIIIB
ATOMHHX PEaKTOpiB, YCi BOHH BUKOPHCTOBYIOTH SIJIEPHY JIAHIFOTOBY
peakuito moainy. [Tepmmii peakrop 0yB 3anmymenuii y CLLIA B 1942
(8 CPCP B 1946). Posnan simep BinOyBaeThcsi B aKTHBHIN 30HI
peakTopa, y [Kiii 30cepe/keHe saepHe MaIuBO, i CYIPOBOIKYETHCS
BHBUIbHEHHSIM 3HAYHOI KUTBKOCTI eHeprii.

Peakropu po3pi3HsIOTS!

3a EHEpri€l0 HEHWTPOHIB, IIO BHUKIMKAIOTH po3naj (peakTop Ha
TEIUIOBHX, MIBUAKUX i IPOMIKHUX HEHTPOHAX)

3a  XapakTepoM po3maay sjaepHoro mnamuBa (TOMOTEHHI 1
reTepOreHHi)

3a BHKOPHCTOBYBAaHUM CIIOBUIbHIOBaueM (rpaditoBi, BOmO-BOISHI
Ta iH.)

3a MPU3HAYCHHSM (€HEpreTHYHI, JOCIiJHUIIBKI).

PeakTop Ha MIBUAKUX HEUTPOHAX - SJIEPHUI PEAKTOp, B SIKOMY
JIAHITIOTOBA PEaKIlis IMOAUTY SICPHOr0 TaluBa 3HIHCHIOEThCS Ha
HMIBUJIKUX HEeHTpoHax. HelWTpoHu BHCOKHMX eHeprii oOyMOBIIOIOTH
BIJTHOCHO BUCOKHMH BUXiJ HEWTpoHIB moainy. [lormuHaHHA yacTUHU
MBUAKUX HEUTPOHIB i30TONMAMH, IO HE AUIATHCH, 3 MOAAIBIINM
TePeTBOPEHHSM iX B Ti, mo minsthes (mampukimax, U B “PPu)
OPUBOANTH 1O YTBOPEHHZ BTOPUHHOTO SIAEPHOTO  MAJIBHOTO
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(koeditienT BinTBOpeHHs: Moxe nocsrat 1,6). «30Ha BiATBOPEHHS»
OTOYYy€E aKTHUBHY 30HY B KOpIYyCi peakropa. Y €HEPreTHYHOMY
HIBUAKOMY PEaKTOpi TEIUIOHOCIH (FOJIOBHUM YMHOM DPiJKHI HATpiil),
HarpiBalOYuCh B IIUX 30HAX, BIIJA€ TEIUIO B TEMIOOOMIHHUKAX
po0OYOMY TIApPOBOJSHOMY CEpPENOBHUINY. Y pa3i HaTPIEBOrO
TEeIJIOHOCISI PEaKTOPHHUM 1 MaporeHepyIoYHidi KOHTYPH PO3AUISIOTHCS
MPOMDKHMM, TaKOX HATPIEBMM, KOHTYPOM B HUISAX 3amo0iraHHs
MOMAJaHHIO  PaJiOaKTUBHOTO HATPil0 B  KOHTYp  TypOiHH.
3acTocoBYIOThCsL 1 iHIII BapiaHTH BiABeAeHHsS Teruia. Po3mmpene
BIITBOPEHHSI ~ AJEPHOTO TalbHOTO B  IIBUJAKOMY PEaKTopi
MPUHIUIIOBO JI03BOJIIE BWUKOPHCTOBYBAaTH BCE HAasBHI ypaHOBI
pecypcH, 30kpema 2°U, mI0 3aIHIIAETBCS B 3HAYHHX KiTHKOCTSIX
HEBUKOPDHUCTAaHMM B pEaKTopax, fKi MpalioloTh Ha TEIUIOBUX
HEUTPOHAX.

Ilpu nHasiBHOCTI B VYKpaiHi II'SITM aTOMHUX eIEKTPOCTaHIiH
notyxkHictio 11800 MBt (na 01.01.2000), ypan Bimirpae 3Ha4Hy
ponb y 3abesmeueHHi KpaiHm enektpoeHepricro. Moro wacrka y
BUPOOHWITBI  €IEKTpOeHeprii, B TMOPIBHSHHI 3  IHIIMMH
€HEePrOHOCISIMH, MOCTIITHO 3pOCTaE.

Task. Look at the picture Ne 1 and learn all the elements of the
reactor.
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