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Nuclear power plants in commercial operation or operable

Reactor type Main countries Number GWe Fuel Coolant Moderator
Pressurised water reactor US, France, Japan, ]
(PWR) Russia. China 292 275 enriched UO, water water
Boiling water reactor (BWR) US, Japan, Sweden IE) /3 enriched UO, water water
Pressurised heavy water Canada, India 49 25  natural UO, heavy heavy
reactor (PHWR) water water
natural U
fﬂ?ﬁzge" reactor (AGR & UK 14 8  (metal), Co, graphite
g enriched UQO,
Light water graphite reactor . . i
Russia 11+4 10 enriched UO water raphite
(RBMK & EGP) 2 grap
: liquid
Fast neutron reactor (FBR) Russia 3 1.4 PuO; and UO, . none
sodium
| TOTAL 448 392
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Tlakovodni reaktory (PWR)
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Tlakovodni reaktory (PWR)

Containment Structure

Pressurizer Steam
Generator
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Varneé reaktory (BWR)

Typical Boiling-Water Reactor

Walls made of
concrete and steel
3-5 feet thick
¥/ (1-1.5 meters)

Containment Structure
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Tezkovodni reaktory (PHW)

— Generally the same structure as PWR

— Heavy water (not radioactive, but posionous) absorbs less neutrons, thus is able both to moderate

nuclear reaction and secure criticality = non-enriched fuel can be used
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Vyuziti jaderné elektrarny

VYTVARENI REGIONALNICH TYPOVYCH DIAGRAMU
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Back End

(Uranium235)

— St&pna fetézova reakce

febovavé 1%
spotrebovava 235U _
(Plutonium)
(pfipadné Pu).
97%
(Uraniur Reuseable
material

Uranium fuel Spent fuel
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Composition of Conventional Nuclear Fuel
(17x17 Westinghouse, 3% enr., 1100 day irrad, 33000 MWDMTU, discharge composition, Origen Arp analysis)

Fresh fuel

1year

2years

A AL AL AL

3years
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uranium-235 (0.73%)

uranium-236 (0.39%)

xenon (0.54%)

zirconium (0.35%)
neodymium (0.37%)

molybdenum (0.33%)
cerium (0.27%)
cesium (0.28%)

ruthenium (0.25%)

barium (0.14%)

lanthanum fo. 12%2
praseodymium (0.11%)

other fission products (0.65%)

plutonium-239 (0.54%)

plutonium-240 (0.23%)
plutonium-241 (0.14%)

uranium-238 (94,40%)

4 Very-low radioactivity,
unuseduranium fuel

rapidly decayingfission
products with a variety of
potential applications

> Highly radioactive, but

Long-lived, fairly radioactive
"transuranic” isotopes, with
potential for consumption in a
reactor; drives disposal concerns

Very-low radioactivity,
unuseduranium
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MOX Palivo

— Mixed oxide (MOX) palivo tvofi pfiblizné 5 % Cerstvého World mixed oxide fuel fabrication capacities (t/yr)

paliva. 2017
— Je vyrabéno miseni oxidu plutonia z pouzitého paliva a France, Marcoule 195
uranu z ochuzeného uranu (tailings). Japan, Tokai-Mura S
— Pro MOX palivo Ize pouzit i zasoby vojenského uranu Ci Japan, Rokkasho-Mura (from 2022) 130
plutonia. Russia, Zheleznogorsk 60
— MOX se pouziva v cca 30 lehkovodnich reaktorech v India, Tarapur 50
Evropée a deseti v Japonsku. Total for LWR 440

12 Department of International Relations and European Studies
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MOX Palivo

ol Reaction in standard UO, fuel RSO Reaction in MOX fuel

Waste 65% fissile Pu to MOX Reprocassed U for recycle

Bazis: 45,000 MWdt burn-up, ignores minor aclinides Basgrs: 45,000 MWdE burn-up, ighores mnar aclinides
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Rychlé reaktory

— Rychly (mnozivy) reaktor je reaktor, ve kterém je stépna
retézova reakce udrzovana rychlymi neutrony

— Takovy reaktor nepotfebuje moderator, ale vyzaduje
palivo, které je bohaté na Stépitelny material

— Palivo se sklada z U235 a Pu239 (produkty Stépeni s vysSi
radiaci), které tvofi vice rychlych neutront = Ize tedy

pouzit odpad z reaktort generace Il a |l

14 Department of International Relations and European Studies

Inside afastreactor

Liguid sodium Heated sodium Licjuid sodium from Steam drives a
pumped through passes through a heat exchanger turbine to generate
baffle to be heated heat exchanger, heats water in a electricity
by reactor care containing more steam generator
liquid sodium
I I I geng ':g?g:
[ T =>

Baffle

Ligquid metal
coolant

(sodium)

SOURCE: GE HITACHI
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Generations of Nuclear Energy
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Back End

— V prvni fazi se palivové kazety nejdrive aktivné chladi v bazénu vedle reaktoru. Po péti letech jsou
pfeloZzeny do suchych kontejneru (CASTOR) a dale jsou pasivné chlazeny v meziskladech.

— JE Dukovany rocné vyprodukuje necely jeden kontejner pouzitého paliva. Hmotnost prazdného
kontejneru je 93,7 tun, naplnéného 116,1 tun. JE Temelin vyprodukuje roCné dva pIné kontejnery
pouzitého paliva a 3 az 4 tyCe ve tretim kontejneru. Jsou vysoké 5,5 metru a naplnény vazi kazdy
pfiblizné 116 tun.

— Druha faze, tedy transportni, je v souCasné dobé zajistovana zeleznici, pficemz podleha velmi pfisné
kontrole Statniho Gfadu pro jadernou bezpe&nost (SUJB). CR se zatim netyka.

— V suchém meziskladu se palivo uklada na dobu priblizné 80 let. Proto se finalni hlubinné ulozisté (treti

faze) v Ceské republice planuje az na rok 2065.

16 Department of International Relations and European Studies
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Back End
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Je bezpecné zaplavat si v bazénu s
pouzitym palivem?
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Back End

—— Top cover

\\ /

Pressure monitor
—— Secondary lid

Radial pin

Container casing
Radial ribbing
Deceleration rods
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Hlubinné ulozisté v CR

— Lokality pro vybudovani hlubinného

ulozisté radioaktivnich odpadii:

— Brezovy potok u Pacejova
— Certovka u Lubence

— Horka u BudiSova

— Hradek u Rohozné

— Cihadlo u Lodhéfova

— Magdaléna u Bozejovic

— Kravi hora

— Janoch u ETE
— Na Skalnim u EDU

23 Department of International Relations and European Studies

Schéma konce jaderného palivového cyklu v Ceské republice

Doba setrvani

trvale, pfip. do

et ) cca 5-13 let cca 80 let y L,
pouzitého paliva prepracovani
Mist bazé

sto azevny , sklady JE
vyhorelého
_ Dukovany a JE Ll wivex
paliva v JE .. .. |hlubinné ulozisté
Temelin, zalozni
DukovanyaJE |, ...
, ulozisté Skalka
Temelin
Zodpovida CEZ, a.s. SURAO
Dozor vykonava Statni ufad pro jadernou bezpe&nost
Financéni prostredky jaderny ucet
prisludny rozpodet CEZ, a.s. (odvody CEZ,
a.s.)

Zdroj: Otéenasek, 2005, s. 540; uprava T. VIicek.

M=
wn =

w =



POVRCHOVY PRUZKUM
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Hlubinné ulozisté v CR

_ 2016 - Provedeni vyzkumnych studii k nalezeni dal$ich potencialné vhodnych lokalit HU

— 2022 - Vyber dvou kandidatskych lokalit

— 2025 - Vybér finalni lokality

— 2026 - Zahajeni EIA pro podzemni laborator

— 2028 - Podani zadosti o vydani uzemniho rozhodnuti pro podzemni laborator
_ 2035 - Zahéjeni EIA pro HU

— 2045 - Stavebni fizeni

— 2050 - Zahajeni stavby

— 2065 - Zahajeni provozu

Department of International Relations and European Studies

Zdroj: MPO, 2019
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Co se deje s elektrinou

/Security of supply

- Energy resource structure

- Import diversification

- Strategic stockpiling

- Network infrastructure

development

- Residential care / social
responsibility

Sustainability

- Energy efficien

savings

- Increasing the percentage of
renewable fuels

- Environmental and ecological

\ systems

26 Define footer — presentation title / department

Competitiveness

Market liberalization
gtegration into the EU internal
et

e and support system

arch & Development
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Merit Order

How supply and demand determine electricity prices
The merit order principle

short-term marginal costs
in Euro per megawatt hour (MWh)

last power plant utilized
to fulfill demand »x«

120

100

jue|d samod jeuibiew

determines the electricity price

Power plant capacity

power plants utilized to

» @ renewable energies  m @ nuclear power  m € lignite

meet demand »x«

» © hard coal

power plants not needed
to fulfil demand »x«

demand »x« at a
specific time

a 0 natural gas

u © heating oil

SOURCE: OEKO-INSTITUT, 2013
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Effect (MOE)

& Oko-Institut e V.

Operating costs (Euro/MWHh)

Higher prices
for electricity
are...

Electricity
prices are
reduced...

\/

Power Demand

...associated with
low input from
renewables

Ilustrating electricity price fluctuations due to the Merit Order Effect

Renewables

Nuclear Lignite Hard Coal

...with higher input
from renewables
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Nuclear Lignite
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Dekuji za pozornost.
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