Dana Drabova
Statni urad pro jadernou bezpecnost
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Otazky k zamysleni:

K cemu cClovek potrebuje energii, jak a kde ji pro sve
potreby vytvari?

Nedostatek energie; kdy, jak velky?

Jak dlouho vydrzi neobnovitelné zdroje?

Jaké jsou moznosti obnovitelnych zdroju?
Energeticky udrzitelna ekonomika, moznosti uspor?
Nové technologie; vodik, fuze, supravodice?

Jaka jsou skutecna rizika (havarii, klimatickych
zmen a pod.)?

Co opravdu odkazeme budoucim generacim?
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World energy demand expands by 45% between now and 2030 — an average rate of increase
of 1.6% per year — with coal accounting for more than a third of the overall rise



Hlavni oblasti spotreby energie

Zasobovani teplem a chladem, ohrev vody,
prumyslové teplo a energie na vareni, zejména _
zasobovani teplem je v klimatickych podmlnkach CR
zasadnim pozadavkem

Energie pro dopravu — je dulezita pro zasobovani a
mobilitu pracovni sily i v krizovych podminkach
Elektricka energie, jako nejuniverzalngjsi forma
energie pouzivana ke vSéem moznym ucelum,
neprerusené zasobovani touto energii je zakladnim
pozadavkem kladenym na energetickou koncepci,

v kritickych situacich muze do urcité miry nahradit i
vypadky v zasobovani teplem, bez elektrické energie
dojde k rozpadu i zasobovani teplem a energii pro
dopravu



Co mame k dispozici?




kostka uranu U 235 ovize lke
nahradi 3000 tun ¢erného uhli,







Bloky v provozu
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439 ve 30 zemich, doCasné (?) odstaveno 18 (10 Japonsko + 8 Némecko )




Bloky ve vystavbe (66)
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Postupna zmeéna nazoru na jadro
(stav 11.3.2011)

¥ V posledni dobe

— verejnost vice rozliSuje mezi Cernobylem a elektrarnami
provozovanymi v EU (projekt, dozor, kultura)

— jaderné elektrarny maji vyborné statistiky bezpecnosti
— roste ekonomicka vyhodnost stavajicich elektraren

— zmeny podnebi jsou zretelngjsi

— ceny ropy lamou rekordy

— dynamicka vystavba jadernych elektraren v Asii
pokracuje
— bezpecnost dodavek elektriny je velké téma

¥ politici opét zaCinaji brat jadro na milost



Faktory ovlivhujici osud jaderne energetiky

Ekonomicke parametry
Uroven bezpeénosti
Nakladani s vyhorelym palivem
Moznost vojenského zneuziti

Legislativni pozadavky, predvidatelnost
regulace

Verejné minéni, pristup politiku



solar PV

offshore wind

onshore wind

hydropower

oil

natural gas

coal

nuclear

Naklady na kWh

10
euro cent / kWh

15

20



Podil nakladu na palivo na cené

Palivo

i
Provozni
naklady

B
Investice

Jaderné Uhelne Elektrarny na
elektrarny elektrarny zemni plyn




Share of new power generation and investment, 2011-2035

40% .

B Generation
35% B Investment
30%-

25%-

20%-

15%

10%+

5%

0% -

Coal Gas Nuclear  Hydro Wind Solar PV

Renewables are often capital-intensive, representing 60% of investment for 30% of
additional generation, but bring environmental benefits & have minimal fuel costs



Cernobyl, Fukusima, Three Mile Island




Potencialni riziko jadernych elektraren
spociva V:
— moznosti ztraty kontroly nad rizenim stepne
retezove reakce a

— v mnozstvi radioaktivnich latek v aktivni zéne
reaktoru beéhem jeho provozu, zejména
v souvislosti s jejich moznym unikem do
zivotniho prostredi.



EXKURS : Zemeé vs JE

Celkova radioaktivita v JE
cca 10'°-1020Bq

Celkova radioaktivita Zemské kury
U (Ra-226).... 1023 -102¢ Bq
Th (Ra-228).... 1023 -1024 Bq




Velmi  zjednodusene receno, jaderna
bezpecnost spociva v zajisteni tri zakladnich
funkci: udrzeni kontroly nad stepnou
retézovou reakci, zajisteni odvodu tepla

z aktivni zony a i1zolace radioaktivnich latek

uvnitr  zarizeni  primarniho  okruhu Ci
ochranné obalky reaktoru.




Bezpecnost je soucasti projektu
ochrana do hloubky, bariery

Ochranna obalka
Ocel 5 cm

Ochranna obalka
Predepnuty beton |,5m

Stavebni konstrukce okolo
reaktoru

Biologické stinéni
ocel

Reaktorova nadoba
Ocel 20 cm

Palivové clanky




Cernobyl, Fukusima, Three Mile Island




Rizika — havarie, nakladani s radioaktivnhim materialem

Standardni provoz — Zadna ekologicka rizika

Havarie — mozny problém:

Three Mile Island — 1979 — taveni zony, diky
kontejnmentu nenastal unik radioaktivity, Zadné ob¢&ti g

Cernobyl — 1986 — nejvétsi havarie, roztaveni zony,
vyvrZeni radioaktivity do okoli

Zahynulo 31 lidi z 203
hospitalizovanych po
havarii (hasi¢i a
zachranari)
Prokazan pouze zvyseny |
vyskyt rakoviny §titné F
Zlazy — jen zhruba dvé
desitky umrti

Nejhorsi disledek —
psychologicky —
stéhovani vice nez 300
tisic lidi (50 mSv), dalSi
v méné zasaZenych
oblastech

u




Sendal

Kyoto

Osaka




> Vertical displacement
D=10m

83 mm/a > Plate displacement
D.=17m 1)

> Rupture length
L = 500 km

> Hypocenter depth
Z,=20to 25 km

> Water depth
Z=8km

> Estimated water volume
V=% (L-W,-Z)=% (500 km- 10 m - 8 km) = 20 km?® (20 x 10° t Water)

» Consequence: Sudden displacement of a huge water volume » Tsunami.

9320 gigatons of TNT, or approximately 600 million times the energy of the
Hiroshima bomb.



BREZEN 2011
Gtvriek Pilek | Sobota Nedéle

1 2 6
7 8 9 10 12 13
12 15 16 17 . 19 20 pi"ed 14:46 JST
21 22 23 24 25 26 27

28 29 30 31

JE Fukushima Daiichi

— 6 varnych (BWR) reaktoru:

~ = N blok 6 (1067 MWe)

blok 5 (760 MWe)

blok 1 (439 MWe)

e

blok 2 (760 MWe)

blok 3 (760 MWe)

blok 4 (760 MWe)

Japonsko: v provozu celkem 54 bloku, pokryvajicich 29,2% vyroby EE.










&

ushima Daiichi

4 to 5 m inundation height across the ocean side of
main structures area (reactor and turbine buildings).
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Fukushima Daiichi During Flood

AEE

i ! .Il

4 to 5 m inundation height across reactor and turbine buildings.



Venting Stack ~ s pcu Lngq |

Tsunami flood up to this line = \ 1R

aﬂ’:\Sea water pumps
Sea water intake

Trenches for
piping and cabling













Zbytkovy tepelny vykon (MW)

o« B @& 8 &

o

'BWR - 4 Fukusima blok 2a 3

1 101 201 301 401 501 601
Doba od odstaveni (v hodinach)
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Before the earthquake

RPV

Partially
enlarged

The fuels melted and trickled
down into the lower region

Analysis program evaluation

Status of the fuels

before the earthquake

|

The area where the fuels
were before the earthquake

eale |an4

|

The information used (Unit 1)

Plant initial condition

Event

14:46 The earthquake occurred

14:52 Emergency condenser
automatically started

15237 Loss of all AC power

ltems Reactor
condition
Output before 1380MW
the earthquake
Pressure before 7.03MPa
the earthquake
Water level Normal

546 Fresh water injection (fire
pump) started

14:30 RCV venting

14:53 Fresh water injection finished

20:20 Sea water injection started

uollenjeAs welboud sisAjeuy

Fifteen (15) hours
after the earthquake

RPV

eale pn4

I—The fuels have melted

— into the lower region —

and trickled down —

1

Evaluation result (Unit 1)

Status of the reactor

ltems evaluated

Result

Fuel exposure started

3 hours after the earthquake

Fuel damage started

4 hours after the earthquake

RPV was damaged

15 hours after the earthquake
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Melting Temperatures

uo, 3000 °C
2850 °C
—
—
Zro,
2690 °C
1
B,C
2450 °C
2000 °

Zircaloy 4
1760 °C

;

Stainless Steel
1450 °C

1000 °C

Liquefaction Regimes

Melting of the ceramic
matenals U0, and £ZrO,

as well as formaton of
ceramic (U, Zr, O) melts

Melting of metallic Zircaloy
and o-Zry(O) results in fast
dissolution of UO,

Start of rapid oxidation

of Zircaloy by steam and
macroscopic liquefaction
by eutectic interaction of
B,C with stainless steel or
stainless steel with Zircaloy

Ballooning and bursting of

fuel rod claddings, release
of volatile fission products

Core Damage

p Complete

> Extended

> Localized

> [nitiation






T T Ay

o

2,

R e Al 172 e

5,

7

e
L

I} W

. Feed Water

LA ML A e

LA

B, Za

2,

""".1’"55-.1?'-?&'35?1'

L

S h;-*

.
.

ﬁb 3

Situation of erosion
at the bottom of PCV (image)
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Design: Mark-l

Primary containment

Pressure suppression pool

Containment closure head




| Orriginal Core Materials Inventary: = 1301 |
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IRSH : Estimation des doses recues par
lirradiation externe la premiére année

[POPULATION
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Protected Areas

T A - 9
.,.' mf” e \ X ~ T\

: = Fukushima Dai-ichi
- Tamura|

Evacuation Prepared Area in

case of Emergency

Ty {;’ L - oo Fukushima Dai-ni
I b
A LN
. _\",_ et

Evacuation area About 78,000 (population in this area)

Deliberate evacuation area About 10,000 (population in this area)



Hrate / (uSv/h)

2011, February 22nd
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Radiacni situace v Tokiu

Tokio - davkovy pfikon

DP (mkroSv/h)

hodnota pozadi




» Question: Is this accident a matter of residual risk of nuclear energy?

History data of earthquake-induced tsunamis with maximum amplitudes above 10 m

hitting the coasts of Japan and the Kuril Islands (Russia) over the past513 years

Date and Country Affected Region  Earthquake')  Tsunami?) Victims
11.03.2011 Japan Japan =90 23m = 10000
04101994 | Huszia kwril Islands M=83 11 m Mot specified
12071993 | Japan =eaofJapan M=77 d1.7m 430
2R 051983 | Japan Moshiro M=77 14.8m 103
07121944 | Japan Kil Peninsula h=8.1 10 m 40
02031933 | Japan Sanfiku M=04 al 3 aod
01.09.1923 | Japan Takaido M=73 12m 2144
07091918 | Russia karil Islands M=g2 12m a0
19.06185% | Japan =anriku =7k Jd m 26 360
24121854 | Japan Mankaido =84 28 m 3000
28061780 | Russia karil lslands M=745 12m 12
24041771 Japan Ryukyu |slands M=74 85 m 13500
20101707 | Japan dapan M=04 11 m 30000
1121703 | Japan | Tokaido-Kashima h=g2 105 m 5200
02121611 Japan Sanriku =80 25 m 5 000
20091493 | Japan Mankaido =0k 17 m 200

» Simple Estimation:

Within the past 513 years
16 tsunamis with maximum
amplitudes above 10 m and
induced by earthquakes of
magnitudes between 7.4
and 9.2 have been recorded
for Japan and the adjacent
Kuril Islands (Russia).

Experienced Frequency:

f=16/513 a=0.0312 a

Thus, within a thirty years
period one severe tsunami
with a maximum amplitude
of more than 10 m has to
be expected in Japan!






Dopady na japonsky energeticky sektor

Ztrata 9.7 GW jademné kapacity (=5.7% vyroby Japonska)
Ztrata 9.5 GW fosilni kapacity
Ztrata 30% kapacity rafineni

Ztrata 3% narodnich ropnych rezerv (skladovaci zafizeni)
Ostatni: Sité, pristavy a sefadovaci nadrazi, hydroelektramy, vétmé parky.....

Dopad na obyvatelstvo:

0
> 16.000 dmrti viivem zemétreseni a tsunami

0
0 > 200.000 evakuovanych
0 5.5 miliond domacnosti bez elektfiny, 1 milion bez vody fadu dni

Ekonomické ztraty (odhad Svétové banky) dosahnou ~120 -230 mid $ = 2,5 — 4% HDP
( Japonsko odhaduje vice )
Pfimé:  infrastruktura, promysl, ..
Nepfimé: uzavieni ocelaren a automobilek, ...

Globalni dopady  relativné malé v 2011 ~ 0.1% globalniho ekonomického riistu




Public opinion
Whereas polls have been done right after Fukushima event,
international public opinion showed a certain resilience

Poll question and references

0% 20% 0% Bi0%
B WVoUld wou Tavor of oppose the government promaoting 455
the increase use of nuclear power? (the Pew Research :E
Cenfer, Octeber 2010 & March 2040 2071) )
B Aren fTavor or oppossd 1o new nuclear buld in the UK? A7
{BEC News, November 2010 & March 22 2011) @
35%
* Are you Infavor or opposed to the construction of new s,
Switzerland nuclear plants in Switzerland? (Demoscope, Januarny _ m
2010 & Matin Dimanche. March 207 2011) 1% =
B Areyou infavor or opposed to further developing the _
nuclear capacity in Sweden? (AFF, November 2040 & 4 m

March 2203 2011) 21% -+

B [oyou have a positive general outlook towards nuclear 449
energy before and afier? (MTV3, March 237, 2011) o @
B Are you in favor of nuclear power, and, the expanding

T5%
Bulaaria of the nation's nuclear capability? fAloha research,
g 2007 & March 237 2011) 1% - m

B0

- Fositive opinion before Fukushima svenis
[ Positive opinion after Fukushima events




- Muclear program / projects confirmed

- Mew Build program frozen / construction halted

Decision to (gradually) exit nuclear power/
Mew Build program cancelled



Co vsechno tedy muze byt dusledkem Fukushimy

Zména energetické politiky nékterych statu

Snahy o piisnéjsi predpisy a dohled (Evropa utok na princip subsidianty)

Starsi JE budou odstaveny ¢1 nuceny do mvestic ke zlepSeni

Proces povolovani prodluzovani zivotnost: bude komphikovanéjsi

Nove projekty nebudou vyznamné ovlivnény

Investicni a provozni naklady jadra se zvysi

Ale take vyroba z uhli a plynu bude drazsi - poroste cena povolenek a systemovych
sluzeb prenosovych siti

Redukce CO, a zneé1Stovani emisenu bude komplikované;si




Je havarie v Japonsku skutecné konec jadra v Evropé?

o Véfime-li nadéle, Ze globalni oteplovini je zpiisobeno lidskou ¢innosti (pfedeviim
produkci CO, ) a Ze ¢lovék toto muze zvratit jeho sniZenim,

vime-l1 Ze nemuzeme elektrickou energii skladovat nebo jinak vytvofit zilohu za nestalé
zdroje (slunce, vifr),

cheeme-li také uspokojit rostouci poptavku po elektiné a zapstit bezpecnost dodavky,

Pak musime posuzovat jadernou energetiku bez ideologickych emaoci a vidime, ze je
vyznamnym prispévkem k reSeni vyse uvedenych problému Evropy i svéta

I kdyz Némecko miiZe ukazat cestu, Ze to jde 1 bez jadra, neni fo cesta pro viechny !!!

Jaderna energefika dnes = 1/3 vyroby elekiriny a 2/3 nizkouhlikate elektrinyv EU







Jestlize vime co delat, je tato
doba stejne dobra nebo
spatna jako kazda jina doba



Jak na tom budeme v roce 20307

Generace 2
(EDU, ETE 1,2, V2 EBO, EMO,...... )
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Provozovano

Zvysen vykon, modernizace pro prodliouzeni doby
provozu na 50 let, nove palivo (6 let)



Jak na tom budeme v roce 20307

Generace 3
(Olklluoto 3, Flamanville 3, Novovoronez 7, ETE 3

V rutinnim provozu, pripravuje se prvni vina
rekonstrukci a uprav projektu

ETE 3 v provozu, ETE 4 spousténi
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