NMYPHNIKA ANOBAHTA

‘Evag mupnvikog avtidpaotnpag Lo-
XU0G, MEYAAOG N HIKPOG Oev elval pua
autovoun povada, oAAA ywa tnv A£Lto-
upyla tou mpoarmattouvial BonOnTikEg
HovadeC, oL omoleg KoL KlvdUVOUC EVEYO-
UV KOIL CUCGOWPEVOUV LEYAAEC TTOCOTNTEC
padlevepywv otolxelwv. Autég, daivov-
TOL OTO TILO KATW oxApa tou Mupnvikou
KUokAou Kauoipou. Ta mupnvika omop-
Anta mapayovtol oe Siadopa onueia
TOU KUKAOU €VOG tupnVvikou SLKTUoU Tta-
paywyng nAekTpng wxvos. AnAadn,
otnv €€6puén Tou oupaviou, otov kaba-
PLOUO, oTnV povada €UTTAOUTIOHOU TOU,
0Tn OUOKeUAOola Kauoipou, otov avtld-
pOOTNPA, OTNV eNetepyaoia KoL AVAKUK-
Awon Tou Kauoipou Kal otnv teAkn ¢u-
Aa€n twv amofAftwv. Mupnvika amnop-
Anta €ival kal o TuPNVIKOG avtldpaoth-
pac oAOKANpoc adol TMEPACEL TO XPOVO
{wnc tou (40 mepimou xpovia), Aoyw tng
uPNANG pPadLEVEPYELOG TIOU EKTEUTIEL
oto €&N¢ (baLvoUEVO VETPOVIKAG EVEPYO-
noinong). ©a mpémnel va SlaAuBel kal va
o6nynBel oto SpoUO TWV MUPNVIKWV -
noBAATwyv. Mupnvika oamopAnta, ouo-
OWPEVOVTAL KOL OTLG EYKATOOTAOCELG TIO-
PAYWYNG TIUPNVIKWY OTTAWV OOV TIOPOTT-
poiov.

Ta mupnvika omopAnta, avaioya
He To Pabuod padievépyelag, xwpilovral
OE TEOOEPLG KATNYOPLEG.

Ta anoPfAnta vPnAng otadbung, ou
QIOTEAOUVTAL OO TA TOPAYWYO TOU
KOUOLUOU TIOU KOTOVOAWVETOL OTOUC OLV-
TWOpaoTAPEC Kol amd kabe amopfAnto
mou dnuloupyeital oto otadlo TNG EMa-
venefepyaoiag Tou Kauoipou, amod To
OTIOLO OVOKKTATOL TO TopaxOEv MAOUTW-
vi0.

Ta umép-oupavia amoBAnta, Tou

amoteAouvtal Kuplwg amo to Lootomna
TOU MAOUTWVIOU UE EVEPYOTNTEC MEVQA-
AUtepec amo 10 Ci/ypapp. Autd, dSnpo-
upyouvtal otnv emnaveneéepyacia ToU
KOUOLHOU, OTNV Kataokeun papfdwv Ka-
UGCLHOU TTAOUTWVIOU KOl OTNV KOTOOKEUN
riupnVvikwv omAwv (1 Ci/gr avtiotolyel os
3,7x 10'° SLaomdoeig/sec).

Ta oamoPfAnta XopnAng otadpng,
TIOU TIEPLEXOUV UTIEP-OUPAVLOL OTOLXELQ
HE evepyoTNTES Katw amo 10 Ci/gr. Auta,
xpelalovtal HLKPH OXETIKA Bwpakion,
oAAa Sev eival kat akivéuva.

TéAog, ta mapaywya anod tnv &£o-
puén kal enefepyacia tou oupaviou,
TIOU €lval T KATAAOUTA E ULKPEC TTOOO-
TNTEG padlevepywv otolxelwv. Onwg &l-
val pUGCLKO, N ToooTNTA TNG padLleEVEPYE-
LOG TIOU EKTMEUTMOUV Ta amofAnta, Oev
e€aptatal pOvVov amo TNV mocotnNTA TWV
POSLEVEPYWV OTOLXELWV TIOU TIEPLEXOVTOL
OoAAQ KoL amd To XPOvo ULor ¢ {wng Toug
Tmou umopet va $Baocel kat ta 24.000
Xpovia. Ol HEPLKEG EKATOVTASEG Ao au-
TA Ta padleEvEPYQ OTOLXELO E£XOUV OXETIKA
HLKPOUC XpOVouG Hong Lwnc. Mévte amo
QUTA £XOUV XPOVOUC HeTalL 1 Kal 5 xpo-
via. Avo, To otpovtio-90 Kal To Kaiolo-
137, €xouv mepimou 30 kal tpla, To {ip-
KOVL0-93, To wdLo-129 Kkal to Kaloto-135
TIAvw oo 1 ekatoppuplo. To MAOUTWVL-
0-239 €xeL xpovo piong Lwng 24000 xpo-
via.

H peyalutepn ekmoumn padlevep-
YWV OToLXElwV ylveTal otn ¢aon tng av-
TLKATAOTAONG TOU TOAQLOU UE KatvoUp-
ylo kavolpo. H dwadkaoia avty ocuvn-
Bwg yivetal otadlakd, WOTE va N XPEL-
oaotel va kAeloel o avtdpaotipag £d
OO0V TO ETUTPENMEL O TUMOG TOU. Eva
OPECKO OTOLXELO KAUGIOU EKTIEUTIEL XOL-
UNAEC TLHEG padlevépyelag, ylatl dev -



XEL OKOUN umootel oxdoelc. Avtibeta,
OTAV TO OTOLYELO-KOUOLUO TIOU E€XEL KO-
TavoAwBel, e€axBel and tov kapdia Tou
avtdpaotnpa, eival evtova padlevepyo
kat erukivbuvo. Mpwv petoadepbel oTig
EVKOTOOTAOELS emaveneéepyaolag ma-
POUEVEL YlO LEYAAO OXETLKA XPOVIKO OL-
aotnua pEoa oe Oe€apeVEC wWOTE va
HEWWOEeL n evepyotnta tou. Evag avtisd-
pootnpac ehadpou vepou Loxvoc 1000
MW, mapdyel €Katod KUBLKA HETPA TO
XPOvo oteped anoBAnta uPnAng Kat xa-
UNANG otabung. Meta ano eneéepyacia
Ta anoBAnta autd, sykAeiovtal oe pe-
TaAAka doxela kal otn ocuvexeia BaBov-
Tal. To OTOLXELO TIOU MOPOUGCLALEL TAL HIE-
yaAutepa mpoBARpata Kat Aoyw Tng mo-
OOTNTAC TOU KoL AOyWw TOU UEYAAOU XPO-
vou pLon¢ Lwng, elvat To mAoutwvio. Au-
TO, ME XpOvo MLong wng 24000 xpovia,
Staonwpevo aktvoBoAel. Katl to mpop-
Anpa dev elval n amoBrikeuon tou WO-
vov, oAAQ Kal n petadopa Tou amod Toug
avtidpaotnpeg avapopdpwaong, Omou
OVOKTATAL, HEXPL TOUCG TUPNVIKOUG Ov-
TWOpaAOTAPEC OMOU TEAKA Ba Xpnotluo-
niownOel oav kavolwo. To MAOUTWVLO cav
XNULKO otolxeio eival emi mAgov €viova
TOELKO KOl APKOUV EAAXLOTEC TTOCOTNTEG
ELOTIVONG TOU yla VOl TIPOKOAECOUV TO
Bavaro.

Na ™ ¢LvAafn tou mAoutwviou,
npoteivovtal dtddopeg AUOEL;, OMwWG O
SLaXWPLOUOC TOU Kal N HeTadPOopd TOU O€
KWWNTEG Oe€OUEVEC KOTOOKEUOOUEVEC
Qo UMETOV, XaAuBa ) yuaAl kal n anoo-
TOAN TOU Ot opuxeila. To yuaAl Opwe o€
EKQATO XpOvLa yivetal mTopwdeG KoL TUXOV
SLappoECg vepoUu oto Ywpo GUAaNg Tou
UMmopel va TpoKaAéosl amelevBEpwon)
Tou.

Tnv teAeutaia dekaetia €xouv yivel

KOTOYYEALEG TIWE TTOOOTNTEG TIUPNVIKWV
armoBAnTwyv Bubilovtal mapdvoua otn
Balaooa, cav mpoowplvy AVon amaA-
Aayng toug Kot amoduyng twv vPnAwy
e€0dwv enetepyaoiag kat pUAAENC TOUG.

MpotAoelg, OMwWC QMOOTOA TOUG
0To SLAOTNHO, EKTOG TOU OTL OLKOVOULKQ
elval urtepBoAka damavnpeg, Sev mope-
XOUV Kauld acdpaAela katd tn SldpKeLa
NG €KTOEELONG TOUG MEXPL V' QTIOMOK-
puvBouv amo to nmedio BapuTnTag TNG
ynG. Noapddelypa atuxnUaTog NTav n &x-
pnén tou Challenger (28.1.1986) 70 dgu-
TEPOAETITA UETA TNV €KTOEEULON TOU ME
QMOTEAECUA TOV aKkaplaio Bdavato twv
ETITA LEAWV TOU TIANPWHATOC.

Akoun ku' av Bpebel evag acdpalnc
TPOMo¢ GUAAENC TWV TTUPNVIKWV arop-
ANTwv, To K6OoTOCG Ba ATaV TO0O0 PEYAAO,
TIou av cuvurmoAoyi{oviav OTo KOOTOC
Aewtoupyiag twv avidpaotipwy, & Ba
oUVEDEPE TILAL N XPON TOUC. AKOUN KAl N
gtalpia NAekTpLKNC Loxvog tou Apfoulp-
YOU, TIOU €AEYXEL TO KUKAWMO TWV YEP-
HOVLKWV TIUPNVLKWVY €PYOOTACiwY, ava-
dEpeLl 0° Eva GUANASLO TNG, TWC EVW Ta
XaUNANg otadung amoBAnta nén amnod to
1978 amoBnkelovtal YHEoca otn yn, ylo
ta uPnAng otabung, n Avon bev £xeL
BpeBel akoun.

Ta mupnvikad amoPAnta dev €xouv
TiNyn HOVO Ta dla ta mupnvika €pyoo-
TAOLO KOL TO KOHEVO TOUG KAUOLUO, aAAQ
cuoowpevovtal Nén amod tn ¢aon NG
e€opuénc Tou oupaviou, TOU EUTTAOUTLO-
HoU TOUu, TNG ouokevaoiag oe papdoucg
KOUOLLOU KOl TNG emefepyaoiog Twyv o-
noPARTwV Tou epyootaciou ot €LOLKEG
Hovadec. AUTEC oL HovAdEeC amoteAouv
TN HEYAAUTEPN AmoBAKN CUYKEVTPWONC
padLEVEPYWV UALKWV amo omoladnmote
OAAn Tupnvikn  dpaoctnplotnta  oTOV



KOopo. Movo katd tn SlapkeLla mapopLo-
VAG TOUC OTA TTUPNVIKA EPYOCTACLA TIPLY
06nynBouv oTI LoVASEC AUTEG, UMOpPO-
UV va TIPOKAAEOOUV OXL HOVO SLOPPOEG
(oav avtn otn povada tou BouAydplkou
gpyootaociov oto Kolhlovtoul), aAAa Ka-
TW AmO OPLOUEVEC OUVONKEG OKOUA KOl
TIUPNVLIKEC eKpnéelg (mepimtwon Fuku-
shima).

Movo otnv nmpwnv Autikn Mepupavia
1o 1990 ta anofAnta auta noav yupw
OTLG €KATO XALAdeG TOvol. Meydha mood
TOU KOUEVOU KOAUGLUOU HeTadEpovTal
QMmO TOUC TUPNVLKOUC OVTLOPAOTIPEC
ot povadeg emefepyaciag. Emeldn u-
TLAPXOoUV Alyecg Tétoleg povadeg Ba mpé-
TeEL To padlevepyd autod amoBAnto va
SlovUoel TEPAOTIEC OMOOTAOELS WEXPLG
OToUu KataAnéel o' auteg eite odika, eite
pe mAolo. Eva atuxnua kota tn Sldpkela
NG peTadopac tou Ba elxe ocav amote-
Agopa tnv aneAeuvBépwon PeEYAAwV Tto-
oOTNTWV padlevépyelag otnv emidavela
NG yNG Xwpig kapa duvatotnta dEope-
UONG TNG.

Agv elval tuxalo MwE oL PEYAAEC
ETALPELEC KOTOOKEUNG avTLOpAOTHPWV
KOl EKUETAAAEUONG TOU OUPAVIOU Kol
TOU MAoUTWVLIOU &gV Elval AOXETEG UE TLG
ETOLPELEG eKUETANAEVONG TWV cuppartt-
KWV Kauolpwv. H g€aptnon twv pKpwy
KUplwG Kpatwv amo auteg sival mpoda-
viG. Onwg elval mpodavng kat o Adyog
yla Tov omoio n nAlakn evépyela dev a-
varntuxbnke paydaia wote onpepa va
UTTOPEL V' QVTLKATAOTIOEL KOTA €Val IE-
YAAO HEPOG TNV TUPNVLIKN KloBatwpa.
Mati, oL etalpeieg autég 6 Ba pmopou-
ooV va eEAEYEOUV EVEPYELOKA TNV TTAPOXN
NAEKTPLKNG LOXUOC TETOLOC QATTIANG TEXVO-
Aoylag Kat aveEaviAntng mpwitng VANC.

Mo ta KpATn TouU SeV €XOUV EYKO-

TOOTNOEL TupnNVIKOUG oTaBpoug eivat
OXETIKA €UKOAO Vo Toug amoduyouv. MNa
napadeypa, n EAAada Sev €xel efav-
TANOEL OKOUA TOV LSATIVO TAOUTO TNG
Kol ¢uolkd oUTE Kal TIG SuVaTOTNTEC
dwtoPoATaiknG evépyelag amod Tov nALo
KOL OVEMOYEVVATPLEG (KUPLWE OTIC Vn-
OLWTLKEG TIEPLOXEG).

Eupwnaikég xwpeg mou nén xpnot-
HLOTIOLOUV TIUPNVIKA EPYOCTACLA E£XOUV
ekdpaoel tnv avtibeon toug otnv mapa-
TOON AELTOUpPYLOG OVTLOPAOTPWY OXA-
ong, vy mopadetypa Mreppavia, Zoundi-
a, ItaAia, Avotpia.

H FoAAia, pe tnv peyaAltepn &éo-
HEVON TNG NAEKTPLKNG TNG EVEPYELAC TIE-
pimou 80% amd mupnvikoUG oTaBpoUg
EXEL OUOTIELPWOEL EUPWTIAIKEG XWPEG,
Kuplwg Tn¢ mpwnv X.E. yia amodoxn Twv
avtdpaotpwyv oxaonc e SladopeTIKN
Hopor (SMR).

Antd to Chernobyl ota spyooctaocla €rme-
Eepyaoiag mupnvikwyv_amofAntwyv (OY-
TOMIA Mavog-louviog 1993)

Bubilouv anoBAnta otnv Adplatikn (TO
BHMA 11.2.2011)

Nupnvika aroBAnta ot BouBec tou NA-
10

Mupnvika amofAnta-A, B

Mupnvika amoBAnto, TO 1o €mKivduvo
Ko aAvto mpofAnua (H KAOHMEPINH,
17.2.2008)

NAota... dnAntnplo
30.10.2009)

(EAEYGEPOTYNIA

To peyaAUteEpo TPOBANUO TWV TTUPNVL-
KWV

TA NEA JUOOWPELON TUPNVLIKWV OIToB-
ANTWv
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NUCLEAR WASTE

A nuclear reactor—whether large or
small—is not a standalone facility. Its
operation requires a network of auxiliary
installations, each posing its own risks
and accumulating significant amounts of
radioactive material. These are clearly
depicted in the diagram of the Nuclear
Fuel Cycle. Radioactive waste is gener-
ated at various stages of this cycle: from
uranium mining and enrichment to fuel
rod fabrication, reactor use, reprocess-
ing, and final disposal.

Even the reactor itself, at the end of its
operational life (roughly 40 years), be-
comes nuclear waste due to its persis-
tent radioactivity. Through the process
of neutron activation, the reactor struc-
ture must be dismantled and treated as
part of the waste management chain.
Additionally, large quantities of radioac-
tive material are produced at facilities
for the manufacture of nuclear weapons.

Depending on radioactivity levels, nu-
clear waste is classified into four main
categories:

1. High-level waste (HLW): Includes
spent fuel from reactors and residues
from its reprocessing to recover pluto-
nium.

2. Transuranic waste (TRU): Contains
mostly isotopes of plutonium with an ac-
tivity above 10 Ci/gram (1 Ci = 3.7 x 10"
disintegrations per second). Generated
mainly during fuel reprocessing, MOX
fuel fabrication, and nuclear weapons
production.

3. Low-level waste (LLW): Also in-
cludes transuranic elements but with ac-

tivity below 10 Ci/gram. While requiring
less shielding, it remains hazardous.

4. Tailings from uranium mining and
processing: Contain lower concen-
trations of radioactive materials but exist
in very large volumes.

The hazard posed by nuclear waste de-
pends not only on the quantity of radio-
active isotopes but also on their half-
lives, which in many cases are extremely
long. For example, plutonium-239 has a
half-life of 24,000 years. Some isotopes,
like strontium-90 and cesium-137, have
half-lives of around 30 years, while oth-
ers, such as iodine-129 and cesium-135,
exceed one million years.

The highest radioactive emissions occur
during fuel replacement. Fresh fuel has
low activity, while spent fuel is highly
dangerous. Before reprocessing, it is
stored in cooling ponds to reduce heat
and radiation levels. A 1000 MW light-
water reactor produces roughly 100 cu-
bic meters of solid waste (both high- and
low-level) annually. After treatment, this
waste is sealed in metal containers and
buried.

The most problematic material is pluto-
nium, due to both its radioactive lon-
gevity and high chemical toxicity. Trans-
porting it from reprocessing plants to
MOX reactors poses a major accident
risk. Inhalation of even minute quantities
can be lethal.

Various storage solutions have been
proposed, including encapsulation in
glass, concrete, or steel, and burial in old
mines. However, glass becomes porous
over time (e.g., after 100 years), and if



water infiltrates the storage site, it can
lead to radioactive leakage.

In recent years, reports of illegal dump-
ing of nuclear waste into the sea have
surfaced—an inexpensive but extremely
dangerous method. Other proposals, like
sending waste into space, are economi-
cally unfeasible and technically risky. The
explosion of the Challenger space shuttle
on January 28, 1986, just 70 seconds af-
ter launch, is a stark reminder of the
dangers involved.

Even if a technically secure long-term
storage solution is found, the economic
cost is so high that—once accounted
for—nuclear power becomes nonviable.
As early as 1978, the Hamburg Electric
Company noted that, while low-level
waste could be stored, no solution ex-
isted for high-level waste.

It is important to emphasize that nuclear
waste is not only produced in reactors,
but also during uranium mining, en-
richment, and fuel packaging. Reproc-
essing facilities are among the sites with
the highest concentrations of radioactive
materials in the world. Transporting
waste to these plants—by ship or
truck—poses serious risks of leakage or
major accidents. The case of leakage in
Kozloduy, Bulgaria, and the Fukushima
disaster in 2011 illustrate the gravity of
the problem.

By 1990, West Germany alone had al-
ready accumulated around 100,000 tons

of such waste. Since reprocessing plants
are very few, radioactive materials must
travel enormous distances, increasing
the vulnerability of the system.

It is no coincidence that companies in-
volved in the nuclear fuel cycle (ura-
nium, plutonium) are closely linked with
those in fossil fuels. The energy depend-
ence of small countries on their net-
works is evident. Equally evident is the
reason why solar energy has not been
developed as much as it could: it does
not allow for centralized control. Solar
energy relies on simple technology,
abundant raw materials, and is accessi-
ble to small and medium-sized commu-
nities.

For countries like Greece, which have
not installed nuclear reactors, avoiding
nuclear energy remains a viable choice.
Water resources, solar energy, and wind
power—especially on the islands—re-
main largely untapped.

Several European countries have ex-
pressed their opposition to the expan-
sion or continued operation of nuclear
reactors, such as Germany, Sweden, It-
aly, and Austria. In contrast, France,
which relies on nuclear power for about
80% of its electricity, is attempting to
promote new models (e.g., Small Modu-
lar Reactors — SMRs) as supposedly “al-
ternative” solutions, rallying several
former Eastern Bloc countries to its side.
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