ITYPHNIKA AITOBAHTA

‘Evag mupnvikog avtiSpaoctnipag Lo-
xV0G, UEYAAOG 1) WIKPOG Sev elval plx
autovoun povada, aAA& ylwa TNV AeLto-
vpyla Tou TpoamattovvTal [onOnNTikeg
LOVASES, oL 0TOlEG Kol KIVOUVOUG EVEXOUV
KOl OUOOWPEVOVV UEYAAEG TIOOOTNTES
padlevepywv oTtolxelwv. AVTEG, @alvov-
TAL OTO TLO KATW oynua tov [Mupnvikov
KOxAov Koavoipov. Ta mupnvikd amof-
AnTa Tapdyovtal o€ Sla@opa onpeia Tov
KUKAOU €vOG TupnvikoU SIKTUoU Ta-
POYWYNG NAEKTPLVNG LoXVOG. AnAadt), oTnv
e€opuin tov ovpaviov, otov KabBaplouo,
oTNV povada eUTMAOUTIOHOV TOU, OTY)
OUOKELAOIA  KAUGIPHOU, OTOV  aVTLS-
PUOTNPA, OTNV EMELEPYATIA KAl AVUKUK-
AWON TOU KOUOIHOU KAl OTNV TEALKN QU-
Aagn twv amofAntwv. Mupnvika amof-
AnTa elval Kot 0 Tupnvikog avtidpaotn-
PUG OAOKANPOG oV TEPACEL TO XPOVO
Cwng tovu (40 mepimov xpovia), Adyw TG
VPNANG PpaSIEVEPYELNG TIOU EKTIEUTIEL OTO
efNG  (@aOPEVO  VETPOVIKNG  EVEPYO-
Toimong). Oa mpémel va StaAvbel kol va
odnynbel oto Spopo TWV TMUPNVIKWV a-
mofANTwv. I[Mupnvika amofAnta, ovo-
OWPEVOVTUL KL OTIG EYKATAOTACELS T~
PAYWYNG TIUPNVIKWV OTAWV GaV TIAPAT-
poiov.

Ta mupnvika amofAnta, avaloya pe
To Babuod padievepyelag, xwpilovtal o€
TECOEPLG KATNYOPLEG.

Ta amoBfAnta vPnAng otabung, mov
ATOTEAOVUVTUL OO TH TAPAYWYA TOU
KOUGIHOU TIOU KATAVOAWVETAL GTOUG OV-
TIOPAOTNPES KAl amd Kabe amofANTO OV
onuovpyeltat oto oOTASIO NG ETA-
vemegepyaolag TOU Kavoipov, amd TO
omolo avaktatal To mapayBév MAOLTW-
V10.

Ta vmép-ovpavia amofAnta, mTov

ATOTEAOVVTUL KUPLWG ATtO TA LOOTOTIA TOV
TAOUTWVIOV UE EVEPYOTNTEG UEYAAVTEPES
amé 10 Ci/ypapp. Avtda, dSnuovpyovvtoal
OTNV EMAVEMEEEPYATIA TOU KAULGIUOV,
oTNV  Kataokevn] papfdwv  Ka-voipov
TMAOUTWVIOU  KOL  OTNV  KOTOOKELT)
Tupnvikwv 0mAwv (1 Ci/gr avtiotolxel ot
3,7x 1010 iaomaoelg/sec).

Ta amoBfAnTa yaunAng otabung, mov
TEPLEXOVV  UTEP-OUPAVIA  OTOLYElOr e
evepyotntes katw amo 10 Ci/gr. Avtd,
XPEWAlovTal HIKPY] OXETIKA Owpdkiomn,
aAAG Sev elvar kat akivduva.

Télog, Ta mapaywya amd v €Eo-
puin Kol emegepyacia Tov ovVPAVIOL, IOV
elval Ta KATAAOLTIO PE UIKPEG TTOOO-TNTEG
padlevepywv otolxelwv. Omwg elvat
(PUOLKO, 1| TOCOTNTA TNG PASIEVEPYELAG
OV  EKTMEUTOVV T amofAnta, &ev
efapTaTal HOVOV ATO TNV TOCOTNTA TWV
PASLEVEPYWV OTOLXELWV TIOUL TEPLEYOVTOL
aAAQ KoL a0 TO XPOVO WLoTG (WG TOUG
Tov pumopel va @Bdaocel kot ta 24.000
Xpovia. OL LEPLIKEG EKATOVTASES ATIO AUTA
T PASIEVEPYA OTOLXEIX E€XOUV OYETIKA
HIKPOUG XpOvoug piomg (wng. Tévte amo
auta €youvv Xpovoug petady 1 kat 5 xpo-
via. Avo, To otpovto-90 kol To Kaiolo-
137, €xovv mepimov 30 kat tpla, To {ip-
KOV10-93, To IWwdLo-129 kat to kaiolo-135
Tavw amo 1 ekatoupvplo. To TAoOUTWVLO-
239 €xeL xpovo pons {wng 24000 xpovia.

H peyodVtepn exmoum padievep-
YWV oTolelwVv YIvVETAL OTN QAN TNG V-
TIKATAOTAONG TOU TOAALOU HE KALVOUpP-
yo kavoo. H Stadikaoio avty cuvnOwg
ylvetal otadlakd, woTe va Un YXPELHoTEL
va KAgloel 0 avTISpacTipag @' 06OV TO
EMTPEMEL 0 TUTOG TOov. 'Eva @péoko
OTOILXEID KOUGIUOV EKTEUTIEL YOUNAES
TIMEG padLevEPYELXG, YIATL Oev €-



XEL akoun vumootel oxaocels. AvtifBeta,
OTAV TO OTOLYEIO-KAUGOIUO TIOU EXEL KO-
TavaAwBel, eayxBel amd Tov kapdid Tov
avTidpaotnpa, e€lval évtova padlevepyo
kat emkivéuvo. Tlpwv petapepBel oTig
EYKATAOTAOELS EMAVETEEEPYATIAG T~
POUEVEL YIX UEYAAO OXETIKA XPOVIKO OL-
aoctnua péoa oe OeEAUEVEGC WOTE VA
uelwbel n evepyotnta tov. ‘Evag avtis-
paoTNpag eAa@pov vepoL Loxvog 1000
MW, mapdyel ekatd KUBKA HETPA TO
XpoOvo oteped amofAnTa LVPMANG Kot xo-
UNANG oTABunG. Metda amod emelepyaoia Ta
amofAnTa  autq, eykAsiovtal og  pe-
TaAAka Soxela kat otn ovvexela Bafov-
tal To otoyelo mov mapovotdlel Ta pe-
yoAUTEpa TpofANuaTa KAt A0Yw TNG To-
oO0TNTAG TOV Kol AOYw TOU HEYAAOL XPO-
vou pong {wng, elval To mAovtwvlo. Av-
TO, Ue xpovo pong (wng 24000 xpovia,
Staomwpevo aktivoforel. Kot to mpop-
Anua dev elvat n amobnkevon Tov POVoV,
QAAQ KOl 1 HETA@OPA TOU OTMO TOUG
QVTIOPAOTNPES  AVAUOPEWOTNG,  OTOU
QVOKTATOL, HEXPL TOUG TUPMVIKOVG V-
TIdpaoTnpeg OmMov TeEAK&A B xpnoiuo-
momBel oav kavowo. To TAouTwVIo GV
XNUKO oTtolxelo elval eml mAéov €vtova
TOSIKO KAl apKOUV EAGXLOTEG TOCOTNTES
ELOTIVONG TOU Yl VO TIPOKOAECOUV TO
Bavarto.

Fa ™ @VAaEN Tou TAoUTWVIOV,
TpoTeElvovTal SlA@opes AVCELS, OTIWG O
SLYWPLOUOG TOU KAL 1) HETAPOPA TOU OF
KLV TEG SEEAUEVEG KATAOKEVAOUEVEG ATIO
UTETOV, XAAuBa 1 YVUAAL KAl 1] ATTOGTOAN
Tov o€ opuyela. To yvaAl Ouwg o€ ekatod
Xpovia  ylvetal TopwdeG KAl TUXOV
SLappoég vepol 0TO XWPO @UAAENG TOU
UTOPEL VA TPOKAAECEL QTEAEVOEPWON
TOoV.

Tnv tedevtaia Sexaetio £xouv yivel

KOTAYYEALEG TIWG TOCOTNTEG TUPNVIKWV
amofAntwv Bubifovtal Tapdvopa ot
0dlacoa, cav Tpoowplvry AVON OTTOA-
AyNG TOUG KAl ATMO@UYNG TwV LYPNA®V
e€00wv emegepyaciag kat @VAAENS TOUG.

[IpoTAoELS, OTIWG ATTOGTOAT TOUG GTO
SLAoTNUA, EKTOG TOU OTL OLKOVOULKA €lvart
vmtepfBoAika  Samavnpég, Sev mapéxouv
KAULX OO@AAEL KOTA TN SLAPKELX TNG
EKTOCEVONG TOUG HEXPL V' ATIOMOK-
puvBoUV amo to medio fapvTnTAS TNG YNG.
[Mapadetypa atuynuatog nTav n €kpnin
touv Challenger (28.1.1986) 70 &¢v-
TEPOAETITA UETA TNV EKTOEELON TOU LE
ATMOTEAECUN TOV aKaplaio BAavato Twv
ETITA LEAWV TOV TIAT PWLATOG.

Axoun xU' av Bpebel évag ac@aing
TPOTOG PUAAENG TWV TUPNVIKWV aTof3-
AMTwV, To KO0TOG Ba M Tav TOGO UEYAAO,
OV OV OUVUTIOAOY({OVTAV OTO KOGTOG
Aettovpylag Twv avtidpactnpwy, 6 Ba
OUVEPEPE TILA 1) XPT)OT) TOUG. AKOUT Kol 1|
eTalpla NAeKTPIKNG oyxVog tou Apfovp-
You, oV €A£YXEL TO KUKAWHA TWV YEP-
LOVIKWV TTUPNVIKWV EPYOOTACIWY, ava-
PEPEL 0 Eva LAAASLO NG, TIWG EVW TA
XaUNAnG otabung amoBAnta nén amo to
1978 amobnkevovtal uéoa atn yn, ylo To
vPnANG otabung,  Avon dev €xel Ppebel
aKoOu.

Ta mupnvika amopfAnta Sev €yxouvv
myn uovo ta (Sl Ta TUPMVIKA €PYOO-
TACLA KAL TO KAUEVO TOUG KOUOLUO, QALK
ovoowpevovTal NéN amd ™ @don TG
€€0pLENG Tou ovpaviov, TOU EUTAOVTLO-
HoU TOU, TNG ovokevaocilag oe pafdoug
KaOLUOU Kal TNnG emeepyaoiag Twv a-
TOBANTWY TOU €PYOOTAGIOV OE ELSIKEG
HOVASEG. AUTEG Ol HOVASEG ATTOTEAOVV TN
HEYOAUTEPN  AMOONKN  OUYKEVTPWOTG
PASIEVEPYWV VAIK®WV ATO OTOLASTTIOTE
AAAN TTUPNVIKT] SPACTNPLOTITA OTOV



KOOU0. MOVo Katd TN SLapKeEl TAPOpO-
VIIG TOUG OTA TTUPTVIKA EPYOCTACLA TIPLV
08nynbolVv 6TIg HOVASEG QUTEG, UTTOPOVV
VO TIPOKAAEGOULV OXL HOVO Slappoég (oav
autny o1 povada Tou PBoudydplkou
gpyootaciov oto KolAovtoUl), aAAda ka-
TW ATO OPLOUEVEG CUVONKEG aKOUA Kal
TUPNVIKEG ekpnéelg (mepimtwon Fuku-
shima).

Moévo otnv mpwnv Avtikny Feppavia
To0 1990 Ta amoBAnTa autd Nnoav yupw
OTIS EKATO XALAdeg TOVOL Meydda Tood
TOV KAUEVOU KAUGO OV HETAPEPOVTAL ATIO
TOUG TIUPNVIKOUG QVTISPACTNPEG OTIS
novadeg emegepyaoiag. Emedn v-mapyouv
Alyeg Tétoleg povades Oa mpEmEL TO
padlevepyo auto amofAnTto va Siavioet
TEPAOTIEG  ATMOOTAOEL UEXPLS  OTOVL
kataAnéel o' autég eite odka, eite pe
mAolo. ‘Eva atuxnua katd ) Stapkela g
UETAPOPAS TOU Ba elxe ocov amoTtéAeopa
™MV AMEAEVOEPWON UEYAAWY TTOCOTNTWYV
PASLEVEPYELNG OTNV EMUPAVELX TNG YNG
XWPIS Kapd SuvatotnTa SECUEVOTIG TNG.

Agv elval Tuxolo TWG Ol UEYAAES
ETALPELEG KATAOKEVTG AVTIOPACTIPWV Kal
EKUETAAAELONG TOU OUPAVIOU KL TOU
TAOUTWVIOV O&v Elval GOXETEG HE TIG
ETALPELEG EKUETAAAEVONG TwWV ocvpfartt-
KWV Kavoipwv. H €€dptnon twv pikpwv
KUPLWG KPATWV Ao aUTEG €lval Tipo@a-
NG, ‘OTwg elval Tpo@avig kat o0 A0Yog yla
Tov omolo M mAlakn evépyeln Oev a-
vamtuxbnke paydaia wote onuepa vo
uUmopel V' aQVTIKATAOTNOEL KATA €va [Le-
YOAO HEPOG TNV TUPMVIKN KloBatwpa.
lNarti, ol eTapeieg avtég e Ba pmopov-
ooV va EAEYEOUV EVEPYELOKA TNV TIAPOXM
NAEKTPLKNG LoXVOG TETOLAG OTIANG TEXVO-
Aoylag Kot aveEAVTANTNG TIPWTNG VANG.

['a Ta kpatn oL Sev £xouv eyka-

TAOTIOEL TUPNVIKOUG oTaBuovs elval
OXETIKA €UKOAO VO TOUG amo@Uyouv. ['a
mapadetypa, N EAAGSa Sev €xel e€av-
TANCEL aKOPA TOV VSATIVO TAOUTO TG KAl
(PUOIKA O0oUTE KOl TIG SUVATOTNTES
@WTOPOATATKNG EVEPYELAG ATIO TOV MNALO
Kal avepoysvvntpleg (kuplwg oTig vn-
OLWTLKEG TIEPLOYES).

Evpwmaikés xwpes mouv 1én xpnot-
HOTIOLOVV TIUPNVIKA EPYOOTACIA £XOLV
EKQPAOEL TNV avTiBEOT] TOUG oTNV TTAPA-
Taon Aeltovpylag avTidpacTipwy oxa-
ong, yw mapadetypa I'eppavia, Xoundia,
ItaAia, Avotpla.

H TF'oAAia, pe v peyaAltepn &€o-
HEVOT TNG MAEKTPLKNG TNG EVEPYELAG TIE-
pimov 80% amd TUVPNVIKOUG oTABUOVG
EXEL OUOTELPWOEL EVPWTAIKEG  XWPES,
Kuplwg ¢ mMpwnv Z.E. yia amodoxn twv
aVTIOPACTNPWY OXAONG HE OLAPOPETIK
popem (SMR).

And to Chernobyl ota epyootdola eme-
Eepyaoiag mupnvikwv amofAntwv (0Y-
TOIIIA Matog-Iovviog 1993)

Bubilovv améfAnta otnv Adpuatiky (TO
BHMA 11.2.2001)

[Tupnvika armofBAnta ot BouBec tov NATO

[Tupnvika andéBAnta-A, B

[Tupnvikd amdéBAnTa, TO TLO ETKIVOUVO
kot dAvto mpofinua (H KAOHMEPINH,
7422008

[TAoia.. SnAntnplo

30.10.2009)

(EAEYOGEPOTYTIIA

To upeyoaAltepo TpdBANUX TwV TUENVL-
KWV

TA NEA Yvoowpsvon TUpNVIK®WV o1o-
AMTWwV
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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 persistent
radioactivity. Through the process of
neutron activation, the reactor structure
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.

73 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 concentrations
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 others,
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 (uranium,
plutonium) are closely linked with those
in fossil fuels. The energy dependence of
small countries on their net-works is evi
dent. 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 accessible to small and
medium-sized communities.

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 expansion
or continued operation of nuclear
reactors, such as Germany, Sweden, Italy,
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 Modular Reactors
- SMRs) as supposedly “alternative”
solutions, rallying several former Eastern
Bloc countries to its side.



