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Abslract

According to the International Atomic Energy Agency documents and the current practice. the constructio, of shallow
ground repository is a suitable decision for the disposal of NPP's low and intermediate level raciioactive wastes. The aim ol
the report is to evaluate the natural conditions ol a site situated in loess terrain south-rvest lrom t6e Kozloduy Nuclear

Power Plant and the efficiency of the engineering barriers against radionuclide rnigration by using a salety assessment

analyses. For that purpose, an engineering geological site model is created. which includes the next barriers: concrete-steel

basement, soil cement cushion and layer olcolrpacted loess. The ground base under the hvpotherical repository is presenred

by 2.5 rn thick loess followed by 25 m stratum of Pliocene clays. The rnodel is simulated b1, rhe compurer code AMBER lor
the so called "basic scenario" with conservative and sirnpli{ied condition elenents. Calcularions are rnade for the release rale
.R and concentration C of three radionuclides Cs-l 34, Sr-90 and Ag-1 l0rr after each barrier of the repository. Tlre results

demonstrate the efficiency ofsuggested barriers, which are definitely sufficient for isolation ofthe studied radionuclides.
The release to the environment for the Cs- 1 34 and Ag- I 10m is close to the zero value and for the Sr-90 it is neglectlully small
< 10.e8 Bq/m:.

Key u,ords: repository site, radionuclide migration, engineering barriers

l. BbBEAEHI,IE

.[o xpar Ha M. Aexer\{gpw2002 r. eJreKrpoeHeprurra, npo-
H3BeX.qaHa oT aToMHl,r cbopbxeHH, B Ebnrapu, ce ocHrypr_
Barue oT rrrecT eHepro6Jror(a Ha AEU "Koslo.qyfi,,, Karo cne.[

TA3H.IIATA PCAKTOPI' I U II 6gXA I,I3BEACHH OT CKCIJIOATAUII'.

flo npegrapareJrHr{ oueHxr4 ce oqaxBa B pe3ynrar Ha uerr.rfl

IIepI,roA Ha pa6ora Ha ueHTpanaTa, Ha 3aTBaprHeTo Ha nbp-
B?rTe ,{Ba 6lora u pa6orara Ha eAr.rH eBeHryaJreH 6.uox ua

AEI{ "Eelene" o6eMbr Ha Hucxo rr cpeAHo paAuoaKTHBHr.r-

Te orna.qbutr (HCPAO) B KoH.[uur{oHr.rpaHo cbcroqHr{e .qa

6rAe oxoao 100 000 m3. Ctr.nacuo npenopbxrlre Ha Mex.qy-
HAPOAHATA ATCHUH' 3A ATOMHA CHCPTHfl (MAAE), TC3I,I OT-

na,rlbuu no,{nexar Ha oKoHqarelHo norpe6naHe B noBbpx-

HOCTHH HJIII n pllno BbpXH OcTHr,t XpaHr,IJrHIua. Ktu uOrrlesta

HCPAO ce HaMr.rpar Bt,B BpeMeHHH ,uena Ha repuropurra

Ha ueHTpaJraTa, KaTO npe/IcTOH H3rpaxAaHe Ha HaulioHa_1-

HO XpaHH_rrrrqe 3a TrxHoTO Kpar'IHo.4enoHr.lpaHe B KoH.illtur,,-

oHupaH nua. I,Is6oplr Ha noAxo.[rula reo.rroxKa cpe.4a e or
Ba)KHO 3HaqeHfie npH [ocTporBaHe Ha cbopbxeHrre oT Ta-

KbB xapar(Tep. Cpeaara 3aeAHo c r,rHxeHepHoro cr,opI,r(e-

Hue (xpaHn"'ruu.tero) xrpae ponr Ha 6aprrepa cpeuy eBeHry-

aJrHoTo pa3npocTpaHeHlre Ha paAuoHyKJil.tAH X e OCHorJel,

$axrop 3a Ab.qroBpeMeHHara cra6r.uHocr Ha xpaHlrrrulra'
Ta cucreMa. .{ocerautHltre }.I3cneaBaHr{, B Ta3tI BpT,3I(a, Kafi-

ro y Hac, ra(a H a uyx6uHa (Vurapur u pyr,ar,nur), noxa3-

BaT rIe JIbOCI,T MO)ltC Aa Ce pa3rnex.Ua KaTO nepCneKTttBHa

cpeAa 3a cbxpaHrBaHe Ha Hr,rcKo t{ cpe.rlHoaxTHBr.ru oTnal'r,-
qlt. I-{elra Ha u3cne,qBaHero e Ia ce HanpaBg npeABaprrer-
Ha olIeHKa no 6e:onacHocr Ha eAHo xpaHllnuue, c nplrMe-

peH paAu oHy(JrIAeH r.r H BeHrap, B1,pxy nnoua.[xa pa3nojro:
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fr.e*tit B JILocoB repeH loro3ilnaAHo oT AEU "Ko:nogyl:t". B

Aon1,flHeH[{e ue 6T,Ae oTqeTeHo n BJIHTHfieTO Ha Tpll I{rlxe'

HepHtr 6apHepl'l pa3nonoxeHll noA caMoTo xpaHIInrlule. Han-

paDeHaTa no'HlTaTbK o(eHKa Nroxe Aa 6tge npltloxeHa u

r!!r c![tecTByBaultTe BpeNIeHHH .qena Bbpxy Jrl,oc Ha Tepll-

TOpilrTa Ha ueHTpanaTa.

2. IrH]KEHEPHO|EOJIOXHI'I MOAEI HA
tIXOUIAAKATA

lyloAe.rrlr, c Kol-tro ca Ha[paBeHrl no-HATarr,tuHI{Te !l3c-

,'.lcrllliiHllfl e xfinoTeTlltlcH,Tb[ I(aro Bce oule He e onpeAene-

flo 1-OtlHoTo l!{flcTo Ha xpaHllx}IUIeTo tl HeroBIIrI TIln. He e ll

il3BecrHa o6utara cnelll{sl{tlHil aKT}IBHOCT Ha OTna!,'bUIlTe u

cxeilraTa Ha pa3nonorKeHlle Ha I(oHTei''lHeplITe. B KOttro Te cil

IOCTABCHII.

Tor:r e nocrpoeH Hil 6a:ara Ha cJleAHlrre ocHoBHtt napa-

rre Tpu (qrlr. 1). I,1:6pau e [oBt,pxHocreH, rpaHlxeeH rlln xpa-

irilJ'rrrule c uuprrHa 26 n u Abrrxr.rHa 70 m. To e $yHAI'rpauo

Ha o6u1a croMaHo6eroHHa n,Iloqa (CEn) c .[e6e:rltsa 1,5 m.

Io,1 Heq e r{3rpaAeHa uuMeHroroqBeHa B}3r.qaBHIIua (I-IIIB)

c Ae6entlHa I m, crcroxula ce oT ecrecrBeH nboc 3a3ApaBeH c

l2%o UnrteHr lt c Ao6aaxa ua20/o KJIIIHoITrIJIoILIT. noA He,

cJIeABa cJror"r or ynnbrHeH nboc (ynJI) c ae6enuHa 1,5 m.

EcrecrseHara 3eMHa ocHoBa e rrpeAcraBeHa or flpaxoB Tll-

trrlr{eH Jlboc, r{!1rro Ae6eflr{Ha noA AoJrH[rfl Kpar"r Ha YIIJI e I

m, crleaBaH oT rIlIHecT .[boc ]I crol"r nlnoueHcKH rJII{HII c

poilraHcxa Bb3pacr. Bo.[Horo H]tBo Ha BoaoHocHH, xopr.r3oHT

B Jlboca e Ha l-1,5 m HaA rJrrrHr.rTe, KaTo noToKbT Ha noA3eM-

HLIre BoAH e c rpaAlreHr i=0,01 u r{Ma 3a BoAoynop cIIoMeHa-

HIrTe rJIr{H}r. Creaonare;rHo oT x}rAporeojloxKa ueAHa TOq-

xa ce rloprurlrpaT 3oHlr: HeHaclrreHa, nollaAaula H3UrJIo B cnofl

OT npaXOB JILOC n HacIITeHa - B ilItlHeCTI'!fl JIbOC.

tr4:6poeHr.rre crol{aHo6eror.rHa nJroqa, u}rMeHTonoqBeHa

Bb3DIaBHlltla tr cIot"r oT yn"lT,THeH nboc Ilpe.[cTaBIqBaT H aHa-

ilrr3rt prrHHTe B 3il.naqalra .{o nb,'ru r{TeirHH lruxeHepHr,r 6apne-

pu.

Ha rlr,rrirpa I ca npe.u,craBeHrr r{ AaHHH 3a }r3noJr3BaH}rre

noKa3are.ilu Ha fipeA.rraranure 6apnep]r H Ha 3eMHara cpe,(a,

IO,tyqgsl.r IIo olI{TeH, aHa.rlorlrqeH Ir:bT I,I oT nHTepaTypHI{

rr3roqHlrulr (AnroHos, 2002).

cBn: *;:#l:"H,* Ynrr:

I(ds3ag.=70 cm3/g
Kdr ro-AE60 cm3/g

flpzrxon

(r-rB: P;,:,;,:t!"flL.,_'r',oc:
Kdrracf 480 cmr/g
Kdrro*4!5l6crn3/g

P"= 1,91 g./cm3
I(da5a;3l5cm3/g
Kdrracs= 87 I crn3lg

Kdrro*4[ 75Ocrn3/g

Q,= 1,67 g/crn3
t<dssSF I 50 cm3/g
I(drraq; l90cm3/g
KdrromAE5l0cm3/g
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3. IPEABAPI4TEJIEH AHAJII43 flo
EE3OIIACHOCT

B tt:cleAnauero e HanpaBeHo npeAilonoxeHlle, qe ce Ka-

cae 3a rBT,pAH Henpepa6oTeHII I{ HeonaKoBaHI'l pa'u'IIOaKTXB-

Hrr ornaAbult, c ocIIoBHa HoMeHKJIarypa cs-137, Sr-90 lr Ag-

110 m. C:,rlacHo pa3pa6oreHltffT reoroxl(I{ I\{o'qeJr xpanl{-

nllulcTo ce pa3nonara B HeHacltTeHaTa 3OHa Haa HIIBOTO Ha

noJ,3eN,lHIITe BoAH. Ha pa3crorHlle 100 m or npeAnonarae-

l\roro xpltHl,Illrlue ce HaN'lnpa u3BOp' ApeHltpau BO'n'oHocHllfl

xopll3oHT (Qlrr. 1). B trroAena ortlllTa BilllsHllero Ha fopeo-

rrlcaHltre rpl'I llHxeHepHll 6aplrepll. flplreua ce, tle aKTI4B-

HOCTTa Ha florpe6aHi',lre ornaAbul{ 3a BCeKI'l OT rl3creaBaHll-

rE paAr4oHyKJlllaa e 100 ci.

Taxa lcrpaAeHll Mo,[eJI e npolllpaH tlpe3 (oN{Iilorlp-

Ht'tq KoA AMBER, Karo e npllnoxeH (oHcepBarllBeH Il on-

pocreH MareMaruqecKl'l IuoaeJI (Mareeoa u Ko3ax' 2001)' Me-

ToAo.rtorl'lrra cne.[Ba r. Hap. "6a':os cueuaptrii" Ha noBere-

Hlle Ha xpaHlIJII4UieTO - H3l\{}IBaHe lI [pocNlyl(BaHe Ha 3aM]p-

clrrerure B pe3yJlTar Ha llll$Irnrpaullfl Ha a:bxaoBHa BoAa'

,{onycxa ce, qe paill'loHyxnrlAHoro It3THt{aHe or xpaHHiIIt-

uleTo KbM rroA3er{Hl{Te BOAU IUOxie Aa HacT}[II B pe3ynTaT

Ha llHol{xrpautlt Ha.[]xAoBHa Bo,f,a' npeAnorara ce' qe uH-

$r'rlrpaultrra B xpaHI{JIllluero e 20n/u or ctoitHoctra sa

cpe.rlHoroAI'ItuHIIre Ba,'Iexlr, Kotro e 585 rnm/yr' r'e' 1 17 mm/

1,r. flplr aHartll3llTe l{ oue}{r}ITe Ha II3TotlHllKa ca uarpaBeHll

CJICAHIITC AOI]\'CKAHIIfl :

.,ue$oprraaullllTe B1,B Beprl'lKllrrlllfl noroK npeAll3BI{Ka-

Hr.r oT xeTepoleHHllt xapaxTep Ha xpaHllllllulero ca He3-

HAqT]TCJ]HII:

. xoNloreHHa tru$rurpauul, 6es Aa ce orqura orrol(a'

fi3napelIIL lI .x.p. npouecl{:

. (oHCepBaTIIBHII AaHHlt no oTl-IoueH]te Ha oTna'I'bI(A

(nerrpePa6oreu tt Heonaxoeart):

. n'bilIO O\{O}ipsl{e II ll3TllrlaHe B pe3ynraT Ha }131!IIlBa-

HeTo Ha pa.I,IroHyKnHIIlTe oT oTflaAblia;

. He ca pa3rrte.naHll oco6eHocurre lla caNloro xllnore-

THrrHo xpaHll.ltrure (rloxpnaetl clofi, 'u1'Ho II rp');
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Iie e oT(tcTeHO pOIrTa H BJ'IllrlllteTo Ha MaTepltaJIITe,

3ll r Ir,.[ Da rurr npocTpaHcT BoTo Mexay Ko HTei"l I reprrre rr

oKOrHarl} cpeaa.

., C 1e:rr i1oflycKartrtn I\,toAerr,T pa6orut c ro.lfl]r I(oeQnuH-

cr{T tta crrrypHocT. TOl"t He OT(I}ITa, r{e oTna,f}tlHTe ca B'LB

Btrpc;'rlr. 
qe BapeJlllTe Iue 6b.{aT 3a,'IeTu c ulIMeHToB pa3TBop

3 6c'rorrilu r(OHTe,"lHeplr, tre [pocTpaHCTBoTo Nrexay KoH-

l{-.iilicpnre ue 66ae 3aII'LJIHeHo c lvlarept'tan c BLIcoKa cop6-

Ulltl ll ;'IP.

ll Iro;lerx cil BIi-[IoqeHrr KoeQrrurreHTbr Hi.l 3a6aBflHe R/lr

tspclrc ro Ha 3al(bclleHr rc T,r B 3aBr.rcr,rNrocT oT cop6qrrolrHlrTe

.rilipiil(.rcptlcrlllifi Ha paArloHyKnHIIITe H xll.gporeonoxK]ITe

ocoS*rocl-lt Ha nJIoulaar(ara, c(opocrra Ha Ir3TllqaHe Ha pa-

itrrolryrir,'ilt.alrTe R Ir KoHueHTpaulrflTa Lrlr c cre.t Bcrxa 6aplr-

epir IIC XpaHXrl't[IeTO.

FIa Qr'rrypa 2 ca nora:lar{rr KpuBrrre Ha pa-fnoHytilrr:iHo-

'l O II3lIIqaHe Ha jI'LIIOTO Ha XIIIiOTeTtlr{HOTO XpaHll.:IIIUe, IIpe-

-llr n],pBflril IrHrKerreptla 6aprrepa. Karo ce oT(rtlra $lrxcrrpa-
|il{rl ilepllo.1 3a liHcrllryUlroHa.qeH rioHrpo:1 (100 - 300 r.) ce

lu r r;ri]a rreo6xoilr r ]IocTTa oT Lt3tpaxAaHe Ha,uonbJIH I{Te.[H H

6rrprreprr cpeuy pa3npocrpaHeHlre Ha pa.quoHyKnrrArr B re-

rcil,cpara.

Pcry,rrarrlre or rrpecMrrraHlrrra 3a tlax.roplrre Ha 3a6a-

rl,lirc H Ha BpeNreHaTa Ha 3ar(bcHeHrre 3a oT.{e.iIH}ITe trHxe-

ueprrrr 6apueprr ca AaAeHH Ha ra6x. I lr ra6l. 2.

Rd [-]
Pu.tuo Crorrarrerur- L{rr;ucuro- Yn.lr.rrrerr I-Ienacrrrerra

tll ti,ttt.l 6etoltlt flortaega !.ILoc 3o1a

lL:IOrtx Bl,3t-"IaBltrlut
rrrcs

3_04. 103 5,04. l0l 9,72.10)
,,,SI t9l t.61.101 1.82. lOii 7.72.10)

t0s l j.t7. l0r 4.3"1. I 0r 2.62. t0l

Tu6-t. l. Pest,.tntotttrt

tu1uettrc R,l, t-l
ont npec.uxntotttttutm tru tlamtutpunrc uu

Tcl [l'r]
Pa.,tuo C-rolrarrcrrrl- l{rr.rrerrro- yn.irr,r.rrerr

tt}K.'util 6etottttlt uorlncna .nLoc

n.rtolt:l a}3r.illtBllilut
rr{cs 4205 t.1.1. l0+ I ,39. I 01 .1,28.101

sSr
6.0,{. l0r 5,02. l0l 3,38. I 0l

llilnl n 5405 r,23. t0l I.l9.l0{ 1,1 5. t 0{

Tufu. 2. Pesy.lnwttttt on1 tu)ecttntllaLntntlta Ha epeJrcHanta Ha

]0t;'bcucnt!c Td. IrrI
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Cneg uupaaenlrre H3qr.rcrreHlrr ce ycrauoBtr, qe eOeK-

Tr.rBr{ocTTa Ha npeAlraraH}rTe HHxeHepHu oapuepH e r,r3Knro-

qIIT9J,'IHO rOJ'IrMa nO OTllOlUeHlle Ha paAHOHyKnIUU OT TUna

Ha aHanr.l3rrpaHlrre c neplroA Ha noJrypa3fiag ao 30 roAHHr_t.

ll pecnxrarurrra 3a paAr{oHyKJrtHAH oro H3Tr.rr{aHe KbM reoc-

Separa ro orHoueHtre xa Cs-134 r Ag-l 10m aagar HyneBH

3HaqeHHf, a rro oTHoueHHe Ha Sr-90 npeHe6pexurvro MaJrKo

< l0-eB Bq/mr [opaAu r\rHoro BrrcoKrzTe crofiHocrrr Ha Koe$rr-

rlrleHTa Ha 3a6aBrrHe R, pecn. BpeMeTo Ha :axrcueulle Q.
B ro:u cnyqafi tlro.uenrrpaHero Ha paArtoHyKIHAHH, rpaH-

cnopT r.r3BI,H rpaHrrrlr,rTe Ha 6apHepr,rTe, T.e. B ".4afleuuoTo

ro,'re" ce oSe3cMHcnfl H He e HeooxoAnMo Aa ce pa3rnexAa B

npe.rlBaplrTenHuTe aHaJ-rr r3r,r !r flptr oueHKrrTe 3a KprrTep]rr.rTe

3a IlprreNrillrBocr Karo Kpr.rrlrrren cueHapufi.

4.3AKJIIOIIEHUE

B Etrrapl.ra npeAcTolr u36op Ha nnouralKa 3a u3rpax-

.faHe Ha xpaHluuru{e 3a norpe6BaHe Ha Hucro }.r cpeAHoax-

rr.rBHlr orfiaAbu]l or AEI_{ "l(o:loAyfi". Crmacno Mex.qy-

HapoaHaTa npaKTlrKa, npoeKT 3a [o.qo6Ho croprxeuue rpr6-
Ba /xil IIpeN.rltHe Hel(onKoKpaTHa oueHKa IIo 6e3onacHocT HaII-

paBeHa c pa3Jrr.rqHa cTerIeH Ha nogpo6uocT B 3aBtrcHlrocT oT

cTaAi{r.rTe I,r eTaIII'rTe B CLTCTeMaTa Ha H36Op Ha IOAXOATUIa

flxorua.{Ka.

Ha 6a:ara Ha HanpaBeHr,rrr ryK [peaBapr.{renen aHiuru3

Ha nplliuepa Ha [nou]a.qKa B JrbocoB repeH }{ u36paHH Tpr.r

irHxeHepHr{ 6aplrepu KbM xpaHunr,ruleTo ce ycTaHoBlr, qe

e(beKTHBr'tocrra Ha npeAnaraHlrre 6aprrepu e tr3KJrroql.rreJrHo

roilgMa IIo oTHOUeHIIe Ha paAIIoHyKntrAr4 oT TuIIa Ha aHa_

ilrr3llpaHr{re c nep}roA Ha nonypa3nal ao 30 roAr{Hr4. Ilpec-
MrTaHlrflTa Ha paaltoHyKJrI.4HoTO r.r3TlrqaHe KrM reoc$epa-

ra no orHolueHire Ha Cs- 1 34 u Ag- l I Orn ca c HyneBH 3Haqe-

Hr.rfl, a fio oTHoueHrre Ha sr-90 e npeHe6pexH:vro MaJrKa < l0-e8

Bq/mr.

B ro'-r r.r c.lr y.r a r:r I\I oAeit I r pa Hero Ha pa.qx o H y K.rr r t.r H It r{ Tpa H -

clcrpr Ir3BEr{ rpaHtrurrre Ha 6aprreprrre, T.e. B "larre.luoro

fioxe" ce o6e3clfltcnfl !r He e Heo6xolr.rMo aa ce pa3rnexna B

npeABapllTeXHIITe aHaJ'Ilt3I,l [r npH OUeHI(HTC 3a Kp]ITepHr{Te

3a nplreMnlrBocT KaTo KpItTHqeH CUeHapr["r.

lleoSxo,xuuo e,ra ce or6erexlr, tre 3a rrpoBex.qaHe Ha no

rr1,J"rHa oueHxa no 6e3onacHocT Tps6Ba Aa ce H3noJr3BaT AaH-

HI.I nO OTHOrUeHlte Ha KoHr(peTHI{: CXeMa Ha xpaHl,tJ.It{ule, TH[,

B[tA II AKTI,IBHOCT HA PAAHOHYKN}IAH}I' CbCTAB HA OTNAAbIIH-

Te rr .rlp. l{::nor:saHaTa ryl( tvreToAHKa },ro)r(e l]a ce flprrnox?r

I
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14 npn oueBKara Ha clulecrByBauHTe Aena sa HCPAO Ha

repHroplrf,ra Ha AEII "Ko3lo,4yfi".
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