
CII4CAH?IE HA EbnTAPCKOTO |EOJIO|I4qECKO APyXECTBO, ro4. 65, xu. l-3,2004, c.47-54
REVIEW oF THE BULGARIAN GEOLOGICAL socIETy, vol.65, part t-3,2004,p.47-54

flporno3rrp a He H a p a3rpocrp aueHuero Ha p aArroHyrcJrr.rArr
B reoJroxKaTa cpeAa Ha xpaHrrJrrruleTo
3a paAr,roaKTuBHlr ornaAbrlr{ ,rflonn xaH65

Mafia Mameeeal, ,\uuumop Attmonoe2
trlucmumym sa adp-euu utcaede,anun u ndperua eHepzentuKa, EAH, 17g4 cofiua;
E -muil: mmateeva(@inrne. bas. bg
2leottoeuqecxu rlacmumym, EAH, 1 I 13 coSun, E-mail: dimia@geology.bas.bg

M. Mateeva, D. Antonov. 2004. Prognosis of the radionuclide migration in rhe geological media of the Near Surface
Repository for Radioactive waste * Novi Han. - Rev. Bulg. Geol. society, 65,1-i,47-"54.

. Abstract' The paper presents an approach for analyzing and modelling ofthe "geosphere" as one ofthe main components
included in the-safety assessment analyses of the Near Surface Reposiiory for-Radioactive Waste - Novi Han disposal
:ystem. To clarify and facilitate development of the conceptual model for "geosphere" the interaction matrix is constructed.
In. keeping with the features of the "geosphere", identified during analysis ap-propriate mathematical models for radionuclide
migratio-n through the both zones - unsaturated and saturated, are selected and adapted into using a computer code AMBER.
Results for radionuclide release from all disposal units and for peak values of radionuclide con".Itrutiori in the nearest well,
located at 280 m from the repository, aie presented. It is estimated that maximum concentration values of studied
radionuclides are in times lees than that regulated in the National Regulation for Radioation Protection. Therefore, the local
geological medium is an appropriate barrier against radionuclide migration.
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rrraArara u pailtoma (IAEA, 1999a; 1999b, 2000a,
2000b).

flocro-f, HHoro xpaHr,rnuue 3a pa.qrroarTr.rBHr{ or-
rraA:brlr{ @XPAO) ,,HoBu xaH" e eA}rHcrBeHoro 3a
cera [oB]pxHocTHo cbopb)KeHue 3a norpe6BaHe Ha
PAO s Banrapux. To e nocrpoeHo npet 1956 r. no
cbBeTCKr{ TI,IIIOB [pOeKT,,PAAOH* u e Brq3ro B eK-
clnoaraqr4, upe: 1964 r., Karo MecTorroJroxeHr.reTo
uy e us6pano cJreA npoBeAeHr{ reoJroxKr{ npoyrrBa-
HI1,'fl HA IIIeCT nOTeHI{r{aJIHt4 nnoqaAKu I{ B CbOTBeT-
cTBr{e c nbpBoHaqanHoTo r{3}rcKBaHe 3a 6lu:ro pa:-
[oJroxeHpre Ao Coour. B N:rpa4euure xpaHr,rJ[4rrlHr4
elvrP^u\Ll3a TBbpAIlr, 6HOnOru.{HI,I, TeqHLr r4 oTpa6o-
TeHLr r43TOtrHIIqu ca uorpe6ann oT[aAbIII{, nonyqa-
BaHr{ or r4H4ycrpuflTa (6es AEI{ ,,Ko:loAyft..), Me-
IutJI4HaTa, CeJICKOTO CTOTTaHCTBO I.I HayqHzTe I.,r3c-
JreABaHtr. I4ssecrHll[ ca xapaKTepucTr{Kr{Te Ha xpa-
HI{nr4rrIHr{Te eAlrHlqu v paAr,roHyKJtrI,/.I.IJI,afl r'rHBeH-
rap Ha norpe6aHr.rre PAO (Mareena, 2001; Maree-
Ba, Ko3a(, 2001). C qen r.r3rcH_sBaue Ha ycnoBusra
Ha 3eMHara cpeAa npes l99l n2002 r. ca npoBeAe-
Hr{ reoJroxKr{ [poyqBaHr{.s Ha [Jrorua4KaTa, B pe3yn-
TaT _Ha KOT4TO e Ct6paua AeTafiJrHa zu$opuaqnx,
Heo6xoAuMa 3a npoBexAaHero ua oqeurure no 6e-
3orracHocr (Encrarnea a Ap, 1992, 1993; Evstatiev
et a1.,1994; Evstatiev, Kozhukharov, 2000; Koxyxa-
poB rr Ap., 2002;frru6oB r{ Ap.,2003).

leonoNrara cpep.a urpae 3Haqr,rMa ponx sa 6eso-
rracHaTa eKcIIJIOaTarll1'.q. Ha rroBbpxHocTHI{Te Xpa-
HI{Jrr{ua 3a pa.{[oaKTrrBHu ornaAbrlr{ (pAO). Tr e
ecrecrBeHa 6apuepa cpeqy Mr{rpaq}rtrTa Ha pa-
At4OHyKnI,IApI LI3BaH xpaHLIn[uIeTO r{ e OT II3KJTTO-
qr{TeJrHo 3HaqeHr{e B nepproAa cJreA pa3pyrrraBaHe
Ha rlrHxeHepHure 6apnepu. B:arucr{MocT oT oco-
6enocrure ra xapa(Tepr{crr.rKr{Te Ha reoJroxKara
cpeAa, HapvqaHa B orIeHKr{Te [o 6e3olacHocT
,,reocoepa", e Br,3MoxHo 3a6aBflHe [rJrr4 ycKopf,Ba-
He Ha rpaHcropra Ha paAroHyxJruA[re. Or cuo-
co6nocrra Ha reoJroxKara cpe1a Aa ocurypr,r Ha-
.(e)KAHa LI3OnaqV{ alpe3 Mr,rHrIMr.r3I{paHe Ha npe-
HOCa Ha 3aMBpCLITenI{ KbM BOAOIII3TOqHLTTII{Te 3a-
Br4CVt Vt Orra3BaHeTo Ha q[cToTaTa HA eKOCtrCTe-
Mr{Te r{ paAr,raq[oHHaTa 3arrlr{Ta Ha HaceneHr{eTo.
Cnope4 AoKyMeHTr.r Ha MexAyHapoAHara areH-
IJkrfl.3a aroMHa eHeprus (MAAE) eAHa or ocHoB-
Hr{Te 3aAaql,r B oqeHKrirTe 3a 6e3olacHocTTa Ha rro-
B:bpxHocrHr,r xpaHr,rn[qa 3a PAO e Aa ce MoAenr{-
pa u lporHo3r{pa [oBeAeHtreTo Ha paAr,roHyxnu-
Ar.rTe IIpu HopManHo pa3BrrTr{e Ha reoJroxKaTa
cpeAa, a B cneAeKc[noaTarlrroHHr{Te orIeHK}r }I IIO
oTHOrrIeHr{e Ha anTepHaTilBHI{ pA3BlyrTrtfl, cboT-
BercTBarrlr{ na cneqr$uqHr.rre AaAeHocTr,r 3a rrJro-
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Ocnouun AaHHH 3a reoJroil(Kara cpe4a
rr xrrAporeoJroxKrrre xapaKTep[crrrKrr
Ha ruouaAKara lra xpaHrlJrrlrue ,rHoBu xaH"

Haft -saNHure reoJIoxKI{ o co6enocru, I4IMaITIII orno-
rrreHple KbM oqeHrara uo 6egonacHocr, ca:

- c:roxeH reoJIoxKLI LI TeKToHcKrr CTpOex - 6nO-
KOBO-pa3JIOMeH TI/m;

- IJ.AJfilqWe Ha nyKHaTIltHLI C XapaKTepHa 3aKOHO-

MepHocT [I HeaKTrrBH]I pa3JrOMI,I;

- eAHopoAeH rro cbcraB cKaJIeH Macr{B - 6rrrn-
Tr{3uparrl{ aneBpoJII{Tu u aptvlrrurvl c na.neosoficra
Bb3pacr;

- I{3BerprrreJlHara Kopa Ha $ulurN:Iapaulrre
aneBpoJrr.ITlrt, AocrI{raIIIa l0-1 1 m, npe4craBIrflBa
HelocpeAcTBeHa 3eMHa ocHoBa 3a xpaHlIJIlIuIeTO.

Ha 6azara Ha analru3 Ha KJIIIMaTLItIHTITe v xLrE-
ponoxKr{ AaHHI{ zapaitoua e ycraHoBeH cpeAeH Mo-

.qyJr Ha BoAHr4s orroK - 5,4 l/s km2.
flpu o6ura rpID(oAHa qacr Ha 6ata*tca or BaJre-

xr{Te - 650 mm, I{ ro.u{rrrua eBanorpaHcurIpaql,Ifl -
445 mm, e onpeAeneH o6Iqnsr cpeAHoro.qruren (uo-
BbpxHocreH lI rIoA3eMeH) orror< - 205 mm.

flpoyvenu ca noA3eMHure BoALI (nopoara r rIyK-
narNnnr,r), Karo ca [peAcraBeHy Ea:anllz or reoxlit-
MIIqHI{T9 I{ paAI{OXIIIMVqHLITO I{M XapaKTepI{CTI{KX.

Ta6luua I
RoeSuquenmu ua paznpedeaeuue K, [mtlkS] sa deeme touu
Ha eeoto)rcKama cpeda - HeHacumeHa u HacumeHa

Table 1

Distribution coefficients K, [m3lkS] for both unsaturated and
saturated zones in geosphere

trG-neuacrreHa:ona | tr(a-uacnrexa:oxaEremenrl trn.,rugl ltm./kgl
0

0.003(t)

0.107(t)

0.107(t)

0. l4g(t)

0.456(t)

0.5(2)

0.5(2)

0.4(2)

3.0(2)

3.0(2)

1.0(2)

I .0(2)

3.0(2)

3.0e)

3.0(2)

(1) KoxyxapoB r4 Ap., 2002; (2) IAEA, 200lb
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Ha 6atara xa paspa6oreHa xrlApolue3oMerp[qHa
KapTa ca olpe.qeJleHl{ nocoKaTa Ha TfxHoTo ABI{xe-
HI{e, xapaKTepI{CTI{KI'ITe Ha BOAOHOCHI4fl XOpIII3OHT I{
TOqKara Ha pa3ToBapBaHero rvry. .flcuo ca ille]irTvr-
$rrqrpanu ABe 3oHI{ or xl{AporeoJroxKa uIeAHa roq-
Ka - HeHacr{reua (7-10 m) u uacrarena. Oupe4ele-
HV ca cpe,quoroArlllrHara Ian$ulrpaqr{fl 3a rIJIo-
rrla.qKara - 29,3 mm, o6[Iu.f,T rIoA3eMeH orror - 0,7
l/s, uanopnnar lpaAIaeHT - 0,095, I{ cpeAHara [poBo-
Ar,rMocr Ha ruracra - 0,3 mJd (llnt6on n gp., 2003).

r{pes gnuauvrqHur tt crarl{tlHl,I la6oparopuu er-
crrepr{MeHTu ca oflpe.qeJrexn roe$uqneHTlrTe Ha
pa3rrpe.qeJreure I! 3a 3H, laC, 60Co, l3aCs, eoSr. Pesyl-
Tarure or rDL KaKTo LI CTOfiHOCTI,ITe Sa IQ Ha eJIe-

MeHTLITe, 3a KOI{TO H.f,Ma eKCIIepIIMeHT,LJIHO IIOJIyqe-
Hrr AaHHI{, HO Ca V3[OJr3BaHrI B IIpeCMflTaH.VrflTA, CA

lpeAcraBeHpr s ra6rI,IIIa 1.

3a u,4enru$rq[paHero Ha noreHIIrraJrHI{Te
TpaHcnoprHrr n6TeKI{ rIO OTHOITTeHT{e Ha 3aMbpcu-
TeJrr4Te npe: ,,reoc$epara" ce pa3rJrexAar oco6e-
HOCTLITe Ha IOTOKa Ha IIOA3eMHI{Te BOA}I I'I Blb3MOX-

HUTe BrU.SHVrfl V B3AilMOAeftCrSN.f, B HeHacr{TeHara
,I Hacr{TeHara 3oHa. qacrra Ha ,,reocoeparao' B

cucreMara or rpouecl,r (CfD e [poMeHnI{Ba rlopa-
4u $arcra, ue r.f, e Mex.u.IHHo 3BeHo rIpI{ Iucnepcu-
flTa Ha 3aMBp cllTeJrr{Te or,, 6rl,r3Koro" KbM,,AaJreq-
Horo [oJreo'. OcseH ToBa rf, e noBJIrI.flHa cuJIHo or
BBHrrrHr{Te oco6eHocrrl, flpoqecr{ pr flBIrertus. (O[-f,),
Kor.rTo uo 4e$IanNqrts He ce BKrIoqBaT s C[.

Marpuqa Ha B3arrMoAeficrB[sra
3a ,rreocoepara6s B crrcreMara
oT rrpoqecrr 3a xpaHlrJrrrrrlHaTa crrcTeMa

3a nnsya:ru:prpaHe u uo-,4o6po pas6upane Ha rlpo-
qeca [o orc.f,BaHe u rnacu$nxawIfl,Ha oco6enocrra-
re, npoqecrlrre r{ flBJreHr4f,ra (ofl-fl) 3a,,reoc0epara"
il 3A C\3AABaHe Ha KOHTIe[ryaJIeH MOAeJT Ha ,,feoc-
$epara" Ha xpaHI,InI4uIHara iucretvra na fIXPAO
,,HoB[xaH" e rrpruoxeH eAI{H or nafi-ctapeuennr-
re MeroAr{, rperopbqaH or MAAE (IAEA, 2001a) -
paspa6ornaHe Ha Marprrqa Ha B3a[IMoAeitc'rsusra
(MB) (Sur. 1).

Ener"renrure, pa3[oJroxeHl,I tlo AuaroHuula, ca oc-
HOBHrrre KOMIIOHeHTT{ B pa3fnexl.aIJaTa cvcreMa v
ce Hap[rraT ynpaBJr.f,Ba[Iur- AvIaroHaIrHrI eJIeMeHTI{
gAE). Bsarm{oAeft crBllfl ra MexAy ocHoBHI{re KoM-
noHeHTI{ Ce OlpeAeJIrT KaTO I43BbHAI{aIOHZUrHIr eJIe-

MeHTr{ (ITIAE) u ce o6osuaqaBar rlo rrocoxa Ha qa-
COBHLIKOBaTa CTpenKa.

Bodama - oflpeAeJlf,Ha Karo Vfp, e qacr or rtpo-
IIeCIrtTe, KOIIITO IIpe.{BI'Ix,qaT TpaHCnOpTa Ha paAI{O-

HyKJ[{n[Te n reoc$epara c BoAHIrts noroK. ocnonna-
Ta ABrDKerrIa cvuta Ha ro3l{ BIIA TpaHC[OpT ca xilE-
paBnI{lIHI{Te II XIIApOTeOJIOXKI4Te [pOqeCI{ }I flBneHLIrI.

Muxpo1uomama e cBbp3aHa B To3I{ ctryuair c
OfIr, KoIuITo o6yclanar 6pro.norr,r'rHl,I uttu 6woxu-
MrriIHI4 Ilpoqecllt, IIOTeHIITTaJIHO SrgAeft CrsailII,I Bbp-
xy ,,reocoepara". B ro3llt KoHTeKcr, vrr,rrpo6raorara
MOxe Aa IIOCJIyxIit KaTO TpaHClOpTeH MeXaHI{3:r,M 3a
paAr,rorryrJrr{Al{Te I43BIH,, 6ru3roro rloJre'o (Sur. 1 ).
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(Dun 1. Matpuqa na nlauuoaeficrBuqra 3a KoMnoHeHTr{Te Ha HnBo II ua reoc$epara xa CfI na
xpaHr{Jraue 3a paArroarTrraurr orrraAbun ,,Honu xan"

Fig. 1. Interaction matrix for components of Level II of the geosphere in the System o[ Processes
of the repository for radioactive waste "Novi Han"

Ta6truaa 2
Onucauue Ha npoqecume u ycltolu.Ema ru de$uuupaue ua usaznduaeolartHume etewe*mu s rilampuqama
ua esauuodeilcmeuJlma 6 cucmeJvama om npo4ecume ua eeocfiepama Ha xpaHuJtut4e 3a paduoarcm,ueuu
omnadz4u ,,Hoeu xau"
Table 2
Description of processes and conditions for defining of the off-diagonal elements in the interaction matrix in the
System of Processes for repository for radioactive waste "Novi Han"

llouep xa
EJICMEHTA Ilpoqecu u ycJroB[q Kouenrapn

(l,c) xn4pasruvuu/xnAporeonoxKn npeAcraBJrrBar rrpexoaa or ,,6lnlro, o no,ne" xrrr.r

,,reocdeDara"
(3,D) xu4pasrnvun/xr.rAporeonoxK14

xanauqgu/reoxauuqgx
rrorox Ha rroA3eMHr4Te BoAr.r (ueuacu:ren), npe$epenuua.nen
noror (HeuacureH), ueuacureHr rpaHcnoprHH npouecH
xHMfi rtHo yftuBaHe, xhMfi qHo [DeBDbtuaHe

(3.E) xnIranqguheoxrznruqnr.t XHMI,ITIHO yrarBaHe, XLtMrrqHO nDeBDbrrlaEe
(4,E) xn4paaruvHr.r/xl,r,qporeonoxru

xauuqgn/reoxnruu.ttttt

loroK Ha rroA3eMHr,rre Borr.r (neracNreu), npe$epeHqnanen
noror (nexacurea),
HeHacfiTeHH TpaHCnOpTHr.l npoqecli
xI{MHqHO ymrBaHe, xlrMt qHo IIDeBDG[IaHe

(s,F) xw gp aYnut:au I xuAporeonoxKH

xutrluqgu/reoxnuzqgu

noroK Ha noA3eMHr{Te ro4n (nacr.r,ren), nperfepeuqnaleu
uoror (aacn, ex), uacnreaa rpauc[oprrlr,r npoqecfi
xltMrqHo yrarBaHe, XLIMHqHo [DeBDGIIIaHe

(6.E) qOBEIIIKO NOBE.IIEHHE HANDI,IMEO BOIOqEDIIEHE OT COH]IAXEH KJIA]ICHCII
(6,D) r.rHTpy3r,r, Ha xr.tBoTIII,I

6uororr.rqsn/6raoxr,tMrrrrHH
Haflpr.rMep .{efcrBr,rrra no pa3paBrHe or Ktprr,rqx
HanpnMep KopeHoBo [oDIbIIIaHe

(4,F) xu gp as:luuuu/ xuAporeonoxKr.r noroK Ha flog3eMar,rre eogn (ueuacureu), npeQepeuqnaleH
notor (nenacu,reg). ngnaoegne

(3.8) 6zolorNq gn/6uoxrrMHqHff 6uolornqga axrnggoct
Q.C) 6tto ror u\uu I 6q oxHMr4q H H 6ttolorNqna aKT!rBHocr
(2,D) 6uororr.rquu/6noxr.rMHrrH il BJrHrHr.re ua nnrpo6uoT ara nrpxy croficraara Ha

HeHacnreHara --reocrfiena"
(2,8\ 6u o .r,or uw$ I 6 uoxr.rMrrrrHu BJrr.rrHr-re ua runxpo6aorara srpxy cnoficrsara Ha Hacr{TeHara

..reocdeoa"

7 Cr.ucaruue Ha EbJrrapc(oro reonorr4qecr(o ApyxecrBo, ru. l-3, 2004 49



,,leoc$epara" Mox(e Aa ce pa3.[eJI]I Ha,{Be 3oHI{

- HeHacr4Tema vr lr.acilTesa. flororlr Ha [oA3eMHIl-
Te BO,Ur{ r1 CBbp3aHI{.S C TOBa pa.(}IoHyKnI{AeH TpaH-
cnopT rrpe3 Te3I{ 3OHU Ce OnI{CBa rlpe3 MoAerLIpaHe
Ha rpaHcrropTa B rlopecTa Ir HarIyKaHa cpeAa, HeHa-

rryKaHa cpeAa unv Apyta reoJroxKa crpyrrypa. He-
Hacl{TeHara u Hacvrremara 3oHa I{ TexHure oco6e-
Hocrr{ ce orHacflT rrvt OfIJ{, KoI{To gerfrlur'rpar
lpeAfloquraHl{Te lllbreKl{ Ha ABTIXeHI{e Ha rIoA3eM-
HI{Te BOAI/I.

,,leocSepara" e cBrp3BaIIIoro 3BeHo MexAy

,,6ru3Koro nore" u,,6uocSepara" (@ur. 1)' Cne.qo-
BareJrHo tpr,6sa.qa ce oqaKBa, rle BaxHrI rrpoqecra
nporl{qar MexAy,,6rI,I3Koro noreo', KoMnoHeHTLITe
ua,,reoc$ep ara" v c,,6uocSepara". flopagu ra3vl
npuqrrHa ,,6rI,I3Koto rlore'o n ,,6raocSepara" ca
BKrloqeHI,I xaro YIE s MB. OcnosHara rpaHcllop-
THa Bp63Ka MexAy ,,6nwsroro rloreo' u ,,reocSepa-
ra'o e upe3 BoAHlr.f, IIoroK, s xoiro ce BKJIIoqBa I{
TpaHclopra na ruuxpo6uorara no.q @opvrara Ha Ko-

nouAHI4 pa3TBOpI,I.

3a nrpnara Lrrepa:qfifl uo u4enruQl{ul{paHero Ha

klflEn MB sa reoc$epara ua CfI sa IXPAO ,,HoBI'I
xaH" ca pa3rneAaH[ caMo flpoqecl{Te, KoI{To BJrrrg-

sr Bbpxy larra:aca Ha v,acara $a6n. 2).

KonqeuryaJreH MoAeJr sa,,reoc$epara"
3a peQepeHTHara clrcreMa (PC)
Ha IIXPAO ,,floBr xaH66

flpzera e cJreAHara cxeMarl{3arll4, Ha KoHIrenryaJI-
Hr.rfl MoAeJr na ,,reoc@epara" (@nr. 2) zaPC (cucre-

BoAorepretre

HeHacxreHa 3oHa-
He[ocpeAcTaeHo roA xp,

eAuHtrqa

Ilopeqr4 cpeaa

Hetaclleff Boao-roqBets

pa3rBop

TpaHciloplno BpeMe-

Ma, npeAlroJlaraula eAIIHGTBeHO I{sMI{BaHe Ha paALI-

oHyr(Jrr{A}I oT OTTIaAbUI{Te LI npOCMyKBaHe HaBT,H OT

c:boTBeTHaTa xpaHlilnuulHa eAI4H[IIa KbM [oA3eM-
Hure soAr,I). Pexnvrrr Ha BoAHIT{ rloroK B HeHacpI-

Ter{aTa 3oHa e BepTI{KaJIeH fIO IIOCOKa Ha ABI{XeHI{e
na nu$rrrpupaqara ce BoAa npe: nopecra cpeAa.
flpeguonoxeHo e, qe I1f,nara HeHacI{TeHa 3oHa ce
cbcrolr or eAI{H cnofi - Srannrra, 6es Aa ce orql{Ta
Hzururrlrero Ha Apyr]I upocloftxra. (Dusraqecru-sr

rpaHcnopr Ha pa.qHoHyKJrI{AIlTe upe:,,reocSepa-
Tan' He ce pa3rnex.ua, a BMecro roBa ce MoAenI'Ipa
T.s]Jap. peaKTI{BHO TpaHClopTHo BpeMe [pe3 HeHa-

CUTEHA IIOI{BEHA KOJIOHA, KOETO IPEACTABNf,BA BPE-

Mero Ha ga6assHe Ha aKTIlBHocrra 3a pa3[aAaHe.
Tosa e e.qr,rH olpocreH, Ho KoHcepBarI{BeH rlo.uxoA,
Koero e neo6xoAlrvro ycnoBrle 3a raxbB po4amanv3ur
r{ oueHK}L Tp an cuoprtr, B cJreAcrBrr e Ha rvcilep cvls
u au$yzux, e ilrHopl4paH, Koero BoAI{ eAI{HcrBeHo

,{o peAyqupaHe Ha [[KoBLITe crofinocrra Ha aKTrrB-

Hocrra. Tosu Nro.qer e yrBbpAeH B Mex.qyHapoAHa-
Ta npaKTr{Ka I{ e npilnaraH B oIIeHKLITe UO 6eSOrac-
Hocr Ha IIXPAO ,,HoBI,r xan" (Mareeaa, Ko3aK,
2001; Mareera, 2003; IAEA, 2001b; IAEA 2001b;
Van Blerk et al., 2001).

Ilpuero e, qe ocHoBHo paAIaoHyKlru4ure IrIe Mr{r-
pI,IpaT [pe3 HeHaCI'ITeHaTa 3OHa' AOKaTO,{OCTLITHaT
Hacl{TeHara, KbAeTo ce cMecBaT u pa3pexAar c no-
ToKa Ha noA3eMHI{Te ao,qN. flpu xr.{AporeoJroxKl{Te
r{3cJle.qBaH}r.f, e ycraHoBeHo, qe I,I3Bop ,,Kprcterz
KraAeHur,r", pa3[oJroxeH na 280 m or xpaHl{nuluero,
ce 3axpaHBa or BoAoHocHlIf, xopl{3oHr. Or rosa Nlo-
xe,(a ce HarIpaBI{ AolycKaHe, qe caMo llacr oT aK-

Tr{BHocrra Moxe Aa 6rge uauepeHa rrpu vt3Bopa,
3auloro ca HturI{IIe I{HTeH3I{BHII [poqecu Ha cMec-
BaHe lr pa3pexAaHe. 3a no-roncepBarl{BeH no.qxoA
B pa3rne)r(Aanara PC rosa ,qolycKaHe He ce B3I{Ma
[pe.uB[rA. Ecrecrseuo, qe roBa or Qnsuuna rJIeAHa
TOqKa He e Bb3MOXHO, HO e BbBeAeHO B Ta3U OIIeHKa

lopaAlr r{3xrrorrl,ITerHo MaJKus .qe6ur Ha rope ylo-
MeHaT[S r.r3Bop.

MoAe.nnpaue Ha flpoqecl{Te Ha rlpeHoc
Ha paA[oHyKJrlIAIr

flpegcrarenusr KoHIIe[TyaneH MoAen 3a anralTrz.3 u
orIeHKa Ha flpoqecnTe Ha TpaHcrropra Ha paALIo-
rryKnr,rAlr upes,,reocQ ep ar aoo c e 6 azup a Ha onpocre-
HH MareMarl{qecKlr MoreJII{. Knroqonzsr Qaxrop
TyK e peAyIII4paHeTo Ha [pocTpaHcrBeHl{re LBMepe-
talzs. Ha npo6reua. flpu ycronu fl'ra Ha xpaHl{nlrurHa-
Ta cr{creMa s Horu xaH e npLL'IoxeH MareMarl{qec-
KLI MOAen 3a eAHOpa3MepeH BepTLIKaJIeH [oToK I{
rpaHcnopr, onl{caH r Mareesa (2001). HaupareHo
e I.I [peAnoJroxeHl{e, qe nopecrara cpeAa e xoMo-
reHHa 3a \fl.JraTa rpaHcnopTHa nGTeKa Ha noToKa
rrpe3 HeHac[TeHaTa 3OHa.

Heuacnrenara 3oHa e olreHeHa Karo rllbpBl4qua
ecrecrBeHa 6apuepa 3a paArroHyKrr{AHl{.f, TpaHc-
rropr npe3 ,,reocSepara", 6e3 Aa ce orrIL{Ta 3a\aca
uo orHollreHr{e Ha cMecBaHero, or [poqeca Ha pa3-
pexAaHe rr TpaHcrIoprHI{Te csoficrsa Ha Hacr{TeHa-
Ta 3oHa. flo raxra HaqI{H HeHacI{TeHara 3oHa e rpe-

&-."-;::':::-,^..$

our. 2. KoHqenrya.reH MoaeJr 3a ,,reoc$epara" ua PeSepen:r-
Hara ctrcTeMa Ha xpaHrrJll{ue 3a paArroaKTI{BHLr OTTIaALIIII

"Honu xau" B oqeHrr{Te no 6egonacnocr

Fig. 2. Conceptual model of ,,geosphere" - Reference System
of repository for radioactive waste in Novi Han, included in
safety assessments
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tDlr: 3. Pa4uolryrluqHo rl3TI'IqaHe or HeHacureHara KLM HacrrreHara 3oHa - xpaHlrJrr.rxrHa eAlr,rrqa 3a6uo.roruqnu PAO, Pe$epeHTHa cr{creMa

Fig. 3. Radionuclide release from unsaturated to the saturated zone, disposal unit for biological waste, ReferenceSystem

P!! a: PaguouyxaugHo I'I3Tt'rqaHe or HeHaclrreHara K6M Hacr,rreHara 3oHa, xpa'rrJrr.r[rHa eArrHrrrra 3a rBr,pA,PAO, PeSepenrna cr{creMa

Fig' 4. Radionuclide release from unsaturated to the saturated zone, disposal unit for solid radioactive waste,Reference System
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Our. 5, Pa,quonyxlu.qHo u3Tr{rraue or HeHacr{TaHara r{bM HaclrreHara :ona, 6eronona rpaHureq ra rrrpgu PAO,

Pe$epeurna crrcreMa

Fig. 5. Radionuclide release from unsaturated to the saturated zone, concrete trench for solid radioactive waste,

Reference System

Or.rr. 6. Paguouyx.nugflo rr3TrrqaHe or HeHacrrreHara ICrM HacureHara 3oHa, xpaHlrJrrrlrlxa eArrHrrua ra orpa6o're-
Hr{ r.r3TorrHr.rqu, Pe&epeurna cncreMa

Fig. 6. Radionuclide Release from unsaturated to the saturated zone, disposal unit for spent sealed sources,

Reference System
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TIlIpAHa KaTO peaKTraBeH noToK c nocTo.f,HHa uH_
$unrpaqux/:axpaHBaHe Ha BoAoHocHu.fl xopu3oHr.

Murpaqnxra Ha paAuolryKJrr{Ar.rre or xpaHr.{nmq-
HUTe eArIHIIUII KbM HeHaCI{TeHaTa 3OHa Ce oc:blllec-
TBsBa irpe3 nn$unrpaqyrs-ra Ha noBtpxHocrHr{ Bo-
Ar{ rnaBHo or Bzure)Kr{Te. Pagnonyrrvt4mwtr rpaHc-
IIOpT B HeHaCr{TeHaTa 3OHa e MOAeJrr{paH rrpe3 Bpe-
Mero Ha 3a6aBfl:ae (npeuenz 6ytbep, r{3rroJr3BaH or
$ynrqzrra Ha pa3na.{anero). Tora apevre ua sa6a-
B-sHe e BcbulHocr BpeMero, xeo6xo4rauo Ha pa.quo-
HyrnrrAa Aa rrpeMr,rxe Beprr{KaJrHo npes sonara. Or
HaIIpaBeHr4Te reoJroxKr{ [poyrrBaH[.f, Ha flJrorua.qKa-
Ta e ycTaHoBeHO, rle reoJloxKaTa cpeAa ce cbcTor{ oT
crrJrHo r,rcBerpenu $Nnzrz, 3a Kor,rro ca noJry^reHr{
cneAHlrre p,aurryr, r{3[oJr3BaHr4 B orleHKara (Bnr6on
u sp., 2003):

o ge6enana Ha HeHacr4Teuara 3oHa - 7-10 m;
o xr{ApaBJrr{rrHa [poBoA[Mocr - 0,041 m/d;
o o6ernlnara nJrlTHocr na Sulnrure - 2,2-2,3

glcmt;
. BJraroclAbpxaHue - 0,3 [-]
o xoeSuqzeHTr{Te Ha pa3[peAeJreHr{e I(0, uonyue-

Hr{ oT [poBe.qeHr,rTe eKclepr{MeHTaJrrrr{ r{3cJre.qBa-
HVs Vt OT nr,rTepaTypHr{ AaHHr{ Ca npeAcTaBeHr{ B
ra6n.1.

Pesylrarzre, rroJryqeHlit or rrpecMf,Ta;ar4rrra 3a
pa.qI4OITyKJIIIAHOTO u3TltqaHe OT HeHaCr{TeHaTa KbM
Hacr{TeHara 3oHa no orHorrreHr{e na PC 3a orAenHra-
Te XpaHI{JI}IIIIHI{ eALIHIIqU, rIOKa3BaT, qe HaMZUt.f, Ba-
HeTO Ha aKTr{BHOCTTa B pe3yJrTaT Ha TpaHClOpTa
[pe3 HeHacuTeHaTa 3oHa e MHOIO ro-roJr.f,Mo 3apa-
.qr,ror{yKJrr{Arr c rorsMa cop6upyervrocr Karo t34cs u
60Co z MHoro [o-MaJIKo 3a cr{JIHo rIo.qBLrxHI{Te3Hu
raC ($ur. 3 - 6) H Mareesa (2003).

Pa4uonyrnuAHusr rpaucnopr B HacvreHara 30-
na (no4onocHusr xopx3onr) e npe4craaen B Mare-
MaTI{rIeCKIlI.fl MOAeJI rlpe3 CepIlIs OT AeCeT CAHOpOA-
HU KJreTKr{, KaTo ce MoAenr{paT npoqecl4Te Ha a!\_
BeKrIr{r, Arlc[epcn u gu$ysux. ZgnonasaHx.f,T TyK
MOAeJI e npunOxeH [pIrI OIIeHKr.rTe Ha TpaHCnopTa
Ha paAI,IOHyKJII{ALITe B CLICTeMaTa Ha nOA3eMHIITe
nogn (Kozak,1999; IAEA, 2001b). YcranoseHo e us-
KJIIOIII/ITCJIHO CIOTBeTCTBId9 C AHAJIUTT{qHr{T€ peUe-
HI{'.

Hanpareno e Ao[ycKaHe, tre H.f,Ma HanpetrHa r4

HaAJIbXHa ALICIIepCI{fl, T.e. CTpyf,Ta He Ce pa3npBc-
rna, rtfi Karo ce ABLrxu [peA]rMHo HaAoJry. flpea-
IroJrara ce, qe BepTr{KiurHaTa Ar{clepcz{ e AocTa-
TbrrHa, 3a Ea c}3AA,qe eAHopo.qHa KoHTIeHTpA\Hs,
BepTr.rKzurHo 868 BOAOHOCHT.Tfl XOpu3oHT AO TOqKaTa
Ha BOAOqep[eHeTo.

Marevarrn.recxlltf,T MoAen e BbBeAeH B KoMnro-
Tt;p:avts rol AMBER Karo Mpexa or orAeJrHr KJrer-
Kr{ c r,r3rror3BaHe Ha cneAHoTo ypaBHeHr.re 3a olpe-
AenflHe Ha paAr.roHyKnvr4a n B KJrerKa i - A,, (mol)
(Brice, 1996):

# = -la .\ 
^,fn 

+ );*"qn' +> 
^il 

A;,

K:r,Aero: l, e r,erlutuHara, xapaKTepr,r3r,rparqa o6ue-
Ha MexAy KJrerKa i t xterrca j;

l- e tocrotHHara Ha paAr{oarTLtBHoro pa3rraAa-
He Ha paAr,ronyKrr,r.q nn lf*1Ha pa.qrorryKnuA nil.

flrprum qreH or ypaBHeHr,rero npeAcraBs Ha-
Mzur.sBaHero Ha aKTr{BHocrra or xJrerKa i Ao xlerra
jr B p*yJrrar na rpancQepa. Bropurr qJreH rroKa3Ba
Bb3Hr{KBaHeTO Ha .qbrqepHr{Te npoAyKTr,r Ha pa3rra_

Ta6nzqa 3
Cpaeneuue Ha no./tyaeHume om npecMamaHufima n4aKcltn4artHu cmoiluocmu 3a KoH4eHmpa4u.nma Ha paduouyrcaudu I u3sopa
c donycmuuume o6euuu aKmueuocmu ta numetiua eoda e Haped6a*, ,o *rorru HopJ,ilu 3a paduaquouua 3au,luma - oqp32000

Table 3
Comparison of the results obtainedfrom calculations.of 

-the 
Reference Slstem about the moximum values of the radionuclide

concentrations in well water with values regulated in the Nationit Regulaiion for Radiation piote"iion lilnrs2oool 1or arnpigwater

Xpanrlurqna
EJIITHIIUA

Korqeurpaqun,,Kprcrerx x,ra4enqrl,, [Bq/nt'] Konqeurpaqxr OHP3 2000 - uureiua roga tBq/m.31

6uolomqsu PAO 'H - t.8E-02 : toc - 3.12E+oo 'H - 2.oE+07 ; rnc - 7.gE+05

rurpau PAO 'H - l.6E-ol :'oc - 5.458+ol 3H - 2.oE+07 r 
tnc - 7.88+05

6eronosa rpaurnefl n' Ac - '7 .g0B-06l ,,,pa - 7.g58-06;

23stJ -7.97F-o6:ttnpu - 7.lgE-l l

t2'Ac - 3.8E+ol; "'pa - 9.68+0l ;

"tu - 3.68+03: 2t'Pu - 3.oE+02

orpa6orenr.r
rI3TOqHt{ur{

'H - g.0E-03; 2'opb - <E-15; 2ropo - <E-15;

"uRa - <E-15; "1 Ac - 1.708+00; 22qrh - 3.zE-01;

"tpa - l.izv+oo; ,,.u - 3.78-01; ,.tu - 1.7gE+00;

23'Np -1.gE-o1; 23'pu - 1.578-05

'H - 2.08+07; 2r0pb - 1.5E+02; 2,opo - 7.gE+01;
nuRa-2.78+02; 

"'Ac - 3.gE+0I;22qrh- lJE+02;

"'p.a - 9.6E+01; "'u - l.5E+02; z35u - 3.6E+03;
23iNp -6.3E+02; 2"pu - 3.oE+02

cyMapuo 3a IIXP.A,O 3H- l.g6e-0t;toc - 5.768+01; r,opb-<E-15;

2'opo 
- <E-15; 22uRa 

- <E-15; 22?Ac - l.z0E+00

"'Th - 3.78-01; 23rpa - l.?2E+00; ,rru - 3.7E-01

"'u - 1.798+00; ,,,Np -l.gB-o1; 33epu - I .578-05

< or HopMr.rre 3a nnrefina sona e OHP3 2000
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AaHero Ha paA[onyKnr{,qa B KJrerKa i. floc-neguurr
rureH r43pa3{Ba rpancSepa Ha aKTr{BHocrra B pa3r-
JrexAaHaTa KJreTKa oT Ap)'ruTe KJreTKr{.

Ocnogu[re rpaHorroprHrir npoqecr{, Korrro ce
MoAeJrr{par, ca aABerrlr{fl, Alrcnepcux u auSyzut.
Orqr,rrar ce npou,ecnre ua cop6qvs,3a pa3trrexAa-
Hlrre reoJloxKr,r crpyKTypr,r u paAr{ouyK.rrr{Ar{. Mare-
Marr{qecKr,r.flT MoAen u paspa6oreHr.r.f,T 3a rrpecMfl-
Tale^],1.flTa MoAeJr s AMBER e onr{caH or Mareena u
Kosar (2001).

Anann:sr Ha pe3yJrrarrrre Ha MarclrMaJrHlrre
crofinocrra na o6eunara KoHrreHTparrys Ha paAr,ro-
HyKJII,IAI,I B pa3rjlexAaHr4l.s r.r3Bop ,,KprCrenN r,ra-
geHll[", nonyaleHfi or flpecM.f,Ta],l^,1.flTa 3a pa3npocr-
paHeHI{eTo Ha 3aMT,p c[TeJrrrTe oT cbrrlecTByBarql.ITe
xpaHunr4ruHu e4flIJr4tJJ4 npe3 Hacr{TeHaTa 3oHa KbM
,,6uoc$epara", [oxa3Ba MHofo tIo-HHcKI{ croftnoc-
ru (go l7 rrcru) or .{oflycrr{uure o6eurur aKT[rB-
Hocrr{ s u[refiHa BoAa, perJraMeHTrlpaHr.r n Hape4-
6ara za ocHoBHr{ HopMr,r 3a pap.ila\voHHa 3arrrr{Ta
(OHP3) 2000 (ra6n. 3).

I,IHx<enepHrar e 6apuepu Ha [oBr,pxHocrHo xpa-
Hlrnr{ule ea PAO rpx6aa Aausnlorrsinar Syurquxra
cr.I 3a BpeMe or 300 Ao 1000 roAr{HlI. B crryvafi na
KoM[poMeTupaEe Ha IaHxeHepHaTa 3auILITa IIpe3
To3r{ nepproA 6esouacnara ercnJroararlr{fl Ha xpaH[-
Jrr{urero rpr,5r,a ra 6tqe ocurypeHa or reoJroxKara
cpeAa. floryueuure crofiHocru ga o6eunara KoH-
qeHTpaq[s 3a BceKrI OT I{3CJIeABaHLITe pa.{ploHyK-
II{AIA IIOKa3BaT, qe npr{ TaKa OIlIi{CaIJIi{S KOHUenTya-
neH MoAen (Petfepeurua clrcreua) u t cttyuafi ta
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eBeHTyaneH,,flp 06118" Ha xpaHr{Jr}ilrIHIITe eALIHIIIIIT
Haruqlrero Ha panlroHyKJruAr{ (nx-nrcvurelHo A6n-
roxllByrrlu) or pafioHa Ha rrJrorqa.qrara Ha xpaHr4Jrrr-
UIeTO B TOqKaTa Ha pa3TOBapBaHe Ha BOAOHOCHLII
xoprr3oHT (nsnop ,,Kprcrenu Kna.(eHrlr,r) He npeAc-
TaBJrf,Ba OIIaCHOCT 3a OKO.rrHaTa Cpe.q,a. flpuregeuu
ca pe3ynTaTr{ 3a Bc{Ka xpaHunlIrrlHa en.vH.I?,j\a v cy-
MapHo 3a rlrJroro xpaHrrnr4rrle fIxPAO ,,HoBrz xau"
(ra6r.3).

3arc.rrro.leurae

flporuoaara 3a BepoqrHoro rroBe.qeHue r.r Mr,rrpaqpr.fl
Ha paAr,roHyrJrr{Arrre oT IIXPAO ,,HoBr,r xaH" rpe3
,,feoc0epara'o K:bM ,,6nocSepara" nora3Ba, qe crofi-
HOCTVTe 3a KoHqeHTpardr,rrTa Ha paAr,roHyKJrr{A}rTe B

TOlrKaTa Ha pa3TOBapBaHe Ha BOAOHOCHT{S xOpU-
3oHT (r.r3Bopa,,Kprcreu,r KnaAeHr{H") ca uHoro no-
MaJIKIa oT AolyCTtIMI4Te, peruIaMeHTLIpaHLI s OHP3
2000. Tosa [oKa3Ba, rre reoJroxKara cpeAa e Ao6pa
lprrpoAHa 1apuepa 3a xpaEnrrvrrrlero r{ e B clbcrofl-
HII,Ie Aa 3A6A8,]1I rlr MrrHlrMr.r3r,rpa [peHoca Ha pa]].vo-
HyKnI{AVTe KbM,,6uoc0eparaoo, a OTTaM U AO qOBe-

Ka. Heo6xoArrMo e ga ce or6enexu, ire rro orHorrre-
Hr{e Ha fIXPAO ,,HoBkI xaHo'ToBa e or lr3KnIoqHTeJI-
HO 3uaqeHr{e [opaAr,r Qarra, qe ca florpe6anr,r PAO-
csAlpxaqu A:bnroxr4Byrrlrz paArroHyKJrz4u (23ePu,
226Ra, 24rAm), sa rouro r.rHxeHepHr{Te 6aprrepu He
MOraT Aa Ocr4rypflT 3aAbpxaHeTo lrM B AbnroBpe-
MeHHa Crlla.

Heny6rumyraHu MareprraJru u Sou4oalr rr3TorrHuqu:

Encrarueu, .(., fI. flerpon, P Arlre.noua, .[. KapacraHes. 1992.
LlutrceuepttozeotoltcKu u xudpozeoto)tcKu ycttoBufi Ha
xpaHunuu,lemo ta paduoarcmueuu omnadoqu e Jlogeucrca-
ma nrxaHuHa (Hoeu xan). Or.{ereH Aor(JraA no 4oronop Ne
flXPAO-2001-10, Oona |I4-EAH.

Koxyxapon, I. u ap. 2002. feoao:>wo, xudpozeoto)tcKo u uH-
)rceHcpilozeolxo)tcKo npoyqsaHe Ha naot4adxama Ha

IIXPAO - Hoau xan. Or.rereH .qor(rraA no 4ororop Ne
IIXPAO-2001-10, OoHa |I4-EAH.

Mareeoa, M. 2003. CaederccntoamaquoHHa o4eHKa no 6eso-
nacHocm na IIXPAO - Hoeu xau. Or\er fIXPAO-OB-05,
@onp' l4flVfiE-EAH.

IAEA (International Atomic Energy Agency). 2000a. "Radon"
Type Facility Safety Case. Working Document ISAM/
SCWGAMDO2, ISAM "Radon" Type Safety Case Working
Group, Vienna.

IAEA (International Atomic Energy Agency). 2000b.
Upgrading Safety of Near Surface lYaste Disposal Facilities.
TC Project RER/9/057, Vienna.

IAEA (International Atomic Energy Agency). 2001a. Model
Formulation, Implementation and Data -fo, Safety
Assessment of Near Surfoce Fisposal Facilities. IAEA
Working Document, ISAM/MDWG/WD01, Version 0.4,
Vienna.

IAEA (International Atomic Energy Agency). 2001b. Vault
Safety Case. IAEA Working Material, ISAM/SCWG/
WD01, Version 1.3, Vienna.

Kozak, M. 1999. Preliminary Safety Assessment oJ Nuclear
Surface Repository for Radioactive Waste in Moldova.
IAEA Report.

Van Blerk, J., J. Vivier, I. Steyn. 2001. Post-Closure Safety
Assessment of Vaalputs for the Disposal of Koeberg LILW.
GEA- 1476INWS-RPT-01/001.


