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PESIOME

BbB Bpb3ka C ABNrOBPEMEHHOTO ChXpaHsiBaHe Ha pafMoakTUBHM OTNaAbLV Ca U3BLPLLEHN U3CMEBaHNS BbPXY CbCTaBa W CTPYKTypaTa Ha Niboca B bnmsoct go AEL|
“Kosnopyit”. B uscnensanms paitoH nbockT uMa febenuua ot 10 o 40 m. B Herosust 3bpHOMETpUYEH CbCTaB Npeobnagasa npaxoBaTa dpakuus, AocTuralla Ao
80%. CbabpxaHueTo Ha rmuHectata dpakuus sapupa ot 10 go 20%. lMpaxosata M nAcbYHaTa (pakuMM ChabpXaT OCHOBHO KBapl, chenawnat, crofa u
kapboHaTy, a rMuHecTaTa — XMopUT U CMEKTUT. Hail-BaxkHUTE CbCTaBKM OT XMMUYECKUS CbCTaB Ha Niboca ca Si0,, Al,Os, Fe,0; 1 FeO, Ca0 1 MgO. KonuyectsoTo Ha
BOZOPA3TBOPUMMTE COMW, MPEACTaBEHN OCHOBHO OT kapOoHaTy (BukapboHaTy), cyndati v xnopuayn e mManko. CopOLMOHHUAT KanauuTeT Ha U3CneaBaHus nboc e
okono 6 meqg/100 g. Cropea knacudmkaumsTa Ha MUHKOB MbOCHT MpUTEXaBa 3bpHECTA UMM arperaTHo-3bpHecTa CTPYKTYpa, YMETO Hail-BaXHO CBOWCTBO €
HeHOYMITTHEHOCTTa 1 MponagbyHocTTa. OGeMHaTa MITLTHOCT Ha CKereTa e OKoMo U no-manka ot 1,4 glem®, a crenenTa Ha BogoHacuTeHoct e S = 0,30-0,55.
OBembT Ha MakponopuTe npu Tosap ot 0,3 MPa e 6,5 — 7,0%. KoeduumeHTbT Ha unTpaums sapupa ot 2.10 ° go 5.10 * m/s. B goknaga ceoiicTeara Ha Nboca ce
pasrnexaar oT rfieHa To4Ka Ha CUrypHOCTTa, KaKTO Ha CbLLUECTBYBALUW, Taka M Ha Obaelyn xpaHunuia. MMaBHUAT U3BOA OT WU3CMELBaHMATA €, Ye He3aBUCUMO OT
HSIKOM MOAXOASLLM KaYeCTBa, NTbOCHT B €CTECTBEHO CLCTOSHIE HE MOXe Aa NpeACcTaBnsBa ecTecTBeHa bapuepa cpeLly MUrpaLmsTa Ha paguoHyknuan. Heobxogumo
€ [ja Ce u3nonaeaTt MeToaM 3a yNbTHABAHE 1 3a3apaBsiBaHe. B Bbnrapus chlyecTByBa ONMT OT YCMELLHO MPUNOKEHWE Ha TakMBa METOAM, KOETO Ce 4oKasBa U ¢

ekcnnoarayysta Ha AEL] “Kosnoayi”.

BBLBEAEHME

Havanoto Ha sapeHaTa eHepreTuka B bbnrapus ce benexm
C nyckaHeTo Ha |-Bu eHeprobnok Ha AEL] “Koanogyn” npe3s
1974 r., kato po 1991 r. nocnemoBaTenHo BnKM3aT B
ekcnnoataumsa owe 5 6noka. OTmensHuTe B pesynTaT Ha
paboTaTa Ha LieHTparnata HUCKO 1 CPEAHOAKTMBHU OTnagbLy
(HCPAO) cnep BpeMeHEHHO  CbXxpaHsiBaHe  criopef
MexgyHapogHaTa MpakThka MOofnexar Ha  OKOHYaTenHo
norpebBaHe B MOBBPXHOCTHW XpaHunuwa. B pesyntat Ha
Lenus nepuog Ha ekcnnoataums Ha AELL “Kosnogyw’, Ha
3aTBapsHETO Ha MbpBuTE ABa 6noka M paboTata Ha eguH
eBeHTyaneH 6nok Ha AELl “beneHe” obembT Ha HCPAO B
KOHOMLMOHMPAHO CbCTOSHWE Ce ovakBa fa 6bge okorno 100
000 m®. B MOMeHTa Te Ce CbXpaHsBAT BbB BPEMEHHM aena Ha
TepUTOpuATa Ha LieHTpanara, kaTo NpeacTou usrpaxaaHe Ha
MOCTOSIHHO XpaHWnuLLe. B Tasu Bpb3ka OT BaXHO 3Ha4YeHME €
n360pbT Ha MOAXOAALA reonoXka cpefa 3a MoCTPOsIBAHETO
My. [loceraluHuTe u3cneaBaHus B Tasn Bpb3ka, KakTo y Hac,
Taka u B YyxOuHa (YHrapus u PymbHWS), Noka3BaT ye NbochT
MOXE [Ja Ce pasrmexga kaTo MepcrekTBHa cpeda 3a
CbXpaHsiBaHe Ha HUCKO W CpeaHoakTuBHM oTnagbuy. Cpeaata
33e[HO C WHXEHEPHOTO CLOPBKEHME (XPaHUMWLLETO) urpae
pons Ha bapuepa Cpelly eBeHTYarnHoTo pasnpocTpaHeHne Ha
PagMOHYKNMAM W € OCHOBEH (PaKTOp 3a [AbAroBpeMeHHaTa
CTabWUNHOCT Ha XpaHWnuwHaTa cuctema. HanmpaseHata no-
HaTaTbK OLEHKa Ce OTHACA W 3a CbLUEeCTBYBALLNTE XpaHUINLLA
BBPXY NbOC Ha MIoLLaakaTa Ha LieHTpanara.

NbOCHT € OTNOXEH MO eonMyeH MbT Npe3 kBaTepHepa W
MOKPUBA ~ MaHTWAHO  3aBapeHWst  MAMOLEHCKM  pened.
dopmMupaHnTe NbOCOBM XOPU3OHTH peayBaLyy ce ¢ norpebanm
noysn (maneonousu) obpasyBaT obLy “bOCOB komnnekc”. B

n3crnenBaHus paiioH, BpoST Ha XOPU3OHTUTE AOCTUrA A0 LLECT,
pasgeneHu ot net norpebann nousn. OTKPOABAT Ce CrneaHuTE
reoMoponoxk ¢hopMu: NbOCOBU NnaTta, B KOUTO NbOCHT
poctura pebenuHa go 30 - 40 m; nbOCOBM CKIOHOBE;
cyxogonus “‘yHacnegunu’ ctapu NpechbXHanu peyvHu KopuTa,
KbOETO Ha MecTa MNbocoBaTa MOKPUBKA W3THHSBA, KaKTO M
nbocosu 6nroga, Hamupalm ce B nnatata. KommnekcwT ce
XapakTepusmpa CbC cregHuTe OCODEHOCTW: MpOMsHa Ha
aumanHus CbCTaB KakTO B XOpWM3OHTanHa, Taka M BbB
BepTWKarnHa nocoka - OT MeChbUIvB KbM FTIMHECT OT CeBep Ha
tor. MogobeH npexop ce HabrnogaBa M OT natata KbM
CKMOHOBMTE  yyacTbUn. JIbOCBT MO  CKMOHOBETE  Ha
CyXO0nusiTa € C NpOMeHeHa CTPYKTypa W CbCTas, 06LL0 B3ETO
€ NO-NNbTEH U FMIMHECT B CPaBHEHME C NbOCa OT TepacuTe.
[pyra ocoGeHoCT e YBENMYEHUETO Ha ChAbPXKAHUETO Ha
[MYHA B MO-gbnOOKO pasnonoXeHuTe Xopu3oHTH. [okaTto
FOPHUTE OT TAX B palioHa Ha Ko3noayi ce knacuduumpat kato
MecbyYfIMB WNM MPaxoB (TWMMYEH) NbOC, TO HaW-AONHWTE
nonagar B rpynara Ha rm1HecCTus fboc.

CbCTaBbT U CTPYKTYpaTa Ha iboca OKa3BaT rofsiMo BIusHIE
BbpXYy HEroBUTE MHXEHEPHOTEONOXKN CBOMCTBA M 0COBEHO
BbpXy NOBEAEHWETO My, kaTo 3eMHa OcHoBa. MacrnepnsaHeTo
WM OT [nedHa Todka Ha norpeGBaHETO Ha paMoaKTUBHM
0TNafbLy MMa HSKOJTKO acnekTa:

- YCTOWYMBOCTTa Ha NbOCOBMTE MMHEPANM W CTPYKTypa
rog BNUSHWE Ha KNUMaTUYHUTE haKTOPW U MOA3EMHUTE BOAM
3a [bITbr NEPUOA OT BPEME;

- BMMSIHMETO, KOBTO CBOICTBATA W CTPYKTypaTa OkassaT
BbPXy AbNrOBPEMEHHaTa YCTOAYMBOCT Ha 3eMHaTa OCHOBA Ha
€0HO XpaHWMHLLe 3a HUCKO U CPeSHOaKTUBHM OTNambLy;



Anmoros []. OLIEHKA HA CLCTABA U CTPYKTYPATA HA JIbOCA ...

- Hanuyue n BnuAaHne Ha XMMn4Hu CbeaMHEHUA B NbOCA,
arpecunBHu Cnpamo OeToHa, cTOMaHaTa K apyru CTpouTesnHu
Marepuanu;

- Bb3MOXHOCTU 3a I'IO,ElO6pFIBaHe Ha NbOCoBaTa CTPYKTYpa,
nocpeacTBoOM METOAN 3a 3a3gpaBABaHE U YNbTHABAHE.

OT Taka nocoyeHnTe acnekTu e Obae HanpaBeHa OLEHKa
Ha CbCTaBa W CTpyKkTypaTa Ha nboca okono AEL| “Kosnogyi”
KaTo eBEeHTyanHa Cpefa 3a ObNITOBPEMEHHO CbXpaHsiBaHe Ha
HCPAO.

CBHCTAB M CBOUCTBA HA JTIbOCA

3bpHOMETPUYEH CbCTaB U FPAHULIM HA MNACTUYHOCT
OcHoBHa (bpakumMst 3a nboca, BKMOYATENHO M Ha
pasnpocTpaHeHust okono Koanogyit e mpaxoBata, gocturawa
0o 80% B necbynmBUS, TUMMYHUS W TMIMHECTUS NboC; A0 50% B
NbocoBNaHMTE nAcbUM M A0 60% B NMbOCOBMAHWTE TIIMHM.
CoblyecTByBa SICHO M3pa3eHa TEHAEHUMS 3a HapacTBaHe Ha
rMuHecTaTa (pakuus BbB BTOPUYHO MPEOTHOXEHWS IbOC,
KakTO W B norpebaHnTe MoyBW, KOETO € Pes3ynTaTr Ha CUIHO
“3paseHn U NPOABIKUTENHN U3BETPUTENHM NPOLIECH.

A3MeHeHMETO Ha KONMYECTBOTO Ha IMUHECTaTa pakums (<
0,005 mm) ce u3non3yea kato KpUTEpUI B knacudukaumsTa
Ha nboca MO 3bpHOMETpUYEH cbcTaB (MuHkos, 1968):
NMbOCOBMAEH MACHK M MECHYNMB NbOC, CbC CbAbPXKaHWE Ha
rmuHecTa dpakumst 8o 10%; TmnndyeH nboc - fo 20%; rmuHect
nboc - 70 30% v nbocosuaHa rmuHa - >30%.

B pasrnexgaHuns paioH ca 3aCcTbMneHW NeChYNMBMS U IMaBHO
TUMUYHUS NBOC, MO-Marnko FMMHECTUS NbOC U B MHOrO Mo-
Masika CTeneH NboCOBUAHUS NACHK, KOUTO Ce cpelya no bpera
Ha peka [lyHaB. YCTaHOBEH € 1 BTOPUYHO MPEOTNOXEH NbOC.
Mopaan Tasu npuynHa ca uacnensaHu Npobu OT NecbYNuB U1
OT TuNMYeH nboCc OT panoHa Ha AEL, “Kosnogyn”. Ot
nacnegeanute npobu (no BAC 2762-75) oT necbunue nboc
KONMWUYeCTBOTO Ha nacbuyHata pakuns e 10%, npaxosata
cdpakuus e 84%, a rmuHectata - 6%. B necvunuBusa nboc
nvncea pakumns >2 mm (1abn. 1). OT TuNM4HKMA NbOC €
n3cnegBaHa efHa pasHOBMOHOCT, umawa cboTBeTHO 11%
nscbyHa, 68% npaxosa 1 17% rnuHecta dpakums. PpakupsTa
>2 mm e 4%. W B aBeTe haumanHm pasHoBUAHOCTW JOMUHUPA
npaxoeata ¢pakuusi, HO MpuU TUMUYHUS NbOC, OEeNnbT W e

Tabnuua 1. KnacudukalumoHHn nokasaTenu

CPaBHUTENHO MO-MambK 32 CMeTKa Ha  [MHecTarta.
KoeduuMeHTbT Ha pasHO3BbPHEHOCT U=dg/dip € CHOTBETHO
7,06 n 15,00. MpobaTta oT TMNMYEH NMbOC NpUTEXaBa Hau-
ronsam KoeUUMEHT Ha PasHO3IbPHEHOCT, T.€. XapakTepuaupa
Ce C No-MbJHa (pa3HO3bpHECTa) 3bPHOMETPUYHA KPUBA, KOETO
e bnaronpusTHO OT rMefHa Touka Ha CBOWCTBaTa Ha nboca B
ynnbTHEHO cbeTosHKe. Mo BAC 676-85 n asete npobu ce
OMpeLensiT KaTo NPaxoB FMIMHECT MSACHK.

MuHepaneH cbeTaB

NbochbT cbabpka ronsam Gpolt MUHepamu, C HeegHakBo
pasnpegenexne B pasnuyHuTe dpakuun. B no-HataThLIHOTO
WM3MOXEHWE CE aHanuaupaT HanuYHUTE JaHHW OT AOCEralliHu
uacneaBanus no To3n Bbnpoc (MuHkoB, 1968; MeTpyceHko,
1973; AHToHOB, 2002).

lMpeobnagaBawure MWHepanu B fibOCa Ca  KBapl,
cengwnar, cnopga u  kapboHatu. [udppaktorpamute Ha
NbocoBUTE 06pasyy OT paiioHa ca CoXHW nopaau dakta, ye
pechnekcuTe Ha MHOMO MMHEpanu ce 3acTbneat. Bbnpeku
TOBA W NpW [BeTe npaxoBu AudpaKkTorpaMm $CHO Cce
pasrpaHu4aBart cunHute pednekcy Ha keapua npu 0,333 nm;
0,424 nm; 0,1812 nm 1 0,1815 nm; 0,1537 nm; 0,137 nm; Ha
kanuuta npu 0,302 nm; Ha gonomuta npu 0,288 nm (npu
TUNWYHUS NMbOC NpeobnafaBall, KONMMYECTBEHO Hafg kanuwTa);
Ha cnogute npu 0,989 nm n 0,983 nm, 0,496-0,498 nm; Ha
cdenpwnatute npu 0,319-0,322 nm u 0,318-0,323 nm kato
OCHOBHO npeobnafasa nnarvoknas W UMa Cneau Ha kanues
cenawnar - npn npobata OT NECLYINB NbOC NOCAEAHUAT € B
MO-ronsiMO KOMNMYeCTBO; Ha rmuHecTute MuHepanu npu 0,353
nm, 0,705 nm (xnoput); 0,352 nm u 0,701 nm; cmekTut
(moHTMOpUnoHnT) npu 1,403 nm. OTgenHUTE 3LPHOMETPUYHM
(bpakumn Ha Nboca ce xapaKTepuanupaT CbC CNefHUs CbCTab.

®pakyus >2 mm. MNpefcTaBeHa € rMaBHo OT KBapL, eAUHUYHM
TIOCTIN OT MYCKOBUT M BUOTUT M OTAENHM (DENALLNATOBM 3bpHA
(nekata yact). CpeLiat ce v no-eapu kapboHaTHU W TIIMHECTO-
kapboHaTHM obpa3syBaHusi, W3BECTHM KaTO NIbOCOBM KYKIM.
PsaKo ce OTKPUBAT eAMHWYHM 3bpHa OT amdmbon, enuaoT u
PyOHW MWHepanu - NpefcTaBUTENA Ha Texkata uyacT oOT

(pakumsaTa.

®pakyus 2 - 0,01 mm. B TO3M MHTepBan nonaga Hai-
ronamata 4acT OT nbocoBaTa Maca. Jlekata u4acT Ha
pakumsaTa Cbabpka OCHOBHO KBapL, CIIOAM - MYCKOBUT W
ouoTuT, chenawnatu n kapboHaTu.

3bpHOMETPUYEH CbCTaB Cneum- Koed. Ha

Nbocosa [%] (huyHa lMnacTuyHocT pa3HOo3bp-HEHOCT
pasHoBM- MITbTHOCT

AHoCT >2 2-0,1 0,1-0,005 <0,005 o} WL Wp lp u

mm mm mm mm glem?® % % % [-]

Mecbunm 0 10 84 6 2,74 28,0 25,3 2,7 7,06

B NbOC
TununyeH 4 11 68 17 2,72 25,5 20,0 55 15,00

nboc
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KapubT e ocHOBHMS MuHepan (Hag 50-60%) u e
MpescTaBeH OT 3a0bneHn npo3payHn 3bpHa C HenpaBuiiHa
copma. Critogute - MyCKOBUT 1 GMOTUT, 3aemaT BTOPO MSICTO
cnen ksapua. MyckoBMTBT MO KONMMYECTBO MpeBb3XoXaa
Buotuta 0T 4 [0 8 MbTU M e NpeacTaBeH 0BUKHOBEHO OT THHKM
BesupeTHn nnactuHkM. CbabpxaHneTto My KoM obuwara
neocoBa Maca Bapupa ot 15 go 30%. BuotutsT cCe
HabrlogaBsa KaTo MOCMMULM W NO-PSAKO BbB BUL HA MACTUHKN
c oBanHa copma. Penpwnatute 3aemar TPETO MSCTO, HO
MOHAKOTA TSXHOTO ChAbPXKAHME MOXE fa MpEBMLLM TOBA Ha
cntogute. CpeLuat ce KakTo U3BETPeNnM, Taka U CbBCEM CBEXM
yacTuum ¢ pbbecrta, cnabo 3aobneHa u oeanHa dopma. Mo
npuHUMnN, B norpebaHuTe noYBM (henawnature ca CUMHO
W3BETPENM ¥ ca [Ba A0 TPW MbTU MO-Manko, OTKONKOTO B
NbOCOBUTE XOPU3OHTW. KaTo mpeacTaBnTenu Ha Kanuesus
cdenawnaT ca OTKPUTK OPTOKNA3 U PSAKO MUKPOKIMH, a Ha
nnaruoknasa - anbut u onuroknas.

Becuukn Teau MMHepanu ca YCTOMYMBM Ha [eiCTBUETO Ha
aTMOCepHUTE  (hakTOpU U HA EBEHTYanHU MHUNTpaTH,
KOWTO MOraT [a Ce OTAENAT OT KoHauLMoHupaHuTe PAQ.

KapGoHaTHOTO CbbpXaHue Ha boca Ce U3MEHS B LUMPOKY
rpaHULM, KakTo B XOpU3OHTarHa, Taka M BbB BepTuKamHa
nocoka - oT 3-4% B un3nyxenus nboc 8o 30% - B kapboHaTHUTE
XOpU3OHTU Ha norpebaHnTe noysu. ToBa N3MEHEHME MOXE [a
MOCMYXM KaTo MPWPOLEH aHanmor npW OueHka Ha
MUrPaLMOHHNTE  CBOWCTBA  HA  HSIKOM  PaZMOHYKNIWAM.
Habniogaea ce TeHAEHUMS HA W3MEHEHWe Ha CbabPXaHWETO
Ha kapboHaTUTEe B XOPM3OHTANHO HamnpaBneHue, CBbP3aHO C
NnpoMsHaTa Ha BELLECTBEHWS CbCTaB, KakTo crefsa: B
nbocoBuaHuTE nscbumn e cpegHo 18%, B necbunuemMs NbOC
cnaga nokeM 15%, B TMRMYHWA Nboc HapacTea Ao 17% v B
rnumHecTvs Hamansea o 13-14%. lNpu HawuTe n3cnensaHus
Ce YCTAaHOBM, Ye B MNECbUNMBMA JbOC KapOOHATHOTO
cbabpkaHue e 22,9%, a B TunuuHua - 16,32% (tabn. 2).
KapboHaTtuTe ca npeacTaBeHu OT KanuwT W OT CbBCEM Manko
konmyectBo (1-2%) gonomut. ToBa ca MMHEpanu, KOuTO
MOANEXaT Ha pa3pyLlaBaHe NoA NPOLbIKUTENHO AeCTBME Ha
aTMocepHUTe BOAM, KOETO MOKas3Ba HammumeTo Ha aebenu
kapboHaTHW 30HM B norpebaHuTe nousu.  TaxHaTa
pa3TBOPUMOCT Ce yBenuyaBa B kucena cpefa. Kbm nekara
hpakums cnapat " BTOpPUYHOOGpasyBaHuTe,
BMCOKOBOZOYCTOMYMBY TMUHECTO-KApOOHATHU, XEns3Ho- 1nu
MarHeauneBO-kapboHaTHW arperati, DEpOMAHraHoBM 00U 1
Op., KOMTO Ca HepaBHOMEPHO pasnpedeneHn W B
He3HauUTENHM KONMYEeCTBa.

Texkata (hpakumus e B No-marku Konm4ecTsa, npeacTaBeHa
€ 0T okono 20 MuHepana, KaTo € Hai-rofI Mo KOMMYECTBOTO Ha
Henpo3payHuTe MUHepanw.
®pakyuss 0,01 - 0,005 mm. Cropes MWUKPOCKOMCKUTE
uscnegsanus  vactuuute ot 0,01 go 0,006 mm, ca
NPeAcTaBeHn OT KBapl, NMPOMEHeHM (henawnati u crogu,
KanuuT, psaKko OTAENHW KpUCTanyeTa OT TEXKW MUHepanu u
FMIMHECTW arperaTu.

®pakyus <0,005 mm (2nuHa). JocerawHute u3cneaBaHus
nokasearT, ye Ta3n pakLmus ce CbCTOU OCHOBHO OT KAOMWHUT,
Xxuapocnioan u MoHTMopurionuT. OcBeH ToBa ce Habniogasat
W OuMCnepceH Keapl W gucnepcHu kapbodatu. Hanuue ca
CrefHUTe TEHOEHUMM NpU W3MEHEHMETO Ha [MMHECTUTe
MWHEPanW B XOPWU3OHTANHO W BEPTUKANHO HanpaBreHue:
tvHogmcnepcHata  dpakuMs Ha  CbBpeMEeHHaTa  no4Ba
(NboCOBMA YepHO3eM) Ce CbCTOW OT MUHepanu ¢ TPUCMONHA
peLueTka, NPeaNMHO MOHTMOPMIIOHWT; B rWHECTaTa pakLns
Ha nboca npeobnajasaT MuWHepanuTe OT rpynata Ha
XMOPOCTIoAUTE (TMABHO WAMT) M HAa MOHTMOPWIOHWTA; B
necbYnmMBMs Nboc Npeobnagasar XMapoCnoanTe; B NOCOKa Ha
NbOCOBMAHATA [MWHA, KakTo U Ha norpebaHuTe noYBw
npeobnagasa MOHTMOPUIOHUTLT, XMAPOCMIOAUTE HaMansBear,
a KaoONUHUTBLT € efBa [JOMoBUM. [Mpu u3cnensaHuTe OT Hac
npobu ca YCTaHOBEHW XIOPUT, KAOMMHWAT W MOHTMOPWUMOHWT
(cnegwm).

XyMyCHO CbbpXaHue - MbOChT Chabpka BMHArM M3BECTHO
konmyecteo xymyc (0,1 - 0,6%), koATO BnM3a NPegMMHO B
CbCTaBa Ha rnuHectaTa cpakums. Mpu uscneasaxnute npobu
cbabpxaHueto Ha xymyc e 022 u 0,67% (tabn. 2).
KonnuecTeoTo Ha xymyca e Hait-ronsiMo B norpebaHute nousy.
PasrpaHuyaBaTt ce ABa BMAA XyMyC. MbPBMYEH W BTOPUYEH.
MbpBUMYHMAT XyMyc ce cpella kato cuH obren BbpXy
bUTOreHHUTE MaKpomnopw. MocTceanmeHTaLmoHHaTa
reHepauusi Xxymyc ce Cbibpxa B MousuTe nog cpopmara Ha
pa3Hoobpa3Hu arperaTyl.

XuMunyeH cbeTaB

XUMWUYHUTE CbEMHEHNS, KOUTO ChbpXa lboca MoraT Aa ce
MOAENST Ha TPU OCHOBHM rpynin: mbpeocTeNneHHM - SiOy; AlLOs;
Fe,0s; FeO; BTopocteneHtmn - CaO n MgO 1 TpeTocTeneHHm -
BCWYKW OCTaHaIm.

XUMUYECKMAT CbCTAB Ha 1bOCA € B CbOTBETCTBUE C HETOBYS
MUHepaneH CbCTaB.

Tabnuua 2. XUMU4HM 1 OU3UKOXUMUYHI AaHHW 33 U3CnefBaHuTe Npobu

Nbocosa KapboHaTHo | XymycHo Copbumo-HeH
pasHoBu- BooeH ussnek 1:10 - 24 h meq/100g ChObpxaHue Cbabp- kanayutet

AHOCT KaHue

HCO, | Ca** | Mg* CF | SO# | octarbk | pH [%] [%] [meg/100g]

Mecbunm | 0,976 | 1,0 0,4 027 | 0,17 8,1 224 0,22 5,88

B N150C
Tunnyen 1,31 1,0 1,0 011 | 0,5 8,0 16,32 0,67 6,20

nboc
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Konnuecteoto Ha SiO, OOMMHMpa Hap oOcTaHanuTe
KOMMOHEHTU BbB BCMYKA  JTbOCOBM  PA3HOBUOHOCTU U
XOpU3OHTU. B Niboca ce U3MeHsi B CPaBHUTENHO TECHM MpaHuLy
- 0T 58 no 51%, kaTo0 HamansBa NOCTENEHHO OT NEeChYNMUBUS
KbM ruHecTus daumec. Konuyectsoto Ha Al,O; + Fe,0; ce
M3MEHS NPOTMBOMONOXKHO Ha SiO, W TO B 3HAUUTENHM MPaAHULM:
oT 13,0% B necwvunueus nboc Ao 19,0% B nbocoBuaHaTa
rnuHa. B norpebaHnTe noYsw e B NO-roNeM KONUYeCTBa.

Konuuecteata Ha ankanosemnute okucu (CaO n MgO) ce
n3meHsT B obpaTHa nocoka ¢ oTganevaBaHe ot p. [yHaB -
Ca0 ce yeenuuyaBa, a MgO HamansBa. ToBa gobpe ce
CbfflacyBa C HamansiBaHe Ha KONMWYECTBOTO Ha CROAuTe U
MarHesneBuTe  kapboHaTM KbM  [MHECTMS Nboc. B
norpebaHuTe nousu cymatra CaO + MgO e no-manka nopagu
U3nyxBaHe Ha kapboHaTuTe.

YcnopeaHo ¢ ToBa NOYBMTE UMAT MO-HUCKO ChAbpXaHWe Ha
ankanuu (Na,0 + K;0) 1 no-ucoko cuabpxaHue Ha TiO,.

3a wnicTpauMs Ha XMMUYHMA CbCTaB Ha [MWHECTaTa
dpakuus moraT fga nocnyxart cnefHute AaHHn (MuHKOB,
1968). B Tpn nbocosu npobu, B3eTn nocnegosatento ot 0,60,
2,10 u 10,0 m pgbnboyMHa XUMWYHWMAT CbCTAB Ha Tasn
dpakuus e cnegHmat (B8 % OT cunukatHata Mmaca, 6e3
3arybute ot HakansBaneto): SiO, - 46,44 po 51,08; AlO; -
20,99 no 15,49; Fe,05 - 12,44 no 19,77; P,0s - 0,48 fo 0,24;
TiO, - 0,74 po 1,18; Ca0 - 2,44 po 1,52; MgO - 3,42 fo 3,35.
Coabpxanneto Ha SiO, e ¢ okono 20% no-manko, a cymata
R,0; ¢ okono 18-20% no-ronsiMa oTkonkoTO B obulaTa
nbocosa Maca. Konnyectsoto Ha Al,O; HapacTBa 3Ha4nUTENHO
B cpaBHeHue ¢ Fe,0;, a MgO Hagsuwasa CaO.

Bodopasmeopumu cbeduHeHus. CyMapHOTO CbAbpkaHue
Ha NecHo, CPeaHO 1 TPYAHOPA3TBOPUMM COMM ONPeaens TUna
W CTEMeHTa Ha 3aconsiBaHe Ha Nboca. JIbochbT B U3CneaBaHus
paiioH Cbbpxa Makap W B TBbpLe Marku KOrM4yecTea Tpute
OCHOBHM BMA BOAOPAsTBOPUMM CbEAMHEHUS - kapBoHaTu
(bukapboHatw), cyndatin u xnopuaw (1abn. 2).

Kap6onatute (bukapboHatute) ca Hait-mHoro. B okono 80%
ot npobute HCO; 3aema Hapg 60% oT obLiaTa aHMOHHA Cyma.
ToBa onpefenst M3KNKUMTENHO kapboHaTeH TUN 3aconsBaHe.
Camo NbOCOBMAHWTE MACHLM U HAKOW MPObU OT MechunuBuS
nboC nokaseaT cnabo u3paseHo kapboHATHO-CyngaTHo
3aconseaHe. OT NecbUnmMBKS KbM FMMHECTUS NTBOC YCMOPEaHO
C yBenM4yaBaHeTo Ha  uHogmcnepcHuTe  KapboHaTy
konuyectBoTto Ha HCOy B MbpBuM, BTOPM M TPETW NbOCOBU
XOPU30HTU Neko HapacTea. B Jlomcko Te ca Hal-MHOro (Kakto
B Nboca - 0 4,08 meq/100 g, Taka u B norpebaHnTe noysm -
£o 9,54 meq/100 g). Ha n3tok nocreneHHo Hamansieart. Mpw
Kosnogyin konuyectsoto Ha HCO; npu necbunueng nboc €
0,976 meq/100 g, a npu TMAnyHnsa — 1,31 meq/100 g. [lbochT B
y4acTbLuTe, OT KOWTO Ca B3ETW W3CMenBaHuTe OT Hac npobu
nposiBsiBa CbLUO kapboHaTeH Tun 3aconseaHe. KonuyectBoTo
Ha GukapboHaTtuTe e Hag 69% ot obLuaTa aHMOHHA cyma npy
npobata oT nmecbunuB nboc WM Hap 83% npu npobata ot
TUN4eH nboc. OB MOrneaHaTo XMMMYECKMST CbCTaB Ha
npobuTe e B pamMKMTE Ha O4aKBaHUTE CTOMHOCTY 3a paioHa Ha
AEL| “Kosnogyn”.

Cyndpatute 3aemat BTOPO MACTO. B no-ronemu konnyecTea
Cca camo B NeCbUnMBMS NbOC. Ha 1or 1 Ha U3TOK KONMYECTBOTO
um cnaga u B okono 80% ot npobute He Hageuwaea 30% oT
aHuWoHHaTa cyma. ObpaTHO Ha kapboHaTuTe Te HamanseaT B
norpebaHuTe MOYBM W Ce MOSIBABAT C MakCUMyMW Ha
onpegeneHa avnbounHa nog Tax. Mpu nscneasaHuTe OT Hac
npobu cbabpxaHWeTo Ha cyndaTi e Mo-HUCKO, CbOTBETHO
0,17 meq/100 g 3a necwvunmeus 1 0,15 meq/100 g 3a TMAMYHKS
neoc (Tabn. 2), KOeTo MOXe [da Ce pasrnexga  kato
OnaronpusaTHo  0OCTOATENCTBO OT  [MeAHa ToYKa Ha
AbITOBPEMEHHATa YCTOMYMBOCT Ha Gapuepute 3a PAO,
W3MoN3yBaLLy NOPTaHLMMEHT.

KonmyectBoTO Ha Xxnmopugwte € Han-Manko, HO Haii-
nocTosHHo. To He Hapsuwaea 0,74 meq/100 g.

O6wwoTO KOMMYECTBO Ha BOAOPA3TBOPUMWTE  COMM
(aHmoHHaTa cyma) B nboca He Hagsuwaga 6,50 meq/100 g. B
85 - 90% ot cnyvaute TO € mexgy 2 u 4 meqg/100 g.
BopopoaHust nokasaten pH ce konebae ot 7,1 go 9,6 (npu
HawwwuTe npobu pH e okono 8) T.e. U3MeHsi ce B CPaBHUTENHO
TECEH WHTEpBaM, Taka Ye NbOCHT MposiBsiBa HeyTpanHa [fo
cnaboarnkarnHa peakuus.

Cop6uyuoHeH kanayumem. Toli MokasBa KakBa 4acT OT
KaTMOHWUTE B MoYBaTta € B CbCTOSHME fa ce obmeHs ¢
€KBMBAINEHTHO KONMYECTBO OT APYri KaTMOHM, BHECEHU OTBBH.
CTOMHOCTTa My 3aBMCKM OT AMCMEPCHOCTTa, OT MUHEpanHus
CbCTaB Ha (mHMTE (hpakumm n ocobeHo ot pH Ha cpepaTa.
Cop6UWOHHMAT KanauuMTeT Ha noyBaTa - cpefa Ha XpaHunuLle
3a PAO e eaiH OT BaXHWUTE KpUTEPUM NPU OLIEHKa Ha HEMHUTE
kayecTBa kaTo ecTecTBeHa Oapuepa 3a 3agbpxaHe Ha
paguoHyknnau. Kakto e M3BECTHO, MU paBHK Apyry yCnosus
OT [MWHUTEe Hal-ronsima obmeHHa cnocobHocT (nopagm
€CTECTBOTO Ha CTpoexa cu) nposiBABaT OEHTOHUTOBUTE
(MoHTMopunonuToBm) rmuHmM (80-100 meg/100 g). TMpu mnuTa
T9 € 3HauuTenHo no-manka (40-20 meq/100 g), a npm
kaonuHuta cnaga Ha 15 go 3 meq/100 g. OpraHuyHuTe
BELeCTBA CWMHO noBuwasaT obMeHHaTa  CrocOBHOCT.
OBMeHHMAT Komnneke ce cbetoun oT Ca?; Mg?'; Na* u K*. Mpu
nboca COpPOUMOHHMAT KanauuteT ce u3meHs oT 5 go 15
meq/100 g. Mpwn u3cnegsaHnTe oT Hac Ase npobu Toi e no-
6nu3o fo gonHata rpanuua (tabn. 2) -5,88 meq/100 g - npoba
necsunuBe nboc 1 6,20 meq/100 g - npoba TunMYeH nboc.

CopObUMOHHUST KanawuuTeT HapacTsa Ha tor 1 B norpebanuTe
MoyYBM, KOETO € BbB BPb3ka C MOBMLIEHOTO KONMYECTBO Ha
[MMHaTa W C Mo-BIUCOKaTa M CTEMEH Ha MOHTMOPWIOHN3ALMS.
MeCbunuBMAT W TUNMYHUAT NBOC WMaT no-Manka obmeHHa
CMNOCOBHOCT, ~ OTKOMKOTO ~ TMMHECTUTE  Pa3HOBWOHOCTU.
OnpepneneHnsT copbUMOHEH KanauuTeT € TUMKMYEH 3a Nboca
OT u3cnedBaHus paitoH. CTOMHOCTTa My He e ronsma, KOeTo
NoKa3ea, 4e npu 103K NboC C Len MUHUMU3NPpaHe MurpalmaTa
Ha paguoHyknuau B reocepata ectectseHute bapuepu
TpsibBa Aa ce KOMOUHMPAT C U3KYCTBEHMU.

CTpyKTypa Ha nboca

CTpykTypaTa Ha nboca ce opmupa Mo BIMsHUE Ha
HeroBus crneuuduyeH €0NoB MPOW3XOA, Ha MUHepanHus u
XWMUYEH CbCTaB, Ha CyXMsl KIMMAT, MU KOWUTO TOW € oTnaraH,
KaKTO W Ha OMareHeTW4HW mpouecu. B pesynTaT Ha BCUYKO
TOBa IbOCLT € npugobun HegoynmbTHEHa M MopecTta
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CTPYKTYpa, YuATo Hail-BaXHa ocoGeHocT e
BOJOHEYCTOMYMBOCTTA Ha CTPYKTYPHUTE BPB3KU.

OCHOBHUTE rpaguMBHI ENEMEHTU Ha NbOCOBATa CTPYKTYypa ca
eNeMeHTapHUTe  YacTuum  (MOHO3bpHA) W arperaTuTe,
CBbP3aHu C MEXOYYaCTUYHM U BbTPELUHOArperaTH Bpb3kn OT
KOMOMAEH, KOHAEH3AUMOHEH W  KPUCTanW3auMOHEH  TuM.
Cropes MwuHkoB (1968) B 3aBMCMMOCT OT CTeneHTa Ha
arperaTHocT, CTpykTypata OuBa 3bpHecTa, arperatHa W
npexofHa (arperaTHO-3bpHECTTTa W 3bpHECTo-arperaTHa),
KaTo 3a KOMMYECTBEH KPUTEPWUA CIYXM NPOLEHTHOTO
cbabpxaHne Ha pakums <0,005 mm, nonyyeHa cneg 20-
MWHYTHO GbpKaHe.

CobliecTByBaT W [JpYrM HauMHM 3a MpeACcTaBsSHE Ha
nbocoBaTa  CTPYKTypa:  Hampumep  [BYOMMEHCUOHHUS
CTPYKTYpeH Mofen Ha nboca Oasvpaly ce Ha onpocTeHa
Bepcus Ha MeToga “MonTe Kapno® (Smalley, 1978) unm 1.Hap.
‘masonry” model - wmogen Tun “3upapus’, npeacTaBsL
rpaavBHUTE ENEMEHTU Ha Nboca, Mo dopMaTta Ha pasnnyHo
nogpeaneHu Tyxmum (Shen & Hu, 2000).

OnucaHnTe CTPYKTYPHM MOZENM Ca OCHOBAHM Ha pasnuyHu
MPMHUMNKA 1 MO-CKOPO Ce [JOMbNiBaT OTKOMKOTO B3aMMHO
M3KMtoyBaT. 3a HACTOALLOTO U3CreaBaHe ce NpuabpXame KbM
CTPYKTYpPHMS mMofen Ha MWHKOB Tbil KaTto e No-Moaxodsiy 3a
acrnekTa, KOWTO ce pasrnexga B To3u Tpyd. B u3scnensaHus
paioH NbOCLT € C 3bpHEecTa W MpexodHa Tun CTPYKTYpM,
MMaLL CNERHUTE XapaKTEPUCTUKN;

3bpHecmama cmpykmypa ce xapaktepusupa ¢ HegoCTUr Ha
[MWHECTO BELEeCTBO, BCMEACTBME HA KOETO, MNOCNegHOTO
OCbLLEeCTBABA NPEAUMHO eAUHNYHIU KOHTAKTU MeXay 3bpHaTa
Ha nsicbyHaTa M npaxoBa (pakuws. KonougHata rmuHa (<
0,001 mm) ce HabntogaBa NpearMHO BLB BUA Ha nonenu ot
[MMHECTO-kapOOHaTHO BELLECTBO BbPXY MNOBBPXHOCTTA Ha
KBapuoBWTE 3bpHa. B HAkoM cnyyaum Teau nonemw
(MMKpOMaTWHM)  chyxaT KaTo  “Cmoka” Ha  OTAENHUTe
MOHO3bpHa. OBLLOTO KOMMYECTBO Ha arperatute e Marko,
kaTo npeobrnagaBaT  TakMBa C  KOHAEH3ALMOHEH W
KpuctanusaumoHeH Tun Bpb3ku. [Mopagn mankus Bpon w
KPexXKocTTa Ha BPb3KWUTE (rMaBHO OT kapboHATHO BeLLecTBO)
3bpHecTata CcTpykTypa € craba u npu BofoHacuLLaHe pyxsa
CMOHTaHHO.

AzpezamHo-3bpHecmama u 3bpHecmo-azpezamHama, o6-
L0 HapuyaHK “npexofieH” TUN CTPYKTYpa, Ce Xapaktepusupar

C TOBA, Y€ YacTULMTe Ha MACbYHATa U NpaxoBaTa (pakuum He
ce gonupat nomexgy cw, a ‘nnyeatr’ B OCTaHanata npaxoBa
Maca, HO BCe OLle W3IMeXgaT Kato CamMOCTOSITENHW 3bpHa.
[MPOLEHTBT Ha IMWUHECTOTO BELLECTBO HapacTBa B CPaBHEHME C
NPeaxogHMs TN CTpyKTypa (HO Kato abCcontTHa CTOMHOCT
ocTaBa BCe Olle Manko, 0coBeHO Mpu arperaTHo-3bpHECTUS
TMN) U BpOsAT Ha KOHTakTMTE Hapactea. [opagu dakTa, ue
Ta3u CTPYKTypa ce XxapakTepuaupa C ronsiMa CBPbXMopecTocT
OTHOCUTENHWAT OpOi Ha CTPYKTYpPHWUTE BPb3KM € MaIbK.
Mpeobrnagasat arperatu c Koarynawm1oHeH "
KpUNTOKpUCTanu3aumMoHeH — Tun Bpb3ku.  CTpykTypaTa
npuTexaBa (CblO KAaTO npedxogHata) Manka sKOCT BbB
BOAOHAMUTO CbCTOsSHME. [lpyra xapakrtepHa 4yepta Ha Tasu
CTPYKTYpa € paBHOMEPHOTO (M30MOP(HO) pasnpeseneHune Ha
rPaAMBHUTE ENEMEHTU U CTPYKTYPHU BPB3KM.

3ABMCWUMOCT HA FTEOTEXHUYECKUTE CBOWCTBA OT
CbCTABA U CTPYKTYPATA

ChllecTByBa SICHO MW3pa3eHa 3aBUCMMOCT MeXay
FEOTEXHMYECKUTE CBOWMCTBA Ha MbOCA M HEroBMS CbCTaB W
cTpykTypa. OCHOBHOTO HeGnaronpUATHO CBOMCTBO Ha Mboca -
nponagbyHOCTTa Ce AbMKM HA HEAOYNNMbTHEHOCTTa Ha
OMuUCaHUTE MO-Tope CTPYKTYPU M Ha HanuuueTo Ha cnabu
BOOOHEYCTONYMBM BPB3KM MEXOy NACYHUTE W MPaXoBM
3bpHa. Tean 0cOBEHOCTM OnpemenaT roneMute pasnuums B
AKOCTHUTE W JedhOpMaLMOHHUTE CBOWCTBA Ha mboca B
€CTECTBEHO 1 BOAOHAMUTO CbCTOSHMUE.

Tyk ce paBaT OCpeHEHW CTOMHOCTU Ha (PU3MYHUTE W
MeXaHW4YHUTE NokasaTenu Ha nboca B 30Hata Ha AELL (tabn.
3). MMopagu HepoynmbTHeHaTa CW  CTPYKTYpa MNbOCOBUTE

Pa3HOBMAHOCTM UMaT Hucka obeMHa NIBTHOCT Ha ckeneta g
=1,39-1,42 glem®.

bronbT Ha BbTPEWHO TpUeHe MpW  pasninyHKTE
pa3HOBMAHOCTM ce u3MeHs oT 27° ao 30°, koxeansta ot 10 go
15 kPa, a mogymbT Ha oblwa gedopmauus, onpegeneH Cbe
Liamn, Npu nboca B €CTECTBEHO CbCTOsHME € Mexay 14 u 16
MPa. Toan mogyn obaye moxe aa nagHe go 5 MPa npu
JOMbIHUTENHO HaBNaXHsBaHe BCneacTBME OTchnabBaHe Ha
CTPYKTYPHUTE BPB3KN.

OT rmegHa Touka Ha pasrnexgaHata 3agadya, Han-ronsm
MHTEPEC NpeacTasifaBa 00embT Ha Makponopure.

~

Tabnuua 3. CpeHn CTONHOCTY 3@ (PU3NYHITE M MEXaHWYHI NoKasaTenu Ha iboca B 3oHaTa Ha AEL] “Kosnogyi” (no AntoHoB, 2002)

Cneun- | BopgHo | ObemHa | [lMokasaten | CteneHHa | brbnHa | Koxe- Mogyn Ha Obem

JbocoBa duyHa | cbabp- | MABTHOCT | Ha NnacTUy- BO/IOHa- BbTpELL- 318 obuia pedop- Ha
pasHOBM- | MbTHOCT | aHue Ha HOCT cuLlaHe HO Maums MaKpo-
AHOCT ckeneTa TpUEHe ropuTe
Pes W [of lp S ¢ c M % (npw

[g/cm?] (%] [glem?] (%] -] [degree] | [MPa] [MPa] 0,3
MPa)

MNecby- 2,74 11,1 1,42 6,4 0,30 30 0,010 16 45

NWB NbOC
Tununuen 2,72 14,2 1,39 10 0,45 27 0,015 14 6,5
nboc




Anmoros []. OLIEHKA HA CLCTABA U CTPYKTYPATA HA JIbOCA ...

Mpu BepTukaneH ToBap 0,3 MPa, TOBap Onm3abk c
npeaaBaHus B OCHOBAaTa OT efHO xpaHunuwe 3a PAO, obembT
Ha Mmakpornopute ce uameHs ot 4,5 no 6,5%. B otaenHu
cryyan CTOMHOCTUTE Ha TO3U KOE(ULIMEHT MOXE 3HAYUTENHO
[a npesuwaBaT nocoyeHute B Tabnuua 3. Hanpumep, npw
TUNWUYHKS NPaxoB NboC Te MoraT da Hagxsupnar 10%. Tosa
03HayaBa, Ye nponagaHeTo Ha Macus ¢ aebennHa 10 m moxe
pa 6boe Hag 100 cm. TakuBa ronemu nponagaHus ce
HabniogaBaT B HamouTenHu cuctemm tokHO ot AELL. Te
KaTEropu4HO Noka3gaT, Ye xpaHunuwe 3a PAO B nbocoBu
noyBM He MOxe Ja ce um3rpagn 0e3 npegsapuTenHa
WH)XEHEPHOTeOoNoXKa NOArOTOBKA Ha 3eMHaTa OcHoBa. Bcuuku
cbopbxeHus Ha AEL| “Kosnogyi” ca nocTpoeHu B NbOC Cheq
TakaBa nogrotoeka (MuHkoB u EBctatnes, 1975), Taka ye ce
pasnonara CbC 3Ha4MTENEH ONUT B TOBA OTHOLLEHNE.

Mpu HuckaTta cTeneH Ha BogoHacuware — Sr = 0,30-0,55
€CTECTBEHWSIT NbOC NpeAcTaBnsiBa HeHacuteHa cpepa. OT
rnegHa Touka Ha norpebeaHe Ha PAO To3u hakT npegnara
peguua npeauMyllecTBa — CKOPOCTTa Ha Murpauust Ha
PapMOHYKNMAM € MHOTO Mo-Manka B HeHacuTeHa cpefa,
OTKOMKOTO B HacuTeHa. B Taan Bpb3ka Tpsibea aa ce otbenexm
HanMYMeTo Ha TpU XOPU3OHTA B JIbOCOBWS MacwB cropef
BOAHOTO CbAbpkaHue u konebaHusTa Ha Bnarata (MwHKOB,
1968):

e TOpeH (“‘MnynceH xopu3oHT’) - ¢ aebenuHa ot 3 go 5
M, YMEeTO BOAHO CbAbpXaHWe Ce BMWSIE OT CEe30HHUTE
KMMMATUYHW MPOMEHM;

e cpefeH (‘MbpTbB X0pu30HT') - ¢ aebenuna ot 5 go 30
m, B KOWTO CE M3BBbPLBAT MPEAMMHO MHOTOBEKOBHM
konebaHus Ha Bnarara;

*  poneH (“30Ha Ha KanWUNAPHOTO NokayBaHe”) - CBbP3aH ¢
BOZOHOCHUSI XOPW30HT B YaKbruTe, Nexalim B OCHOBaTa Ha
NbOCOBKS KOMMAEKC. BucounHata Ha KanumsipHOTO NokayBaHe
gocTura go 2,5 m.

|-|pI/IJZ|,BI/I)KBaHeTO Ha BOAaTa B rOPHNTE Ba XOPU30HTa CTaBa
4Ypes3 npemectsaHe Ha Bnarata oOT no-gebenu KbM NO-ThbHKM
BOOHN 0OBMBKY, npeaMMHO HMU3XO0AALLO. CnepgoBarenHo npu
TAX HE MOXe [a Ce roopum 3a CbMJ'ITpaLI'VIH B CMUCBbIA Ha
D,apcw, BbMpPEKn 4e na6opaTopHMTe n3cnegBaHua ce npa.AT C
BOJOHACUTEHU np06|/|.

dunTpaLMoHHMTE KayecTBa Ha fboca 3aBUCAT OT HEroBKs
CbCTaB U CTPYKTYpa. [1eChbYnMBMAT NbOC ChC CBOSTA 3bPHECTA
CTPYKTYpa € Mo-BOAOMPOMYCKINB B CPaBHEHWE C TUMNYHMS,
nopagw yeenuyaBaHe Ha rMUHECTOTO CbAbPXKaHWE 1 NPOMSIHA
Ha CTpyKTypaTa B 3bpHecTo-arperatHa. 3a paiioHa Ha
eBeHTyanHa nnowagka go AELL “Kosnogyi” 3a npeasaputen-
HA OLUEHKM MOXe fda ce Mpueme, 4Ye KoeUUMEHTHT Ha

thunTpauus ce nsmens mexay 1,7.10° 1 5,0.10° mys.

3AKMIOYEHNE

Mpenopvyaxa 3a nybnukysaHe om
kamedpa “lpunox+a seogpusuka’, M1

B MuHepanHusi CbCTaB Ha NbOCa y4yacTeaT YCTOWYMBY
MUHeparny, KOWTO HAMa [Aa NPeTbpraT HeBnaronpusTHU
AMareHeTMYHU TMPOMEHM Mpe3 eauH Mepuod OT  HSIKOMKO
CTOMETUS, KOMKOTO € MPOEKTHaTa eKCNnoaTaLms Ha XpaHumu-
ljaTa 3a HWUCKO W CPEAHOAKTMBHW OTMaabuy. Bogopast-
BOPUMMUTE XMMMYHI CbeOUHEHWS NPeLCTaBnABaT Mambk npo-
LeHT oT obljata Maca W He Ce O4yakea fa nposBABar
arpecuBHOCT CMPAMO CTPOUTENHUTE MaTepUan.

Hanuuneto Ha onucaHuTe BWf 3aconsiBaHe, MposiBeHaTa
cnaboankanHa peakuusi, KakTo W HUCKOTO CbAbpxaHue Ha
Xymyc ca pgobpa npeanocTaBka 3a €[HO  e(EKTMBHO
B3aWMOLeNCTBME Ha TBbpAATa (MMHepanHa) dasa Ha nboca
CbC 3a3gpaBsBaw areHT. Mopagu ankanHata cpega He
fuxa npOTEKNM KOPO3WOHHM Mpouecs Ccrpsamo 6eToHa K
ApyruTe  CTPOMTENHW  MaTepuani  Ha  €BEHTYarlHoTo
XpaHunuuie.

NbocbT NpuTEXaBa U3BECTEH COPOLIMOHEH KanaluTeT, KOETO
e GnaronpusaTHa XxapakTepucTuKka OT rMeHa TouKa Ha ponsTa
My KaTo 3awuTHa Gapuepa, HO e Heobxogumo copbuusTa aa
Ce W3cneaBa Mo OTHOLUEHWE HA PAAMOAKTUBHWUTE W30TOMM,
KOUTO CE 0YaKBa [a Ce OTAENST OT EBEHTYANHOTO XpaHUMnLLEe
3a PAC.

HebnaronpusTtHa 0CO6EHOCT Ha NbocoBaTa CTPYKTYpa, €
HeliHaTa MponagbyHOCT M BUCOKA CTEMEH HA CrerBaeMocT.
Tasu cTpykTypHa ocobeHocT obaye ce nopasa Ha ynpasne-
HUE, 3a koeTo BnaronpuATCTBa 3bPHOMETPUYHMUS, MUHEPAMNHWS
W XMMUYEH CbCTaB Ha Nboca B paroHa Ha Kosnogyi.
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ABSTRACT

Investigations have been carried out on the composition and structure of loess in the vicinity of the Kozloduy Nuclear Power Plant in connection with the long-term
disposal of radioactive waste. The thickness of loess in the investigated region is in the range from 10 to 40 m. The loess grain-size composition is characterised by
predominating silty fraction reaching up to 80%. The clayey fraction content varies from 10 to 20%. The silty and sandy fractions contain mainly quartz, feldspar, mica
and carbonates and the clayey fraction — mainly chlorite and smectite. The most important components of the chemical composition of loess are SiO2, Al0s, Fe;0,
and FeO, Ca0 and MgO. The amount of the water-soluble salts, presented mainly by carbonates (bicarbonates), sulphates and chlorides, is low. The sorption
capacity is about 6 meq/100 g. According to the classification of Minkov the loess structure is granular or aggregate-granular, its basic property being the incomplete
consolidation and collapsibility. The dry density is about or less than 1.4 g/cm®, and the degree of water saturation is S, = 0.30-0.55. The volume of macropores under
loading of 0.3 MPa is 6.5 — 7.0%. The filtration coefficient varies from 2.10 * to 5.10 * m/s. The properties of loess are considered in the present report from the
viewpoint of safety of both existing and future repositories. The main conclusion of the investigations is that regardless of some suitable qualities, loess in its natural
state cannot be an efficient barrier against radionuclide migration. It is necessary to apply methods for its compacting and strengthening. In Bulgaria there is
experience in the successful application of such methods, as proved by the operation of the Kozloduy NPP.

INTRODUCTION

The beginning of nuclear power generation in Bulgaria dates
back to 1974 with the launching of the first reactor of Kozloduy
Nuclear Power Plant, as other 5 reactors have sequentially
been put into operation till 1991. In compliance with the
international practice, the low and intermediate level
radioactive waste (LILRAW) released during the plant
operation should be subjected to final disposal in surface
repositories after their temporary storage. As a result of the
whole period of operation of the Kozloduy NPP, the closing of
its first two reactors and the eventual operation of the Belene
NPP, it is expected that the LILRAW volume in the conditioned
state will amount to about 100 000 m® These wastes are
stored at present in temporary storages on the plant territory
and it is envisaged to construct a permanent repository. In this
context it is very important that a suitable geological
environment for its construction should be selected. The
investigations carried out so far both in the country and abroad
(Hungary and Romania), prove that loess could be considered
as a prospective medium for storing low and intermediate level
radioactive waste. This geological medium together with the
engineering structure (the repository) plays the role of a barrier
against the radionuclide migration and is a basic factor for the
long-term stability of the future repository system. The
assessment performed further on refers also to the existing
repositories on loess at the plant site.

Loess was deposited in an aeolian way during the
Quaternary and covered in a mantle manner the existing
Pliocene relief. The formed loess horizons alternate with fossil
soils (paleosoils), thus forming a common “loess complex”. The
number of horizons in the studied region reaches up to six,
separated by five fossil soils. The following geomorphological
forms are outlined: loess plateaux, where loess reaches the
thickness of up to 30 -40 m; loess slopes; wadies “inheriting”
old dried riverbeds, where the loess cover becomes thinner, as
well as loess plates situated in the plateaux. The complex is
characterised by the following specific features: changes in the
facial composition in both horizontal and vertical direction —
from sandy to clayey loess from the north to the south. A

similar transition is also observed from the plateaux to the
slopes. The loess structure and composition on the wady
slopes are altered, the loess being generally more dense and
clayey in comparison with the loess of the terraces. Another
specific feature is the increased content of clay in the more
deeply situated horizons. The upper ones in the region of
Kozloduy are classified as sandy or silty (typical) loess while
the bottom horizons fall within the group of clayey loess.

Loess composition and structure influence to a great extent
its engineering geological properties and especially its
behaviour as a soil base. The study of loess composition and
structure has several aspects with respect to radioactive waste
disposal, namely:

« stability of loess minerals and structure under the
influence of climatic factors and groundwater in the course of a
long time period;

» effect exerted by the properties and structure on the
long-term stability of the soil base of a LILRAW repository;

»  presence and effect of chemical compounds in loess,
which are aggressive towards concrete, steel and other
building materials;

- possibilities for improving loess structure by means of
methods for strengthening and compacting.

On the basis of the above mentioned aspects an assessment
will be made for the composition and structure of loess in the
Kozloduy NPP proximity form the viewpoint of an eventual
medium for LILRAW long-term disposal.

COMPOSITION AND PROPERTIES OF LOESS

Grain-size distribution and plasticity limits

The silty fraction is the basic one in loess. It reaches up to
80% in sandy, silty (typical) and clayey loess, up to 50% - in
loess-like sands and up to 60% - in loess-like clays. A clearly
expressed trend is observed for the increase of the clayey
fraction in both the redeposited loess and in the fossil soils as
a result of long-term weathering processes.
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The changes in the quantity of the clayey fraction (< 0.005
mm) are used as a criterion in loess classification (Minkov,
1968): loess-like sand and sandy loess, containing up to 10%
of clayey fraction; silty loess — up to 20%; clayey loess — up to
30% and loess-like clay - >30%.

The considered region is characterised by sandy and mainly
silty loess, to a smaller extent — by clayey loess and to a much
smaller degree - by loess-like sand, which is observed along
the bank of the Danube River. Redeposited loess has been
established too. For this reason, samples of sandy and typical
loess from the region of the Kozloduy NPP have been
investigated. The tested sandy loess samples (according to the
Bulgarian State Standard BDS 2762-75) showed the following
composition: 10% of sandy fraction, 84% of silty fraction and
6% of clayey fraction. The fraction larger than 2 mm (Table 1)
is absent in sandy loess. One variety of silty loess has been
investigated, yielding the following composition — 11% of sandy
fraction, 68% of silty fraction and 17% of clayey fraction. The
amount of the fraction >2 mm is 4%. The silty fraction is the
dominating one in both facial varieties but its share is relatively
lower in the tipical loess at the expense of the clayey fraction.
The uniformity coefficient u=de/dsy is 7.06 and 15.00
respectively. The typical loess possesses higher uniformity
coefficient, i.e. it is characterised by complete granulometric
curve, which is favourable with respect to loess compaction.
The two samples are defined as silty clayey sand according to
BDS 676-85.

Mineral composition

Loess contains a great number of minerals, irregularly
distributed in the different fractions. The available data from the
studies carried out so far (Minkov, 1968; Petrussenko, 1973;
Antonov, 2002) are analysed further on.

The predominating minerals in loess are quartz, feldspar,
mica and carbonates. The DSC curves of the loess samples
from the region are complicated because the reflections of

Table 1. Classification indices of the used samples

many minerals overlap with each other. Regardless of this fact,
strong reflexes are observed for; quartz at 0.333 nm, 0.424
nm, 0.1812 nm and 0.1815 nm, 0.1537, 0.137 nm; calcite — at
0.302 nm; dolomite — at 0.288 nm (dominating quantitatively
the calcite in the silty loess); micas — at 0.989 nm and 0.983
nm, 0.496-0.498 nm; feldspars — at 0.319-0.322 nm and 0.318-
0.323, with plagioclase being mainly the dominating species
and with traces of potassium feldspar, the latter being in a
greater amount in the sandy loess sample; clayey minerals — at
0.53 nm, 0.705 nm (chlorite), 0.352 nm and 0.701 nm; smectite
(montmorillonite) — at 1.403 nm.

The granulometric fractions of loess are characterised by the
following composition:

Fraction >2 mm. It is represented mainly by quartz, single
muscovite and biotite scales and single feldspar grains (the
light part of the fraction). Bigger carbonate and clayey-
carbonate concretion, known as loess dolls, are encountered
too. Single grains of amphibole, epidote and ore minerals are
seldom observed as representatives of the heavy part of the
fraction.

Fraction 2 - 0.01 mm. The greater part of the loess mass falls
within this fraction. The light part of the fraction contains mainly
quartz, micas — muscovite and biotite, feldspars and
carbonates.

Quartz is the basic mineral (more than 50-60%) and is
represented by rounded transparent grains of irregular shape.

The micas — muscovite and biotite, occupy the second place
after quartz. The muscovite amount exceeds the biotite one
from 4 to 8 times and is usually represented by thin colourless
platelets. Its content in the total loess mass varies from 15 to
30%. The biotite is observed in the form of small scales and
not so often — of oval shaped platelets.

Feldspars occupy the third place but sometimes their
quantity might exceed that of micas.

Particle-size distribution Solid Uniformity
Loess [%] density Plasticity coefficient
variety >2 2-01 0,1-0,005 < 0,005 o} wL Wp Ip u
mm mm mm mm glem?® % % % []
Sandy loess 0 10 84 6 2,74 28,0 25,3 2,7 7,06
Typical 4 1 68 17 2,72 255 20,0 55 15,00
loess
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They are encountered either as weathered or quite fresh
particles of angular, slightly rounded or oval shape. In principle,
the feldspars in fossil soils are strongly weathered and their
quantity is two to three times lower than in the loess horizons.
Orthoclase and seldom microcline are found as
representatives of potassium feldspar and albite and oligoclase
— of plagioclase.

All these minerals are resistant to the action of the
atmospheric factors and eventual infiltrates that might be
released by the conditioned RAW.

The carbonate content of loess varies within a broad range
both in horizontal and vertical direction — from 3-4% in leached
loess to 30% in the carbonate horizons of the paleosoils. This
variation can be used as a natural analogue considering
migration properties of some radionuclides. A trend of
changing the carbonate content in horizontal direction is
observed: in loess-like sands — average of 18%, in sandy loess
— about 15%, in silty loess — to 17% and in clayey loess - to
13-14%. The present investigations have shown a carbonate
content of 22.9% for sandy loess and 16.32% for silty loess
(Table 2). The carbonates are represented by calcite and by a
very small amount (1-2%) of dolomite. Carbonates are
minerals subjected to destruction under the continuous action
of atmospheric water, which is displayed by the presence of
thick carbonate zones in the buried soils. Their dissolution is
increased in acidic medium. The light fraction comprises also
the secondarily formed highly water-resistant clayey-
carbonate, iron- or magnesium-carbonate aggregates,
ferromanganese salts, etc., which are irregularly distributed
and in negligible quantities.

The amount of the heavy fraction is smaller and is
represented by about 20 minerals, the quantity of the non-
transparent minerals being the highest.

Fraction 0.01 - 0.005 mm. According to the microscopic
investigations the particles with sizes from 0.01 to 0.005 mm
are represented by quartz, altered feldspars and micas, calcite,
rarely by single small crystals of heavy minerals and clayey
aggregates.

Fraction <0.005 mm (clay). This fraction consists mainly of
kaolinite, hydromicas and montmorillonite. Dispersed quartz
and dispersed carbonates are also observed. The following
trends have been established for the changes of the clayey
minerals in horizontal and vertical direction: the finely
dispersed fraction of the contemporary soil (loess chernosem)
consists of minerals with three-layered crystal lattices, mainly

Table 2. Chemical and physico-chemical data of the used samples

montmorillonite; the clayey fraction of loess contains
predominantly minerals of the group of hydromicas (mainly
illite) and of montmorillonite; the hydromicas are predominant
in sandy loess; montmorillonite is predominant, hydromicas
decrease and kaolinite is almost negligible in the direction
towards loess-lke clay and fossil soils. The samples
investigated by us showed the presence of chlorite, kaolinite
and montmorillonite (traces).

Humus content — loess always contains a certain amount of
humus (0.1 — 0.6%), which is usually included in the clayey
fraction. The humus content of the investigated samples is
0.22 and 0.67% (Table 2). The highest humus quantity is
observed in the fossil soils. Two types of humus are
distinguished — primary and secondary. The primary humus is
encountered as a fine incrustation on the phytogenic
macropores. The post-sedimentation humus generation is
contained in the soils in the form of diverse aggregates.

Chemical composition

The chemical compounds contained in loess can be
distinguished in three main groups: of major importance
(primary) — SiO,, Al,Os, Fe,0,, FeO; of secondary importance -
Ca0 and MgO, and less important — all the rest compounds.

The chemical composition of loess is in accordance with its
mineral composition. The quantity of SiO, dominates all the
other components in all loess varieties and horizons. The silica
amount in loess changes within relatively narrow limits — from
58 to 51%, decreasing gradually from the sandy to the clayey
facies. The amount of Al,O; + Fe,0O; changes in the opposite
direction from that of SiO,, moreover within a significant range
— from 13.0% in sandy loess to 19.0% in loess-like clay. The
quantities in the buried soils are higher.

The amounts of the earth alkaline oxides (CaO and MgO)
change in the reverse direction with increasing the distance
from the Danube River — CaO is increased while MgO is
decreased. This is in good agreement with the reduction of
mica and magnesium carbonate amounts in clayey loess. The
sum CaO + MgO in the buried soils is lower due to the leaching
of carbonates.

At the same time the soils have lower alkaline oxide (Na,O +
K;0) amounts and a higher TiO, content.

The following data (Minkov, 1968) might be used as an
illustration of the chemical composition of the clayey fraction.

Carbonate Humus | Sorption capacity
Loess Aqueous extract 1:10 - 24 h meq/100g content content
variety dry
HCOy | Ca* | Mg* CF | SO* | residium | pH [%] [%] [meg/100g]
[%]
Sandy loess | 0,976 | 1,0 04 0,27 | 017 0,12 8,1 224 0,22 5,88
Typical 1,31 1,0 1,0 011 015 0,12 8,0 16,32 0,67 6,20
loess
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Three loess samples, collected sequentially from a depth of
0.60, 210 and 10.0 m, exhibit the following chemical
composition of this fraction (% of the silicate mass without the
ignition losses): SiO, — 46.44 to 51.08; Al,O; — 20.99 to 15.49;
Fe,0; — 12.44 to 19.77; P,Os — 0.48 to 0.24; TiO, — 0.74 to
1.18; CaO - 244 to 1.52; MgO - 3.42 to 3.35. The SiO,
content is about 20% lower and the sum R,0; is about 18-20%
higher than that in the total loess mass. The quantity of Al,Os is
increased significantly in comparison with Fe,0s, and the MgO
amount exceeds the CaO one.

Water soluble compounds. The total content of the

easily soluble and average and hardly

dissolved salts determines the type and

degree of loess salinity. The loess in the

investigated region contains, although in
rather small amounts, the three water

soluble compounds — carbonates
(bicarbonates), sulphates and chlorides
(Table 2).

The carbonate (bicarbonate) quantities are the highest. In
about 80% of the samples HCO; amounts to more than 60% of
the total anion sum. This determines the exclusively carbonate
type of salinity. Only the loess-like sands and some sandy
loess samples exhibit slightly expressed carbonate-sulphate
salinity. The HCO3 amount in the first, second and third loess
horizon slightly increases from sandy to clayey loess in parallel
with the increasing finely dispersed carbonates. The carbonate
content is the highest in the Lom district both in loess (up to
4.08 meq/100 g) and in buried soils (up to 9.54 meq/100 g).
The carbonate amounts gradually decrease to the east. The
HCO; quantity near Kozloduy is 0.976 meg/100 g for sandy
loess and 1.31 meqg/100 g for typical loess. The loess in the
sections of our sampling exhibits also a carbonate type of
salinity. The bicarbonate quantity is more than 69% of the total
anion sum for the sandy loess sample and more than 83% for
the typical loess sample. In general, the chemical composition
of the samples is within the framework of the expected values
for the region of the Kozloduy NPP.

Sulphates occupy the second place. Their quantity is higher
only in sandy loess. Their amounts decrease in eastern and
southern the direction and do not exceed 30% of the anion
sum for about 80% of the samples. In contrast to carbonates,
they decrease in the fossil soils and exhibits maximums at a
certain depth below them. The sulphate content in the samples
investigated by us is lower, respectively 0.17 meq/100 g for
sandy and 0.15 meq/100 g for typical loess (Table 2), which
could be considered as a favourable circumstance with respect
to the long-term stability of the RAW barriers, using Portland
cement.

The chloride content is lower but it is most constant. It does
not exceed 0.74 meq/100 g.

The total amount of water-soluble salts (anion sum) in loess
does not exceed 6.50 meq/100 g. In 85 — 90% of the cases it is
between 2 ad 4 meq/100 g. The pH value fluctuates from 7.1 to
9.6 (pH about 8 for our samples), i.e. it varies within a relatively

narrow interval, so that loess exhibits neutral to slightly alkaline
reaction.

Sorption capacity. This parameter shows what part of the
cations in the soil could be exchanged by an equivalent
quantity of other cations introduced from the outside. Its value
depends on the dispersity, on the fine fraction mineral
composition and especially on pH of the medium. The sorption
capacity of a soil - a host medium for a RAW repository, is one
of the important criteria for evaluating its qualities as a natural
barrier for radionuclide retention.

It is known that under other equal conditions the bentonite
(montmorillonite) clays exhibit the highest exchange capacity
(80-100 meq/100 g) compared to other clays due to their
specific structure. It is considerably lower in the case of illite
(40-20 meq/100 g) and goes down to 15 and 3 meq/100 g. The
organic substances increase strongly the exchange capacity.
The exchanging complex consists of Ca*; Mg?"; Na* and K.
The sorption capacity of loess changes from 5 to 15 meq/100
g. Itis closer to the lower limit (Table 2) — 5.88 meq/100 g for
the sandy loess sample investigated by us and 6.20 meq/100 g
for the silty loess sample.

The sorption capacity increases to the south in the fossil soils
too, which is connected with the higher clay content and with
its higher degree of montmorillonitization. The sandy and silty
loess possess lower exchange capacity compared to the
clayey varieties. The determined sorption capacity is typical for
the loess in the studied region. Its value is not high, which
means that the natural barriers should be combined with
artificial ones in order to minimise the radionuclide migration in
the geosphere.

Structure of loess

The structure of loess is formed under the influence of its
specific aeolian origin, its mineral and chemical composition,
the dry climate during its deposition as well as of the diagenetic
processes. As a result of all this loess had acquired
insufficiently compacted and porous structure, its most
important specific feature being the instability of structural
bonds under the action of water.

The basic building elements of the loess structure are the
elementary particles (mono-grains) and the aggregates,
connected with inter-particulate and inter-aggregate bonds of
colloid, condensation and crystallisation type. According to
Minkov (1968) the structure can be granular, aggregate and
transitional  (aggregate-granular and  granular-aggregate)
depending on the degree of aggregation, the quantitative
criterion being the percent composition of the fraction <0.005
mm, obtained after 20 minutes of mixing.

The loess structure can be represented in other ways too —
for example, by the two-dimensional structural model of loess
based on a simplified version of the “Monte Carlo” method
(Smalley, 1978) or the so-called “masonry” model,
representing the building elements of loess in the form of
differently arranged bricks (Shen & Hu, 2000). The described
structural models are based on various principles and rather
complement than exclude each other.

In the present study the structural model of Minkov has been
accepted as most suitable for the aspect of consideration. The
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loess in the investigated region has a granular and transitional
structure with the following characteristics:

The granular structure is characterised by deficiency of
clayey substance and as a result the latter realises mainly
single contacts between the grains of the sandy and silty
fraction. The colloidal clay (<0.001 mm) is observed mainly in
the form of incrustation of clayey-carbonate substance on the
quartz grain surface. In some cases these incrustations (micro
patina) serve as a “binder” between the single mono-grains.
The total amount of aggregates is small and the predominating
ones possess bonds of the condensation and crystallisation
type. The granular structure is weak because of the small
number and brittleness of the bonds (mainly of carbonate
substance) and it collapses spontaneously under conditions of
water saturation.

The aggregate-granular and granular-aggregate structure,
called generally “transitional” types of structure, are
characterised by the fact that the particles of the sandy and
silty fraction are not in contact between themselves but “float”
in the rest of the silty mass still looking as single grains. The
percent of the clayey substance increases in comparison with
the former structural type (remaining however still low as an
absolute value, especially for the aggregate-granular type) and
the number of contacts is increased. The relative number of
the structural bonds is low because this structure is
characterised by high super-porosity. The aggregates with
coagulation and crypto-crystallisation type of bonds are
predominating. The structure possesses (similarly to the former
type) a low strength in the water-saturated state. Another
specific feature of this structure is the regular (isomorphic)
distribution of the building elements and structural bonds.

DEPENDENCE OF THE GEOTECHNICAL PROPERTIES ON
THE COMPOSITION AND STRUCTURE

A clearly expressed relationship exists between the
geotechnical properties of loess and its composition and
structure. The main unfavourable property of loess - its
collapsibility, is due to the insufficient compaction of the above-
described structures and the presence of weak unstable to
water action bonds between the sandy and silty grains. These
specific features determine the great differences in the strength
and deformation properties of loess in the natural and in the
water-saturated state.

Average values of the physical and mechanical parameters
of loess in the NPP zone (Table 3) are presented here. The

loess varieties exhibit low dry density (Ps=1.39 - 1.42 glem’)
due to their not compacted structure.

The angle of internal friction of the different varieties changes
from 27° to 30°, the cohesion — from 10 to 15 kPa, and the
modulus of compressibility determined by a stamp is between
14 and 16 MPa for the loess in the natural state. However, this
modulus can be reduced to 5 MPa after additional moistening
due to weakening of the structural bonds.

From the viewpoint of the considered task, the volume of
macropores is of greatest interest. Under vertical loading of 0.3
MPa, which is close to the load transferred to the base of a
RAW repository, the volume changes from 4.5 to 6.5%. In
some cases the values of this coefficient can exceed
considerably the values shown in Table 3. For example, they
can exceed 10% for typical loess. This means that the collapse
of a massif with a thickness of 10 m can be more than 100 cm.
Such big collapse has been observed in irrigation systems to
the south of the NPP. This proves categorically that the RAW
repository in loess soils cannot be built without preliminary
improvement of the soil base. The whole equipment of the
Kozloduy NPP has been built on loess after such improvement
(Minkov and Evstatiev, 1975), so that significant experience
has been accumulated in this respect.

The natural loess represents an unsaturated medium with a
low degree of water saturation Sr = 0.30-0.55. This fact
presents a number of advantages with respect of RAW
disposal — the velocity of radionuclide migration is much lower
in an unsaturated medium than in a saturated one. In this
connection, the existence of three horizons in the loess massif
according to the water content and the moisture fluctuations
should be mentioned (Minkov, 1968):

- upper (“‘impulse horizon”) — with a thickness from 3 to
5 m, whose water content is influenced by the seasonal
climatic changes;

- medium (“dead horizon”) — with a thickness from 5 to
30 m, where mainly century-old moisture fluctuations take
place;

- lower (“zone of capillary rising”) — connected with the
aquifer in the gravel embedded in the base of the loess
complex. The height of the capillary rising reaches up to 2.5 m.

The water movement in the two upper horizons proceeds by
the moisture movement from thicker to thinner water
envelopes, mainly in descending direction. Hence, here the
filtration in the sense of Darcy cannot be considered, although
the laboratory investigations are carried out with water
saturated samples.

Table 3. Average values of physical and mechanical indices of the loess in the Kozloduy NPP zone (by Antonov, 2002)
Solid | Moisture Dry Plasticity | Degree of | Angleof | Cohe- Modulus of Volume of
Loess density | content | density index water internal sion | compressibility | the macro-
variety saturation friction pores
s W Py lp S c M % (at
[g/cm?] [%] [glem®] | [%] [-] [degree] | [MPa] [MPa] 0,3 MPa)
Sandy loess | 2,74 111 1,42 6,4 0,30 30 0,010 16 45
Typical 2,72 14,2 1,39 10 0,45 27 0,015 14 6,5
loess
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The filtration properties of loess depend on its composition and structure. The sandy loess with its granular structure is more water
permeable compared with the typical one due to the increased clayey content and changes to the granular-aggregate structure of
the latter. It could be assumed for preliminary assessments that the filtration coefficient in the region of an eventual site near the
Kozloduy NPP varies between 1.7x10° and 5.0x10 m/s.

CONCLUSIONS

Stable minerals participate in the mineral composition of loess, which would not be subjected to unfavourable diagenetic changes
in the course of a several centuries long period — the operation term of the repositories for low and intermediate level radioactive
waste disposal. The water-soluble chemical compounds represent a small percent of the total mass and it is not expected that they
would exhibit aggressiveness towards the building materials.

The existence of the described type of salinity, the displayed slightly alkaline reaction as well as the low humus content are good
prerequisites for the effective interaction between the solid (mineral) phase of loess with the strengthening agents. No corrosion
processes in concrete and the other building materials of the eventual repository could take place due to the alkaline medium.

Loess possesses a certain sorption capacity, which is favourable from the point of view of its role as a protective barrier but it is
necessary to investigate its sorption with respect to the radioactive isotopes expected to be released by the eventual RAW
repository.

The unfavourable specific feature of the loess structure is its collapsibility and high degree of subsidence. However, this feature is
prone to control and management due to the granulometric, mineral and chemical composition of loess in the region of Kozloduy.
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