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PE3IOME

B cpenHoTpuackus pa3pes ot u3TouHaTa yacT Ha JlomckaTa naguHa ca ycTaHoBeHn HedbTenn akymynauum (CenaHoBcka, MapuHoBrepaHcka), KouTo ca MpuBbp3aHm
KbM CreuuduyeH TN NpUpodeH pesepBoap, MHOEHTU(ULMPAH KaTo ‘cenaHoBCKki’. TUMWYEH TeXeH NpeAcTaBuTen e eaHOMMeHHOTo CenaHoBCko HedTeHo
Haxogulle. 3a ycnoBusiTa Ha TO3W TUN HaxoAMLLa ca BanuaHM obLyMTe MPUHLWNK, KOUTO XapakTepuaupaT MexaHu3Ma W KMHETMKaTa Ha npoLiecuTe, CBbp3aHu C
HeTOOTAABAHETO B HanykaHW cpedu. Te CbabpxaT v peauvua cneunduyHn 0coBEeHOCTM, NPOM3TUYALLM OT KOHKPETHUTE reOnoXKM YCMOBMUS W MokasaTenute Ha
nnactoeata cucTema: MoAena Ha BMECTBALLOTO MPOCTPAHCTBO; (HNyMAOHACUTEHOCTTa HAa Pa3NuyHWTE TUNOBE MPasHWHW M TAXHaTa B3aMMOCHOOLaeMoCT;
NnoBeAEHNeTO Ha NNnacToBaTa eHeprus; 04akBaHUTe (pa3oBy NPeBPbLLAHNS Ha BbIMEBOLOPOAHATA CUCTEMa, MONEKYNHaTa Npupoaa Ha TBbpAaTa NoBbPXHOCT U Ap.
/3BnnyaHeTo Ha Hed)Ta OT NyKHaTUHHaTa CUCTEMa Ce OCbLUEeCTBABA B PE3yNTaT Ha peanu3vpaHuTe rpagueHT Ha HanaraHeto. OCHoBHUTE OBWXeLn cunu B
MaTpUyHaTa cucTemMa ca CBbP3aHy C KanunspHUTe SBNEHNS, BLTPELIHONNACTOBUTE Aenpeci, enacTuiHnTe CBOMCTBA Ha inymaunTe 1 ckanata v jerasauuara Ha
Hedhta. Bb3MOXHOCTUTE 33 M3BNUYaHE HA HedTa 3a HaxoauLaTa OT “CenaHoBCKM TUN” ca KpailHo OrpaHMYeHn U Te ca CBbP3aHyu M3KIKYUTENHO C NyKHaTMHHATa

cuctema. AHanuauTe 1 U3BOaMTE MO OTHOLLEHWE Ha CenaHoBCKOTO Haxoauiie nMar no-mpoka 3Ha4MMOoCT U MoraT da ce U3non3Bat 3a NPOrHOCTUYHK Lienu.

BBbBEJEHME

B cpenHoTpmackus paspes oT u3ToyHaTa yact Ha flomckata
naguHa ca YCTaHOBEHW HedhTeHn akymynauum (CenaHoBcka,
MapuHoBrepaHcka), kouTo ca NpUBbLP3aHN KbM cneundunyeH
TMN  NpUpOLEH  pesepBoap,  MOEHTU(MUMpaH  KaTo
‘cenaHosckn” (BanuHos u ap.2002). OcHoBaHue 3a ToBa ca
XapaKTEpPHWUTE NTUTOrEHETUYHW U NETPOGU3NYHM OCOBEHOCTH
Ha KOMEKTOPHOTO TAMO, KOUTO 00YCMaBAT HErOBUS 3HAYNTENEH
kanauuTBeH U unTpauMoHeH noteHunan (bamvHoB W
ap.2001). Tpu Hanuuue Ha BBLIMEBOAOPOAHU aKymynmauuu ¢
MPOMWLLNIEHA 3HAYMMOCT, BaXEH MpPaKTUYECKU WHTEpPeC
MpeLcTaBnsBa CTEMEHTa Ha W3BMNEKAEMOCT Ha METPONHUTE
pecypcu, KOSTO 3a YCOoBUATa Ha “CeNlaHoBCKMUS” TUM NPUPOAEH
pesepBoap WMMa CBOWTE CrieuuduyHn u3mepeHus. B Toea
OTHOLLEHME ONpesensLlo 3HaYeHre UMaT U3NYHUTE acnekTu
Ha MexaHW3Ma W KWHeTMKaTa Ha MpoLecuTe, CbMbTCTBALUM
ekcnnoatauusta Ha 3anexute. [IpoOrHo3MpaHeTo Ha Tesu
npouecu ce 6asnpa Ha [ETANNHOTO NO3HABaHE Ha BaXHM
NPEeLNOCTaBKM, CBbP3aH C KOHKPETHUTE TEOIOXKKM YCHOBUS U
pepuLa nokasaTenu Ha nnacroearta cucTema.

TunuyeH NpeacTaBUTEN Ha BBIMEBOSOPOLHUTE akyMynaLuy,
NpVBBP3aHN KbM NPUPOAHM pe3epBoapy OT “CenaHoBCKM TUM,
e egHoumeHHoTo CenaHoBCKO HedbTeHO Haxoauwe. Moxe pa
ce npeanonara, Ye M 3a Opyru Haxoguiia, obpasyBaHu npu
aHanorvuHu Unu ONU3KN reonoXKu ycnosug, MexaHu3ma Ha
npouecuTe, CBbP3aHN C U3BNMYAHETO Ha HedTa, NPUHLMMHO
HaMa ga ce otnuyasat. OT Tasu rmegHa TOYKa aHanusuTe U
u3BoaMTE MO OTHOWeEHWe Ha CenaHoBCKOTO HaxoauLue
npugobmBaT No-LUMPOKa 3HAYMMOCT.

KPATKW CBEAEHWA 3A CENTAHOBCKOTO HAXOIMULLE

CenaHOBCKOTO He(TEHO Haxogulie e pasnornoXeHo B
n3ToyHaTa YacT Ha Apnoscko-CenaHoBckaTta BanonofobHa
meuua. To e MpuMBLP3aHO KbM XOpCT-BpaxuaHTUKNUHaNHa
CTPyKTYpa. TPOAYKTUBHUAT XOPWU3OHT NMPEACTaBsiBa CMOXHO
no cTpoex nnacToobpasHo Tano ¢ AaebenuHa 20-25m,
pa3noroXeHo B ropHata uact Ha OnneTHeHckata cBWTa
(aHu3). B nMTONOXKO OTHOLLEHME TON € U3rpageH OT NnacToBe,
NpOCMONKN 1 newy oT npeobnagasallo NeneTHu, neneTHo-
OMOAETPUTHM 1 YaCTUYHO OT MUKPUTHM BapoOBWLM, HAMUPALLM
Ce B CMOXHM NPOCTPAHCTBEHWN B3aMMOOTHOLLEHWS. 3HauuTen-
HOTO NWTOreHETWYHO MHoroobpasve W CreuudnUyHOTO
pasBWTUE Ha MOCTCEAMMEHTALMOHHUTE npouecn obycnassT
06pa3yBaHeTO Ha Pa3HOPOAHM MO reHesuc, mopdonorus u
pasvepun npasHuHW. Te dopmupaT ABe  OTHOCUTENHO
ABTOHOMHM  (DIyMAOHACUTEHW  CUCTEMM: MyKHATUHHA W
matpuyHa (banuHos u gp.2001).

lMykHaTMHHaTa cuUCTeMa MMa MOBCEMECTHO pasBuUTWE B
rpaHULMTE HA MPOAYKTUBHUS XOPW3OHT. TS e npeacTaBeHa oT
pasnuYHM TeHepauun U C pasnnyHa opueHTauws (npeobna-
[aBaLlo BEepTMKaNHM) U MalabHoCT (KbCW, CPEAHU U Obrm)
MWKPO- M MaKPOMyKHATWUHM, YCMOXHEHM OT pasLUMpeHus,
OTBOPEHM MMM YaCTUYHO MUHepanuaupanu. Te opmupat
(OUNTPAUMOHHMA  NOTEHUMAN Ha MPOAYKTMBHWS  XOPU3OHT
(NpoHML@eMOCTTa [OCTUra HSKOMKO OECETKM munugapcu) u
MMaT  CPABHUTENHO  HUCKM  KanauWwTWMBHW  KayecTga.
EdektushmaTr um  (HedptoHacuteH) obem ce oueHsiBa
npubnuauTenHo Ha 1,6.10° mé,



MaTpuuHata cuctema Chabpxa MEXLy3bpHECTH, dparmeH-
TapHW, MEXOYKPUCTAmNHU, PEenuKTOBO-NENeTHU (MONAUYHM),
PEenUKTOBO-pparMeHTapH  (BaroBu) npasHuHW  (Mopu K
KaBepHu), CBbP3BalM CyOKanunsipHu MOpHU KaHamu U
MWKPOMYKHATUHM (4aCTUYHO MMM M3LANO MMHEpanuanpaHm).
Te vmaT HepaBHOMEPHO MPOCTPAHCTBEHO pa3npedeneHne W
cneunuyHa MpUBBP3AHOCT KbM Pa3NyHM TWUMOBE CKaIM.
BmectumocTTa ce u3MeHs B TBbpAE LWMPOKKM TpaHuLum,
pocturaiikn 26% wu noseve. CbLUEBPEMEHHO MaTpuyHaTa
cuCTeMa Ce XapakTepusupa C  M3KITIOYUTENHO  HUCKM
(UNTPALMOHHM  CBOWCTBA  (MPOHMLAEMOCTTa  PSALKO
npesuwasa 0,1 md). Toea cBugeTencTea 3a OTCHbCTBUE Ha
edeKkTUBHA Bpb3ka Ha MaTpUyHus BMecTBal, obem ¢
cunTtpupaliata nykHatuHHa cuctema (banuHos u ap.2001).
Ta opmupa OCHOBHUSI KanauuTWBeH nOTeHUMan Ha
NPOAYKTUBHWAS XOPU3OHT. EEeKTUBHUAT 1 (HedpTOHacUTEH)
0bem cheTasnasa npubnuauTenHo 2,05.108 mé.

OcHOBHMTE CBOWCTBA Ha MNACcToBUS HET Ca ONPeaerneHu
NPy HavanHute TepmobapuUyHM YCrioBWMS Ha 3anexa. 3a
HayanHO NNacToBO HansraHe e npueta cTomHoctTa 29,63
MPa. HauanHata Temnepatypa cbcrasnsa 95°C. lpu Teaun
YCNOBMSI 3@ HAJanHO ras3oCbabpxaHue (rasoB (haktop) e
npueta cToitHocTTa 280 m*/m® ; 3a HansraHeTo Ha HacuLiaHe
- 265 MPa, a 3a 06emMHus koeduumeHT Ha HedbTa — 1,88. Mpn
CblUMTE YCMOBWS MOMEKYNHOTO Terno cbcraensea 215,
nMbTHOCTTa — 596 kg/ m®; aHaMuuHMAT BuckoauTeT — 0,520
cP, koepuLMeHTHT Ha cauBaemocT — 3,3.10° 1/MPa.

Mo cBosITa MoMeKynHa NpUPOAa MOBBPXHOCTTA Ha CKanuTe,
N3rpakgal  NPOAYKTMBHUS  XOPU3OHT, €  XeTeporeHHa
(Mlopnaros 1 ap.2001). Ckanute C BUCOKA HE(TOHACUTEHOCT
ca npeobnagaeawo xuapodobHM, a TE3M C  Hucka
HedpToHacuTEHOCT — npeobnagasalo xugpodunHu. Mopaam
BUCOKaTa He(*)TOHaCI/ITeHOCT Ha NyKHATUHUTE, TeXHUTE CTEHU
ca C BUCOKa CTeneH Ha XuapodoBHOCT.

B xuppoanMHamuyHO OTHOLLEHWE MPUPOJHUST pe3epBoap,
KbM KOWTO e MpuBbp3aH HedTeHUs 3anex, NpeacTaBnsea
3aTBOpEHa CUCTeMa, C OTHOCUTENHO Heroremu pasmepu. Tosa
npeaonpenenst HelHUS OrpaHW4YeH EHEprueH noTeHuman,
Bb3MOXHWTE ~ M3TOMHMUM HA  MnactoBa  €Heprus U
peanusaumsta um BbB BpemeTo. OT Tasn rMepHa Touka
YCNMOBHO MoraT [fa ObgaT OTAeneHu fABa nepuoja B
pa3paboTBaHETO Ha 3anexa: 1) nepuog Ha HamansBaHe Ha
NNacToBOTO HansiraHe OT HayanHaTa My cToiHocT (29,63 MPa)
[0 HansraHeto Ha HacuwaHe (26,5 MPa); 2) nepuog Ha
HamangBaHe Ha NnNacToBOTO HandaraHe nop CTOMHOCTTA Ha
HansraHeTo Ha HacuLaHe. Mpe3 MbpBUS NepUoA NnactoBata
eHeprus ce hopmupa B pes3ynTaT Ha enacTuyHUTe CBOMCTBA
Ha pesepeoapHaTa cuUcTeMa. PexuMbT Ha 3anexa e
enacT4HoBOAOHaNoPeH. pes BTOPUS Mepuof C MPUHOC B
EHepruitHus GanaHc yyacTea U eHeprisita Ha pasTBOPEHWs B
HedhTa ra3 U peXMMbT Ce TpaHC(OpMMpa B CMECEH.

MEXAHW3BM HA N3BNNYAHE HA HEOTA

CbBpeMeHHUTE MNOAXOOM 3a OUeHka Ha  HedTo-
ra3o0TAaBaHeTO Ha Mnacta ce OCHOBaBaT Ha (u3MyHATA
CbIIHOCT Ha MeXaHM3Ma W KWHeTMKaTa Ha npoLecute,
CbMbTCTBALLM  paspaboTBaHETO Ha  BbIMEBOLOPOAHUTE

akymynaumn. TAXHOTO MporHosupaHe npeanonara LeTainHo
rnosHaBaHe Ha CreuuduyHUTE OCOBEHOCTM W KOHKPETHUTE
roKasaTenu Ha pe3epBOapHIUTE CUCTEMM, KAKTO W Ha ponsTa U
3HaYMMOCTTa Ha MHOrooGpasHuTe (hakTopy, BbPXY XapakTepa
Ha Te3au NpoLecy.

3a ycnosusaTa Ha CenaHoBCKOTO HePTEHO HaxoauLle Tesu
0COBEHOCTM OCHOBHO Ce CBeXgaT f[0: Mofena Ha BMeECT-
BaLLOTO MPOCTPAHCTBO; (hNyWAOHACUTEHOCTTA HA PasfnyHUTE
TMNOBE MPas3HWHM W TsAXHaTa B3aMMOCHOOLLAEMOCT; mnoBe-
[EHNEeTO Ha nnacToBaTa €eHeprus; o4aksaHute (hasosy
NpeBpblyaHns Ha BbINEBOLOpPOAHATa CUCTEMa, XeTepo-
reHHaTa MonekynHa npupoga Ha ckanHaTa NoBbPXHOCT U ap.
Onpegenswa pons “Ma MOZembT Ha BMecTBawms obem
(banmnos u  pp.2001), cbrnacHo KOMTO  MPOAYKTUBHUAT
XOPW30HT CbbpXa [BE BMOXEHWN eaHa B Apyra, OTHOCUTENHO
ABTOHOMHM W CbLUEBPEMEHHO B3aMMOAECTBALLN NOMEXIY CH
CUCTEMM — MyKHATMHHA M MaTpuUyHa. Te Ce xapakTepusupar ¢
MPYHLMMHO pasnuyeH MeXaHWsbM Ha U3BMM4aHe Ha Hedra,
nopagu KoeTo Lue Bbagat pasrneaanHy NoOTAENHO.

MEXAHU3BM HA U3BNNYAHE HA HE®TA OT
MYKHATWUHHATA CUCTEMA

Mpe3 MbpBus nepuod Ha paspaboTBaHe Ha HaxoAwLEeTo,
KOraTo OCHOBHEH W3TOYHWUK Ha €eHeprus ca enacTuyHuTe
CBOWCTBA Ha MnacToBaTa CuUCTeMa (enacTU4HOBOZOHAMOPEH
pexuM), ce OCbLLECTBSBA MPOLIEC Ha M3TrackBaHe Ha HedTa
0T (unTpupallaTta nykHaTWHHa cuctema ¢ Boga. Orpanu-
YEHUSIT BMECTUMOCTEH MOTEHUMAn Ha MyKHaTUHWTE Cb3AaBa
YCTOBMSI 32 OTHOCWTENHO ~ aKTMBHO — BHELpsiBaHE Ha
nogHedhTeHMTE BOAM B 3anexa. T03u Mpouec nmpoTuya ¢
HeedHaKBa CTeneH Ha WHTEH3WBHOCT B pasnMyHUTE MO
pasmepn (wupounHa) nykHaTuHW. ToBa cb3gaBa npeg-
MOCTaBKM 3a M3NPEBapBall0 M3TNackBaHe B 30HUTE C
MOBWLLEHN PUNTPALIMOHHM CBOMCTBA, KbeTo NpeobnafasalLo
pasBuTME UMaT MakpomykHaTWHuTe  (coHg.P-3,P-9,P-10,P-
13,P-14). B opyru yyacTbUu, KbAeTO U3KIIOYUTENHO pa3BUTHeE
umaT  MukponykHatuHute  (coHa.P-6,P-11) ckopocTtTa Ha
ABVWXEHWe Ha briyuaHaTa cuctema e no-Hucka. B Tosm cnyyai
OnpefeneHa HeratMBHA PONSt UIPasT KanuMspHUTE SBNEHMS,
nopagw mMarnkaTa LUMpoYMHa Ha M KPOMYKHATUHUTE M BUCOKaTa
CTeneH Ha xuapodobHOCT Ha CTEHUTE MM,

CTeneHTTa Ha M3BNMMYaHe Ha HedTa OT 3aBOAHEHaTa yacT
Ha MNyKHaTMHHaTa CUCTEMA, MpU ONMTUMAmHM YCroBWS Ha
OpeHupaHe, e BUCOKAa W BeposTHO npesuwasa 90%. B
3aBUCUMOCT OT XMNCOMETPUYHOTO MOMOXKEHWEe Ha 3abos Ha
€KCNNOTALMOHHUTE COHAAXM, CNPAMO BOAOHE(TEHNS KOHTAKT
M oT 0cODEHOCTUTE Ha NyKHAaTMHHATa cucTema, crep
OnpefeneH nepuog Ce Cb3faBaT YCMoBWS 3a MosiBaTa Ha
BOAa, a Cred TOBAa M HapacTBaHe Ha CbAbpXaHWETO 1 B
NPOAYKUMSITA HA COHAAXWUTE, BKMKYMTENHO O 4aCTU4HOTO
UMM MBAHOTO MM 3aBofHsiBaHe. CrefoBaTenHo B kpasi Ha
MbpBUS  nepuog OT pa3pabOoTBaHETO Ha  HAXOAMLLETO
NPOAYKTUBHUSIT XOPW3OHT e Obae HepaBHOMEPHO [PEHMpPaH,
nopagu HeefHakeaTa CKOPOCT Ha W3TrackBaHe Ha Hedra OT
pasnuyHUTE N0 pa3mMepm NyKHaTUHY.

Bropuar nepuop Genexu Hayanoto Ha [ferasauus Ha
NNacToBWs HeT U TpaHCHOPMMPaHE Ha PEXVUMa Ha 3anexa B



cMmeceH. [TbpBOHayanHo oTAenAwmaT ce B cBOBOAOHO
CbCTOSIHWE ra3 Ce Hamupa B [MUCKPETHO CbCTOSHWE, MOA
thopmaTa Ha rasosu Mexypyeta. C HapacTBaHe Ha obema um
Te M3TnacKkeaT 4acT OT HepTa KbM EKCMIOTaLMOHHMTE
coHpaxu. CblueBpeMeHHO eqeKTbT OT M3TNackBaHeTo Ha
rasupaHus HedT OT nogHedTeHMTE BOAM PA3KO Hamarsea,
BCMEACTBME Ha MHOrOOPOMHWTE  KanumsipHM edektn B
pucnepcHata cuctema Hedr-ras. OcobeHo aKTMBHO € ToBa
OTPULATENHO BINSHWE B MUKPOMYKHATUHUTE, OBWKEHWETO B
KOMTO NpaKTU4eckn ce npeycraHossea. Crieq yBenuyasaqe Ha
obema Ha rasoBaTa (haza TA CTaBa MOABMXHA W B
WN3NpeBapBaLLOTO [BIKEHWNE KbM EKCTOTALMOHHUTE COHOaXM
YBIMYA YacT OT MO-TPYAHO MOLBWXKHMSA HedT. EdpekTbT OT
W3TNAcKBAHETO Ha rasoHedpTeHata cMec OT NoaHedTeHuTe
BOAW NpoabikaBa Aa Obae He3HauuTeneH, nopagu pA3KOTO
HamansBaHe Ha MOLABMXHOCTTA Ha (hnyuagHata cuctema B
ycnosusta Ha TpudpasHa cpunTpaums. CbBKynHOCTTa OT
HeBnaronpusHo gencTaly akTopy BoAW A0 BoWaBaHe Ha
eKCMNOoTaLMOHHMTE  XapaKTepUCTUKN Ha COHOaxuTe, BKIO-
YMTENHO O Camo3arfyllaBaHe M KaTo KpaeH pesynTar - [o
HamansBaHe Ha HepTOOTAaBaHETO Ha NyKHaTMHHAaTa cUcTema.

MEXAHW3BM HA U3BNNYAHE HA HE®TA OT
MATPUYHATA CUCTEMA

To3n MexaHu3bM € MPUHUMNHO pasniyeH OT OnUcaHus 3a
nykHaTMHHaTa cuctema. opagn Huckata NPOBOAMMOCT Ha
MatpuuaTta, TS He yyacTBa CaMOCTOSTENHO BbB UNTpa-
LMOHHUTE NpoLecH, @ BbB B3aUMOLENCTBME C MyKHATUHWTE.
lMpu ToBa B3aUMOZEWCTBME CleABa Aa ce ovakBaT 3abaBeHu
TEMMOBE Ha HaMmansBaHe Ha HangaraHeto B MaTpu4yHaTa
cucTeMA, B CpaBHEHWE C NyKHATWHHATA, OT KOETO Mpou3Tiya u
no-KbCcHaTa Jerasaums Ha Hedpta B Hes.

Kato ce umat npegsug cneuynduynute ocobeHocTn Ha
CenaHOBCKOTO HedTEHO HaxoauLie, MOXe Aa Ce cMsTa, ue
OCHOBHWTE [ABWXEWM CUNW, KOUTO MpeawsBuKBaT WK
BB3NPensTCcTBaT W3BMMYAHETO Ha HedpT OT MaTpuuara ca:
KanunspHUTe MPOLECH; BbLTPELIHONNACTOBUTE  [enpecuu;
enacTuyHUTE CBOWCTBA Ha (orymanTe W ckanata; ferasaumsata
Ha HedbTa.

MpoLecy Ha KanunsApHO U3TNackBaHe ca BL3MOXHU crnef
3aBOfHSIBAHE Ha MyKHAaTMHHaTa cucTema, NpU  BUCOKA
He(pTOHAacCUTEHOCT Ha MaTpuuata W npeobnagasallo
XvapodunHa TBbpAa MOBBPXHOCT. Bb3amoxHOCTUTE  3a
W3BIMYaHe Ha HeT MO KanmunspeH MbT ca  KpaiHo
OrpaHNYeHn, Nopagu CregHUTe MpUYMHU: npeobnafasallo
XnapodobHM CBOMCTBA Ha MaTpuLaTa B y4acTbLuTe C BUCOKA
HepTOHaCUTEHOCT W  CPaBHUTENHO HUCKata W HeqTo-
HaCUTEHOCT B yyacTbuuTe C npeobnagaBallio XwapodumHu
CBOWCTBA; pPasfuyHa pPasMEpHOCT Ha MpasHuHUTE, (HOpMM-
paLLy CrioxHa no Mopdonorus CUCTeMa, B KOSITO KanumsipHOTO
WTNackBaHe € HeeMEeKTUBHO; OTPULATENHO BAWSHWE Ha
oTaensiiara ce B cBOOOAHO CbCTOsHWE ra3osa (hasa.

BbTpewwHonnacToBUTe Aenpecuu ca pesynrar Ha no-
BICOKMTE TEMMNOBE Ha CMafiaHe Ha MMacTOBOTO HansraHe B
MpoBoAsLiaTa NyKHaTWHHA CUCTEMa, B CpaBHEHWe C Te3n B
TpyAHOMpoHULaeMaTa Matpuua. Mopagy ToBa Mexay aBeTe
chCTeMM ce (hopmMpa HapacTeallia BbB BPeMeTo Aenpecis.

ToBa cb3gaBa ycnoBus 3a “U3TyaHe” Ha YacT OT HedhTa KbM
nykHaTuHUTE. OTHOCUTENHO NO-rONeMW Bb3MOXHOCTW 3a TOBa
CblUECTBYBAT B y4acTbLMTE C BUCOKA HE(PTOHACUTEHOCT Ha
MaTpuuata, YMsSTO NPOHULAEMOCT € CPaBHWUTEMHO MO-BUCOKA
WIW NPY Hanuyme Ha CBBbP3BALLM NMOKATHW MUKPOMYKHATUHY.
Cref Ha4anoTo Ha Jerasauusi Ha NNacToBUs HeT, NpoLecHT
€ 3aTPYLHEH MI HEBB3MOKEH.

Mpn HamansiBaHe Ha NNacTOBOTO HansraHe ce NposBsBa
eracTMyHaTa eHeprusi Ha MaTpuyHata cuctema. [pu
CbLLeCTBYBALLMTE BLTPELLHONMACTOBN AEMPECUM CE Cb3AaBaT
YCMOBWS 3@ U3TWYaHE Ha OOMbIHUTENHO KOMMYECTBO HEQT,
CbOTBETCTBALLO HA enacTuyHus pecypc. VI B TO3M cnyvan
Aerasauumsra Ha HedTa oka3Ba OTPULATENHO BIUSIHUE BbPXY
NOABWXHOCTTA MY.

B xoga Ha paspaboTBaHeTO Ha HaxOAMLLETO MOCOYEHWUTE
OBWKELLM CUMK Ce MposiBSBaT eAHOBPEMEHHO, C Pa3nuyeH W
MPOMEHINNB MHTEH3UTET, HO KaTO KpaeH pesynTar Te HaMa Aa
[0BefaT [0 M3BMUYAHE HA 3HAYMTENHW KOnM4ecTBa HedT OT
MaTpuuata (koeduumeHTa Ha HedpTOOTAABaHE efBa Nn e
npesuwasa 10%). [opagM Huckata MPOBOAMMOCT  Ha
MaTpuuaTta, OTAENAWMAT ce OT HedpTa ras, Bb3npensTcrea
npouecuTe Ha W3BMMYaHe Ha HedpTa, A0 MBIHOTO UM
npeycTaHOBABaHe B ycnoBusTa Ha TpudasHa GnyuaHa
cuctema.

CnepoBaTenHo OCHOBHUTE W3BMeKaeMu Konu4ecTea HedT B
CenaHOBCKOTO Haxoaulie Ce CbAbPXaT B NyKHaTWHHATA
cuctema. [pUHOCBT Ha MaTpuUyHaTa cucTeMa e KpaiHo
OrpaH1YeH 1 TOiA Lie Ce peanuaupa B NPOAbLIKUTENEH Nepuos
0T pa3paboTBaHETO Ha 3anexa, BKMOYMTENHO U Crief MbIHOTO
ApPEeHNpaHe Ha NyKHaTMHHaTa cucTema.

3AKMIOYEHNE

3a ycnosusiTa Ha “cenaHoBCKUS” TUM HE(PTEHM HaxoamLLa ca
BanuoHW  ODWWTEe  MpUHUMNKM,  KOUTO  XapakTepuaupar
MexaHu3mMa W KuHeTWKaTa Ha NpoLecuTe, CBbp3aHM C
W3BNMYaHETO Ha HedbTa OT HamnykaHw cpeau. Te cbabpxar
peguua  cneuuduyHu  ocobeHocTH,  mpousThYawM - ot
KOHKPETHUTE  TEeONOXKA YCNOBUS W MoOKaaTenure  Ha
nnactoBata cuctema. B pesynTaT Ha npencraBeHus aHanua
MoraT fja ce HanpaesT ClieaHUTe OCHOBHMW N3BOAN:
1. TllykHaTwHHaTa  cucTema  opmupa  efnWHHa B
XWOPOOMHAMUYHO — OTHOLIEHWEe  MpoBoZdlla  cpeja C
OTHOCMTEITHO HUCKa BMECTUMOCT. M3TnackBaHeTo Ha HedbTa ce
OCbLUECTBSBA B  pe3yntaT Ha  Bb3OEUCTBMETO  Ha
nogHedbTeHUTe BOAM W Ha peanuaupaHuTe rpagueHTn Ha
HandraHeTo. [1OBEAEHMETO Ha nnmacToBata eHeprus U
CBbp3aHMTE C TOBa (ha30BW MPEBPBLUAHMS Bb3NPEnsTCTBaT
MbfIHaTa peanu3auus Ha KanauuTUBHUS NoTeHLmarn;

2. MatpuyHata cuCTEMa MMA  BMCOK  KamauuTvBeH
noTeHuuan, obycrnoBeH OT NPUCHLCTBUETO HA Mpa3HUHM, YECTO
CbC 3HauuTenHu pasmepu. Heroeata peanusauus obaye e
He3HauMTENHa, Nopaan HUckaTa edheKTUBHOCT Ha nnacToBaTa
€Heprusl, 3aTpygHeHaTa CboOWAEMOCT Ha MpasHUHUTE C
NyKHaTWHHATa cuUCTEMa W CMEUMGUYHNS MEXaHW3bM Ha
U3BNMYaHe Ha HeTa;



3. Bb3aMoxHOCTUTE 3a U3BNUYaHe Ha HedTa 3a HaxoguLlaTa
OT “CenaHoBCKM” TWM ca KpalHO OrpaHUYeHm 1 Te ca CBbP3aHu
WU3KMKYNTENHO C NyKHATUHHaTa cucTema. CnefoBaTenHo kaTto
ce UMa npefBua HemHus edpekTueeH (HedbToHacuTeH) obem,
06eMHUs KOEMLMEHT Ha HedTa N Bb3MOXHUA KOe(ULMEHT
Ha HepToOTZaBaHe, U3BNIEKAEMUTE KONMYECTBA B Nepuoga Ha
edekTBHUS o6MB efBa nu e npesuwasat 50-60 xun.ToHa,
KOETO CbCTaBMsABa e[iHA TPeTa YacT OT epeKTUBHMS 1 0bem.
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PHYSICAL ASPECTS OF OIL-RECOVERY IN SELANOVTSI TYPE OIL FIELDS

Vassil Balinov, Efrossima Zaneva-Dobranova
University of Mining and Geology “St. Ivan Rilski”, Sofia 1700, Bulgaria, E-mail: geoenergy@mail.mgu.bg

ABSTRACT
THE MIDDLE TRIASSIC SECTION IN THE EASTERN PART OF LOM DEPRESSION (SELANOVTSI, MARINOVGERAN)

CONTAINS OIL ACCUMULATIONS RELATED TO A SPECIFIC TYPE OF NATURAL RESERVOIR. IT WAS DEFINED AS
“SELANOVTSI” TYPE. A TYPICAL REPRESENTATIVE IS THE HOMONYMOUS SELANOVTSI OIL FIELD. THE GENERAL
PRINCIPLES WHICH CHARACTERIZE THE MECHANISM AND KINETICS OF OIL EXTRACTION FROM FRACTURED MEDIA
ARE VALID IN THE CONDITIONS OF THE “SELANOVTSI” TYPE OIL FIELD. THERE ARE A NUMBER OF SPECIFIC FEATURES
ARISING FROM THE PARTICULAR GEOLOGICAL SETTING AND THE CHARACTERISTICS OF THE STRATIFIED SYSTEM,;
THE MODEL OF THE HOST SPACE; THE FLUID SATURATION OF DIFFERENT TYPES OF CAVITIES AND THEIR
COMMUNICATION; THE BEHAVIOR OF BED ENERGY; THE EXPECTED PHASE TRANSFORMATIONS OF THE
HYDROCARBON SYSTEM; THE MOLECULAR NATURE OF THE HARD SURFACE, ETC. THE RECOVERY OF OIL FROM THE
FRACTURE SYSTEM IS CONTROLLED BY THE PRESSURE GRADIENTS. THE MAIN DRIVING FORCES IN THE MATRIX
SYSTEM ARE RELATED TO CAPILLARY PHENOMENA, INTERBED DEPRESSIONS, THE ELASTIC PROPERTIES OF THE
FLUIDS AND THE SEPARATION OF GAS FROM THE OIL. THE POSSIBILITIES TO RECOVER OIL FROM “SELANOVTSI" TYPE
OIL FIELDS ARE EXTREMELY LIMITED AND ARE CONTROLLED EXCLUSIVELY BY THE FRACTURE SYSTEM. THE
ANALYSIS AND CONCLUSIONS INFERRED FROM SELANOVTSI FIELD ATTAIN A MORE GENERAL SIGNIFICANCE AND MAY
BE USED FOR PROGNOSTICATION PURPOSES.

INTRODUCTION The Selanovtsi oil field is a typical representative
of hydrocarbon accumulations related to natural
The Middle Triassic section in the eastem part of ~ reservoirs of “Selanovtsi” type. It may be assumed
Lom depression  (Selanovtsi, Marinovgeran)  thatthe mech.anlslmlof the processes, related to the
contains oil accumulations related to a specific type  recovery of oil, will in principle not differ from other
of natural reservoir. It was defined as “Selanovtsi” ~ fields which were formed in analogous or close
type (Balinov et al, 2002) on the basis of  geological setting. From this point of view, the
characteristic lithogenetic and petrophysical features ~ @nalysis and conclusions inferred from Selanovisi
which determine a considerable capacity and filed attain a more general significance.
filtration potential of the reservoir (Balinov et al.,
2002). Since the hydrocarbon accumulations are of
industrial significance, the recovery efficiency of the SHORT NOTES ON THE SELANOVTSI OIL FIELD
petroleum resources in the “Selanovisi” petroleum o .
reservoir is of great practical interest. From this point The Selanovtsi oil field is located in the eastern
of view, the physical aspects of the mechanism and part of Yarllovol-S.eIanovtS| swell aqd is re!ated lto a
the kinetics of the processes, which accompany the horst-brachianticline. The productive horizon is a
exploitation of the oil field, are of essential complex, 20-25 m thick stratified body located in the
importance. The prognosis of these processes is  Upper part of Opletnya Formation (Anisian). This
based on detaled knowledge of important bod){ comprises beds, mterbgds gnd lenses of
characteristics related to the particular geological ~ dominantly pelieted, pelleted-biodetrital and locally

setting and to a number of factors that control the ~ Micritic limestones in complex spatial interrelations.
stratified system. The considerable lithogenetic diversity and specific

development of post-depositional processes control
the formation of cavities of diverse genesis,
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morphology and dimensions. They form two
relatively autonomous fluid-saturated systems:
fracture and matrix system (Balinov et al., 2001).

The fracture system is of general occurrence
within the productive horizon. It is formed of micro-
and macro-fractures of different generations,
orientation (dominantly vertical) and scale (short,
medium and long). Commonly, the fractures are
complicated by open or partially mineralized
irregular extensions. They form the filtration potential
of the productive horizon (the permeability grades to
several tens of md) but their capacity is relatively
low. Their effective (oil-saturated) volume is
estimated to be approximately 1,6.10° m®.

The matrix system comprises intergranular,
fragmentary, intercrystall, relictic-peletted (moldic),
relictic-fragmentary (vagues) cavities (pores and
caverns) that link subcapillary pore canals and
microfractures (partially or totally mineralized). They
show irregular spatial distribution and specific
relations to different rock types. Their capacity
varies in a wide range ranging to 26% and more. At
the same time, the matrix system is characterized by
extremely low filtration properties (the permeability is
rarely over 0,1 md). This indicates that there are no
effective links between the matrix cavities and the
filtrating fracture system (Balinov et al., 2001). The
matrix forms the basic capacity potential of the
productive horizon. Its effective (oil-saturated)
volume is approximately 2,05.10° m?,

The basic properties of the formation oil were
estimated on the basis of the initial thermobaric
conditions of the field: initial bed pressure — 29,63
Mpa and initial temperature — 95°C. Under these
conditions, the initial gas content (gas factor) is
assumed to be 280 m*/m?®; the saturation pressure —
265 Mpa and the volume oil formation factor — 1,88.
Under the same conditions, the molecular weight is
215, the density — 596 kg/m®, the dynamic viscosity
- 0,520 cP, the compressibility factor — 3,3.10°
1/Mpa.

According to molecular nature, the surface of the rocks,
which form the productive horizon, is heterogeneous
(Yordanov et al., 2001). The rocks with high oil saturation are
dominantly hydrophobic and those with low saturation -
dominantly hydrophilic. The high oil saturation of the fractures

indicates that their walls are highly hydrophobic.

In hydrodynamic respect, the natural reservoir of
the oil field is a closed system of relatively small
dimensions. This controls its limited energy
potential, the possible sources of bed energy and
their interrelations in time. From this point of view,
two periods of exploitation of the oil field may be
conventionally divided: 1) a period of decreasing
bed pressure, from the initial value (29,63 MPa) to
the saturation pressure (26,5 Mpa); 2) a period of
further decreasing bed pressure below the
saturation pressure. During the first period, the bed
energy is controlled by the elastic properties of the
reservoir system. The regime of the oil accumulation
is elastic-water drive controlled. During the second
period, the gas dissolved in the oil contributes to the
energy balance and the regime transforms into
mixed.

MECHANISM OF OIL RECOVERY

The modern approach to appraise oil and gas
recovery is based on the physical essence of the
mechanism and kinetics of the processes which
accompany the exploitation of the hydrocarbon
accumulations. Their forecast suggests detailed
knowledge of the specific features and
characteristics of the reservoir systems as well as
the role and significance of the diverse factors that
control these processes.

These specific features, applied to the conditions
of Selanovtsi oil field, are as follows: the model of
the hosting space; the fluid saturation of the different
types of cavities and their interlinks; the behavior of
bed energy; the expected phase transformations of
the hydrocarbon system; the characteristic
molecular nature of the rock surface, etc. The model
of the capacity volume (Balinov et al., 2001) is of
decisive importance. According to this model, the
productive horizon comprises two incorporated into
each other, relatively autonomous and at the same
time interacting systems - fracture and matrix
system. In principle, the mechanisms of oil recovery
from both systems is different and for this reason
they will be discussed separately.

Mechanism of oil recovery from the fracture system

During the first period of production, when the
elastic properties of the bed system (elastic-water
drive controlled regime) are the basic energy
source, a process of displacement of the oil from the

FOANIHNK Ha MurHo-eeonoxkus yHugepcumem “Cs. MeaH Purncku”, mom 45 (2002), csumbk | TEOJTOT U A
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fracture system initiates as a result of the invading
water. The limited capacity potential of the fractures
creates conditions for a relative active inflow of sub-
oil water into the oil accumulation. The process
progresses with different intensity in fractures of
different size (width). This creates favorable
conditions for an dominate displacement into zones
of higher filtration properties where macrofractures
dominate (wells P-3, P-9, P-10, P-13, P-14). In other
parts of the accumulation, where microfractures
dominate (P-6, P-11), the rate of motion of the fluid
system is lower. In this case, the capillary processes
play a negative role due to the small width of the
microfractures and their highly hydrophobic walls.

The oil recovery from the watered part of the
fracture system, at optimum drainage conditions, is
high and probably exceeds 90%. Some time later,
depending on the hypsometric position of the well
depth with respect to the oil/water contact and the
specific features of the fracture system, conditions
for water inflow may develop and later — the water
content in the production of the wells may increase,
including  partial  or  complete  watering.
Consequently, in the end of the first period of
exploitation of the oil field, the productive horizon will
be irreqularly drained due to the unequal
displacement rate of the oil from different in size
fractures.

The second period marks the beginning of gas
breakout and transformation of the regime of the
field into mixed. The gas, initially expanding in free
space, is now in discrete state, under the form of
gas bubbles. With increasing volume, they
displacement part of the oil into the production wells.
At the same time the displacement effect of the gas-
containing water below the water/oil contact rapidly
decreases due to the numerous capillary effects in
the oil-gas dispersion system. This negative effect is
very strong in microfractures in which the motion
may practically stop. After the expansion of the
volume of the gas phase, the latter becomes mobile
and involves part of the less mobile oil in its
dominate displacement motion to the production
wells. The displacement effect of the oil-gas mixture
from the water below the oil/water contact continues
to be small due to the rapid decrease of the mobility
of the fluid system under the conditions of three-
phase filtration. The combination of unfavorable
factors leads to worsening of the production
characteristics of the wells, including water cut and

as an end effect — to a decrease of oil production
from the fracture system.

MECHANISM OF OIL RECOVERY FROM THE MATRIX
SYSTEM

This mechanism is in principle different from that
described for the fracture system. Due to the low
conductivity of the matrix, the latter does not
participate independently in the filtration processes
but interacts with the fractures. In this interaction,
lower rates of the pressure gradient in the matrix
should be expected as compared to the fractures
and as a result — late separation of gas from the oil
in the matrix.

If we take into consideration the specific features
of Selanovtsi oil field, it may be assumed that the
main forces which provoke or hinder oil recovery
from the matrix are: capillary processes;
inerformation depressions; elastic properties of the
fluids and the rock; separation of gas from the oil.

The processes of capillary displacement may
develop after watering of the fluid system at high oil
saturation of the matrix and dominantly hydrophilic
hard surface. The possibilities to extract oil by
capillary way are extremely limited for the following
reasons: dominantly hydrophobic properties of the
matrix in domains of high oil saturation and its
relatively low oil saturation in domains with
dominantly hydrophilic properties; different size of
the cavities, forming a system of complex
morphology in which the capillary displacement is
not effective; negative influence of the expanding
free gas phase.

The inerformation depressions are a result of
higher rates of bed pressure drop down in the
conducting fracture system as compared to those in
the heavy-permeable matrix. For this reason, an
increasing in time depression forms between the two
systems. This creates conditions for “outflow” of part
of the oil towards the fractures. Relatively better
possibilities for this process exist in domains with
high oil saturation of the matrix, the permeability of
which is relatively higher or in case of the presence
of linking local micro fractures. After the beginning of
the liberated from saturated oil of gas from the
formation oil, the process is hampered or
impossible.
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With decreasing bed pressure, the elastic energy
of the matrix system becomes the main factor. The
existing imperforation depression favors the outflow
of additional quantities of oil corresponding to the
elastic resource. Also in this case, the separation of
gas from the oil has a negative influence on its
mobility.

In the course of the development of the oil field,
the above mentioned moving forces occur
simultaneously, with different and variable intensity
but as a final result they will not lead to extraction of
considerable quantities from the matrix (the oil
recovery coefficient hardly could exceed 10%). Due
to the low conductivity of the matrix, the gas which
separates from the oil hinders the processes of oil
extraction to its full stop in the conditions of a three-
phase fluid system.

Consequently, the major extractable quantities of
oil from Selanovtsi oil filed are contained in the
fracture system. The contribution of the matrix
system is extremely limited and will come into effect
within a considerable period of time during the
development of the oil field, including also the period
after the full drainage of the fracture system.

CONCLUSIONS

The general principles which characterize the

mechanism and kinetics of oil extraction from
fractured media are valid in the conditions of the
“‘Selanovtsi” type oil field. However, there are a
number of specific features arising from the
particular geological setting and the characteristics
of the stratified system. The above analysis leads to
the following conclusions.
4. The fracture system forms a unified in
hydrogeodynamic respect conductive medium of
relatively low capacity. The displacement of the oil is
a result of the influence of sub oil water and the
existing pressure gradients. The behavior of the bed
energy and the related phase transformations hinder
the full realization of the capacity potential.

Recommended for publication by Department
of Economic Geology, Faculty of Geology

5. The matrix system has a high capacity potential
which is controlled by the presence of cauvities,
commonly with large dimensions. Its realization,
however, is insignificant due to the low effectivity of
the bed energy, the hindered communication
between the cavities and the fracture system, and
the specific mechanism of oil extraction.

6. The possibilities to extract oil from oil fields of
“‘Selanovtsi” type are extremely limited and are
related exclusively to the fracture system.
Consequently, taking into account the effective (oil
saturated) volume of this system, the volume
coefficient of the oil and the possible coefficient of oil
recovery, the extractable quantities in the period of
effective production will not exceed 50-60 thousand
tons which is approximately one third of its effective
volume.
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