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AxkmyanbHocmb uccriedogaHus 00ycrogneHa OCIOXHEHUAMU, B03HUKaOWUMU npu pa3pabomke 2a30KOHOEHCamHbIX MeCmopoXAeHul
Ha UCMOUWeHUe CO CIIOXHBIMU MepMoBapuYeCcKuMU yCrosusMu, C8A3aHHbIMU C npoyeccamu 8binadeHus 60MbLWO20 Kouyecmea pempo-
2padH020 2a308020 KOHOeHCama 8 hopogoOM npocmpaHcmee nnacma, a 0cobeHHo 861u3u AobbisalOWUX CK8aXUH U3-3a nadeHus nna-
€moe02o daeieHuUs], YMO 8 KOHEYHOM UMO2€e MOXem CHU3UMb Npou3sodumMenbHOCMb CK8axUH 8 08a U bornee pa3. B Hacmosiwee spems
8 C8SI3U C pa3gUMUEM MexXHoIo2Uli CMpoUMenbCMBo 20PU3OHMaTTbHBIX CK8aXUH Cmano mpaduyUoHHbIM MemoAOM yBeNuYeHUs 2a3o-
KoHAeHcamoomdayu, npu KOMOPOM 3a cyem nogbiweHus aghgekmusHol nnowadu OPEHUPOBaHUS CK8aXUHbI CYLECMBEHHO yMEHbLa-
romes 3HaveHus denpeccuu npu mex xe ombopax 2asa Unu 8bllie 8 CPABHEHUU C 8ePMUKabHbIMU, YMO GOMKHO Makxe CHU3UMb
HezamugHoe enusiHue aghghekma «koHOeHcamHol baHKu» npu peHmabesibHoM COOMHOWEHUU KO3ghehuyueHma u3sneqeHus 2asa K Ko-
aghhuyueHmy usenedeHus koHdeHcama. B cea3u ¢ amum akmyanbHbIM CmaHo8uMcs 8onpoc uccrnedoganus ahekmusHoCcmuU npume-
HEHUST MeXHO02UU 20pU30HMarbHbIX CKBaXUH Ha «CIOXHbIX» MECMOPOXOEHUSIX C Ha4aslbHbIM nnacmosbiM dagneHueM, busKuM unu
pasHbiM dagreHut0 Hadana KoHAeHcayuu ¢ 8bICOKOU cmeneHbo HeOOHOPOOHOCMU, HUSKUMU (hUTbMPayUOHHO-eMKOCMHbIMU ceolicmea-
MU U Manol MOWHOCMBIO.

Lenb: oyeHka mexHonoauli 3kchiayamayuu 2a30KoHOeHCamHbIX MECMOPOXOeHUU 8epmMUKasbHbIMU U 20PU30HMANbHbIMU CK8aXUHaMU
Npu PasfIuyHbIX MEXHOM02UYECKUX PeXUMaX 3KCniyamayuu CK8axuH Ha KOHEYHYI0 2a30- U KOHOeHcamoomdayy, a makxe U3yyeHue xa-
pakmepa 8binadeHusi KOHOeHcama 8 NoposoM NPOCMPaHCMeE 8 YCIoBUSX Heghme2a3okoHOEHCAmMHO20 MECMOPOXAEHUS C HU3KUMU
¢hunbmMpayUOHHO-eMKOCMHbIMU c80LCMBamu.

O6bekmbl. [Tnacm bYs'~2 xapakmepusyemcs ebICOKUM coOepxaHueM msxxenbix yenesodopodoe 8 cocmage nnacmogoeo 2asa, Komo-
Pble Ha4yuHatom 8binadame cpa3y Xe nocrne Hayana akcninyamayuu obbekma. [Mnacm umeem obwyro monwuHy om 22 do 57 m, u npu
3amom 0b6beM 2a3oHackIWeHHbIX NOPod cocmaesnisiem 5463585 mbic. M3, a HayasbHble 3anack| cyxoeo easa — 130064 miH M2,

Memodsi: 2eonozudeckoe u 2udpoduHamuyeckoe ModenuposaHue Ha npozpamMmHom npodykme T-Haguzamop (Rock Flow Dynamics).
Pesynbmambl. bbino ycmaHoBNeHo, Ymo 20pU30HMarbHas ckgaxuHa ¢ OnuHol nepghopupo8aHHO20 20pU30HManbHo20 ydacmka 1400
M cnocobHa 0obbigamb CMOMbLKO Xe 2a3a, CKOMbKO MpuU 8epmuKaribHbie NPU KpamHbIX MEeHbWUX 3Ha4yeHusix denpecculi, 00HaKo u3-3a
6bonbwe20 KoHMypa OpeHUpPo8aHus KoHOeHcam ebinadaem no bonbwemy 06bEMY nimacma ¢ HachIEHHOCMbIO HUXE «Kpumuyeckol» u
noamomy eecb 8binagwiuli KOHOeHcam cmaHosuUMcs HenoOBUXHbIM, npensimemeys a3y huTbmpogambCs K 3ab0K CK8aXUHbI U CHUXas!
obwuli koaghhuyueHm ussnedeHus 2asa/koaghgpuyueHm useneyeHuss KoHOeHcama. Takxe 8bIBIEH0, YMO 8EPMUKAIbHBIE CKBAXUHBI
npu GaHHbIX HayarbHbIX ycnosusx obecneyusarom 6onbwyo 000bMy KOHAEHCama NO CPABHEHUID C 20PU3OHMATBbHBIMU CK8aXUHaMU U
npu amom KoHdeHcama 0obbigaemces 6onblie Npu yMeHbWeHUU denpeccuu Ha nnacm.

Knioueenie cnoea:
2830KOHOBHCAMHbIE MECMOPOXOEHUS, 20PU30HMAITbHbIE CKBAXUHbI, B8PMUKAITbHbIE CKEAXUHBI,
KO3GhehuLUEHM U3BNEHEHUS 2a3a, KOI(hGULLEHM U3eieyeHUs KoHOeHcama, (huiibmpayUoHHO-eMKOCMHbIe ceolicmea.

1I1ast BEIPAbOTKA 3ammacoB 3a1eXkKH KaK ra3a, TaKk ¥ KOHICH-
cara [1, 2]. IlomoOHBIE PUMEPHI OCTOXHEHH, CBS3aH-
HBIX C 00pa3oBaHHEM «KOHIEHCATHBIX 0aHOK» TOAPOOHO
OTHMCaHBI B CTaThsX [3, 4]. B HacTosmiee BpeMs B CBS3H C
Pa3BUTHEM TEXHOJOTHi CTPOMTENBCTBO TOPH30HTAIBHBIX
CKBOXHH CTalo TPajMIHOHHBIM METOJIOM YBEIHYCHHS
ra30-KOH/ICHCATOOT/auM, TJ€ 3a CYET NOBBIMICHHS (-
(eKTUBHOH IUIOMIAH APEHUPOBAHMSA CKBAXKHHBI CYIIIE-
CTBEHHO YMEHBIIAIOTCS 3HAYCHNUS JETPECCHH MPH TeX ikKe
oTOOpax rasa WiH BBIIIE B CDABHEHHUH C BEPTHKATBHBIMH,
YTO JIOJDKHO TAaKKe CHU3UTH BO3HHKHOBEHHE «KOHICH-
CaTHOH OaHKI» MpU PeHTA0ETLHOM COOTHOIMIEHHH KO (-
¢urmenta u3pnedenns raza (KUI') k xoappumuenty usz-
Breuenus konaeHcara (KUK).

BBeaeHune

PaspaboTka Ta30KOHACHCATHBIX MECTOPOKICHHH CO
CJIOXHBIMH TEPMOOAPUUYECKHMH YCIOBHSIMH Ha HCTOIIC-
HUC 3a4aCTYH0 OCIOXHSCTCS MPOIECCAMH BBIMAACHHUS
OOJIBIIOTO KOJMYECTBA PETPOTPATHOTO TA30BOTO KOHICH-
cara B IOPOBOM IIPOCTPAHCTBE IUTacTa, & 0COOEHHO BONHU-
30 JOOBIBAIOIIMX CKBAXHH WM3-3a MaJE€HHs ILIACTOBOIO
JIaBJICHUS, YTO B KOHEUHOM MTOTe MOXXET CHH3HTh MPOU3-
BOJUTETLHOCTh CKBAXHMH B 1Ba W Oonee pa3. JlaHHBIH
Hpouecc IIOMHUMO 3HAUYUTCIBbHBIX HOTCpI) CaMoro KOHACH-
caTa U3 MOMYTHOTO ra3a IPUBOAUT K 00pa30BaHMIO «KOH-
JICHCATHOM OaHKW», KOTOpas B CBOK OYepeib CHHXKACT
TPOHMIIAEMOCTh MO Ta3y W B pe3ylbTaTe CHIKAeTcs 00-
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[ToaToMy mpencTaBIseTCs HHTCPECHBIM TIPOAHATU3H-
poBaTh TMPUMEHEHHWE TEXHOJOTHH TOPH30HTAIBHBIX
CKBAJKUH HA «CIOKHBIX» MECTOPOKICHHIX C HAYAIbHBIM
IIACTOBBIM JaBICHHEM, OM3KUM MM PABHEIM JABJICHUIO
Havaga KOHACHCAIMI C BBICOKOW CTEMEHBI0 HEOJHOPOJI-
HOCTH, HH3KUMHU (WIBTPAIOHHO-EMKOCTHBIMH CBOIi-
CTBaMH W MaJIOH MOIIHOCTBIO Ha IpUMepe HedTerasoko-
HICHCATHOTO MECTOPOKACHHUS, PACIIONOKEHHOTO Ha Tpa-
HUNAX YPEHTOWCKOTO MeCTOpOXIeHus. M3ydaemsiit
miact BYg'? Xapakrepusyercs BBICOKHM COZICPKAHHE
TSOKENBIX YTJIEBOJIOPONOB B COCTAaBE ILTACTOBOTO ra3a,
KOTOpBIE HAYMHAIOT BBINMANATh Cpasy K€ Mocle Hadama
sKcruTyaramuu 00bekTa. [LmacT uMeer oOmIyro TONMIMHY
0T 22 10 57 M, ¥ TIpH 3TOM 00BEM I'a30HACHIIEHHBIX MO-
pox cocrasister 5463585 Thic. M’, 8 HavaIbHEIC 3aIIACkI
cyxoro raza — 130064 mun M.

Mpo6nema BbINafeHns KoHAeHcaTa

B NOPOBOM NPOCTpaHCTBe NnacTa

Korma nasnenne B ra30KOHACHCATHOI 3aNeXKH B TIPO-
mecce pa3pabOTKH MagaeT HIKE TOUKH POCHI, MPOHCXO-
JUT peTporpaaHas KOHJIEHCAIMs BBICOKOKUILALINX YTJIe-
BOJIOPOJIOB C BBIMAJICHHEM YaCTH U3 HUX B XKHAKYIO (asy.
OO6pasoBaBmiascs B pe3yJbTaTe KOHACHCALUH YITIEBOO-
pOZHAS JKUOKOCTH YIEpPKUBACTCS TPABUTANMOHHBIMH W
KaIWDLIPHEIMA CHIIAMH WIXA OCTaeTcs B ILTACTE H3-3a
HU3KOH (ha30BOH MpoHMIIAEMOCTH TSt Xuakoctd [5, 6].
IToTox m00BIBaEMOrO Ta3za CTAHOBUTCS OefHee 10 Cozep-
KAHUIO TSOKENBIX YITIEBOAOPOAOB (MAgaeT MOTECHIHANTb-
HOE colepkaHne KOHZACHcaTa B rase). B pesynbrare Ko-
3(UIUEHT H3BICUEHUA Ta30BOr0 KOHJACHCATa, COJIEp-
KAIEro OCHOBHYIO YacTh TKENBIX KOMIOHEHTOB, B Ta-
KoM ciy4ae coctaBiset He 6onee 30—40 % OT HayambHBIX
3amacoB [7]. MexaHH3M JaHHOTO OCJIOXHEHHS CBSA3aH C
dddexTaMn KamAIUIAPHOTO 3alIeMICHHS WIN YIaBIBA-
HUS OKHAKOH  (a3bl  Ta3oKOHAGHCATa B  TOpOJIeE-
KOJUIEKTOpe. BhImaneHne koHaeHcaTa U3 rasa IpoMCXO-
JUT B TIOPOBOM ITIPOCTPAHCTBE OKONOCKBAKHHHON 30HBI
INACTa, B Pe3yNbTaTe BOSHUKAET KAMULIPHOE TaBJICHUE
(0OycrmoBIEHHOE TOSBICHHEM BTOPOW, HECMEIIHBAIO-
meiicss $aspl, KoTopas IMeeT KOHEYHOE MOBEPXHOCTHOE
HaTSDKEHUE MEXIY KHUAKOH W ra3oBod (asoi). ITo Ka-
MIWULIPHOE  TABICHUE YICPKHUBACT OTICIbHBIE KaIlIH
KOHJICHCATa B LEHTPATBHONX YacTH MOPOBOTO MPOCTPaH-
CTBA ¥ HE TIO3BOJIICT UM [BHTATHCS, TIOKA HACKHIIICHHOCTD
KOHJICHCATOM HE BBIPAcTeT 10 TOYKH, HAYMHAs ¢ KOTOPOH
OTJE/bHBIE KAIUIA CKOHACHCUPOBAHHOM! YII€BOLOPOLHOM
XKHAKOCTH MOTYT OOBEAMHATHCS U (YOPMUPOBATH HETpe-
PBHIBHYIO KOHIEHCATHYIO IUIEHKY B TIOPOBOM IPOCTPAH-
ctBe. Kak Tonbko 310 ciydaercs, xuakas (pasa npruodpe-
TaeT (a30BYI0 NMPOHUIAEMOCTh M MOXET Te4b Kak OT-
JenpHas (asa B miacte. 3HaYCHHUE HACHIIEHHOCTH KOH-
JCHCATOM, KOTOPOE JOJDKHO OBITH HOCTUTHYTO VIS TOTO,
4100l (pa3a cTama MOJBIDKHOH, OOBIYHO HA3BIBACTCS
«KPUTHUECKOH» HACBILICHHOCTBIO KOHeHcaToM. E€ 3Ha-
YEHUE MOKET BapbUpoBaThesl OT 1 % B BBICOKONPOHUIIA-
emblx Kojuiektopax 10 40 % B nopojax ¢ XyJLIUMH
(UIBTPAIHOHHO-EMKOCTHBIME cBoiicTBami [8]. B pabore
[9] sxcmepuMeHTAIBHO Ha (QH3MUECKHX MOJCIAX MOPH-
CTOH cpenpl OBLIO OKa3aHO, 4TO JAByX(azHas (uibTpa-
IS C YaCTHYHBIM BBIHOCOM KOHJIEHCATa M3 TOPUCTOM

CpeBl HAYMHACTCS MO JTOCTHKCHHIO TIOPOTa MOJBIKHO-
cTH, paBHOH S >36,6 %, B nuama3oHe MPOHHUIIAEMOCTH,
pasuoit 17<k<1370 m/l. B nenom ynaBiuBaHne KOHACH-
cara Oomee BBIPaKEHO B Cpelax ¢ MPOHHUIIAEMOCTBIO Me-
Hee 100 m/l. Takxe oTMedaercs, 4To yxe MOCIE HACHI-
IeHUs TIOPUCTOH cpelbl KoHAeHcaToM Bbime Ha 20 %
(ha3oBas MPOHMI[AEMOCTD IO Ta3y HAYWHAET PE3KO CHH-
HKAThCAL.

B pa6ore [10] O. Fevang myrem 4HCIE€HHOTO MOJI€-
JUPOBaHUA OBUIO YCTAHOBJIECHO, YTO MPOIECC JBIKCHHUS
TIOTOKA YTIIEBOJOPOIHON JKHUIKOCTH K 320010 BEPTHKAIb-
HOW CKBaXKMHBI C BBHITIAJICHAEM KOHJICHCATa B MPHU3a00Hi-
HOH 30HE TIIACTa YCIOBHO MOXHO Pa3leiuTh Ha TPH 00-
nacti: 1 — obnactb npu3ab0NHHOM 30HBI CKBAXHHBI (B Hell
TIOIBHIKHEL Be (hasbl: xKuakas (KOHIEHCAT) U razoodpas-
Has (ra3); 2 — o0macTb, B KOTOPOH MPOUCXOUT BbIIAJE-
HHe KoHJeHcaTa (KuaKas (aza HeloABIKHA, ra3oBas da-
3a MOJIBUKHA); 3 — 00J1acTh, yIaTeHHas OT MPU3a00HHOM
30HBI IIACTa (COAEPIKUT TOIBKO OfHO(A3HBIH MOTOK rasa,
coJiepXkaHue KOHJIEHcaTa paBHO Hymo). B pabote [11]
OBLT POBE/ICH YHCIICHHBIA aHAIIN3 MCTIBITAHUH TOPH30H-
TAIbHBIX CKBAXHWH B YIIPOIICHHON MOENH Ta30KOHACH-
CaTHOTO KOJUIEKTOpPA, M OBLIO 00HAPYKEHO, YTO TOBEJe-
HHE W PEAKIUs NABICHHS TOPH3OHTAIBHON CKBAKHHBI
CXOXKH C TEMH, YTO OBUIH MOJNYYCHBI NIPH U3YUCHUH BEp-
THKABHBIX CKBaXUH B padote [12]. Takxe Mo aHATOTUH
C BEPTHKAIBHBIMY CKBaKHHAMH OBLITH BBIIEIEHBI TPH 00-
JACTH TMOTOKA IUIACTOBOTO (omaa K 3a00K0 T'OPU30H-
TANbHOM CKBKUHBL: | — HACBINICHUE KUIKOCTHIO B 3TOM
PETHOHE YBEIMYMBACTCS, YTO OOYCIABIMBACT TEUCHHE
Ta30KOHJIEHCATa K CTBOJY TOPH30HTAIBHOM CKBAKIHBI HE
TOJBKO B Ta30BOi, HO M B XHAKOH (hase; 2 — obmacTb
HAKOIUICHHsS KOHJICHCATa, B KOTOPOW YTIEBOAOPOIHAS
KHUIKOCTb HE SBIACTCS MOJBIKHOH; 3 — MPONECCHl KOH-
JeHcanuu He mpoucxonsat. Kpome Toro, ObUIO MOKa3aHo,
9TO MPOCaIKa AABICHHS U TOPU3OHTAIBHOH CKBAYKIHEL
HAMHOTO MeHbIIe, ueM 11 BepTukansHoi [13]. [lostomy
JaBIICHHE Ha 3a00€ TOPU3OHTANBHON CKBAXKUHBI JOCTHT-
HET JaBJICHUS TOYKK POCHI 3a OoJiee JTMTEIBHOE BpeMs
T0 CPABHEHUIO C BEPTHKAIbHON U HAKIOHHOM CKBAKMHOM,
9TO MOJOKUTENBHO CKaKeTCs Ha d(Q(QEKTUBHOCTH pazpa-
OOTKH MECTOPOKICHHS B YCIOBUIX HHTCHCHBHOTO BEIIIA-
JICHHUS TA30BOT0 KOHJICHCATA.

CocraB 1 cBOWCTBa MOAeny nnacToBoro dniounpa

Ha obObekTe aHamu3a BBHIMOTHEH KOMIUIEKC MPOMBIC-
JIOBBIX HCCIIEIOBAHUI /Il OLEHKU Ta30KOHJIEHCATHBIX
napameTpoB. B mporecce mpoMBICIOBBIX UCCIENOBAHUI
TPOM3BOIIICS OTHOBPEMEHHBIH OTOOp TpPOO CHIPOTO
KOHJIEHCATa W Ta3a cemapaluu JUis MpoBeJieHUs Tadopa-
TOPHBIX HCCNE0BAHUM, KOTOPbIE BKIHOYAIH OIpesene-
HHE COCTaBa TIACTOBOTO I'a3a U PacyeT MOTCHIUAIBHOTO
COJEepXkKaHKA B HEM 3TaHa, IIponana, OyTaHOB, IEHTAHOB U
Oonee BBIMICKHUIMUX KOMIIOHEHTOB IUIACTOBOTO Tra3a
(cTaOWIBEHOTO KOHJIEHCATA), pacyeTa KPUTHYECKHX Mapa-
METpOB TTACTOBOTO I'a3a M KOHJICHCATa, & TAKKe M3yye-
HUE QU3UKO-XUMHYECKOH XapaKTePHCTUKU KOHEHCATa U
UCCNEeIOBAHUE Ta30KOH/ACHCATHOH CHCTEMBI C LENbIO
ONpelieNieHus JaBleHus Havajla KOHIEHCALUH U IUIacTo-
BBIX MOTEPh KOHJEHCATA NPU YCIOBUHM Pa3pabOTKH 3aie-
KU Ha ucTomeHue. [IpuHATHIA TacToBBI (oua Xxa-
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PaKTEpU3yeTCs BHICOKMM HAYANBHBIM COJCPIKAHHEM Ta-
30KOH/ICHCATa. DBBUIO YCTaHOBJIECHO, YTO CYIIECTBYIOT
0oJIblIKe MOTEPH ra30BOr0 KOHJEHCATa B Mpolecce pas-
pabotkn Ha ucrtonmenue (puc. 2). Taxke KOHIEHCAT BbI-
najaer cpasy rnocne Hauana pa3pabOTKH, YTO OCIOXKHSET
npornecc GUIBTpAIMK Ta3a K CKBAXKUHAM, HE TOBOPS YKe
0 TIOTEPSAX CaMoro KoHaeHcara (puc. 1).

Taonuya 1. Cpeonuii KOMROHEHMHO-PPAKYUOHHBIL COCMAG
naacmoeoco 2asa

Average component-fractional composition of
reservoir gas

Table 1.

. k= Cpenusis TemIe-
. Hauabiiii i 5|8 > | parypa kunenus
§ % COCTaB IJIaCTOBOI'O § 8 é _E) § £ q)paKL[Hﬁ C5+
ge| o T ea22| 5 5| Average boiling
S g | Initial composition | & 2 3| 80 i i
S E| ofreservoirgas |8 = emperature
g8 = of fractions Cs.
% MoIb Kr/Momb | Kr/M® oC
% mole kg/mol | kg/m®
CO, 0,273 — — —
N, 1,045 — — —
CHy4 80,842 — — —
C,Hs 6,044 _ _ _
CsHg 3,761 — - _
iC4Hyo 0,790 — — _
nCsHyo 0,921 - — -
(0] 2,580 80 675 61
D2 1,812 104 754 125
o3 0,850 128 783 175
D4 0,491 153 812 225
o5 0,334 184 832 275
D6 0,247 222 846 325

UW3BeCTHO, YTO YeM BBIIIE COMEPKAHUE TIPOMEKYTOY-
HBIX KOMIIOHEHTOB (9TaH, TpOTaH, OYyTaHbI), TEM HHKE
CTAaHOBHTCSl JABIICHHE HAYana KOHICHCAIMH M TeM

Phase Plot: Sample ZI

=== Z1 Critical Point

MEHBIIIE BBINAACT KOHICHCATA TIPH CHUKCHUH JIABICHUS

B cucteme [14].

Tak kak Goiee TSKemble YTIEBOZOPOIEl MEHEE HH-
TEHCHBHO HCIIAPSIOTCS B MApOBYIO (asy, COCTaB U CBOIi-
ctBa Tpymmbl Cs+ B paBHOBECHBIX (ha3ax MpH MApOXH-
KOCTHOM PaBHOBECHH CYIIECTBEHHO Pa3invatoTcs (3a uc-
KIFOYCHUEM OKOJIOKPUTUYECKOH oOnactu). PacuneHenue
rpynmsl Cs+ Ha ICeBI0-(DPaKIMK TO3BOISET PEIIUTE 3Ty
npo0IeMy ¥ MPAaBUIBLHO OMUCHIBATEH KaK KONMYIECTBEHHOE
COOTHOIICHNE MEXITy MapOBOH M XHUAKOW (azamu, Tak U
HX COCTaBbI, U (husnueckue cBoiicTa [15].

CBoiicTBa T'a30KOHJEHCATHBIH CMECH XapaKTepH3y-
0TCS CIEAYIONIMMH TapaMeTpaMu:

o [ICs, Ha mn. ra3 (IOTEHLMAIBHOE COJAEPKAHUE KOH-
nencara) — 290 oh’;

e MoIbHas o cyxoro rasa — 0,937 1. en.;

®  KO3(pUIMEHT CBEPXCKUMACMOCTH TPH HAYANBHBIX
yenosusx Z — 0,902;

¢ HavyambHOE IINACTOBOE IABJICHHE M TEMIeparypa —
29,1 MIla u 80 °C;

e JaBICHHE Hayajga KoHaeHcamuu cmecw — 29,1 Mlla
(HACHIICHHAs CHCTEMa-KOHICHCAT HAYMHACT BBITIA-
JIaTh Cpasy MPH MaJCHUH IIACTOBOTO TABICHHUS).

B nmanHo#i paboTe I YMCIECHHBIX PAcueToB ObLIa
ACTIONB30BaHA H30TEPMHUYECKAsT KOMIIO3HIMOHHAS MO-
JIeTTb TIACTOBOTO (TIoHIa Ha 0a3e TpeXmapaMeTpHIecKo-
ro ypaBHeHus coctosuus [lenra PobuHCcOHA ¢ 1EnmbIO
MaKCHMAJBHOM TOYHOCTH y4eTa (Ha3oBBIX NPEBPAIICHHI
IIACTOBOM ra3oKoHeHcaTHOM cmecu [16, 17].

Ha puc. 2 mpuBenena kpuBasi, ONMCHIBAIOMIAS M3Me-
HEHHE COZEePKaHM Ta30KOH/CHCATa OT W3MEHEHHS ILa-
CTOBOT'O JIABJICHHUS 110 MOJIENHU (JIIOUIA U B COOTBETCTBUU
¢ 1a00paTOPHBIMU UCCIETOBAHUIMA.

=521 Fixed Vapor Fraction Line (V= 0.50)

-=a—ZI: Dew lin CVD1

~d- 7t Bubble ine 44— SEPS1

400 —
a i CVD - Hauano BbinageHus koHgeHcara (29.1 Mna)
©
o 300—
© A
> ]
w
$ -~
c 200 ol

100 —

—..MJ,./"M.‘ %\\_
; . I . : . — . ; . ; . - : . .
200 300 400

Temperature K
Puc. 1. @azosas ouacpamma c dasienuem Havana konoencayuu ¢ 291 bap npu memnepamype 80 °C ¢ PVTi
Fig. 1. Phase diagram with a condensation start pressure of 291 Bar at 80 °C in PVTi
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Fig. 2. Dependence of potential Cs+ content on pressure

Mopenb chparmeHTa 3anexu Ansa YNCNEHHbIX pacyeToB

HWcxoHBIME TAHHBIME JUTS IOCTEIYIONINX YHCIICHHBIX
pacueToB TOCTYXUIU TaHHBIC He()TEra3oKOHICHCATHOTO
MECTOPOXKICHHS, TaKKE KaK: Teosornyeckue nanubie (LAS,
CTPYKTYPHBIE TOPH30HTHI, JHHAN Pa3IOMOB H T. 1.), Xa-
PaKTEePHUCTHKA IaCTOBOTO (mronza, reoJIoro-
TIPOMBICIIOBAS XapAKTEPHCTUKA MECTOPOKICHHUS U [Ip.

Tabnuya 2. Hauanvnvie 0annvle, npunsmole npu MOOeIUpo-
6aHuU ppacmenma

Table 2. Initial data received during fragment modeling

Jmuano X u Y, v/X and Y length, m 5200
Bsicora o Z (cpennee), M/Z height (average), m 35,7
HauanbHoe niactoBoe naBineHue Py, bap 201
Initial reservoir pressure, bar

Ornopsas riyouna, m/Reference depth, m 2860

HauainbHas macrosas remieparypa Ty, 80
Initial reservoir temperature, °C

IMopucrocts M, a. e./Porosity m, f. u. 0,09-0,169

CopusonTanbHas IpoHUaeMocTs K., MJ]

Horizontal permeability, mD 0,1556-27,1019

Koodpunuent necuanucroctu (cpeanee), 1. e.

Net-to-gross ratio (average), f. u. 0.6572

MporHo3sHble pacyeThbl hparmeHTa 3anexu

BepPTUKaNbHbIMU U TOPU3OHTANbHLIMK CKBaXXUHAMKU

PaccTaHOBKa CKBaXHH 110 IJIOMAIN M PACIIONOKEHNE
CTBOJIOB B Fa30HACHILIEHHOM ILIACTE BHIOUPATICH UCXOS
3 «kapThl kadectBay [18-20]. MurepBan mepdoparmu
BEPTUKAIIbHBIX CKBAKUH OPUHAT OT KPOBJIH 0 HOJOLIBBI,
a UHTepBaJ nepdopaluy TOPU3OHTANBHON CKBAXUH TPHU-
HAT 10 €€ TOPU30HTANTBHOMY YYacTKy CTBOJIa M PaBHBIM
1400 m.

Taonuya 3. Ilapamempol modenu ¢pazmenma 00 u nocie npoyedypsbi pemacuimadbupo8anus

Table 3.

Parameters of the fragment model before and after rescaling

HapaMeTpLI T€0JIOTHYECKOM MOJICIn ¢)parMeHTa
Parameters of the geological model of the fragment

I'eomerpuyeckuii 00beM 3aJIeKH, M
Geometric volume of the deposit, m®

TlopoBslit 00beM 3a1eKH, M
Pore volume of the deposit, m*®

3amnacel rasa, cT. M° KonnuecTtBo stueek mo XYZ
Gas reserves, st. m* Number of cells by XYZ

1011727986

94027308,04

65658537,01 5533500

HapaMeTpLI FHHpOHHHaMH‘IeCKOﬁ MOIECIIn (bparMeHTa mocie peMaCHITa6I/lp0BaHI/I$I

Parameters of the fragment hydrodynamic model after upscaling

TeoMeTpHUECKHil 06bEM 3aIeKH, M
Geometric volume of the deposit, m®

TlopoBslit 00beM 3aJIeXKH, M
Pore volume of the deposit, m*

Konuuectso stueek mo XYZ
Number of cells by XYZ

3amnacsl rasa, cT. M°
Gas reserves, st. m®

1011725829

94024112,87

65656284,82 1903524

*npouecc pemacmma(?upoeaHm npou3600u.r10ﬂ C y4emom MAaAKCUMAIbHO2O COXPAHEHUs Heo&HopodHocmu 6 6epMUKATIbHOM

HanpaejlenHuu.

*upscaling was carried out taking into account maximum preservation of inhomogeneity in vertical direction.

[Tpu pa3paboTKe BEPTHKATBLHBIMU CKBaKHHAMH TIPO-
MCXOAHUT OOJNBIIHIT 0TOOP KOHACHCATA, T. K. 30HA JPCHH-
POBaHHs BEPTUKATBHON CKBAXKHHBI PACIIONAraeTcs BJIOJb
CKBJKMHBI 110 MAJIOMY PaiUyCy U MPU PE3KOM mepernase
HaBJICHUA TIPOUCXOIUT CUJIIBHOC BbINAJCHUE KOHACHCATA
B TPU3a00HON 30HE CKBAXHMHBI, M3-32 BBHICOKOM HACHI-
IIEHHOCTH KOHJIEHCATa OH HAYMHACT CHIDKATH MPOHHUIA-
eMOcCTb 10 Tasy (puc. 3).

Topu3oHTANbHBIE K€ CKBAKHHBI, B CBOI 0YEpPE/b,
MMCIOT OOJIBIIYIO TUIONMIAh APCHHUPOBAHUS M TIPH ITOM
JOCTAaTOYHO IUTABHBIM Tieperna)] JaBIeHAH 1o IUIOMaIH, B
CBSI3M C OTHM ITIPOHMCXOJHUT HEPABHOMEPHOE BBINMAICHUE
KOHJICHCATa B JOCTATOYHOM yJQJICHHOCTH OT H0OBIBArO-
II[ET0 TOPU30HTAIBHOTO CTBOJA CKBAKUHBI U IPEHMYIIIe-
CTBCHHO B 30HAX C HHU3KOH IPOHHUIaeMOCThI0. KoHeHcar
BEITIAJIACT 110 OONMBIIEMY 00BEMY IIIACTa, YeM B BapHAHTE
C BEPTUKAIBHBIMA CKBOKHHAMH, U TEM CAMBIM CHIDKACT-
¢ obmas JnoOb¥a KOHJACHCATa Ui TOPH3OHTAIBHBIX
CKBaXHH (pHC. 4).

Paccmotpeno siBa cnemyionmx OCHOBHBIX BapHaHTA C
TIOJITYHKTaMH1, B KOTOPBIX BAPhHPOBAIUCH TEXHOJIOTHYE-
CKHE MapaMeTphl IKCILTyaTal[ii CKBAKUH:

1) Tpu BepTHKaNbHBIE CKBAXHHBI C MHTEPBAIOM TEp(o-
pammu — Bech IUIacT (B AaHHOM (hparMeHTe MOJEIH
HET BOJIOHOCHOTO TOPH30HTA);

2) ofHA TOPH3OHTANbHAS CKBaKMHA C JTHHOH TOPH30H-
TanbHOTO yyactka 1400 m.

[TapameTpbl  TEXHONOTHYECKOTO peXUMa PabOThI
CKBA)XWH JUIs IByX BapUAHTOB!

e nedur raza 200, 300, 500 u 700 TrIc. M3/CyT. I OJI-
HOl BEPTHKAIbHON CKBAXKUHBI;

e nebut raza 600, 900, 1500 u 2100 THIC. MS/CyT. JUISt
OJTHOYM TOPU3OHTATLHON CKBAXKHHBI;

o jenpeccus 60, 50, 40, 30 u 20 Gap mis KaxmoH u3
TPEX BEPTUKATBHBIX CKBAXKHH.

Bo Bcex BapuaHTax pacueT MepexoJuT HAa 3HauCHUE
3aboitHoro napinenns B 35 bap mpu HEBO3MOXHOCTH TO-
JIepKaHWs 3aJ]aHHBIX 1€OUTOB Ta3a U JCTPECCUH.

175




M3BecTns TOMCKOro NonuTEXHUYECckoro yHusepeuteta. HKuHMpUHT reopecypcos. 2023. T. 334. Ne 9. 172-181
Tomckuit K.O., HukutuH E.[., MBaHosa M.C. AHanua acpcheKTUBHOCTY NPUMEHEHWSI TOPU3OHTANbHbIX CKBAXMH 1151 BbIPaboTKM 3anacos ...

2825 ICKB. éep'r. 1
2830 |HacbiujenHocTs HedThio (SOIL)

 Cke. epi'.Z

2835 0.3165

2840 0.2374

2848 0.1582
< 2850 0.0791
s 2855 0.0000

2860

2865

2870

2875

2880

2885 =

2890 3-unrog

ICKB. Bepr. 1
HacblleHHocTb HedTbio (SOIL)

10-un rog

Puc. 3. /lunamura nacvlujeHuss KOHOEHCAMOM OJisl BEPMUKANLHBIX CKEANCUH ¢ cymmaphbim oeoumom 2100 moic. Ms/cym. Ha
nepuoo npozrosa 8 3 2ooa u 10 nem

Fig. 3. Dynamics of condensate saturation for vertical wells with a total flow rate of 2100 thousand m®day for a forecast
period of 3 and 10 years
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Fig. 4. Dynamics of condensate saturation for horizontal well with a flow rate of 2100 thousand m®/day for a forecast period
of 3and 10 years
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Fig. 5. Accumulated condensate production at different operating modes of three vertical wells with varying depression
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MATLHOU CKEANCUHOL NPU PA3TUYHBIX 0ebumax pabomvl CK8AMCUHbL (CRIOUWHbLE TUHUU — 86APUAHMBL C 20PU3OHMATb-
HOU CKBAXNCUHOL, NYHKIMUPHbIE TUHUU — 6APUAHMbBL C MPEMsL 6EPMUKATbHBIMU CKEANCUHAMU)

Fig. 6. Comparison of accumulated condensate for the variant with three vertical wells and a horizontal well at different
well operating rates (solid lines — variants with a horizontal well, dotted lines — variants with three vertical wells)
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Fig. 7.

Comparison of the dynamics of depressions for the variant with three vertical wells and a horizontal well at different

operating rates of the well (solid lines — variants with a horizontal well, dotted lines — variants with three vertical

wells)

3aknioueHue

B cratpe mpuBeneH aHaNM3 MPUMEHEHHS BEPTHKATb-
HBIX ¥ TOPHU3OHTATBHBIX CKBAXWH Ha mpuMepe Hedrera-
30KOH/ICHCATHOTO MECTOPOKACHUS ¢ HU3KMMHU (UIBTPa-
IHOHHO-EMKOCTHBIMH CBOMCTBAMH, BBICOKOM CTEICHBIO
HEOHOPOJHOCTH U HACBHIIIEHHON Ta30KOHAEHCATHON CH-
CTEMOM MPH PA3NINYHBIX TEXHOJOTHIECKHX PEKIMAX.

bbi10 ycTaHOBNEHO, YTO TOPU3OHTATHHAS CKBAKIHA C JUTH-
HOIl Tep()opHUpOBaHHOTO TOPHBOHTANBHOTO ydyacTka 1400 M
crocobHa H00BIBATH CTOMBKO K€ Ia3a, CKONBKO TPH BEPTH-
KaJbHBIE TIPX KPATHBIX MEHBIINX 3HAYCHHSX JCTIPECCHH, OJI-
HaKo ¥3-3a OOJNBIIETO KOHTYpa JPCHUPOBAHHS KOHJCHCAT
BBITAJIACT 110 OONBIIEMY 00BEMY TIIACTA ¢ HACHIIIEHHOCTHIO
HIDKE «KPUTUYECKOID U II03TOMY BECh BBIIABLINI KOHIEHCAT
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The relevance of the study is caused by the complications that arise during the development of gas condensate fields for depletion with
difficult thermobaric conditions associated with precipitation of a large amount of retrograde gas condensate in the pore space of the reser-
voir, and especially near production wells due to a drop in reservoir pressure, which ultimately can reduce productivity of wells twice of
more times. At present, due to the development of technologies, the construction of horizontal wells has become a traditional method of in-
creasing gas and condensate recovery, in which, by increasing the effective area of well drainage, drawdown values are significantly re-
duced at the same gas withdrawals or higher in comparison with vertical ones, which should also reduce the negative «condensate bank»
effect with a cost-effective ratio of gas recovery factor to condensate recovery factor. In this regard, the issue of studying the effectiveness
of applying the technology of horizontal wells in «complex» fields with an initial formation pressure close to or equal to the pressure of the
onset of condensation with a high degree of heterogeneity, low reservoir properties and low thickness becomes relevant.

The main aim of the research is to evaluate the technologies for the operation of gas condensate fields by vertical and horizontal wells
under various technological modes of operation of wells for the final gas and condensate recovery, as well as to study the nature of con-
densate precipitation in the pore space in the conditions of an oil and gas condensate field with low reservoir properties.

Object. The BUs'2 formation is characterized by a high content of heavy hydrocarbons in the composition of the formation gas, which
begin to fall out immediately after the start of the operation of the object. The reservoir has a total thickness of 22 to 57 m, and the volume
of gas-saturated rocks is 5463585 thousand m?, and the initial dry gas reserves are 130064 million m?.

Methods: geological and hydrodynamic modeling on the software product T-Navigator (Rock Flow Dynamics).

Results. It was found that a horizontal well with a perforated horizontal section of 1400 m is capable of producing as much gas as three
vertical wells at multiple lower drawdown values, however, due to a larger drainage contour, condensate falls over a larger volume of the
reservoir with a saturation below «critical» and therefore all the precipitated condensate becomes immobile, preventing gas from seeping
to the bottom of the well and reducing the overall gas recovery factor/condensate recovery factor. It was also found that vertical wells un-
der these initial conditions provide greater condensate production compared to horizontal wells, and more condensate is produced with a
decrease in drawdown.

Key words:
gas condensate fields, horizontal wells, vertical wells, gas recovery factor, condensate recovery factor, reservoir properties.
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