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Y cmammi posenanymo 0cobnusocmi 6uKopuUcmanHs 2iopoounamiurnozo cumynsmopa muny «Black oil» ons modentosanns npoue-
cy po3poOku HaPmMoe020 NOKAADY Ma HABEOEHO NOPIBHAHHL OMPUMAHUX PE3YIbIMAIMIE 3 AHAN0IMHUMU POSPAXYHKAMU NPOZPAMHOZ0
komnnexcy ECLIPSE 100. 3 memoto 0eMOHCMpPayii MOXAUBOCMEL CUMYNIAMOPA 015 NPUKIADY NOKA3AHO PO3PAXYHOK Npouecy po3poo-
KU HAPMOB020 NOKNAOY HA BUCHANEHHS 3 NEPEXOOOM i3 NPYHCHO20 PEHCUMY HA PEHCUM POZUUHEHO20 2A3Y.

Krro4osi cmoBa: MareMaTiyHe MOJIENIOBAHHA, TiIPOMHAMIYHNIT CUMYATOP, Ha30Ba IPOHMKHICTD.

B cmamuve paccmompervt 0c06eHHOCMU UCNONIb308AHUS 2UOPOOUHAMULECKO20 cumynamopa muna «Black oil» ons modenuposanus
npoyecca paspabomxu HemAHOL 3aneHKU U NPUBEOEHO CPABHEHUE NOTYHEHHDIX Pe3YIbMAM06 ¢ AHAN0ZUMECKUMU PACHernamu npo-
epammnoeo komnnexca ECLIPSE 100. C yenvio 0eMOHCMPAayuis 803MONHOCEL CUMYNIAMOPa OJI npumMepa nokasan pacuem npouecca
paspabomiu HeMAHOLL 3a7IeH U HA UCMOU4EHUE C NEPEXOOOM U3 YNPY2020 PEHUMA HA PEIUM PACIEOPEHHO20 2a3a.

Krrouesple coBa: MaTreMaTiyeckoe MOJIe/IPOBaHNUE, TUPOAMHAMITYECKIIT CUMYIATOP, GpasoBas IPOHUIIAEMOCTb.

The article presents the usage patterns of «Black oil»-type hydrodynamic simulator to simulate the oil reservoir development process
and compares the results with the similar calculations by the ECLIPSE 100 software suite. Calculation of oil reservoir depletion drive
process with the transition from elastic to dissolved-gas drive is performed as an example to demonstrate the capabilities of the simulator.

Key words: mathematic simulation, hydrodynamic simulator, relative permeability.

I3 ypaxyBaHHAM CBIiTOBMX [IOCATHEHb B Tajlysi MaTema-
TUYHOTO MOJIENIOBAHHA IPOLeCy pO3pOoOKM IMOKIAfIiB BYT-
neBopHiB [1, 2] daxiBusMu po3po6reHO0 KOHKYPEHTO3[aTHI
IIpOTpaMHi MPOAYKTH, B AKUX BUKOPUCTAHO Cy4YacHi MeTOmn
MaTeMaTMYHOTO MOJENIOBAaHHA BYITIEBOJHEBUX CUCTEM Ta
TiZpOAMHAMIYHOTO MOJeTIOBAaHHA. ABTOpaMI pealTi30BaHO
IpPOrPaMHMII KOMIUIEKC PO3PAaxyHKY PO3pOOKM HAa(TOBOTO
ponosuia tuiy «Black oil».

B ocHoBYy MeTOZY riffpofitHaMi4HMX PO3PaXyHKiB ITOK/Ia-
IeHo MopudikoBaHy Mozenb Mackera—Mepeca [3], mo Bpa-
XOBY€ TpUBUMIpHY TpudasHy 6araTOKOMIIOHEHTHY (i/b-
tpauifo. Pyx ¢oinis 064ncI00Tb 3rifHO 3 y3araJbHeHNM
3akoHOM Jlapci 6e3 ypaxyBaHHs KaIli/LIPHOTO THUCKY.

Y mporpaMHOMY TakeTi Hepef6adeHO MOXKIUBICTb yBe-
IeHH: iHpopMaril 110 BUZOOYBHMX Ta HATHITaTbHUX CBEPJIO-
BUHAX, 3MiHU CKiH-(aKTOpiB, gempecii Ta pempecii Ha IJIACT.
Takosx mepeqi6adeHo MOXKIMBICTb ypaXyBaHHSA HaABHOCT] Tif-
POAVMHAMIYHOTO 3B 513Ky MK TeKTOHIYHMME 6710Kamu. Pospa-
XYHOK OCHOBHMX IIOKa3HMKIB 3[IiJICHIOIOTD i3 TIEBHMM Yaco-
BUM iHTEpBaJIOM, a Pe3y/IbTaT! MOXXYTb OYTU eKCIIOPTOBaHi 3
IOBUIBHMM KPOKOM I10 Yacy — feHb, MicALb a0 pik.

3acTocoBaHa y Iporpami TeXHOJOTiS Jja€ 3MOTY BMKO-
PUCTOBYBATH /i1 PO3PaXyHKY MOBIIbHY KiJIBKICTh CHUCTEM-
HUX IIPOLECOpiB, TOOTO MAKCHMA/IbHO 3afisATH [OCTYIHi
CUCTEMHI pecypcu.

Y cumynATopi peanisoBaHO MOXKIMBICTD €KCTPAIO/ALl
KOJIEKTOPCHKMX BJIACTMBOCTENA 10 I/IACTY Ha OCHOBI JJAHMX, SAKi
3a/IAI0Th 10 KOXKHIlT CBep//IOBMHI 30KpeMa. TakuM 4mHOM, po3-
TIOi/I 3[iJICHIOETHCA 110 TOBIUMHI IIPOXYKTUMBHOIO IIPOLIAPKY

Ta IOPUCTOCTI HA OCHOBI JIITOTUITY IIOPOAM Ta il IIOPUCTOCTI,
sAKi, B CBOIO 4epry, BU3HA4YAIOTh HA OCHOBI iHTepIpeTallii reo-
¢isnyHMX KoCTimKeHb cBepIoBUH. Ha 1ipoMy eTari posnopin
IIapaMeTPiB 110 IJIOLi Peali30BaHO METOIOM TPUKYTHUKIB.

Ilogo B’s3koCTi HaTH, TO B LIBOMY CUMY/LITOPI pea-
Ni30BaHO MOXK/IMBICTb 3afaBaTu ii y rpacditHOMY BUILAAL
(mominomu a6o Tabmuii), B'A3KICTh rasy po3paxoBYIOTh 3a
KopesAniitHoo 3anexHicTio [lina—-Crina [4].

Takox y cuMynATopi icHye MOXKIMBICTb 3ailaBaTy Taki
rnapameTpu poOOTM CBEPIJIOBMH: MiHiManbHMIl [ebiT Ha-
b1, MakcuManbHMIT Be6iT pimHY, MiHIMaTbHWIT BUGITHMI
TUCK Ta MaKCMMaJIbHa JeNpecid, IepiofyyHa eKCIUTyaTallid
cBeppmoBuH. Ha ocHOBI mipkmodeHoro ¢ariry 3 BKasaHUMU
IapaMeTpaMy y XpOHOJIOTIYHOMY MOPAKY MOXJIMBO 3JilicC-
HIOBATM aJalTallilo icTopil eKcIuryaTaulii CBepJ/IOBUH Ta B
aBTOMATMYHOMY PEXMMI MOJIE/IIOBATY IIEPEXi]l i3 peXXMMy Ha
PEXNM, AKMI Y KITAaCMYHOMY BUITIANIL MOXKE BUITIALATY TaK:

o TIOCTilHWIT Ae6iT pigyHM (rasy) — mamiHHA BUOITHOTO
TUCKY Ta 3pOCTAaHHA JeIpecii;

e IIOCTiVIHA JleNIpecis — i3 JOCATHEHHAM MaKCHMaJIbHOIO
3HaYEHHA JleNpecii eKCITyaTalis CBEPAIOBUHMA 3/1i/ICHIOEThb-
Cs 1O MOMEHTY 3MEHIIEHH BUOIITHOTO TUCKY /10 MiHiMasIb-
HOT'O 3HaY€HHsI;

e IIOCTIIHMIT BUOITHMIT TUCK — 13 HOCATHEHHAM MiHi-
MaJIbHOTO 3Ha4eHHsI BUOINIHOTO TUCKY eKCIIyaTallisl CBEpH-
JIOBVMHU 371JICHIOETbCA ;O MOMEHTY 3MeHIIEeHH: febiTy Ha-
¢ru (rasy) no MiHiMaIbHOTO 3HAUECHH;

e IIepiOAMYHA eKCIUTyaTallisd — i3 JOCATHEHHAM MiHiMaslb-
HOTO 3HaueHH: Aebity Hadru (rasy) sailicHIOETbCA aBTOMA-
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TIUYHE IIepeBefieHHsI CBEPIIOBIHY Y CIIOCTEPEXXHNUIT POHT i3
BiJICTiIKOBYBaHHAM IIJIACTOBOTO TUCKY B 30Hi CBEP/JIOBMHMA
Ta aBTOMaTUYHMM Il BBEICHHAM B €KCIUIyaTallilo y BUIIAIKy
JIOTO 3pOCTaHHs 10 IIEBHOI BCTaHOB/IEHOI BEJIMYMHIA;

* PO3paxyHOK (i3MYHMX BIACTUBOCTEIl HAQTU Ha OCHOBI
KOpenALIHNX 3a/e)XHoCTel berrca.

JI1s1 IpUK/Iafy MpOBEIeHO PO3PaXyHOK IPOLIECY po3po6-
ku HadToBOrO Iacta. [Tapamerpu mwiacra: foBxuHa — 750 M,
mypyHa — 750 M, TOBIIMHA I1acTa — 10 M, IOYaTKOBUII II/1ac-
ToBmit TMCK — 30 MITa, nmacrosa Temmnepatypa — 60 °C. Pospis
BEPTMKA/IbHO ITOAIICHO Ha ITATh PIBHYUX YaCTUH, a TOPU3OH-
TaJIbHO — Ha KBa/IpaTHi KOMipKM 3 KPOKOM 25 M, TaKVIM Y/HOM
100y0BAHO TiPOAMHAMIYHY CITKY 3 TapaMeTpamy KOMipKH
25x25X2 M, ycbhoro HapaxoByerbcsa 4500 KOMipOK, Ha I109aT-
KOBUJT MOMEHT 4acy — BCi HaTOHACHYEeHI.

PosmilieHHs cBepyIOBMHY Mifi0paHO Tak, 1o ¢B. 1 MOBHi-
CTIO PO3KPMBAE BCi KOMIPKM Y KPaiiHili KyTOBill YaCTVHI I/IacTa.

KorexTop aHi30TpomHMI1 3a IPOHUKHICTIO. /711 3a1aH0i T10-
PUCTOCTI IIPOHMKHICTh PO3paxOBYBa/li Ha OCHOBi CTeIleHeBOI
3a7eXHOCTI Ta y 10 pasiB HIDKYOIO y BEPTUKA/IbHOMY HaIIPsM-
Ky. KpuirdHi Haci4eHOCTi I/1acTa BOJOIO Ta ra3oM IPUITHATO
BinmosigHO: moyatkoBa — 0,2, kiHuesa — 0,8. Xapaxrep ¢asoBux
KPUBUX IIPUITHATO 32 Mopu¢ikoBaHO Mozeruto CToyHa.

ITnacroBa cyMmil cTaHOBUTH co60I0 HadTy. Bractusocti
HaTM TaKi: TyCTHHA B TOBepPXHeBNX yMoBax — 820 kr/m*, b, —
1,269, bo -1,255; Tnck HacudeHHsa — 12,21 MIla; moyaTkoBuUin
BMICT ra3y — 100 M*/T; BifHOCHa rycTiHa Tasy — 0,7; TycTMHA
mmactoBoi Bogu — 1150 xr/m°. Ha ocHOBI HaBeJeHMX BulIle
¢isyyHMX mapaMeTpiB IIacTOBYUX (IIIOIAIB Ta IIaCTa-KOJIeK-
TOpa PO3pPax0OBaHO BEeIMYMHY IIOYATKOBUX 3amaciB HadTy Ta
rasy, IKi CTAHOBJLATD BifiToBifgHO 592 THC. T Ta 59,2 M/IH M.

BractuBocTi mactoBoi HaTU 3a/IeKHO Biff ra30BMiCTy
rpadiuHO 306paskeHo Ha puc. 1.

Pexxnm po6oty Bupjo6yBHOI CBEpI/IOBMH 3aJaHO 3 TAKMMU
IapaMeTpaMi: MaKCUMasbHa fenpecis — 5 MIla, minimambHmit
BuO1HNI TCK — 5 MIa, MiniManbHWii nebit Hadtu — 5 T/K06Y,
MaKCUMaIbHUIL febit pigyan — 100 1/506y, cKin-¢akTop - 5.

Po3pobKy pospaxoBaHO BIPOAOBX 129 Micsuis, TOO-
to 11 poxkiB. [Jebit HadTn ynpomowx mepmux 18 micAnis
3amuuaBcs cTabinbHnM — 100 T/K06Y, 10 6y/10 HOB’s3aHO
3 IIOCTYIOBMM 3POCTAHHAM fenpecii Ta mafiHHAM BMOiil-
HOTO THCKY. 3 4eTBepTOro MicAllsd eKCIuTyaTalil Binbynocs
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3MmeHIIeHHA TUCKY B II3I1 Hmk4e Bif TMCKY HacM4eHHA 3
IIOZJ/IBIIUM IIPOCYBAHHAM 30HMU IIOHJDKEHOTO TUCKY yIInb
IIACTa, 10 CYIIPOBOIXKYBaIOCsA IOCTYTIOBMM 3MEHIIEHHAM
raszoBoro ¢axropa (I'D). ITicst 3MeHIIeHHS BUOiITHOTO THC-
Ky Ta IIepeXOjy Ha eKCIUTyaTallilo CBEp/ITOBMHI Ha PEXNM i3
MOCTINTHMM BUOIITHIIM THICKOM PO3II0OYAI0Cs MafiHHs febiTy
Had . I'D 3a TOI Xe Tepiof; 3a3Ha€ HOCTYIOBOTO 3MEHIIIEH-
HA 10 68 M’/T Ha YeTBepTOMY pOLi 3 IIOJA/IbLINM IIOCTYIIO-
BUM 3POCTaHHAM 10 BennuuHy noHaz 880 m’/T. Po3pobky
HPUIIMHEHO y 3B A3KY 3 HafiiHHAM [e0iTy HadTy HIDKYe Bif
MiHIMa/lIbHOTO 3Ha4eHH — 5 T/706y.

3a Becb Iepiof; pO3pOOKM ZOCATHYTO HAKOIIMYEHOTO BU-
no6yTKy HadTy 198,329 Tuc. T Ta rasy 26,006 MIH M?, FOCAT-
HyTO Koedinienrta Bunydenns Hadpru (KBH) na pisHi 0,335,
koedinient rasopmnydenus (KBI') cranoButume - 0,439.

OCHOBHi TeXHO/IOr1YHI NOKa3HUKY po3po6Ku i koediri-
€HTU BWIyYeHHs HABEEHO Y TaO/muili, HaCUYeHICTD IIacTa
rasoM II0 pPOKax — Ha puc. 2.

[TopiBHAHHA pO3paxXOBaHMX IIOKa3HUKIB PO3POOKM 3
AHAJIOTiYHVMMM 3HAYEHHAMM, OTPMMAaHVMU Y IIPOTPAMHOMY
xomitekci ECLIPSE 100, naBegeHo Ha puc. 3— 5.

Sk 6a4MMO 3 HaBeIEHOrO Ha PUCYHKAX, IOCATHYTO 3a/j0-

Aama | BinbHOT CXOXKOCTI pe3y/bTaTiB po3paxyHKy. HesHauHi Bimin-
Pytc. 5. MopisHsHHs Auamik nnacTosoro Ta eubiitioro Tvcky 3 ECLIPSE 100 HOCTi CIIOCTEPIraloThCs y UIBMIOMY Ha TPU MICAI Ma/iiHH
BUOITHOTO TUCKY 32 aBTOPCHKOI0 METORMKOIO Ta [eI0 1HIIIii
3mini ['D, sika MPOSIBIAETHCS Y HE3HAYHOMY
o i o 6 Tabrmmua  BigcraBanHi BUAOOYTKY rasy 3 MOJA/IbLINM
CHOBHI T€XHOJIOTiUHI TIOKa3HUKM PO3POOKM /iOro SPOCTAHHAM. PiSHMIS Y HAKOTWHEHOMY
Piunmit BUg06yTOK HaKomgl{eHuu = . CepenHiit ge6it BMHO6YTKY Ha(bTM CTaHOBUTD 8.44 T raety -
BUAODYTOR 1 & | o s 232 tuc. M*. TlnacToBuit TUCK Ha KiHelb [epiofy
Poxu | Haptn rasy | mapru | rasy | % E :: HadTH | rasy | pO3paXyHKY TaKOX BifJpi3HAETHCS HECYTTEBO —
= ~) ) ; — &| Ha 0,03 MIla (5,35 nporu 5,37 MITIa).
3 MIH ™ 41 9=
THC. T MIIH M THC. T 5 T/mO0Y | £ % &
M = =
1 3659 | 3366 | 36599 | 3366 | 92 | 0062 | 0,057 | 1003 | 92 | BMCHOBOK ) )
2 35578 | 2,815 | 72,177 | 6,181 | 79 | 0,122 | 0,004 | 97,5 7,7 Omxe, oTpumaHi Ha OCHOBi po3pobreHo-
3 29,158 | 2,109 | 101,335 | 8291 | 72 | 0,171 | 0,140 | 79,9 58 | IO MpOrpaMHOTO KOMIUIEKCY é’e?’ym’TaT“ Mo-
4 23,988 | 1653 | 125323 | 9,084 | 69 | 0212 | 0168 | 657 | 45 | AC/UOBaHHA mpolecy pospobku Hagrosoro
5 20,121 1,396 | 145,444 | 11,340 | 69 | 0,246 | 0,192 | 55,1 3,8 | NOWIAAY HA BUCHLKCHHA TIACTOBOL CHEPTIL
€ aJIeKBaTHUMU JI0 PealbHUX IPOLECIB PO3-
6 16,786 1,403 | 162,229 | 12,744 | 84 | 0,274 | 0,215 | 46,0 38 .
POOKM. 3aK/ajieHi B CUMYIATOP a/ITOPUTMU Ta
7 13,727 2,035 | 175,957 | 14,778 | 148 | 0,297 | 0,250 | 37,6 56
BUKOPUCTAHHA TEXHOJOTI] IapasenbHux 06-
3 10,360 3,203 | 186,317 [ 17,981 | 309 | 0,315 | 0,304 | 28,4 T N 3MOTY LIBUJKO T TOWHO PO3-
9 6,388 3,810 | 193,205 [ 21,791 | 553 | 0,326 | 0,368 | 18,9 104 | paxoByBaTit MOKA3HUKM pO3pOGKM Ta 3fiiic-
10 3,605 2,887 196,810 | 24,678 | 801 | 0,332 | 0,417 9,9 7,9 HIOBATU OHepaTI/IBHI/Iﬁ KOHTPONb  TIPOIIECY
11 1518 | 1,328 | 198329 | 26,006 874 | 0,335 [ 0439 | 56 49 | raso- ta HadToBUTyUeHHA.
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