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U COTPSDKEHA C Pa3IMYHBIMU TpyTHOCTAMU. B cBomx pabdorax Jx. Amnan, Cyns C. L{unb,
A. ®upysabaay 1o JaHHEIM 56 MECTOPOK/ICHUH C HATMYMEM TPEIINHOBATOCTH TPUBOJIAT
Inana3oH n3MeHeHus Kodduimenta u3snedenns Hedtu ot 10% 10 70%. B nannoit padote
U3y4eHbl 0COOEHHOCTH JIByX(pa3HOTO TEUEHHUS B TPEIMHOBATO-TIOPUCTHIX KOJUIEKTOPaX TIPU
CTaI[IOHAPHOM ¥ HECTAIMOHAPHOM 3aBOJHEHUH C MCIOJb30BAHHEM JHCKPETHONH MOJIEITH
TpemuH. MccnenoBana 3aBUCUMOCTD IMHAMUKA T00BIYH HE(YTH OT MITUTENHHOCTH IIHKIOB
3aKa4KH BOJIBI, TAPAMETPOB U MOJIOXKEHHUS TPEIMHBI OTHOCUTENFHO CKBAKHH. MccnenoBanus
TPOBOJIIITUCH HAa MOJIEIH C OJTHOM T HECKOJIIBKUMHE TPEIIMHAME PA3INIHOM ITHHBI X OPHUEH-
TaIM{ OTHOCUTENBHO CKBaXKWH. )15 TpOBE/IeHHS YHCIIEHHOTO SKCTIEPHMEHTA UCITOTB30BaJIC
COOCTBEHHBI THAPOIMHAMUYECKUH CUMYIATOP C BO3MOKHOCTBIO MOJIETHPOBAHNS ABIKEHHS
BOJIBI ¥ HE()TU B YCIIOBUSIX HATIMYHS yeIMHEHHBIX TPOTSHKEHHBIX TPEIINH B TIACTE H HEM30-
TEPMUYHOCTH POIIECCOB. [T CHIKEHNUS OPHEHTAIMOHHOTO 3 (eKkTa 1 60Jiee KOPPEKTHOTO
MOJIENTUPOBAHNUS TPEIINH B CHMYJIATOPE HCTIONB3YETCSl HECTPYKTYPHPOBAHHAS pacuyeTHas
cetka (momuronsl Boponoro). [1pu aToM ceTka BHYTpH TpennH ObLIa MpsSAMOYTonbHOM. [t
CO3/IaHMS TUAPOANHAMUYECKOTO CHMYIATOpA MCTIONB30BaNach MaTeMaTHIYECcKas MOJIENb
¢uprparmum black oil.

B pesynbraTe mpoBeIeHHBIX HCCIE0BAHUN MOKa3aHO, YTO B CIIydae CTAIHOHAPHOTO
3aBOJTHEHUS HAMYME TPEIIMHOBATOCTH B ILIACTE MIPUBOUT K OBICTPOMY IIPOPBIBY BOJIBI B
JOOBIBAIOIINE CKBKIHBI M K CHIDKEHUIO K03 duiienTa n3snedenus Hedru. [Ipumenenme
HECTAI[MOHAPHOTO 3aBOJIHCHUS MO3BOJISAET YBEIMYUTh J00buy HepTu. B TO ke Bpems
HECTAI[MOHAPHOE 3aBOJAHEHHE B OJHOPOIHOM IUIACTE HE MPUBOIUT K 3HAYMTEILHOMY
yBenmdeHno Hepreotnaun. CteneHb 3hQEeKTUBHOCTH HECTAIMOHAPHOTO 3aBOTHEHHS CHITHHO
3aBHCHUT OT MPOHUIIAEMOCTH W OPHEHTAIlMH TPEIINH OTHOCHTENHHO CKBakWH. Hammume
CHITBHOTO A(h(EKTa OT HECTAIMOHAPHOTO 3aBOTHEHUS MOJKET CITY)KUTh OJTHUM H3 TIPU3HAKOB
HaJINYHS TPEIINH B TIIACTE.

KaroueBnle ciioBa

TperrHoBaTO-MOPHUCTHIN KOJUIEKTOP, IUCKPETHAS MOJIEIb TPELINH, HECTAIIMOHAPHOE 3aBO-
JHEHUE, THAPOAMHAMUYECKOEe MOJIETTMpOBaHKe, KO3QMHUIMEHT U3BIEUCHHS HEPTH.

DOI: 10.21684/2411-7978-2018-4-3-90-102

BBenenue

Komnmnekropsl ¢ ecTeCTBEHHOH TPEILIMHOBATOCTHIO COICPIKAT 3HAYMTEILHYO IOJIF0 MUPOBBIX
3aracoB yrieBonopozoB [9]. HecMmotpst Ha HEOOMBIIION OTHOCUTEIIBHBINA 00BEM TPEIIIHH,
OHHM 00J1a/Iat0T BHICOKOM IMPOBOJIMMOCTHIO U, CIIEIOBATEITLHO, MOT'YT OKA3bIBaTh CYIIIECTBCH-
HOE BIIMSTHUE Ha JOOBITY yriieBomoponos [ 10]. Hamdwe B rmacTe TpenwH, JTHHBI KOTOPBIX
COMOCTABMMBI C PACCTOSHUEM MEXy CKBKMHAMM, TIPUBOJUT K AHU30TPOIUH CBOICTB
1acTa. DKCIIEPUMEHTHI [0 BHITECHEHNIO BBICOKOBSI3KOM HE()TH M3 TPEILIMHOBATOIO IJ1ACTa
[7] mokazanu 3HaYUTENILHOE YBEIMYeHHE KO3 UIMEHTa U3BIICUCHHS He()TH ¢ yBenye-
HHEM YI1a OpUeHTAIUK TpetuH oT 0 10 45° OTHOCHTENBHO HAIPABICHUSI OCHOBHOTO I10-
TOKa. DTO 03HAYAET, YTO U3MCHEHHE HAITPABJICHUSI ITOTOKA B ILIACTE TIPU HECTAIIMOHAPHOM
3aBOTHCHU MOXKET IMMPUBECTU K YBEIIMYCHUIO He(i)TeOT,ZIa‘-H/I.
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Pacripenenenue HarpsbKeHUH B peaibHOM IUTACTE HEOJHOPOIHO. TPEIINHbI B TAKOM
IUIacTe MOKHO OOHAPYXHTh KaK B 30HaX YIUIOTHEHHS], TAK M B 30HAX PA3yIIOTHEHUSL.
ITosTOMy BesMuMHA PACKPHITHSI TPEIIMHBI (A 3HAYUT U €€ IPOHULAEMOCTb) OyIeT 3a-
BHUCETh OT TOTO, B KAKOH U3 3THX 30H OHa OyzeT HaxoauTbesl. Kpome Toro, Ha packpbl-
THE TPELIMHBI MOXKET BIIUSATH M3MEHEHHE JABJICHUSI BO BPEMsl HECTALMOHAPHOTO 3aBO-
JIHEeHUs. B cBS3u C BBILICH3IIOKEHHBIM M3yYCHHE TPOLECCOB (HUIBTPALMH BOIBI U
He(TH B TPELIMHOBATO-TIOPUCTHIX KOJJIEKTOpaX SIBJISIETCS aKTyajbHOH 3anaueil. B
YaCTHOCTH, NPEACTABISIET HHTEPEC U3YUYECHHE BIMSHUS OPUCHTALMH U KOJIMYECTBA
TPEIINH OTHOCHUTEIBHO CKBAKUH, TPOHULIAEMOCTH TPELINH U IIEPHUO/Ia U3MECHEHUS Ha-
MpaBJICHHUS [TOTOKA KUAKOCTH MPU HECTALMOHAPHOM 3aBOAHECHUHU HA JOObIUY HE(TH.

Lesnpto qanHO# paboTHI SBIISICTCS U3YYEeHHE 0COOCHHOCTEH 1BYX(a3HOTO TCUCHUS
B TPELIMHOBATO-TIOPUCTHIX KOJIJICKTOpaxX MpPU HECTALMOHAPHOM 3aBOAHEHHUM C HC-
MOJIb30BAaHUEM JUCKPETHON Mozenu TpewuH. [lanee, Ha OCHOBE pa3jIMYHbIX CHHTE-
THYECKUX MOJIEJIEH TPEIIMHOBATO-ITIOPHCTOTO IJIACTa UCCIIELYyEM BIUSIHUAE TPOTSKEH-
HBIX TPEIUH Ha 3 (PEKTUBHOCTD pa3padOTKH MECTOPOXKICHHUS ITPU CTALIMOHAPHOM H
HECTaIOHAPHOM 3aBOJHEHHH. J{J1sl TpoBeeHUS HCCie10BaHusl OyeT UCTIONb30BaTh-
Cs1 COOCTBEHHBIN THAPOTUHAMUYECKUI CUMYJIISITOP C BO3MO’KHOCTBIO MOJICTTUPOBAHHS
JBWKCHHS BOZIBI M HE(TH B YCIOBUSIX HAJTMYHS YEIUHEHHBIX MPOTSHKEHHBIX TPELLIUH
B IJIACTE U HEM30TEPMUYHOCTH MPOLECcCcOoB. [l CHUKEHHUS OPUEHTALMOHHOTO (-
¢exra n 6osiee KOPPEKTHOTO MOJEIUPOBAHHUS TPEIIMH B CUMYJISITOPE MCIIOIb3YeTCs
HECTPYKTYPHPOBAaHHAsI pacueTHas CeTKa (IIOJIUToHbl BopoHOTro).

MareMaTuueckasi MoJeJb

PazpaboTka rupoAMHAMHYECKOTO CUMYIISITOPA MPOUCXOJMIIA C UCIIOIBE30BaHHEM
MaremaThuueckoit monenu ¢punsrpannn — black oil. OTnuuTensHBIE 0COOEHHOCTH
JAHHOW MOJEJH 3aKIIIOYaroTCs B CIeIyIoNeM: BoJa U HepTh B IjlacTe He CMELINBa-
I0TCSI, SIBJISIFOTCSI XUMUYECKH MHEPTHBIMH M HAXOZSITCS B )KHUIKOH (aze. TepMuueckoe
pacuMpenye >KUAKOCTH B TOpoJibl B Mozenu black oil He yuuTsIBaeTcs.

HewusBecTHBIMEU BETMYMHAMM SIBJISIFOTCSI TEMIIEpaTypa, HACHICHHOCTD, IaBICHHE
Y CKOPOCTH (PUIIBTPALINH KHUIKOCTEH. [ HaX0kKIeHHS TToJIeH JaHHBIX BEJIMYUH UC-
MOJIB3YeTCs Clenyromas cucreMa TudepeHnaibHbIX ypaBHeHUH [S]:

0mpgSq

ot +div(pes) = Pafas (1

_ _kk;‘ _
g = = ~grad(P — pagh), )

a[(l B m)CRpR + Za(mpasaca)]T . _
3 + div ;(paCaﬁaT) = 3
= div (}13¢grad(T)) - Zaf dE,a >

Pa = pall + Pa(P - PP)], “
m=m’+ Bp(P— P), (5)
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Spyt+ S, =1, (6)
a=w,o, (7)

TJI€ p, — IIOTHOCTb 0-OH (paskl, p, — IVIOTHOCTH MOPOJIBI, 71 — NOPUCTOCTh, S — Ha-
CBIIEHHOCTh 0-0K (asbl, § — CKOPOCTh 0-0k (askl, ¢, — yA€IbHas MOIIHOCTb MC-
TOYHHMKA WJIM CTOKA TEIUIOBOM SHEPrUM OTHECEHHOH K equHHuIle oObema o-i ¢asbl,
k — npoHKIIaeMOCTh MaTPUIIB, k), — OTHOCHTENbHAs (pa3oBast IPOHMIAEMOCTD 0-O1
(aspl, P — nacToBoe Japienue, I — IJIacToBas TEMIIEPATypa, [, — BABKOCTD 0-OH
¢aspl, C — TemIoeMKocThb 0-0# (aspl, C, — TEIIIOEMKOCTh CKEJIETA TIOPOJIbI, A, o
3¢ deKTUBHAS TEMIONPOBOAHOCT, , , — YAEJIbHAs MOIIHOCTh UCTOYHHMKA UJIM CTOKA
TETI0BOI HEPriH OTHECEHHOM K e/IUHHUIIE 00beMa 0-0i (hasbl, P2 U m’ — NOCTOSTHHBIE
3HAYEHMs TIIOTHOCTH M HOPHCTOCTHU HPH IaBIeHUH P, i, — CHKUMAeMOCTb 0-0i a3k,
B, — cxKEMaeMoCThb ckesieTa nopozkl. bonee noapoOHO chcTeMa ypaBHEHHH, ONUCHI-
BaroI[asi HEN30TEPMUUECKYIO (PMIIBTPALMIO IBYX(a3HON JKUIKOCTH B TPEILIMHOBATO-
MOPUCTOM IIIacTe, paccMoTpeHa B [1, 3].

3aBHCHMOCTE NPOHMIACMOCTH TPEIIMHBI A, OT MIACTOBOTO JaBICHHS P mpen-
cTaBJieHa B BUJie [2]:

k=k! (1 —o(P,~P)) (8)

ITocTanoBKa 3a1a4u

Jnst mpoBesieHs UCClleJOBAHUH HMCTIONb30BAIach CHHTETHUECKAsT MOJIENTb HETSIHOTO
wiacTa (Bapuantsl 1-6). PaccMarpuBaeMbie MOzeNny TiacTa IpEeiCTaBICHBI HA puc. 1,
napaMeTpsl Mojiein — B Ta0mumie 1. Mognens 6e3 TpeluHbl Ha puc. 1 He mpejicTaBieHa
(Bapuant 0). [TapameTpsl MoeIM TIPEICTABICHEI B Ta0muUIIe 1.

Tabnuya 1 Table 1
IMapameTps! Moaen The parameters of the model
MMapamerp 3HauyeHne

Pasmep xonnexropa, M 500*500*10
Bpewmst pa3padotku, rox 100
ITopucTocTh KOIIEKTOpa 0,3
HauansHoe mracToBoe JaBicHUE, aTM 50
3aboiiHoe naBieHue (HarHeTaTeNbHAask CKBAKMHA), aTM 100
3aboiiHoe naBneHKe (10OBIBalOIas CKBaXHUHA), aTM 20
IIponunaemocts nop, m/{ 100
[TponumaemMocTsb TpeIuH, M/| 1000
HavanpHas HeTEeHACHIIIEHHOCTH KOJICKTOPA 0,8
OrtHomeHue BI3KocTel, Bona/Hed s, cll 1/100

Ha puc. 2 noka3aHbl BUJbl OTHOCUTEIBHBIX (a30BbIX IPOHUIIAEMOCTEH IS MO-
POBOIi MaTpULbI U TPELIUH

Pusuko-maremaTuyeckoe moaeauposanue. Hedrp, ras, snepreruka. 2018. T. 4. Ne 3
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Fig. I. The considered cases of the location
of fractures in the computational domain
and their orientation relative to the main
flow direction. For 1-3, the angle between
the direction of the fracture and the main
flow direction is 45°, for 4-6 — 0°
® — producing well,
V — injection well,
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Fig. 2. The types of relative permeabilities
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Pe3y.J'II>TaTl>I HCCJIeJ0BAHUA

PaccMmoTpuM BiaMsiHUE PacioNoKeHHs TPEIIMH U MX POHULIAEMOCTH Ha ABYX(a3HyIo
¢unpTpanMio ¥ AMHAMUKY AOOBIYM HE(PTH NMPHU CTALHMOHAPHOM 3aBOogHeHHH. Ha
puc. 3a-0 moka3aHbl THIIMYHbBIE 3aBUCUMOCTH KOG PHULINEHTA U3BJICUECHHUS HEPTH OT
oOBogHEeHHOCTH 115 poHuniaeMoct Tperus 1 000 m/l (puc. 3a) u amst mpoHuLae-
moctu TpemnH 10 000 M/l (puc. 30) nnsa Bapuantos 0-6. PacueT BbImonHsuics 10
JocTuxkeHus MoMeHTa BpeMenu 400 set.

Kax BuaHO 13 puc. 3, opueHTanus TpeUMH OTHOCHTENBHO OCHOBHOT'O HaIlpaBJie-
HUS MOTOKA JKHJKOCTH MOYET OKa3bIBAaTh CYIIECTBEHHOE BIIMSHUE HA JTUHAMUKY
no0b14n HedTu. Bee ciaydan ¢ TpermHaMu mokasaniu 6osnee HU3Kyo 3 (heKTUBHOCTS,
yeM ciydait 6e3 Tperus. Eciu HanpaBieHne TpelH IPenMyIeCTBEHHO COBIAIaeT
C OCHOBHBIM HaIIPaBJICHUEM TEUECHHUS KUAKOCTHU (ciaydau 1-3), To ckopocTh 100BIYH
He(TH MEHBIIIE, [T0 CPABHEHHUIO CO CIIy4aeM OPHEHTAIMU TPEIHH, KOTOpast B OCHOB-
HOM TIEPIIECHANKYIISIPHA TEUSHUIO KUIKOCTH (caydau 4-6). Haubonpiuas n HauMeHb-
mas pa3Huna B 100er4e HedTH oT ciaydas 0 cocraBnsieT 1 u 5 cooTBeTcTBEeHHO. B TO
K€ BpeMs, €CIH I cilydas | BIMSHHE TPELIUH 3HAUUTENBHO, TO I ciiydas 5 pe-
3yABTaThl OYIyT MOYTH TAKUMH K€, KaK €CJin Obl B pe3epByape He ObUIO TpeIuH. ITO
YKa3bIBaeT Ha TO, YTO BO BPEMsI OOBOAHEHHSI TPEIIMHBI HE MOTYT OBITH OOHAPYKECHBI
TOJIBKO ITyTEM aHaJIN3a MPOU3BOJCTBEHHBIX JAHHBIX.

0.9/ 0.9

— KWH(6ea TpewuHbi)
0.8 |—KWH(Ne1)

— KNH(Ne2)
0.7 [ KUH(Ne3)
- ~KWUH(No4)
= =KWMH(Ne5)
- ~KMH(Ne6)

— KWH(6e3 TpewmHbl)
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T
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O6BOAHEHHOCTL, A4.en. O6BOAHEHHOCTL, A.eq,.
a 0
Puc. 3. 3aBucumocts KMH ot o6Boaennoctn  Fig. 3. The dependence of ORF on water cut
JUIS BCEX BApUAHTOB! for all cases:
a — npoHunaeMocts Tpeuus 1 000 m/1; a — permeability of fractures 1,000 mD,

0 — mponunaemocts TperuH 10 000 m/] 0 — permeability of fractures 10,000 mD

Hexotopeie oTHOmICHHS KO3 duLIneHTa u3BaeyeHnss HeYTH K OOBOAHEHHOCTH,
MOKa3aHHbIC HA pUC. 3, UMEIOT XapaKTepHble U3rHObl, HanboJIee 3aMETHBIE IS CITy-
qaeB 1 u 4. [losiBieHue 3TUX U3ru60B MOKHO OOBSICHUTB TEM, YTO BHITECHEHHE HE(-
TH U3 HOPHUCTOTO [UIACTA C TPELIMHAMH MPOUCXOAMT TaK, KaK OyATo ee 00beM COCTO-
UT U3 IByX KOHTHHYYMOB C Pa3JINYHbIMU OPUCTOCTSIMU U IPOHULAEMOCTSIMH (cpena
C IBOWHOI MOPUCTOCTHIO/MPOHUIIAEMOCTEIO). [109TOMY M3rHObI, yIIOMSHYTBIE BBILIE,
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COOTBETCTBYIOT OKOHYaHHIO BHITECHEHHSI U3 BBICOKOIPOHHUIIAEMOro Kosiekropa. Cite-
JyeT OTMETHUTD, YTO 3/1€Ch, B OTIMYME OT PeajbHON ABOMHOMN Cpelibl, B KOTOPOH 00b-
€Mbl U TIPOHULIAEMOCTH SIBJISIFOTCSI BHYTPEHHUMH CBOWCTBAMHM IJIACTOBOW CHCTEMBI,
00bEeMBl M MPOHULIAEMOCTH KOHTHHYYMOB 3aBHCST OT B3aUMHOI'O PACIIOIOKEHHS
CKBaKHH U TPELLHH, a TAKXKE PEKUMOB PabOThI CKBaKMH. B ruiacte ¢ TpemuHaMu npo-
PBIB BOZBI B 100BIBAIOLIYIO CKBKHHY IPOMCXOAUT OOBIYHO OBICTpEE, YEM B IOPHCTOM
macre. M3 npeacraBieHHbIX pe3yabTaToB BUAHO, YTO JUISl CIIy4aeB, KOrga TPELIMHBI
OPHEHTHPOBAHBI BAOJb TEUCHHS], BIUSHUE TPEIIMH HA OOBOJHEHHOCTDH OOJBIIIE, YeM
JULSL CITydaeB, KOra TPEIMHbI OPUEHTUPOBAHBI IEPIICHAUKYIISIPHO TEUCHHUIO.

BnusiHue npoHHIIaeMOCTH TPEIIMH Ha U3BJIeUeHHE HE(TH IUIsl KaKIOTO U3
PacCMOTPEHHBIX CITy4yaeB MOYKHO OLICHUTD U3 PUC. 4, /i€ MOKa3aHbl 3HAYCHHS OTHOLLIC-
HUSl HAKOIUICHHOH 0OBIYM HEe(TH B KOHIE Iepuoja JO0OBIYM C MPOHULAEMOCTBIO
tpemuH 10 000 M/l k HakomIeHHOW MOOBIYE HEPTH C MPOHHUIIAEMOCTHIO TPEIIHH
1 000 m/I. U3 puc. 4 BumHO, 4TO KOXPPUIIMEHT N3BJICUCHUSI HEPTH B KOHIIE TIEPHO/Ia
pa3paboTKM MOBBIIAETCS C YBEIMYCHHEM NMPOHULIAEMOCTH TpeluH. PasHuna B
ko3 puIKeHTaxX U3BJICYCHUS] HEPTU MEXKIY BapHaHTaMH B CIydae MPOHULAEMOCTU
10 000 /I 1 1 000 m/] moxeT gocTuraTh 2 pa3. B To ke Bpems B HEKOTOPBIX CITydasix
3¢ PEKT MOKET OBITH HEOOIBIINM.
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Puc. 4. Ornomenne KMH (uecranmonapuoe Fig. 4. The dependence of ORF
3aponHenue) k KMH (cTammonapHoe (non-stationary waterflooding) to ORF
3aBOJIHEHME) JIJISl BCEX BAPHAHTOB (stationary waterflooding) for all cases

[IponnuaeMocTh TpeMH OyIET TaKKe 3aBUCETh OT PACHPENCICHUS J1aBICHUS
BHYTpH IJ1acta. B ominune ot 6osnee paHHero ucciuenosanus [4], rae paccMaTpuBall-
Csl ciIydaii, Korja ceTh TPELMH Oblla CBs3aHa CO CKBaKUHOM, B JaHHOM padboTe addext
3aBUCHUMOCTH ITPOHULIAEMOCTH TPELIHH OT JAABJICHHUS HE OKa3bIBAET CYILECTBEHHOTO
BiusHusA. OHAKO B peajbHOM pe3epByape, AaKe €CJId W3HAYalbHO OTCYTCTBYET
THIPOIUHAMHUYECKAS CBS3b MEXK/y CKBAKMHOM M TPEIIMHON WIIM CUCTEMOW TPELLHH,
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OHa MOKET BO3HHKHYTH B PE3yJbTaTe THAPABINYECKOTO pa3pbiBa. B aToM ciyuae
HE0OXOAMMO YUNTHIBATh 3aBUCUMOCTD PACKPBITOCTH TPEIIMHEBI OT AaBieHus. Creny-
€T OTMETHTD, YTO PACKPBITOCTH TPEIINH 3aBUCHUT HE TOIHKO OT JaBICHUS )KUIKOCTEH,
HO M OT HalpsDKEHHsSI B CKeJIeTe MOpucToi cperpl. [losTomy s Goee To4HOTO MO-
JeJIMPOBaHUs HEOOXO0IUMO HCII0Ib30BaTh ITE€OMEXaHUYECKYIO MOJIEIb IUIACTa.

PaccmoTrpum Temeps moBeneHne TUHAMHUKE JOOBIYH HE(TH B YCIOBUSAX HECTa-
LIMOHAPHOTO 3aBofHeHUs. Ha puc. 5 mprBeeHbl THITMYHBIE 3aBUCUMOCTH K03(du-
LMEHTa U3BJICUCHHS HEPTH OT BPEMEHHU U OT POKAYNBAEMOT0 TOPOBOTO 00BEMa JIITst
pa3HBIX 3HAYEHWH HECTAIIMOHAPHOTO TEPHO/Aa BO3JEHCTBHA (B Ka4ecTBE MpUMepa
OBLT BRIOpaH cirydaif 1).

W3 puc. 5a cnemyer, 94T0 ¢ MOMEHTa BO3HUKHOBEHHS HECTAIMOHAPHOTO 3aBOJIHE-
HUS 3Ha4YeHUs KOA(PPUIMEHTA U3BICUCHUS HE(PTH CTAHOBSTCS OOJBINE, YEeM IS
CTaIOHAPHOTO 3aBOJHEHHS. JTO MOXKHO OOBSICHUTH TE€M, YTO B TPEUIMHOBATO-TIO-
PHUCTOM IJIacTe APEHUPYEMBI 00bEM TUTacTa Mall, T. K. 3HAYUTEIbHAS YacTh )KHUIKO-
CTH (PUIBTpyeTCs 4epe3 TpemuHbl. B pesynsrare 3pGeKTHBHOCTH 3aBOJHEHHS TaKO-
IO IUIaCTa OKa3bIBAETCS JOCTAaTOYHO HU3KOM. [locie Hauaia HecTalOHapHOIO 3aBO-
JIHEHHS HampaBieHWe (UIBTPAMOHHOTO MOTOKAa M3MEHSETCS W B pa3paboTKy
BOBJIEKAIOTCS 30HBI IJIACTa, paHee cabo 0XBaueHHBIE BO3/IEHCTBIEM. B oTcyTCcTBIE
TPEIINH BHITECHEHHE HEPTH MPOUCXOTUT OoJiee paBHOMEPHO, M03TOMY 3(pdexT He-
CTaIMOHAPHOTO 3aBOIHEHMS MaJl. J|oObrda He(TH TIpH HECTAIIMOHAPHOM 3aBOIHEHUH
B 3aBUCHUMOCTH OT IPOKAa4aHHOTO ITOPOBOT0 00BheMa (pHc. 50) TakKe BBIIIE, 9eM MPH
CTaIIOHAPHOM 3aBO/IHEHHUH.
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Puc. 5. 3aBucumocts KMH Fig. 5. The dependence of ORF for case no 1:
Juist BapuanTa Ne 1: a — oT 00BOJHEHHOCTH; a — on water cut,
0 — OT MpOKaYaHHOTO MOPOBOTO 0ObeMa 6 — on injected pore volume

PaccMoTpuM MHTETpajbHbIC TOKa3aTead JOOBIYM HE(YTH MPH HECTALMOHAPHOM
3aBonHeHud. Ha puc. 6 nokaszansl 3Hauenus ornomenuit KWH npu nectanmonapuom
3aBoaHenny K KMH npu cranmonapHOM 3aBOJHEHUH B KOHILIE IIEPHOA pa3padOTKu
MECTOPOKACHUS JUISl Pa3JIMUHBIX MEPUOIOB LUKIMYECKOro BozaeicTBus. JlanHbie
COOTHOLICHUS MOKa3bIBAIOT, YTO IEPHOJ HECTALIMOHAPHOI'O BO3ACUCTBUS IS
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Puc. 6. Ornomenne KMH (recrammonaprnoe  Fig. 6. The dependence of ORF

3aBomHeHne) k KMH (crammonaproe (non-stationary waterflooding) to ORF
3aBOHEHHE) TSI BCEX BaPUAHTOB. (stationary waterflooding) for all cases.
[ponmmaemocts TpemuH 1 000 m/] Permeability of fractures 1,000 mD

OOJBIITMHCTBA PACCMATPUBAEMBIX CITyYaeB HE OKA3BIBACT CYIICCTBEHHOTO BIIMSTHUS
Ha 100b1Yy HeQTH. BiusHUe HECTAllMOHAPHOTO BO3JCHUCTBHS HA TPEIIMHOBATO-
MOPUCTHIN IMJIACT CTAHOBUTCA BECbMa 3HAYUTEIIbHBIM, KOIJIa TPEIIMHbBI OPUEHTUPO-
BaHbI BJIOJIb OCHOBHOT'O HaIlpaBJICHUS TOTOKA.

3akaoueHne

B cirydae cranmoHapHOTO 3aBOJHEHHS HATMYHE TPEIIUH B TIACTE TPUBOIUT K OBI-
CTPOMY IIPOPBIBY BOJIBI B JJOOBIBAIOIINE CKBAKUHBI M, KAK CJIEJCTBHE, K CHIDKCHHIO
ko3 durnenta n3pneueHus Hedru. [Ipu 3ToM BeITecHEHNE HE()TH BOIOH U3 I1acTa
C TpeIrHAMH MTPOUCXOANT KadeCTBEHHO, KaK U B ciydae, KOrja IUIacT COCTOUT W3
JIBYX B3aMOIIPOHUKAIOINX KOHTHHYYMOB. 3HAYUTEIbHOE BIUSHNAE HA JOOBITY He(-
TH OKa3bIBaeT OPUEHTANNS TPEUIMH OTHOCUTEIHHO HAIPABICHUS OCHOBHOTO ITOTOKA
IBWKEeHHS kuakocTH. HedreoTnada mpuHIMaeT MHHAUMAaIbHOE M MaKCUMAalIbHOE
3HaYEeHHE MIPH OPUEHTAINN TPEIINH COOTBETCTBEHHO MapajlIeIbHO U MEPIICHINKY-
JSIPHO OCHOBHOMY TIOTOKY JIBMKCHHS JKUJKOCTH. B 3aBHCHMOCTH OT IOJIOKEHUS
CKBXMH W HAIIPaBJICHUS ITOTOKA KUIKOCTH B TUIacTe He(TeoTaada MOXKET YMEHb-
IIaTHCSl B HECKOJIBKO Pa3 WM MPAKTUIECKH HE U3MEHAITHCS.

Hecraunonapaoe Bo3elCTBUE HA TPEHIMHOBATO-IIOPUCTHIN IJIACT B BUJE U3-
MEHEHUS HalpaBJIeH!s! (PUIIBTPAIIOHHOTO ITOTOKA MO3BOJISIET 3HAUUTEIHHO YBEIININTh
no0eray HePTH. DPGDEKTHBHOCTh MPUMEHEHHS HECTAIMOHAPHOTO BO3ACHCTBUS
CWJIBHO 3aBHCHUT OT IPOHHUIIAEMOCTH TPEIIMH M UX OPUEHTAIIMH OTHOCUTEIILHO CKBa-
KUH. B 0OBIYHOM TOPHCTOM ILIacTe MPUMEHEHHE HEeCTAllMOHAPHOTO JEWCTBUS HE
MIPUBOMIUT K 3HAYUTEIHLHOMY yBeIHYeHHIO HedTeoTnadn. Hanmmgue cuinbHOTO 2 dex-
Ta OT IPUMEHEHHs HECTAIlMOHAPHOTO BO3IEHCTBHUS MOXKET CITY>KUTh OJTHUM U3 TIPH-
3HAKOB HAJMYHA TPEIIUH B IIJIacTe.
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Abstract

A significant number of the world's known reserves of hydrocarbons are found in fields that
are more or less fractured. Despite the fact that the fractures have a small relative volume,
due to their high conductivity, they have a significant effect on the hydrocarbon production
process. The development of such deposits is often difficult and sometimes ineffective.
Earlier works according to the data of 56 deposits with the presence of fracturing, snow the
range of change in the oil recovery factor from 10% to 70%. In this paper, we studied the
features of a two-phase flow in fractured-porous reservoirs for stationary and non-stationary
waterflooding using a discrete model network model. The dependence of the oil production
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dynamics on the duration of the water injection cycles, the parameters and the position of the
fracture relative to the wells was investigated. The investigations were carried on a model, in
which there were one or more fracture with different lengths and orientations relative to the
wells. A numerical experiment is conducted using proprietary reservoir simulator with the
capability to model the fluid motion in conditions of non-isothermal processes and a solitary
long cracks in the formation. In the simulation used unstructured grid (Voronoi polygons).
In this case the grid inside the fractures was rectangular. At the core of the simulator is a
mathematical model of filtration “black oil”.

As aresult of the performed research, it is shown that in the case of stationary waterflooding,
the presence of fracturing in the reservoir leads to a rapid breakthrough of water to production
wells and to a reduction in the oil recovery factor. Non-stationary waterflooding makes it
possible to increase oil production. At the same time, a non-stationary cyclic waterflooding
in a homogeneous reservoir does not lead to a significant increase in oil recovery. The degree
of effectiveness of the cyclic waterflooding strongly depends on the permeability and on the
orientation of the fractures relative to the wells. The presence of a strong effect from the
non-stationary waterflooding of the reservoir may serve as one of the signs of the presence
of fractures in the reservoir.

Keywords

Discrete fracture network model, fractured-porous reservoir, non-stationary waterflooding,
oil recovery factor, reservoir simulation, design of field development.
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