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MOJIEJIUPOBAHUE PACIIPEJNEJIEHUSA JABJIEHUA MEKIY HATHETATEJIBHBIM
N SKCILTYATAIIMOHHBIM PSITIAMH CKBA’KHAH B KOJUIEKTOPAX
C HU3KOU MPOHUIOAEMOCTBIO
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Tlpeocmasnenvr pesynbmamosl MoOerupo8anusi GuUALMpayuy 6 1emMenme JUHEUHOU CUCmembl
paspabomku ¢ mpewuHamu euopopaspuvléa niacma. M3yueno enusnue Kodghduyuenma nbe3onposoo-
HOCIMU U PACYIEHEeHHOCIU NIACMA HA pacnpedenenue 0agieHus mexcoy ckeaxcutamu. Pewenue 3a0a-
yu 66110 nOYYeHo Memoodom gyrxyuu I pura, maxdice evinonnena peanusayus 3a0auu 6 I1IK « PH-KUMy ons
oyeHKU dghexmusrHoCImU cucmembl HOOOePHCaHUs niacmogoeo oaenenus (I1117).

Knruesvle cnosa: cudpopaspuvlé niacma, HUSKONPOHUYAEMbLL KOLIEKMOP, MAMeMamuyecKdst
MoOdenw, nracmogoe dasieHue, mexrozennas mpewjuna I'PII.

BBenenue

B Hacrosiiee BpeMs BO BCEM MHpE MPOUCXOTUT
YXyOIICHHE CTPYKTYpPBI 3amacoB yriaeBomoponoB. C
KaXIbIM TOAOM pa3pabOTKa HHU3KONPOHMIAEMBIX H
CBEPXHHU3KOIIPOHUIAEMBIX KOJUIEKTOPOB CTaHOBHTCS
Bce Oonee akTyanbHOH 3amaueid. B HacTosmiee Bpems
pa3padaThIBAIOTCSI HU3KOIPOHUIIAEMBIE KOJUICKTOPHI C
nponumnaemMoctsamu nopsaka 1 M/l Ilpu ux paspaboTke
IIPUMEHSEeTCS UHTCHCUBHOE 3aBOJJHEHUE U MIPOBEICHUE
THIPABIMYECKOTO pa3pbiBa IIacTa B JOOBIBAIONINX U
HarHeTaTeJIbHBIX CKBAKUHAX.

B pabote mpezncTaBieHbl pe3yIbTaThl aHATUTHYE-
CKOTO U YHCIICHHOTO MOJCIMPOBAHUS BIUSHHUA KO3(]-
(uLMeHTa Mbe30NPOBOIHOCTH Ha PACTIPEEIICHUs aB-
JIeHWsl B IUIacTe MEXIY psSJaMH HAarHEeTaTeNbHBIX M
JIOOBIBAIONINX CKBRXWH B HHM3KOIPOHHIAEMBIX KOJI-
JIEKTOpax.

ITocTanoBKa 3agaun

PaccmoTrpuM mose naBieHUS B (pUIBTPAIIMOHHOM
MOTOKE JINHEHHOI CHCTEMBI pa3paboTKH, KOTOPBIH CO-
CTOUT W3 OJHOM MOOBIBAIOIIEN W OJHOM HArHEeTaTellb-
HOM CKBa)KHMHBI C TPEIIMHAMHU THApopaspbiBa miacta [1].
Cxema siieMeHTa IpuBesieHa Ha puc. 1. Paccmarpusae-
MBIH 3JIEMEHT COJEP)KUT OJHY HarHeraTeibHyo (1) n
OJHYy noObIBarolIyto (2) ckBakHHBL [lomaraercsi, 4to
HarHETaTeJIbHAs CKBAXKHMHA IIEPECEKAeTCS TPEIINHON
aBTol PIT (3). Takke cumraercsi, 4TO HOOBIBAIOIIAS
CKBa)XMHA IepeCceKaeTcsl TeXHOreHHou TpeniuHoi I'PI1
(4). TpemmHbl, KOTOPBIC TEPECEKAIOT CKBAKHHBI MOXK-
HO paccMaTpHWBaTh KakK Talleper IOObIBaromuX (Tpe-
mmHa ['PIT) n HaraeratensHbIX (aBTOI PIT) ckBaXkmH.

Pacnipenenenne maBieHHs B IUTaCTe MEXIY Tpe-
IMHAMK OyJIeM OMHCHIBATH CIEAYIOMEH 3aqaueii:

Py Ky 0Py,
Gm e 5, =" 5,2 0 <y <L. 1
P,(y,t =0) = P,. (3)

3necy ¢, K, Cpy — TOPUCTOCTH, MPOHULIAE-
MOCTh U CKHMAaeMOCTh ILIacTa; L — paccrosHue Me-

KOy psAAaMU HarHETAaTENbHBIX M 3KCIITyaTallMOHHBIX
ckBaxwuH [1].

y

Puc. 1. Cxema snemeHTa pa3paboTKH.

HauansHoe naBnenue B miacte Py, © B MOMEHT
BpeMeHHU t = 0 HauMHaeTCs 3aKadyKa JKUAKOCTH B IUIACT
yepe3 HarHeTarelbHble CKBaXKUHBl — P; > Pj, Taxxke
HAa4yMHAEeTCsl OTOOp XMIKOCTH U3 IIacTa depe3 IKC-
IJIyaTallMOHHbIE CKBaxxuHbl — P, < P,. Paccmarpusa-
JOTCSl TPEIIUHBI BBICOKOH IPOBOAMMOCTH, ITO3TOMY
JaBJICHUS HA 3a00€ CKBaXXMHBI M B TPEIIMHAX MPAKTH-
YEeCKH COBMAJAIOT.

Hcnons3oBanue mMerona ¢ynkuumii 'puHa mo3Bo-
JsIeT HamucaTh PelICHHE 3a/a4d B BHIIE CYMMBI TPeX
CllaraeMbIX, KOTOpble C (PU3NYECKOH TOUYKH 3peHHs
OIIPEAEIIAIOT pacIpeieeHus AaBIeHHs, 00yCIIOBIEH-
HBIE CYIIECTBOBAaHMEM HAYaJbHOTO IOJS JABICHUSA U
JABJICHUH, BBI3BAHHBIX HAJIMYHEM TPEIINH, KOTOpHIE
MOXKHO PacCcMaTpUBATh KaK rajaeped WM KOHTYpPBI MH-
TaHMs IEMEHTA IIacTa:

P(y,t) =P (y,t) + Py (¥, t) + P (3, t) 4)

Pacnpenenenue paBieHHs BbIpaXkaeTcs 4depes
¢ynkuuio ['puna Ui nepBo KpaeBoii 3a1auu ypaBHe-
HHUE TUIA TEIUIONPOBOJHOCTH JUI 00JAaCTH KOHEYHBIX
pasmepos [3]:
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Pacgersr mo ¢gopmyie (9) mMO3BONIAIOT KOIHYECT-
BEHHO OILICHUTDH BJIMSHHUC Ha PAaCIpEIe/ICHUE TaBICHUS
KO3 (QUIMEHTa MMHE30IPOBOAHOCTH IUIACTA, KOTOPBIH
MOJKET U3MEHSTHCS B 3HAUMTENBHBIX MpPEJeiaX B 3aBH-
CHMOCTH OT IPOHUIIAEMOCTH U C)KMMAEMOCTH IIjIacTa U
BSI3KOCTH HACBHIIIAIOMIETO TUTACT (ITFOU/IA.

YuciieHHBIE pacyeThl MPOBOIUINCH MIPY 3HAYCHH-
X ITapaMeTPOB CPeJIbl, IPUBEACHHBIX B mab. 1.

JlaBiieHUsI HAa HATHETATEIBHOM U IKCIUTyaTalllOH-
HBIX CKB&)XHHAxX paBHbI COOTBeTCTBeHHO 45 Mlla u
5 MI1a, HaganmsHOE TUTacTOBOE NaBieHue 25 Mlla, pac-
CTOSTHHE MEXAY psinaMu CKkBaKuH L = 300 M.

Tracra

Yucio uiieHoOB paja n 6epercst B 3aBUCUMOCTH OT
M, W t: 9eM OHHU OoJbIle, TeM OONbIIee YHUCIO MPH-
OmmKeHuit HeoOxoauMo Opate. B Hactosieit pabote
B3TO n = 3. DTOr0 JOCTATOYHO /I PACUETOB B Cily4yae
MaJ'IbIX KOX(PHUIIEHTOB MHE30MPOBOAHOCTH (10 10 6
M?/c) 1 BpeMenn uccenosanus (10 1000 cyTok).

AHa/n3 pe3yabTaTOB AHAJIMTHYECKHX PACYETOB

Pacnipenenenus mosieit 1aBieHNs B SJIEMEHTE pa3-
pabOTKH € pa3NMYHBIMH JOJISIMH TJIMHUCTBIX IPOIIIa-
CTKOB TIPH Pa3MYHBIX KO3((PHUIHEHTaX MbE30IPOBO/I-
HOCTH U IIPUBENICHBI Ha puc. 2—4.

Ha puc. 2 npuBeneHs! npouau JaBICHAS MEXKITY
HarHeTaTeJIbHOW U JI0OBIBAIOIIUMU CKBaKMHAMHU CITyC-
15 100 cyTOoK mocIie 3amrycka CKBaXKHHBI B padoTy.

PacueTrs mpoBOIMIINCE TIPH Pa3IHYHBIX K03(hhH-
LHUEHTaxX IMbE30MPOBOAHOCTH IUIAacTa. Pe3ynbTarsl mo-
Ka3bIBAIOT, YTO YeM O0JIbIe KOIPPUITUSHT MhE30TPO-
BOJIHOCTH, TeM OOJbIIIE CKOPOCTh paclpOCTpaHEHUs
Bo3MyIeHHs. [Ipu ko3 dunrenTe mbe30npoBOJHOCTH
1.5-10° M?/c HarHeraTenbHAS CKBAKHHA PAKTHUCCKH
HE OKa3blBaeT BIMSHMS HA JaBJIECHUS] BOKPYT JOOBI-
BaIOIIMX CKBaXUH. IIpy 3TOM moOJIe MOBBIIIEHHOTO JaB-
JIEHUS] OT HAarHeTaTeJbHOM CKBaKMHBI PACIIPOCTPaHSIETCs
Ha pagmyc 1o ~ 45 M BIIyOb TUIACTa, TOTAA KaK paccTosi-
HUE MEXay ckBakuHamu coctaBisier 300 m. Harnera-
TeJbHAs CKBAXMHA HAYMHACT OKa3blBaTh BIMSHUE HA
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JIaBJICHUSI BOKPYT JOOBIBAIOIINX CKBXUH NpH K03 du-
IUEHTE MHE30MPOBOTHOCTH Tu1acTa Oosee 1.5 10* m%e.

Ha puc. 3 npusenensl npoduinu naBiIeHUs Me-
XKy HarHeTaTeJNbHOW M JOOBIBAIOLIEH CKBa)KMHAMU
CIYCTs pa3HOE KOJMYECTBO CYTOK IIOCJE 3alycka
CKBaXXUHBI B paboTy r[5p1/1 K03 pHUIHEHTE MHE30MPO-
BOJHOCTH #,,= 1.5-10° M?/c, 4To COOTBETCTBYET MPO-
HUIIAEMOCTH TacTa k,, = 0.01-10™ M2 Bunno, uro
BO3MYIL[CHIE OT HArHETATENbHOW CKBAXHUHBI PACIPO-
cTpaHseTcs BriTyOs macta Ha ~ 50 M B Tegenne 100 cyT.
Tomeko cmycts 10000 cyTok MEXAy psaaMH yCTaHABIH-
BAETCs CTAIIMOHAPHOE PACTIPe/IeTICHNE IaBICHHSL.
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Puc. 2. Ilpodunu naBieHuss MEXIY HATHETATEILHON U
JOOBIBAONIMMH CKBakMHaMH 4epe3 100 cyTok:
1-x,=15 10° M%c; 2 — J—fm:1.5-10'4 M/c;
3—xp,=1510° MY
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Puc. 3. [lpodunu naBieHus MEX Ay HarHETATSIBHOM

u )106I>IB3.IOIJ_[I/IMI/I CKBaXUHaMHU IIpH KOB(E(bI/IL[I/IeHTaX

IIbE30TIPOBOIHOCTH ILIACTA X,, = 1.5-10™ M%/c uepes

pa3Hble MPOMEXyYTOK BpeMeHu: 1 — & = 10 cyToK;
2—t =100 cyrok; 3 — t = 1000 cyTox;
4 —t=10000 cyrok

KpuBble m3MeHeHUs NaBlieHUS Ha HarHeTaTelb-
HOW W JOOBIBaromiell CKBaXMHE BO BpeMs paboThl u
TOCJIe OTKJIFOUEHUs MpelcTaBieHsl Ha puc. 4. TlepBbie
5000 cyTOK CKBa)KHHBI pabOTarOT C TOCTOSITHHBIMHA JIaB-
neausmu 5 MIlla Ha [goObIBarOmIed CKBa)XKMHE U
45 MIla Ha HarsHeTaTelbHOW. 3aTeM CKBa)KMHBI OCTa-
HaBIUBAIOT. MaTeMaTHUYeCKH 3aKpbITHE CKBa)XUH CO-
OTBETCTBYET 33JaHHUI0 PABEHCTBA HYJIIO MPOU3BOAHOMN
[0 KOOpAWHATE Y OT HaBiicHHWs Ha JuHUAX ¥y =0 u
y = L. U3 pucyHKa BHIHO, YTO NpHU KO3 PHUIHEHTAX
MTbE30MPOBOAHOCTH TUTACTa TOPSIKA 10° MZ/C, axe
MOCJIE UIMTEIBLHOW OCTAHOBKMA CKBA)KWH, 3HAYCHUS
IaBlIeHAS Ha OOOBIBAOIIEH M HArHETATEIBLHOM CKBa-
JKUHAX HE JIOCTHUTAIOT TUIACTOBOTO jaaBieHus (25 MIla)
M OTJIMYAOTCs Ha 0ojee uem Ha 10 MITa.

50
45
40
35

530

S 25

2120
15
10

0 2500 5000 7500 10000
t, CyT
Puc. 4. Jlunamuka n3MEHEHUS TaBJICHUS Ha
noObIBarotneH (2, 4, 6) 1 HarHEeTaTeIbHON
ckaxune (1,3, 5): 1,2 — 3,,= 1.5-10° M%/c;
3,4 ,=1.5-10" m%c; 5,
6 — 2= 1.5-10° M%c

Peanmzanusa 3agauu B IIK « PH-KUM» ni1sa
oueHku 3pdexTuBHocTu cucrembl I

Jnst oueHkn 3 QEeKTHBHOCTH CHCTEMBI MOAJIEP-
JKaHMS IJIACTOBOTO JaBJIEHHUs ObUIA BHIMIOJIHEHA peau-
3anus 3anaun B [IK «PH-KWM»y. UncieHnHsle pacueTs
MPOBOJMIINCh MPU 3HAYCHUAX MapaMEeTpOB CpeAbl U
tpewus ['PI1 n aBTol P11, npuBenennsix B mabn. 1. Ha
puc. 5 mpuBeneHbl NMPOGUIN JABICHUS MEXIY CKBa-
JKITHAMH, TIOJTYYCHHBIE B THIPOAMHAMHYECKOM CHMY-
astope «PH-KUM» u ux cpaBHEHHE ¢ pe3yibTaTaMu
MIPUBEICHHOTO aHAIMTHYECKOro penieHus. Hesnawm-
TeNbHAS pasHHUIA MEXAY Pe3yIbTaTOM, IOITYICHHBIM
BBIIIIC aHAJTUTHYECKUM ITyTEM W YUCIICHHBIM, SBISCTCS
CIIEZICTBHEM TOTO, YTO B THAPOIMHAMHICCKON MOIEITH
YYHUTBHIBaeTCs OOJbIIE MapaMeTpoB Cpebl U OepyTcs B
pacuet napametps! Tpemud ['PIT u aTol PII.

Ha ocHoBe Mozenu Obu1a NOCTpOeHa Tabiuna 3a-
BUCHMOCTH JIeOUTOB J0OBIBAIOIIMX CKBaXXHUH B CHUCTeE-
Mmax paspabotku c III1J] (rasepen HarHeTaTEIbHBIX H
noObiBaromux ckBakuH) u 0e3 T1I1J] (aBe ramepeu mo-
ObiBaromux CckBaxwH). OreHKa 3QQPEKTHBHOCTH CHC-
temsl [1I1]] nmpuBeneHa B mabi. 2.

Bunno, uro npu paccrosHusx mnopsaka 300 m
MEXITy TaJlepesMU CKBaKUH M MAJIBIX IPOHHUIIAEMOCTSIX
mracta (Menee 0,25 m/Jl) cucrema II1]] nmpakTudecku
HE OKa3bIBaeT BIMAHUS Ha PadOTy OKPYXKAFOIIUX JKC-
IUTyaTallMOHHBIX CKB&XWH. [ MOBBIIEHUS 1eOUTOB
HEO0OX0IMMO CONMKATH PSJIBI TOOBIBAIOIINX CKBAYKUH.
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Puc. 5. ConocraBneHye pe3ynbTaToB YHCICHHBIX U aHATHTHYC-
CKHX pacueToB pu t = 100 cyTok u #,,= 1.5-10° mP/c
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Tabmuma 2

Onenka 3¢ dexrruBrOCTH cucteMsbr [TT1]]

K, m/JT
= 0.1 0.25 05 0.75 1
> 100  22%
150 17%
200 |NEEECNNNESTINEGN 157 [N28%N
300
500
3akjouenue

YCcTaHOBIIEHO, YTO TIPH 3aKadKe/T00BYe B HAZKO-
MIPOHUIIAEMBIX KOJUIEKTOpaX MPOUCXOAUT TOJBKO JIO-
KaJIbHOC HOBI)IIIICHI/IG/HOHI/DKGHI/IG JaBJICHUS Ha HE-
6OJ'II:HII/IX paCCTOHHI/IﬂX oT pH}IOB CKBa>XHUH C TCXHOI'CH-
ueiMu TpemuHamu ['PIT/aBTol PI1. 3ameTHOE mMOBBIIIIE-
HI/Ie/HOHI/I}KeHI/Ie JaBJICHUSA HpOI/ICXOJII/IT HpI/I a0ocTaTtoy-

HO OOJNBINMX 3HAYCHHUSX BPEMEHU B 3aBUCHUMOCTH OT
KOA(PUIHUEHTA THE30MPOBOTHOCTH.

BBISIBJICHO, YTO MPH PACCTOSHHUIX MEKIy CKBa-
*kuHaMu okosio 300 M cucTeMa moaiep)KaHus IUTacTo-
BOTO JaBlicHUs! (HATHETATENbHBIC CKBAXKHHBI) MPAKTH-
YEeCKM HE OKAa3bIBAIOT BIMSHHS Ha PabOTy OKpYXKaro-
LIUX JOOBIBAIOIINX CKBAKHUH.
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MODELING OF THE PRESSURE DISTRIBUTION
BETWEEN THE ROWS OF INJECTION AND PRODUCTION WELLS
IN RESERVOIRS WITH LOW-PERMEABILITY

© 1. L. Khabibullin, R. Z. Khasanova*, G. F. Asalkhuzina, A. Y. Davletbaev

Bashkir State University
32 Zaki Validi Street, 450076 Ufa, Republic of Bashkortostan, Russia.
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According to field studies, the pressure in injection and production wells varies great-
ly. Probable reasons for this differentiation are low permeability, high viscosity of the fluid,
high formation compressibility. The combination of these factors causes ultra-low values of
the formation pressure conductivity factor and large times of pressure redistribution. In this
paper, the nonstationary pressure distribution between the rows (series) of injection and
production wells in low-permeability reservoirs was analyzed; the dependence of pressure
dynamics in the developed system on the formation pressure conductivity factor was stu-
died. The element of the development system with injection and production wells was con-
sidered. The authors assumed that the injection well is intersected by auto hydraulic frac-
ture and the production well is intersected by hydraulic fracture. The fractures in wells can
be considered as the well galleries. The pressure distribution between the galleries is de-
scribed by the first (Dirichlet) boundary value problem for the piezo-conductivity equation
in the interval. Accurate analytical solution was obtained by the Green's function method.
This method enables one to formulate solution of the problem as the sum of three terms that
determine the pressure distributions due to the existence of an initial pressure field and
pressures caused by the presence of fractures, which can be considered as external boun-
dary of reservoirs. The use of this formula makes it possible to evaluate the influence of
formation pressure conductivity factor on the pressure distribution: the more it is, the faster
the perturbing effect from the injection well spreads. In reservoirs with low permeability,
the factor is small. Consequently, the perturbing effect from the injection well reaches the
producing well slower. This process can take several years. At a distance of about 350 m
between production and injection wells, the pressure maintenance system (i.e., the injection
wells) has almost no effect on the surrounding production wells.

Keywords: auto-hydraulic fracture, hydraulic fracturing, low permeable reservoir,
numerically simulated model, reservoir pressure.

Published in Russian. Do not hesitate to contact us at bulletin_bsu@mail.ru if you need translation of the article.
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