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AHHOTaNMA

B crarbe 00cyxaaroTcs aceKThI TPOBEACHUS M aHAIN3 PE3YIbTaTOB M'UIPOINHAMUYIECKUX
uccnenosanuil ckpaxkud (IIMC) Ha ycTaHOBHBIIMXCS peXUMax 3aKauykH, IPOBOIMMBIX
B HarHETaTeJbHBIX CKBAKMHAX C IENbI0 OLIEHKH IUIACTOBOTO JIABICHUS M KO3 dHIeHTa
npremMuctocT. OCHOBHOM 11eNTbI0 IaHHO pabOTHI ABISAETCS ONpeaeneHne HeoOX0AUMON
IJIUTEIBHOCTH PEXXUMOB 3aKauKH, IIPU KOTOPOH IJIACTOBOE JaBJICHUE OyAET ONpeneIeHOo
Ha MakCUMaJbHOM pajuyce HccienoBanus. BBUIy 3HAUNTETbHON AIUTENBHOCTH UCCIIe-
JOBaHUH B HU3KOTIPOHHUIIAEMBIX KOJUIEKTOPAX YUUTBIBAETCS pab0Ta CKBaXKUH OKPYKEHUS,
KOTOpBIE B TIPOIIECCE UCCIIEJOBAHNS CKBAXKUH JIOJKHBI OKa3bIBATh MUHIMAIBHOE BIHAHNIE
Ha pe3yiIbTaThl MHTEpHpeTauun AaHHbIX. C 3TOH LENbI0 BBIIOIHEHO MOJEIMPOBAHUE
IMHAMHUKU U3MEHEHMS AaBieHus npu ganHoMm Buae [JIUC mns pa3nudHbIX mapaMeTpos
iacTa ¥ AJIUTENbHOCTEH PeKMMOB 3aKadykH, C YUETOM BIMSHHSA pabOThl OKPY)KAIOIIUX
OOBIBAIOINX CKBAKHIH.

J1s pemieHus MOCTaBIEHHON 3aJaull MCIIONB30BATACh YUCICHHAS MOJENb (DHIBTpAIN
KUIKOCTH B 3JIEMEHTE JEBSITUTOUECYHOH CHCTEMBI Pa3paOOTKH B HU3KOIIPOHULIAEMOM IPOLYK-
THBHOM I11acTe. J{oObIua 1 3aKauKa KUAKOCTH OCYIIECTBISETCS B CKBAKHHBI C MATUCTPAITb-
HBIMH TEXHOTEHHBIMHU TPEIMHAMHU I'ujipaBinyeckoro paspsisa miacta (I'PII). [Tpu monenu-
pOBaHUN BapbUPOBAIUCH (PUIBTPAIOHHBIE TAPAMETPBI CHCTEMBI «TPEIMHBI — IUTACT» U
IJIUTENIbHOCTH PEKMMOB PA0OThI CKBaXKHH, BOCIIPOM3BOJMIMCH CHHTETHUECKHE JAaHHBIE 110
M3MEHEHUIO JaBICHUI B CKBaKMHAX. J|aBIeHNS M pacXobl Ha pesKUMax pabOoThl CKBaKHHbI
AHAJM3UPOBAIHCH ITyTEM HOCTPOoeHHs rpadukoB nHAMKaTopHOU quarpammsl (U/1). Onenku
9KCTPATIOIUPOBAHHOTO IaBiieHus 1o rpadukam V][ cpaBHUBAINCH C IaBICHHUAME B YHCIICH-
HOM MOJIEINH, B YaCTHOCTH € JABIEHHEM Ha KOHTYPE MUTAHUSA U Ha PafNyCe UCCIIET0BaHMS.

[Tokxa3zaHo, 4TO A7 HU3KONPOHMIAEMBIX TUIACTOB IIPH MCCIEI0BAHUN HArHETAaTEIbHBIX
CKBaKMH METOJIOM YCTaHOBMBIIMXCS PEKUMOB 3aKa4Kd HEOOXOAMMO YUHTBIBATH PanyC
UCCIIEI0BAHUs], KOTOPBIM 3aBUCUT OT IPOHULAEMOCTH IUIACTA U JUIUTEINBHOCTH PEXUMOB
3aKadkd. Tarxoke pagnyc MccnenoBaHMs HEOOXOMMMO YYUTHIBATh MPH MOCTPOCHUH KapT
n300ap HapsIy cO 3HAYCHUEM TJIaCTOBOTO JABJICHUSL.

KunioueBble cjioBa

FI/I]IpO}II/IHaMI/I‘IeCKI/Ie HCCICA0BAHN CKBAXKHUH, HI/IBKOHPOHI/IHaeMHﬁ J1acT, TpEKUHA TUAPO-
pa3pbiBa, MHINKATOPHBIE AXATPAMMBI, JTHTEHHOCTS PEKUMA 3aKauKH, TINACTOBOE JABJICHHE,
panyc UCCIEI0BAHHS.
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BBenenue

Hu3zkas mpoHUIIaeMOCTh IJ1aCTOB, MpoBeAcHUEe ruapopaspeiBa miacta (I'PIT) [2],
Hanuue 3pdexra caMonpou3BOJILHOIO Pa3BUTHS TEXHOTCHHBIX TpeuuH aBTo-I" PI1
B HarHETaTeNbHBIX CKBAXHUHAX [9] 1 mpoure GpakTopbl IPUBOAAT K HEOOXOAMMOCTH
3HAYUTETHHOTO yBenmueHus autenbHocth [ /I C Ha HeyCcTaHOBHUBITUXCS PEKUMAX,
U, KaK CIIeJICTBUE, YBEITMUNBAIOTCS MTOTEPH B 3aKa4Ke/T0ObIUE N3-3a OCTAHOBKH CKBa-
skuH. Menee 3arpatasiM BuaoM [JIVC sBrisieTcs uccienoBaHUE Ha YCTAHOBUBILIUXCSA
peXHMMax 3aKauyKy B HAarHETATEIbHBIX CKBAKUHAX (MJIM TaK Ha3bIBAGMbBIH METO] 10-
CTPOEHMS MHAUKATOPHBIX Auarpamm). [Ipu nannom Buae I'JIMC ckBaknHa B iepuoj
ucclieoBaHus HaxoauTes B padore. Kak npasuio, npu [JIMC metonom NUJ] ocyriect-
BJISIETCS UBMEHEHHE Pacxojia 3aKauMBAEMON KUAKOCTH HA LIECTH PEKUMax IyTeM
CMEHBI IHaMeTpa IPOXOJHOrO CEYEHUS IITYLEPA.

Ha mecropoxkaenusix ¢ HU3Kko# mponunaemMoctbio komiekropa IJIMC metogom
W]I npoBogsiTcst 1ist onpeneneHus ko3 QHUIMEHTOB MPUEMUCTOCTH CKBKUHBI TIPU
JIABJICHUSX BBIIIC U HIDKE JABICHUS CMBbIKaHUS TpemmH aBto-1 PII [9], nns onenku
TJTACTOBOTO JABJICHUS Ha OMPEICIICHHOM YIAICHUHN OT TPAHHUIIBI «TPEITIHHA — TUIACTY,
T. €. Ha paJuyce UCCaenoBanus [6].

B npenene niauTenbHOCTh peXUMa 3aKa4KU IPU MPOBEACHUU HCCIEAOBAHUS
JIOJDKHA OBITH JIOCTaTOYHOM JUIS TIOJTYYEHHUS OI[EHKH TUIACTOBOTO JaBIICHUS Ha pac-
CTOSIHUHU, KOTOPOE COMOCTAaBUMO C IOJIOBHHOM PACCTOSIHUS MEXAY CKBAKMHAMU
ommwKkaiiimero okpyxeHust [4]. OfHaKo B cydae BBIIIOIHEHHS 3TOTO YCIOBUS 001ast
JUTATETEHOCTE Beex peskuMoB 1ipu [JIC metomom M1 B HU3KOTIPOHUIIAEMBIX TIPO-
JYKTUBHBIX IJIACTAX KPATHO YBEIUUUTCS. B mepuo mpoBeeHus TAKOTO JUIUTEIbHO-
ro uccieaoBanuss metogoM WMJ[ MOXKET UMETh MECTO CYIIECTBEHHOE HM3MEHEHHUE
IJJACTOBOTO JIAaBJICHUS M3-32 BIHSIHUS PAa00THI OKPYKAFOIINX CKBaXKUH.

B pabote u3y4eHO BIUSHUE OKPYKAIOIIUX JIOOBIBAOIINX CKBAYKUH HA PE3yJIbTa-
ThI OIICHKH I1JIACTOBOTO JIABJICHHS B HATHETATEIbHOM CKBaYKUHE. BIOpaHbI ONITUMAIIb-
HBIC JUTUTEITHPHOCTH PEKUMOB, TIPH KOTOPBIX JOCTHTACTCS MAKCHUMAIBHBINH pagnyc
HCCIIEI0BAaHNS 1 MUHUMAJIBHOE BIMSIHUE OCTAJIbHBIX CKBAaYKUH AJIEMEHTA JIEBATUTO-
YEUHOW CUCTEMBI pa3pabOTKH Ha OLIEHKY IJIACTOBOTO JIaBIICHHSL.

ITocTanoBka 3aga4u

s MoenupoBaHus KPUBBIX M3MEHEHUS JaBJIEHUS Oblla HCIIOIb30BaHa YHCIEHHAS
MOJIeIb, ONcanHas B ctarbe [1]. [lapameTps! miacta, TPEeIIUH U CBOWCTBA (ITIOU-
JIOB, MUCIIOJIb3yeMBbIe TP pacueTax, XapaKTepHBI AT HU3KOTPOHUIIAEMBIX MECTO-
poxxaennii 3anagHoit Cubupu. CoOOTBETCTBEHHO, PACCMATPUBAINCH PEATH30BAaHHbIC
Ha JaHHOM MECTOPOXKJICHHHU BAapUAHTHI PACTIONOKECHUS CKBaKUH, peanbHbIC pac-
CTOSIHUSL MEKIIy HUMHU H JIp.

B cumy cuMMETpHUYHOCTH CXEMBI PACUCTOB PACCMOTPEHA Y4 DIIEMEHTA JACBSITUTO-
YEUHOH CUCTEMBI pa3paboTku. B pacueTHoit ceTke (puc. 1) moka3aHa HarHeTaTeIbHAS
ckBaxxrHa ¢ TpemuHoi [ P11, koTopas okpyxeHa TpeMst 10ObIBAOIINMH CKBRKHHAMHU
¢ TexHoreHHbIMH TpewmnHamu I'PIL. Tlonaraercsi, 4To TpeMHbI B HATHETATEIBHOM 1
JIOOBIBAIOIIUX CKBAKUHAX PACIIONIOKEHBI BJIOJIb PETMOHAIBHOTO CTPECCa U UMEIOT
OZIMHAKOBYIO MOJIYJUTMHY X, (i=LP,P,P).

Pusuko-maTemaTHyeckoe moaeauposanue. Hedrs, ras, snepreruka. 2020. Tom 6. Ne 1 (21)



138  Acanxysuna I'. @., Jlasnemoaes A. A., Xaouoynnun H. JI., Axmemosa P. P.

A— JI0OBIBAIONIHE CKBAXKUHBI

V* HarHeTaTelibHasi CKBa)KUHA

Wi, Wi ps
Puc. 1. Cxema sneMeHTa AEBATUTOUCTHOM Fig. 1. Scheme of a field development
CHCTEMBI pa3paboTKI system nine-point element

PacripeiesieHne IaBjieHusT B HU3KOIPOHHUIIAEMOM MPOAYKTUBHOM ILIACTE pac-

CYMTHIBAETCS U3 JJByMEPHOTO YPABHEHHS ITHE30IPOBOTHOCTH:
oy i(k_maﬁ) +i<k_maﬁ)
memEar T ax\u ox /) ay\u ay /)
rae ¢ — HOPUCTOCTh IIAcTa, ¢, — CXKUMAEMOCTh ILIAacTa, k — IPOHUIIAEMOCTh
IIACTA, 4 — BA3KOCTh KMAKOCTH, P — NaBIeHHE B TOUKE ILIACTa, X U Y — KOOPIHU-

HaThI 110 Jiatepanu (puc. 1).
Pacnipenenenune papienust B Tpemunax ['PI1 Bosib HANpaBICHHUS WX Pa3BUTHS
OMHKCHIBACTCS OJJHOMEPHBIM YPABHEHHEM ITbE30MIPOBOAHOCTH:
opcpy 2t O (K OFr | dri
. t. -

fiffti g ~ ax\ p ox wy, b’

(1

2
TJie ¢, — MOPUCTOCTD TPEUIMHEL, €, — CKHMAEMOCTb TPEIIHH, K, — MPOHMIACMOCT
TPCILVH, ¢, — WHTCHCHBHOCTB IPHTOKA U PACXO/IA, W, — IIMPHHA PACKPBITHS TPEILHH,
h — MouHOCTE 1acTa, P, — NaBJICHHE B TOUKE TPEIIHH.

CornacHo pabote [5], mpeanonaraeTcs paBeHCTBO CPEIHUX CKOPOCTEH JBHKEHUS
BBITECHSIOIICH U BBITECHIEMO KUIKOCTCH v=v T. k. HOABMIKHOCTH BOJIBI M HE(-
™Mk /i =k /it PaBHBI, MOJATAETCS, YTO OOPA3yeTCst 30Ha COBMECTHON (PUIIBTPALINK
YKUJIKOCTEH, BCIIEJICTBHE YETO MOXKET OBITH OCYIIIECTBIICH ITEPEXO OT MOJIEIH JBYX-
¢azHol ¢punbTpanmu HeTH U BOABI K QUiIbTpanuu ogHopazHoN KuIKoCTH. CTOUT
OTMETHUTb, YTO JaHHOE MPEANOJIOKEHHE MPUHSTO C IEIbI0 YIPOIICHHUS PacueToOB, 1
B 00IIIeM ciTydae MOJBHIKHOCTH BOJBI U HETH MOTYT 3HAUUTEIHHO OTIIMYATHCSL.

B ypaBrennn (2) obmiast C;KHMAaeMOCTh TPCIIMH €, 3aBUCHT OT CKHMACMOCTH
MIPOTaHTa B TPEIIMHE U KUIKOCTH, KoTopas GpuisTpyercs B Hel [7]. OOmmas cxxumae-
MOCTb IIACTA ¢, — JUIMTUBHAS BEIMYMHA, KOTOPAs CKII IbIBAETCS U3 IPOU3BEICHUSA
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HACBIILEHHOCTH S, Ha C)KMMAEMOCTh BOJIbI €, U HEYTH ¢, ¥ CKMMAEMOCTHU MPOYK-

TuBHOrO nactac :¢ =S¢ +(1—S8)-c +c .Cnoxnas popma miacra, BKIIO4a-
m mt wow w o m

Iol1asi TEPPUTCHHBIC U TNIMHUCTBIC TIPOIUTACTKH, IIPH pacueTe OOLIeH CRUMAECMOCTH

yuTeHa uyepe3 Kod3(h(UIMEHT recuaHucTocTH [ 14].

PaccmarpuBarotest cneayromune o06JacT pacioNIOKEHUS TPEIIMH JOOBIBAIOLINX
ckBaxuH: (L —d—x)<x<L,02y>w,/2;(L —d—x,)<x<L, (L —w,/2)<y<
SL;0<x=<x,, (Ly /2) <y<L,aTaKkKe 0071aCTh PACTIONOKEH S TpemnHH
HarHeTaTeIbHOMN CKBa)KI/IHLI. 0<x< xﬂ, 0>y> wﬂ/Z, rae L, L — paccrostHus OT
CKBaXUHBI / 10 TPaHMII I1JIaCTa 110 OCH X U OCH ) COOTBETCTBEHHO. IHTEHCHBHOCTD
MIPUTOKA ¥ PACXOAa JKUIAKOCTH U3 TUTACTA B TEXHOTEHHBIE TPEIIMHBI B ypaBHEHHUSX (1)

1 (2) paccUMTHIBACTCS IO CIESMYIOMNM (HOpMYIIaM:

- [k_maﬁ ] _ km OPm
Arp, = u dy |y:WfP1/2 o Are, T [u ay ly =Ly-wsp, /2]
k,y, OP,, Ky, OB, 3)
qu3 = [— a |y =Ly~— Wp, /2] qf, = 4h[ I ay |y WfI/Z]

TecTupoBaHUe YHCJIEHHONH MOTETH

Cuctema ypaBuennii (1)-(3) ¢ ycimoBreM MOCTOSIHHOTO JaBJICHUS B CKBAXKUHAX HA
TIEPBOM 3Talle U C 3aJaHHEeM YCIOBUS 10 PACXOAY KUIAKOCTH B CKBAKMHE Ha BTOPOM
stane [1] pemanach KOHEUHO-PA3HOCTHBIM METOJOM IO UTEPAIMOHHON CcXeMe
Hrrotona. IlpumMeHnsiiach HepaBHOMEpHas CETKa CO CTYIIEHHEM OKOJO TPEIIUH.
Pe3ynpTaThl YNCIEHHOTO MOACIHPOBAHMS KPUBOU MPUTOKA B CKBAXKUHY IPH TIO-
CTOSIHHOM JIaBJIEHUM B CKBa)XMHE ¢ OJMHOYHOM TpewmnHoil ['PIl cpaBHMBanuch ¢
pe3ynbraTamu MoneiaupoBanus B Mmoayie Saphir [1K Ecrin [13]. B wactHocTH, Ha
KPUBOH IPUTOKA B JTOOBIBAIOIICH CKBAXKMHE C OJJTMHOYHON TperuHon yepe3 50 cy-
TOK BEJIMYMHA TMPUTOKA MO0 YHUCIEHHOM Mojeau cocTasiser 163 m*/cyt. Ipu aTom
B mozyie Saphir ITK Ecrin monyuena Beanunnaa 160 m*/cyt. Takum oOpaszom, st
BBIOpaHHBIX pa3MepoB ceTkH 120 x 120 pa3HHLla MEXK1y BETUYMHAMH IIPUTOKA CO-
ctaBisieT MmeHee 2%.

B pa6ortax [10, 11] paccmMoTpeHbI aHATMTHYECKHE PEIIeHUs] aHAJIOTHYHOM 3a-
nauu B IpuOmwkenuu OP /Ox = 0. Tam e MONyYeHO aHATUTHIECKOE PEIEHNUE 3a-
nauu [1], KoTopoe UMeeT BU:

POLO) = Py By (~ D" [erfe i — erfe 1 +

2nLy+y
+P0erf2\/_t+PWf [erfcz\/—t+2n 1[e rfc BN 4)
3 (@n+1)Ly—y @n+1)Ly+y
efcz\/—t]]-l'ow Zn 1[ f 2\/—1: erfc th ];
rae P — HadalnbHOE ILIAcToBOE AaBieHue, erfc(§) = . ;0 e¢’ dé, Ky, = ﬁ.
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Ha puc. 2 npuBeaeHsl pe3ynbTaThl CONMOCTABIECHNS JaHHBIX YMCIEHHOTO MOJe-
JIMPOBAHUA U AHAJIUTUYCCKOT'O PCIICHUSA JJI pa3JIMYHbIX 3HAYECHUU MMPOHUIIAEMOCTHU
TJ1acTa v JUIUTENbHOCTH paboThl ckBakuH: k£ = 0,1 - 107" m* u £= 100 cyr. (puc. 2a),
k, =1-10"" m>ut= 30 cyr. (puc. 20). [losyyeHo ynoBIeTBOPUTENLHOE COIIACO-
BaHUC KPUBBIX, HaI/IGOHI)HIaH pa3Hulia B KPUBBIX PACIIPEACIICHNA NaBJICHUS COCTaB-
asteT He oonee 2,5%.

50
a)

40 |
o 30 | <
= =
= 20| =
LY X

10 |

0 100 200 300 0 100 200 300
V., M y, M

Puc. 2. CpaBHeHue poduIIei 1aBieHns Fig. 2. Comparison of injection and
MEK/ly HarHeTaTeJIbHOW | J100bIBAIOIIEH production wells pressure profiles in cases
CKBQ)KMHAMU IIPU YUCICHHOM U of numerical and analytical determination
AHAJIMTUYECKOM PELICHHUH (CTUIOLIHAS (solid line) in time ¢ = 100 days,
JIMHYS) B MOMEHT BpeMmenu ¢ = 100 cyT. k =0.1-10"" m?*(a) and in time
npu k, = 0,1 - 107" M* (a) 1 B MOMEHT t=30days, k, =1-10"" m*(0)

t=30cyr.npuk, =1-10" m*(0)

B pabore [12] maremaruueckas Mmoziesb ¢ aByms Tpemuaamu 1 Pl ucrionp3oBanachk
JUTS| OTIMCAHUS TIPOMBICIIOBBIX CCIIEIOBAHMIA METOJIOM THAPONpOCITyIiBanust. [ [pr arom
MOJTYYCHO YIOBJIETBOPUTEIbHOE coBMeteHue (R* ~ 0,98) MpOMBICIOBBIX M PACUCTHBIX
KPHBBIX N3MEHEHWS JJABJICHHS B BO3MYIIAIOIICH U pearrpyroIei CKBaKMHAX.

Biausinue AJuTEIbHOCTH PEXKUMOB, IPOHUIACEMOCTH ILJIACTa U MAPaAaMETPOB
TPpE€UIMHBI HA UHIAUKATOPHbLIC THAIrPaAaMMbI

Ha nepBom artane (B Teuenue 300 cyT.) MopenupoBasiach paboTa HarHETaTeIHLHON U
JIOOBIBAIOIINX CKBAKUH C IOCTOSIHHBIMU JIABJICHUSMH 3aKauKn/0TOOPOB B HUX. Jlanee,
Ha BTOPOM H TMOCJICAYIONIUX dTalax B HAaTHETATeIbHON CKBaKHMHE MOJICITHPOBAIUCH
I'JIUC ¢ pa3nu4YHBIME BEIMYMHAMH PACXOja 3aKauMBAECMOMN KUJKOCTH, T. €. ITOCIIe-
JIOBATEIILHO YMEHbIIIATIaCch BEIMYMHA PACXO0/1a XKHUIKOCTH B HATHETATEIIbHOM CKBAXKH-
He. [Ipu 3TOM mpeanonarasaoch, 4To OKPYKaOIUE TOOBIBAIOIINE CKBAKUHBI TAKIKE
MIPOJIOJIKAFOT padOTATh C IOCTOSIHHBIMHU JIaBlIeHUsMHU B HUX. Mopenuposanue ['JIUC
metonoM W /JI B anemenTe pa3paboTKu MPOBOAUIOCH ISl Pa3IMUHBIX IPOHUIIAEMOCTEH
miacra: k£ =0,1-10"" Mm% 1-10"° M*n 10 - 107" M?, Takske BAPbUPOBAIUCH [TTUTENb-
HOCTH pexnMoB 3akauku At (o1 0,1 1o 100 cyT.). PacyeTsl BEIIONMHSITUCH TIPH CIIEAY-
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IOIIMX [apaMeTPax CHCTEMBI: W, = 5-107° M, kﬁ =100 000 - 107" m?, L_= 500 m,
Ly =500 M, X, = 100 m, P, = 25 MlIla, h = 10 M, 9= 0,41,¢ =0,17,8 =0,38,
ky,;=0,1,4=031-10"mlla-¢c,c, =73-107Ila".

Ha puc. 3 npuBeneHsl MpruMepsl KpUBBIX U3MEHEHHS JTABICHUS U pacxoja 3aKa-
YUBAEMOU >KMJIKOCTU MO HArHETATENbHOU CKBakKMHE Ha BTOpoM stane npu [JANC

meTtomom MJI.

r 40 - 300

45 - a)
= L. - 20 5
Z 40 o 100 =
5 Theen, L0 1

35 T T T T T 0 15 T T T T T O

300 305 310 315 320 325 330 300 400 500 600 700 800 900
t, CyT. t, CyT.

Puc. 3. lunamrka H3MEHEHUS JaBICHUS Fig. 3. The dynamics of pressure and flow
U pacxofia 3aKa4MBacMOil KHUIKOCTHU TIPH rate of the injected fluid during well
IINC metomom W/T: testing by the ID method:
a—k =0,1-10"" M At=5 cyr; a—k =0.1-10""m’ At =35 days;
06—k, =1-10" ™, At =100 cyr. 06—k, =1-10"m? Ar= 100 days

YcTaHOBIIEHO, UTO MPH OOJBIIEH TIPOHUIIAEMOCTH IrTacTa (puc. 30) BEIMIMHA W3-
MEHEHHMS IaBJICHUS] MEKAY PEXMMaMU 3aKauKy OOJIbILe, TOraa Kak Ipy MPOHULaeMO-
ctu mnacta k= 0,1 - 107" M* mepexozibl 110 IaBIEHUIO MEXIY PEKMMAMU 3aKAYKH
BBIJIEJIAIOTCS He Tak sSBHO (puc. 3a). B cinyyae miacra ¢ MeHblIeH MPOHUIIAEMOCThIO
BBIpaBHUBaHKE PODUIIS IABICHUS TTOCIIE CMEHBI peXKMMa pabOoThI IPOUCXOANT 3HAUH-
tenpHO MemienHee [1]. CTOUT Takke OTMETHTh, UTO TPU OONBINUX TUTEIHHOCTSIX
nccaenoBanus MmerogoM MJI co cTyneHuaTsIM CHUJKEHUEM JaBJICHHS HA PEeXUMaX 3a-
KauK{ TPOUCXOJMT CYIIECTBEHHOE CHI)KEHHE IUIACTOBOTO AABJICHUS B 3JIEMEHTE CHU-
cTeMbl pa3paboTku. B ciydae ¢ nponunaemocteio miacta k= 0,1 - 107 m* (puc. 3a)
py o01Iel UIUTeNnbHOCTH HccienoBanus 30 CyT. IPOUCXOANT CHIKCHUE JIABIICHNUS B
cepeanHe snemenTta pazpadorku Ha 0,3 MIla, B ciaydyae nmpoHUIIAEMOCTH ILIacTa
k =1-107" ™ (puc. 36) u 0bmeit muTensHOCTH HecnenoBanus 600 cyT. —Ha 6,3 MlIla.
[Ipu sTOoM B mocnenHem ciydae (puc. 30) oOmias IMTENFHOCTh UCCIENOBAaHUS Ha
YCTaHOBMBLIMXCS PEXKUMAaX MPEBBIIACT HEOOXOAUMYIO JUINTEIBHOCTD TPAAUIMOHHO-
ro Buzaa [JIUC metonom peructpaunu kpuBoit nagenus nasienus (KI1/) B ocranos-
JIEHHOW HarHEeTaTelIbHON CKBa)KMHE.

Pe3ynbraThl YMCIEHHOTO MOAETUPOBAHNS B BUJIE KPUBBIX U3MEHEHUS AABICHUS
1 pacxoja 3aKauuBaeMOoH JKHJKOCTH aHAJTM3UPOBAINCH ITyTEM MIOCTPOEHUS HH/NKA-
TopHbIx nuarpamm (MJ]), T. e. 3aBUCMMOCTEl IaBiIeHHs OT pacxoja 3aKaunBacMOM
KHUIKOCTH B ckBaxkuHe. [t moctpoenust M1 BIOMparoTcst 3HaUCHUS IaBICHUS Ha
peXMMax U BETMUYUHBI pacxojia 3aKadMBaeMOU KUAKOCTH, KOTOpPBIE 3aJaBAJINCh TIPU
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MOJICIIMPOBAaHUY PA0OTHI HATHETATEIHHON CKBaXKUHBI. Jlaiee Ha 0CHOBE BHIOPAHHBIX
Touek A nocrpoenust MJ{ crpoutcs nuneitnas annpoxkcumanus [8]. Ouenka mia-
CTOBOTIO JIaBJIEHHs P OCYIIECTBIISETCS UCXOMS M3 aHAIU3a MOMYYEHHOH (OpMyJIbI
npu HyneBoM pacxone. [lpumepsr MJI 11st pa3nmuvHBIX 3HAYSHUH MTPOHUIIAEMOCTH
TUTacTa v JUIUTEIBHOCTH PEXKUMOB 3aKauKy pUBeeHBI Ha puc. 4. [Ipu moctpoeHun
WJI, T. ¢. 3aBUCUMOCTH JABJICHUS B CKBAXKHHE ow OT pacxojia 3aKa9MBaeMO KHUJIKO-
CTH, MCTIOJIb30BaH O€3pa3MEPHbIN PaCXo1 g, g, = qj/qmax, IJIe ¢,— PacXoJl 3aKaunBa-
€MOM JKHMIKOCTH B KOHIIE K&XKJIOTO PEXKHMA, ¢ — PACXOJ KMIAKOCTH Ha PEKHUME €
MAaKCHMaJbHBIM JaBJICHHEM 3aKauKH.

45 45
g O o o o ©° )
s 35 - O o) s 35 - 4 &
= E o
> o o = s o O
& 25 - 3o 25 Lo B
a) o 6)
15 T T T T 1 15 T T T T 1
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Puc. 4. 3aBucuMOCTb 1aBlICHHS B Fig. 4. The injection performance

CKBaXXHHE OT Oe3pa3MEepHOro pacxoaa
3aKaUMBACMOM KHUKOCTHU JUIS
TNIPOHMI[AEMOCTH miacta k, =1 - 107" m?
U JUTATETBHOCTEH PEKIMOB 3aKAUKU

At =5 cyT. (a) 1 Ipu pa3TUYHOM
3HAYCHUU MTPOHUIIAEMOCTH Im1acTa (0):

1 — cKBakMHA C TONYUIHHON TPEIIUHBI
x,= 100 M B OECKOHEYHOM ILTACTE
(oOBIBAOIIME CKBAYKMHBI OCTAHOBIICHEI);
2 — CKBa)KHHA C TTONYUTHHOHN TPEIIUHBI
x,= 100 M (moOBIBarOIIMC CKBAYKHHEI B
pabote);

3 — CKBaXXWHA C MOJYJTUHON TPCIIUHEI
x,= 1 M B OECKOHCYHOM TIIIACTE;

4—k =0,1-107" m%
S—k,=1-10" M

6—4k =10-107" m?

relationship for reservoir permeability
k =1-10"" m*and operate duration

At =5 days (a) and different reservoir
permeability (0):

1 — half-length of the hydraulic fracture
x,= 100 m in infinite reservoir (production
wells are stopped);

2 — half-length of the hydraulic fracture
x,= 100 m (production wells are
operated);

3 — half-length of the hydraulic fracture
X, = 1 m in infinite reservoir;

4—k =0.1-10" m*
S5—k,=1-10"m?%

6—k =10-10"m’

Ha puc. 4a npuBeneHo cpaBHeHNE HHAUKATOPHBIX AUArPaMM JJIsl CIydaeB paboThl
HarHeTaTeIbHOW CKBaXMHBI B OECKOHEYHOM IITacTe: KpuBasi | — 0e3 yueTa CKBaKHH
OKPYKCHHS, C HOMYITHHON TPermHb! x, = 100 M; KpuBai 2 — ¢ y4eToM paboThI OKpY-
JKAIOLIKMX JI0OBIBAIOIMX CKBAXKHH, ¢ TpemuHol x, = 100 m; kpusas 3 — 6e3 yuera
CKBaXHH OKPYKCHUS, C KKOPOTKOID) TPEIMHOM x, = 1 M. HanMeHb NI HAKIIOH HMeeT
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KpuBas 1, T. €. IPU OTCYTCTBUU OTOOPOB B OKPY’KAIOLIMX JOOBIBAIOIINX CKBAKUHAX
BEJIMYMHA IJIACTOBOIO JAaBJICHUs OOJIbIIE, YeM MPH MPOYUX PABHBIX YCIOBHUSX, HO C
y4eToM 0TOOpOB (KpuBas 2). [1j1s HarHeTaTenbHON CKBKUHBI C «KOPOTKOID TPEIIMHON
B OeckoHeuHoM T1utacte (kpuBast 3) M1 Oymet nMeTs HanOOBIINI HAKIIOH |, CIIe/IOBa-
TEeNbHO, HAaMMEHbIIEeE 3HAYCHHUE TUIACTOBOTO JABJICHUs. JTO 00YyCIOBIMBACTCS Hau-
MEHBIIMMH 00bEeMaMHM 3aKa4aHHOW >KUAKOCTH B IIACT HA MEPBOM M TOCIEIYIOLINX
JTamnax, COOTBECTBEHHO, UMEET MECTO HAUMEHBILINH POCT IIACTOBOTO JIaBJICHHUSL.

3KCTpaHOHHPOBaHH06 AaBJCHHUE 11O I/II[ 1 TaBJC€HUE HA paanyce UCCJICI0BaHUS

[TonyuenHoe Mo MHAMKATOPHBIM MAarpaMMaM JaBjieHue P CpaBHUBAJIOCH C JIaBJie-
HHEM Ha Pajinyce MCCIEN0Banus P(y, ) U ¢ NaBJIE€HUEM B CEPEMHE DJIEMEHTa pas-
paboTku (1aBieHrEM Ha KOHType nutanus) P(y,). CormacHo pe3ynabraram BBITOITHEH-
HOTO pacdeTa, HauMeHBIas pasHHIlAa MEXAy 3HAU€HHEM JKCTPAIOIHPOBAHHOTO
NaBJICHHUS, NOTYYeHHbIM 10 Tpapuky WJI P, v 3HaYeHHEM JIaBIE€HHUs Ha KOHType
nutanus P(y,) 1is nponuuaeMocTy miacta k=10 - 107° M* nocturaercs npu aju-
TETbHOCTH PEKUMOB 3aKadKH 110 20 CYT., IPU IPOHUIIAEMOCTH Iiactak =1- 107" m* —
100 cyt. (puc. 5a). Jlna nponunaemoctu miacta k = 0,1 - 107"° M* qnurenbHOCTH
pexxumoB UJI mo 100 cyT. HemoCTaTOYHO /il TOTO, YTOOBI 3HAYE€HUE IUIACTOBOTO
nmasnenus o MJ{ mpuOnm3nuioch K JaBICHUIO B CEPEIIHE dIIEMEHTa pa3padoTKH.

Takum 00pa3oM, SKCTPANOIUPOBAHHOE IJIACTOBOE JaaBjieHue 1o rpaduky M1
YAOBJIETBOPUTENILHO COITIACYETCS C TABJICHUEM Ha KOHTYPE MUTAHUS [TPY 3HAYUTETBHBIX
JUTUTENILHOCTAX PEKUMOB 3aKaukul (puc. 5). OnHaKo Ha MPaKTHKE MPOBEACHHUE CTOJb
JUTUTENBHBIX UccienoBanuid MetooM M/1 Oynet npruBoaUTE K 3HAYUTENBHBIM ITOTEPSIM
B 3aKavke u 10o0brde. Kak npaswuiio, IJIUC metomom U/] mpoBoauTcst HEe MeHee yeM Ha
IIeCTH pexuMax 3aKkauku. Toria B cirydae miacta ¢ mpoHUIaeMocThio k =1 - 1075 m?
1 TIPH JUTUTENTFHOCTH KaXKI0T0 peximMa 3akadku 1o 100 cyT. o01ast AUTenbHOCTh He-
cienoBanust MOkeT coctaButh 600 cyT. (>1,5 ner). MccnenoBanus ¢ TaKoi 3HAYNTEIb-
HOH JJIMTENBHOCTBIO HE MOTYT OBITh peajM30BaHbl M0 TEXHOIOTHYECKUM OrpaHuye-
HUSIM M U3 COOOpaKeHUH SKOHOMUYECKOH 1IeTIeco00pa3HOCTH.

Ha mpakTuke ATUTENTsHOCTH PEKUMOB 3aKadyku 1pu V]I 3HAUNTENBHO MEHbIIIE,
1 JaBieHue, onpenensemoe mo MJI, haktudeckn sBnsieTcs TaBJICHIEM He Ha KOHTYpe
NIUTaHWs, & HA PAJINYCE UCCIIEI0BAHMUS ), , KOTOPBIN 3aBUCUT OT MbE30MPOBOAHOCTH
IUIacTa M JUIUTSIIbHOCTH PexuMa 3akadku [4]. [1o 3Toii npruunHe BO3HUKAET podiiemMa
oTpeseNeHNs] ONTUMAaJIbHON JIUTEILHOCTH PEXUMOB 3aKaUKH, COOTBETCTBYIOIINX
MaKCHUMAaJIbHOMY PaJlyCy UCCIIEJIOBAHUS M HECYIECTBEHHOMY BIMSHHIO CKBAKUH
okpy»eHus Ha pesynsratsl ['JIC.

JIJ1s1 KasKI0T0 M3 BBITOHEHHBIX PACUETOB BHIUMCIIEHBI PNy ChI HCCIIEI0OBAHMS TI0
kAt

PmMUCmt

W3 umcnenHol Mosienu Onpe/iesieHbl 3HaYeHHs IaBICHHi P, Ha JJaHHOM pajinyce.

CorocraBiieHUe ATUX 3HAUCHUH JaBJICHHS MMOKa3ano (puc. 50), YTO HAUMEHBINAs Pa3-
uuta (0,23 Mlla) mis npoHUIIaeMOCTH IjIacTa km =10- 107" M? OyIeT JOCTUTATHCS TIPH

bopmyie [4]: yin, = 2
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JUIMTENIEHOCTH PEKUMA 3aKauku 3 cyT. B cirydae nponunaemoctu wiactak, =1-107° m?
HanMmenblas pasauna (0,03 MIla) momyuena npu IMUTEIBHOCTH PEKUMA 3aKAUKH S CYT.
[pu k = 0,1 - 10" M> Haumenbiuas pasuuua (0,08 MIla) nomyyena npu AIMTENTEHOCTH
pexumoB 3akadku 10 cyT. [Tpu aToM 00111as1 AUTENEHOCT UCCIIEA0BAHNS IPH POBEIe-
HHH LIECTH PESKUMOB 3aKauku coctaBmia 60 cyT. B ciryyae cokpaleHust JNMTeIbHOCTH
PEKUMOB 3aKa4K{ 710 5 CyT. o0wIast JJIMTEIbHOCTh UcciienoBanus coctaBut 30 cyt., a
pa3Huiia B 3HaueHusix AasieHuii — 0,15 Mlla. YuureiBas, 4ro cokparienue ooreit
JUTUTENILHOCTH B JIBa pa3a KpaTHO COKPAaTUT MOTEPH B 3aKauke/noObrde, a omuOKa B
OIpeJIeTICHUH TUIACTOBOTO JIaBJICHHS YBEINYUTCS He3HaUnTeNnbHO (Ha ~0,3%), caenan
BBIBOJI, YTO JUIMTEIILHOCTD PEXKUMA 3aKAUKH JUI1 IPOHULIAEMOCTH IUIaCTa km =0,1-10"5 >
OIITUMAJIbHEE IPUHSATS 110 5 CYT.

[Ipu Takoi AUTEIBHOCTH PEKUMOB 3aKauKH paboTa CKBaKUH OKPY>KCHHS OKa3bIBacT
MHHMMAJIbHOE BJIMSHHE HA OLEHKY SKCTpanojupoBanHoro P - no rpapuxy WU/, u
JIOCTUTAIOTCS paMyChl MccnenoBanuii ot ~20 (pu km =0,1 - 10" m?) no ~70 (mpu
k =1-10"m)u~200m (mpu k, =10 107" m?).

= 20 ~ 3 A
5 Q: ) § 2
=~ 15 - 80 ..... N ~ 2 o=
g 10 - . O--.... O 1 - o’ a
= . O
< O, % 1 o e
I 51 o R N : [m}
g .. .. I B KB o
8‘./ 0 T T lEd T3 .. T @ 1 Q.‘E 0 ) Q:'t"U T ' '
< ..... D ..... D 3 Z
-5 - -1 -
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Puc. 5. Conocrapnenme gaBiIeHUS Fig. 5. Comparison of pressure value
no UJ[ P c naBiIeHuEM Ha KOHTYpe obtained from IPR test P and values
nranus P(y,) (a) ¥ ¢ TaBIeHneM of the pressure at the external reservoir
Ha paguyce uccienosanus P(y, ) (6) boundary P(y,) (a) and at the investigation
TIPH MPOHUIIAEMOCTSIX IUTacTa £ : radius P(y, ) (6) for various reservoir
1—0,1-10" Mm% permeabilities & :
2—1-105m?% 1—0.1-10%m?
3—10-10"5 m? 2—1-10"m?%
3—10-10" m?

IIpuMeHeHne MOTy4eHHBIX OLIEHOK IJIACTOBOTO aBJCHUS
W PajinyCcoOB HCCJIeI0BAHNS TPH MOCTPOCHUH KApPT H300ap

B pabore [1] mokazaHo, 4To Ha MECTOPOXKICHUAX C HU3KOH IMPOHHUIIAEMOCTHIO TUIACTA
MMEET MECTO 3HaUUTeNbHas An(QepeHInalus M1acToBOro AaBICHU MEXIY COCEIHH-
MM HarHeTaTeIbHBIMU 1 JOOBIBAIOIIMMY CKB)KUHAMU. Y YMTHIBAsI HEOONIBIINE 3HAYCHUS
panuyca uccnenosanus npu UJI, onenka miactoBoro nasinenus mnpu IJIVC metogom
W1 B HarHeTaTEIbHOM CKBa)KMHE XapaKTEPU3YeT JIaBJIeHHUE B 30HE HarHeTaHus1. Takum

BectHuk TromeHCKOro roCcyjapCTBEHHOI0 YHUBEPCUTETA



K sonpocy svibopa onumenvnocmu pescumoe ... 145

00pazoM, TP TTOCTPOCHUH KapT W300ap B HU3KOMPOHHUIIAEMBIX KOJUIEKTOpax HeoOXo-
JIMMO YYHUTBIBATh, YTO 3HAUCHHUS ITACTOBOTO JIABIICHHS 110 MaJIO3aTPATHBIM U TPaINIIH-
onHbM BU1aM I JIUC MOryT OBITh IOTyYeHbI HA PACCTOAHMAX OT ~4 (mpu & =1+ 107" M?)
no ~11 (mpu k£ = 0,1 - 107"° M*) pa3 MeHblIIE, YeM PACCTOSHUE MEXK/Ty CKBaKHHAMH B
aneMeHTe pa3padotku. [loaToMy mpu mocTpoeHnU KapT u300ap JaHHBIE O ITACTOBOM
JIABJICHUH T10 PE3YIIbTaTaM THAPOANHAMUIECKUX UCCIIEIOBAHUN MOTYT OBITh HCTIONIB30-
BaHbI IPH HACTPOKKE MoTHOMAacITaOHbIX 2D w/vimm 3 D-ruipoquHaMIdecKIX MoJenei
Mectopoxaeruit [3]. [1pu 3ToM HEOOXOAMMO YIUTHIBATH, YTO TIPH HACTPOUKE THAPOIU-
Hamuueckux mozeneit Ha ['JIMC Heo0XoauMo, HOMHUMO BEIHYUHBI IIACTOBOIO JABICHUS
no [JIVC, ucnonb3oBaTh BEIUUMHY pajnyca UCCIeAoBaHMs. B TpaauimoHHOM MMOHU-
MaHWH 3TH MapaMeTPhl He SBISIOTCS XapaKTePUCTUKAMHU SHEPTeTHYECKOTO COCTOSTHUS
TUIACTA M HEe MOTYT HCTIONIL30BAThCS IS pacdeTa BEJTMUUHBI PacXo/a/TIPUTOKA CKBAXKH-
HBI Ha YCTaHOBUBIIMXCS PEKUMAX, T. K. PAIUyC MCCIICIOBAHUS B HU3KOITPOHUIIAEMBIX
KOJJIEKTOPAX, KaK MPaBUIIO, MEHBIIIE, YEM TIOJIOBHHA PACCTOSHUS MEKY CKBAKHHAMHU.
CoracoBaHue KCTPanoIUpOBaHHOTO IiactoBoro Aasienus no IJIMC nomkHo ocy-
IIECTBISITHCS CO CPETHAM JIABIICHHUEM 10 stueiikam B 2D w/ummu 3D-ruapoarnHaMudeckoi
MOJIEITH MECTOPOXKICHHSI, KOTOPBIE TIOITyYEHBI ITyTeM YCPETHEHUS JaBICHHUH B STYSHKaX
Ha y/IaJIeHUH, PABHOM HJTH OJIM3KOM PaJINyCy MCCIICIOBAHHS.

3akiouenue

J1s OTIeHKH TIACTOBOTO JABJICHHWS HA KOHTYpPE NMUTAHUS (CEpeauHe pacCTOSHUS
MEXTy CKBRKHHAMH ) B HUI3KOTIPOHHUITAEMBIX ITACTaX Heo0Xoaumo rmpoBoauts [ JIMC
metogoM U] ¢ mmurensHOCTRIO 6051ee 600 cyT. [Ipu mpoBeneHnn Takux ATUTENBHBIX
HCCIIeNOBAaHUHN paboTaroNIe CKBAKIHBI OKPY>KEHHST MOTYT 3HAUUTEIHHO U3MEHUTH
MJIACTOBOE JIABIICHUE B DJIEMEHTE Pa3pabOTKH.

BButy 3HaUUTENBHOM JUTMTETHLHOCTH UCCIIEIOBAHUNA B HU3KOIPOHHUIIAEMBIX KOJUIEKTO-
pax ¥ BIMSHUS paOOTHI CKBYKUH OKPYYKESHIIST HA PE3YIIBTAThl MX HHTEPIPETAINHN, PEKOMEH-
nyercsi mpoBoauth [ JIVIC metomom /] ¢ mocTrmkeHIeM MEHBIIIETO PajiTyca UCCIICIOBAHKSL.
OnTuMansHast JJTUTETBHOCTh PEKUMOB 3aKadKH, TIPH KOTOPOH CKBAYKHHBI OKPYKCHUS
OKAa3bIBAIOT HANMEHBITICE BIIMSHIE HA OTICHKY ITACTOBOTO JABJICHWS, JJIsI IPOHHUIIAEMOCTEH
mnacta 0,1 - 107" M (p, ~20 M) m 1 - 107° M* (y, ~ 70 M) cocTaBIsIET 5 CYT. Ha KasKI0M
pesxume U1, ans nponnuaemocty miacta 10 - 1077 m? (v, ~200 M) — 3 cyT.

Takum 00pa3om, paamyc HCCIEIOBAHMS B HU3KOTPOHUIIAEMBIX KOJIJIEKTOpaX
CYIIECTBEHHO MEHBIIIE, YeM TTOJIOBHHA PACCTOSIHIS MEKy CKBOXKMHAMH B DJIEMEHTE
paspabotku. [ToaToMy pe3ysabTaThl TAKMX WUCCICIOBAHUN, B TOM YHCIC IIACTOBOE
JaBJICHUE Ha pagnyce MCCIEAOBAHMS, MOTYT OBITh MCIIOJIB30BAHBI IMPU HACTPOHKE
pacdeTHBIX KapT n3o0ap B 2D u/unm 3D-ruaponnHaMUIecKiX MOICTISX.
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Abstract

The article discusses the aspects of conducting and analyzing the results of hydrodynamic
studies of wells (well test) at steady-state injection modes conducted in injection wells in
order to assess reservoir pressure and injectivity. The main goal of this work is to determine
the necessary duration of injection modes at which reservoir pressure will be determined
at the maximum research radius. In view of the considerable duration of the study, in low-
permeability reservoirs, the work of the environment wells is taken into account, which, in the
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process of well research, should have a minimal impact on the results of data interpretation.
To this end, we simulated the dynamics of pressure changes for this type of well test for
various parameters of the reservoir and the duration of injection modes, taking into account
the influence of the work of the surrounding production wells.

To solve this problem, we used a numerical model of fluid filtration in an element of a nine-
point development system in a low-permeable reservoir. The production and injection of
fluid is carried out in wells with main technogenic fractures of hydraulic fracturing. During
the simulation, the filtration parameters of the “fracture-formation” system and the duration
of the well operating modes were varied, and synthetic data on the change in pressure in
the wells were reproduced. Pressure and flow rates at the well operating modes were ana-
lyzed by plotting the indicator diagram (ID). Estimates of the extrapolated pressure from
the ID graphs were compared with the pressures in the numerical model, in particular, the
pressure on the supply circuit and on the study radius.

It is shown that for low-permeability formations when studying injection wells using the
steady-state injection method, it is necessary to take into account the research radius, which
depends on the permeability of the formation and the duration of the injection regimes.
Also, the research radius must be taken into account when constructing isobar maps along
with the reservoir pressure value.
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Hydrodynamic studies of wells, low permeability reservoir, hydraulic fracture, indicator
diagrams, injection mode duration, reservoir pressure, survey radius.

DOI: 10.21684/2411-7978-2020-6-1-135-149

REFERENCES

1. Asalkhuzina G. F., Davletbaev A. Ya., Habibullin I. L. 2016. “Modeling of the reservoir
pressure difference between injection and production wells in low permeability
reservoirs”. Vestnik Bashkirskogo universiteta, vol. 21, no. 3, pp. 537-544.
http://bulletin-bsu.com/arch/2016/3/1-1/ [In Russian]

2. Afanasyev L. S., Antonenko D. A., Mullagalin 1. Z., Usmanov T. S., Sveshnikov A. V.,
Pasynkov A. G. 2005. “The results of the introduction of massive hydraulic fracturing at
the Priobskoye field”. Neftyanoe khozyaistvo, no. 8, pp. 62-64. [In Russian]

3. Baykov V. A, Rabtsevich S. A., Kostrigin I. V., Sergeychev A. V. 2014. “Monitoring field
development using the hierarchy of models in the software package no. RN-KIN”. Nauch-
no-tekhnicheskij vestnik “NK ‘Rosneft’ ”, vol. 2, no. 35 (April — June), pp. 14-17.

[In Russian]

4. Basniev K. S., Kochina I. N., Maksimov V. M. 1993. Underground hydromechanics:
Textbook for universities. Moscow: Nedra. 416 pp. [In Russian]

5. Bulygin D. V., Bulygin V. Ya. 1996. Geology and simulation of oil field development.
Moscow: Nedra. [In Russian]

Tyumen State University Herald



On the selection of suitable operate durations ... 149

10.

11.

12.

13.
14.

Valeeva E. Z., Asalkhuzina G. F., Davletbaev A. Ya. 2016. “Modeling of steady-state
injection studies in low-permeability reservoirs”. Neft i Gas, no. 6, pp. 39-46.

[In Russian]

Dobrynin V. M. 1970. Deformation and changes of physical properties of oil and gas
reservoirs. Moscow: Nedra. 230 pp. [In Russian]

Ipatov A. 1., Kremenetskiy M. 1. 2005. Geophysical and hydrodynamic control

of hydrocarbon field development. Moscow: NIC “Regulyarnaya i khaoticheskaya
dinamika”, Institut kompyuternyh issledovaniy. 780 pp. [In Russian]

Maltsev V. V., Asmandiyarov R. N., Baikov V. A., Usmanov T. S., Davletbaev A. Ya.
2012. “A study of the development of auto-fracturing cracks in the experimental section
of the Priobskoye field with a linear development system”. Neftyanoe khozyaistvo, no. 5,
pp. 70-73. [In Russian]

Khabibullin I. L., Evgrafov N. A., Khisamov A. A. 2016. “Modeling of unsteady fluid
flow from a formation into a well through a hydraulic fracture”. Proceedings

of the 1 Summer School “Fiziko-himicheskaya gidrodinamika: modeli i prilozheniya”,
pp. 184-192. Ufa: Redaktsionno-izdatelskiy tsentr Bashkirskogo gosudarstvennogo
universiteta. [In Russian]

Khabibullin I. L., Khisamov A. A. 2017. “Modeling of unsteady filtration around

the well with vertical hydraulic fracture”. Vestnik Bashkirskogo universiteta, vol. 22,
no. 2, pp. 309-313. [In Russian]

Asalkhuzina G. F., Davletbaev A. Y., Nuriev R. 1. 2017. “Interference test to fractured
injection wells: mathematical model and field case”. Oil and Gas Studies, no. 6,

pp. 56-62.

Kappa Engineering. 2008. Ecrin Product Suite, Sophia Antipolis, France. 24 pp.

Horne R. N. 1995. Modern Well Test Analysis. Palo Alto, California. 228 pp.

Physical and Mathematical Modeling. Oil, Gas, Energy, vol. 6, no 1 (21)



