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Peghepam
Axmyanvrnocms. Cmamuvs paccmampusaem 60npocsl NAOCKO-PAOUATILHO20 O8UNCEHUs HECHCUMAEMOU
Hepmu 8 00HOPOOHOM 20PU3OHMATLHOM KDY20SOM Niaacme. Yuumvleds, ymo Guismpayus nOOYUHsIemcs
DA3NUYHBIM 3AKOHAM, UCCTIe008AHUs NPOBOOUNUCH NO JUHEHOMY 3aKoHy [lapcu, 0600w enHomMy 3aKOHY
Japcu u moougpuyuposannoii mooeiu Keccona.
Memooonozus. Kasxcoas us nocmagiennvlx 3a0au pewiandacb ¢ npusiedeHueM MAamemMamuyecKux
Memod08s, Dbl NOLYYEHbL COOMEEMCMBYIOUUE AI2OPUMMBL, YUUMbLEAIOWUe Gopmbl 08UICEHUS Hehmu
6 nopucmoti cpeoe. Ilnocko-napanienvbhviii NPOCMOU QUILMPAYUOHHBLIL NOMOK HeGmu OBUNCEMCS U3
non0Cco0Opa3HOll 3anedcu K NpAMOIuHelHou eanepee. Takoil nomox ocuokocmu HAOnOOaemcs,
Ko20a — paspabameiéaemoe  HeYmMAHOE  MECMOPONCOeHUe UMeen  HECKONbKO — NapanleNbHbiX
NPAMONUHEUHBIX PAO08 IKCHIAYAMAYUOHHBIX 000blsalowux ckeascun. Ha niowaosx nepmenocnocmu
MeXHCOYy NAPANIENbHLIMU  COCEOHUMU  pAOAMU  uibmpayus Hedmu A6IAEMCA MAKHCE NIOCKO-
napanneavrou. Omcrooa ciedyem npaxmuyeckoe 3HaveHue peuwerus 3a0auu 0 nI0CKO-NapaileibHOM
nomoke Hemu 6 macmoawjel HayuHou cmamve. llo Kaxcoomy 3axony ¢urvmpayuu 6viedeHsi
pacuemnvle 2uOPOOUHAMUYECKUE DOPMYIbL NAPAMEMPOS IKCHIYAMAYUU CKEANCUHbL U NOKa3amenel
paspabomxu HepmAHOU 3a1eHCU.
Pesynomamet. Ionyuennvie modenu debuma Hedpmu, CKOpoCmu PuUAbMPaAyUU, 3aKOHA PACHpedeeHUs
mekywie2o 0asieHus, mexKyue2o epaoueHma 0asieHus, npoooICUMENbHOCMU NPOOSUNCEHU Hehmu
6 OPEeHAadICHOU 30He YenecooOpPA3HO UCHONb306AMb KAK NPU COCMAGIEHUU ONMUMANLHO20 NPOEKma
paspabomku 3anexcu, max u Oia pecyiupoSanus U KOPPeKMuposKu npoyecca HeghmeussiedeHus
IKCHIYamupyemvlx Mecmopodcoenutl. Pewenvl mpu cmayuoHapHo-eudpocmamuyeckue 3a0aii,
6 KOMOPIX NPOYeccsvl Guibmpayuu NOOYUHAIOMCA MOTbKO 00UjeMy HETUHETHOMY 3AKOHY, 6b18EOeHbl 6Ce
OCHOBHblE pacyemuvie QOopmybl, Xapakmepusylowue npoyeccol Quibmpayuu. Ananusupys smu
DOpMYIbL, MOJHCHO BbIABUMb XAPAKMED GAUAHUA KAHCO020 NAPAMEMPA CKBAICUHBL U KAHNCOO20
nokasameinsa paspabomku 3anexcu Ha npoyecc pazpabomru. A maxdce NPUMEHAMb NOTYUEeHHble
pe3ynomamol Ol peuteHus PasNUYHbIX Meopemuieckux 3a0ay paspabomxu HepmaHol 3anexcu u npu
cocmasnenuu npoeKmos paspabomKi HObIX MeCMOPOHCOEHU.

Knroueesvle cnoea: NIO0CKO-paouanbhoe CMAayuoHapHoe O8udceHue, Hecircumaemdas Heghmob,;
Kpyeoeas sanexcv, aunelinvii 3akon [apcu; obobwennwlii 3axon [apcu;, modenv Keccona; oebum;
cKopocmb unvmpayuu; epaduenm 0asieHus:, paouyc-6eKmop.

Beenenne. B HacToswIel cTaTbe pelIEHbl TPU CTALMOHAPHBIX THIPOCTATUYECKUX
3a0a4d O IUIOCKO-PaJyajJbHOM JBHKEHUM HECKHMAeMOH He(pTH B OTHOPOIHOM
TOPU30HTAJIBHOM KPYT'OBOM ILIACTE MO Pa3IMYHBIM 3aKOHAM (HIBTpaliu — JTUHEHHO-
My 3akoHy [lapcu, o0oOmeHHOMYy 3akoHy Japcu ¥ MOmupHUUUPOBAHHOW MOAEIH
Keccomna.

Ha puc. 1 naHa cxeMa CUCTEMBI 20pU3OHMANbHAS KPY208asl 3A1€dICh — YEHMPATbHAA
CKBAJNCUHA.
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B nepgoii 3agade QuibTpaius HBIOTOHOBCKON HepTH mopuuHseTcs 3akony lapcu.
DTOT IUHEHHBIH 3aKOH (puIbTpaIyu B AU PepeHIIHaTbHOM (OPME BBIPAKASTCS CIEIY-
oMM odpasom [1, 21:
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u dr

(1)
rae k — ko3 GUIIMEHT NMPOHUIIAEMOCTH I1JIaCTa; |1 — TUHAMHUYECKas BI3KOCTh HE()TH B

. P .
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Puc. 1. Cxema cHCTEMBI Kpy2o8as 3anexcb—yeHmpanrbHas CKEAXCUHA:
P, — mactoBoe JaBieHue; P, — TuHAMIYECKOe 3a00HHOE NaBIeHHE CKBAKUHEL
P — Tekymee naBienue; R, — paauyc KOHTypa THTAHUS; 7, — PAIdyC CKBAKUHBI;

7 — TeKYILHi paanyc-BeKTOp; /i — MOIIHOCTH (TOJIIMHA) [UIACTa
Fig. 1. Scheme of circular formation—center hole system:
P, — reservoir pressure; P, — flowing bottomhole pressure of a well; P — current
pressure; R, — supply contour radius; », — well radius; » — current radius vector;
h — seam thickness

IImomane Tekymel MUIHHAPUISCKON TOBEPXHOCTH (PIIIBTPAIIMH BRIPAXKACTCS 10
hopmyme

F =2narh.

Jebut cKBaXXMHBI IMEET CIEAYIOIYIO CBS3b CO CKOPOCTHIO (DHITBTPAITIH:
QO =VF.

Hcnons3ys aTo BeIpakeHue, auddepenmuansaoe ypasaeHue (1) MoxxHO mpeacTa-
BUTH KaK
_ 2mrkh dP

0 " dr



ISSN 0536-1028 «H36ecmus 8y3086. Topnuvii ocyprany, Ne 2, 2021 45

P a3[ciisid Ha ICPEMCHHBIC, TPUBOAUM 3TO YPABHCHUC K BUAY

Opn dP _
2nrkh r ’ 2

Wnrerpupys ypasuenune (2) B mpenenax ot R, no », u ot P, 1o P,

ar
anh I B I 9P,

nony4yaeM (popmymy Jpronbion it 1eduta HhIOTOHOBCKOM HE(DTH CKBAaKWHBI B BHJIE
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OT R, 110 r v o1 P, 10 P, mostyyaem
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[Moxacrarisist 3Ha4eHNEe 1eOUTa HePTH CKBKUHBI U3 popMmyik (3) B BeIpakeHHe (4),
MOJTy4yaeM CIIEAYIONINH 3aKOH pacIpe/ieieHns] TEKYIIEro JaBJIeHUsI B KPYTOBOH Jipe-
Ha)KHOH 30HE:!
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P=P+P -P r
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Huddepentupys P o » B popmyre (5), moaydaeMm cleAyonyo GopMyny s Te-
KyIIETo TPaIUCHTA IABIICHHS:
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Ortcrona HaxonuM (Gopmyiry TEKyIIeld CKOpOCTH (QUIBTPALMH B BUAE
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Jlanee BeIBeIeHBI (DOPMYIIBI I YACTUIHOW M TIOJTHOU MPOMOIDKUTEIIHFHOCTEH TIpO-
JIBMKEHUST HBIOTOHOBCKOM HE()TH B IIJIacCTe, JUIsl YeTO MCTIOIh30BaHa M3BECTHAS aHAIIH-
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TUYECKasl CBA3b MEKIY CpEIHEN HCTUHHOM CKOPOCTBIO IBMKEHMSI B KaHaJIaX MOPUCTON
Cpeabl U CKOPOCThIO GuisTpannu Hedtu [3—06]:

m dt’ )

[Toncransem 3HaueHue v U3 popmyisl (6) B ypaBHernue (7):

k(R-P) 1_dr .
muln(Rk/rc)r_dt' ®

HuTerpupys ypaBnenue (8) B mpeenax ot » 1o 7, u ot P 1o P, nomy4yaem

t:—m“ln(R"/rc)(ﬁ—r?). 9)
2k(F, - P) ‘
Ilpu r =R,; t = T, n u3 popmyisl (9) nomyuaem
szllln(Rk/rc)(le_rcz)‘ (10)

2%(P, - )

ITo popmymam (9) u (10) BEIYHUCISAIOTCS COOTBETCTBEHHO YaCTHYHAS M MOJTHAS ITPO-
TOJDKUTEIIBHOCTH TTPOABIKEHUS HBIOTOHOBCKOM HE(TH B JAPEHAKHOH 30HE NaHHOM
CKBa)KUHBI.

Bo BTOpOIi 3a5a4e GuabTpanus BI3KOIUIACTUYHON KHUIKOCTH IMOTUYHHSETCA 0000-
nieHHOMY 3akoHy Jlapcu, koTopslil B auddepennuanbaoil popme BbIpakaeTcs Kak

k(dP
o)

Tae 1M — CTPYKTYpHasl BSA3KOCTHh BSA3KOIUIACTHYHOW HE(PTH B TIIACTOBBIX YCIIOBHSIX;
G — HauaJbHBIA FPAIUEHT AABICHUS.

[lanee momyuyaeM cliieAyrolee pasJeliecHHOEe Ha MmepeMeHHble nuddepeHinunanbHoe
ypaBHCHUE:

on dr
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Igaﬂee unTerpupyem auddepennuansaoe ypasuenue (12) B npenenax or P, 1o P u
OT R, o r:

Idr+do

U TONyYyaeM CJEIYIOUIMN 3aKOH pachpeleieHHs] TeKYILIEro AaBICHUS B JPEHAKHOU
30He 1acta [6—8]:
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C 11enb10 ompeeNieH s TPOJOKUTEIBHOCTH POJABHKCHHUS YACTHUI] BA3KOIIACTHY-
HO# HedTH B TWUIacTe 3ammmeM [4, 9, 10]:

2
LG 1R—r—=dr. (17)
mn ln( /) R, dt

Pemas nuddepernumansroe ypasaeHue (17), MOKHO OIIPEIEINTh BpeMs YaCTHIHO-
ro mpoasmxenus BITH B macte [8, 11, 12].

B Tpetneii 3agaue dunsrpanus BITH momumHseTcss MOAUGHUITHPOBAHHONH MOACITH
Keccona, xotopas B muddepenimanpHoi GpopMe BeIpakaeTcs Kak

1
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YuuThiBas TEKYNIYIO IUIOMAh [MJIMHIPHYESCKONH MOBEPXHOCTH (DHUIIBTPAIIUH,
cocrasnsieM auddepeHnnansHOoe ypaBHEHHE, KOTOpOE paslelieH0 Ha MepeMeH-
ueie [10, 13]:

1
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4

3aKoH pacnpe/eNieHHs TeKYIIEero JaBIeHUs B IPCHAKHOW 30HE IIIacTa MOJy4eH B
Buze [3, 14]
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4GIn—+* 1 11 | R
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Texyumii rpalueHT JaBlIeHNs B IPCHAKHON 30HE HaiaeH npu auddepeHuuanuu P
no » B popmyie (18) [15]:
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dp 4G Lo A
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1 2
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c

[IponomKUTENbHOCTh YaCTUYHOTO NponBkeHus yactull BITH B npenaxkHoil 30He
KpyroBOM 3aJIe’Ku HaliieHa B BUJIE

mln® (R,{/;;,)(Ré —r2)

1 1 1 1\2
s >3 1. R
8¢G (R,f—rfj 1—\/4(R,f—rfj +Eln7:‘[ﬂ—}’c—G(Rk—;;)J +

PR .
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Ipu Ry=R;r=r;t=T

’ (19)

ITo dhopmysie (19) BeIuUCIIAETCSA MPOJOIDKATEIBHOCTD MOJHOTO poaBmkenHus BITH
OT KOHTYpa IMUTaHuA 10 CKBaKMWHBI.

BbIBOABI M peKoOMeHAANMH. PellieHpl TP CTalMOHAPHBIX THAPOCTATHYECKUX 3a-
Ja49¥ O IJIOCKO-PaMaIbHOM MMOTOKE HECKUMAEMOW HEPTH B OAHOPOIHOM KPYTOBOM
TUIacTe MO PA3IMYHBIM 3aKOHAM (HIIBTPALIMKU: TUHEHHOMY 3aKoHy Jlapcu, 00001eHHo-
My 3akoHy Jlapcu u moauduirpoBanHoit monenu Keccona.
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[o xaxknoii 3a1aue BEIBOAWIINCH PACUETHBIC THAPOANHAMUYECKHE (popMyIibl mapa-
METPOB 3KCIUTyaTallud CKBaXXMHBI M TIOKa3aTeleld pa3padoTKH HEPTIHOTO MECTOPOXK-
JeHus: n1eduta HeTH, CKOPOCTH (PUIBTPALIMK, 3aKOHA paCTIpelesIeH s TEKYIEeTO /1aB-
JIeHUs1, TEKYIIEro TpajMeHTa JaBieHHs, IPONOKUTEILHOCTH IPOABIKEHUS HEPTH B
JpeHa)KHOHU 30He. DTH POPMYIIBI CIIEAYET IPUMEHSTH AJIsl PELICHUS Pa3InUHbIX TEope-
THYECKUX 3a/1a4 pa3paboTKy He(TSIHOM 3aJIe)KH U MPU COCTABICHUH IPOEKTOB pa3pa-
OOTKHM HOBBIX MECTOPOXKICHUH.
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Flat-radial stationary motion of incompressible oil in a uniform horizontal
circular formation according to diffrent filtration laws

Maral G. Alieva!, Niiaz G. Valiev?, Vagif M. Kerimov!
! Azerbaijan State Oil and Industry University, Baku, Azerbaijan.
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Abstract
Relevance. The article considers the issues of flat-radial motion of incompressible oil in a uniform
horizontal circular formation. Taking into account that filtration obeys different laws, the research was
carried out according to the linear Darcy's law, the generalized Darcy's law and the modified Kesson
model.
Methodology. Each of the tasks was solved using mathematical methods. The corresponding algorithms
were obtained, taking into account the forms of oil movement in a porous medium. Plane-parallel simple
[iltration flow of oil moves from a strip-like reservoir to a straight gallery. This fluid flow occurs when
the oil field under development has several parallel, straight rows of production producing wells. In
oil-bearing areas between parallel adjacent rows, oil filtration is also plane-parallel, which implies
the practical importance of solving the problem of plane-parallel oil flow in this scientific article. For
each filtration law, calculated hydrodynamic formulas for well operation parameters and oil reservoir
development indicators are derived.
Results. The obtained models of oil flow rate, filtration rate, distribution law of current pressure, current
pressure gradient, duration of oil advance in the drainage zone is expedient to use both in drawing up
an optimal reservoir development project and for regulating and adjusting the oil recovery process of
operating fields. Three stationary-hydrostatic problems are solved, in which the filtration processes obey
only a general nonlinear law. All the basic calculation formulas that characterize the filtration processes
are derived. By analyzing these formulas, it is possible to identify the nature of the influence of each well
parameter and each reservoir development indicator. It is also possible to apply the obtained results to
solve vatious theoretical problems of oil field development and when planning new fields development.

Key words: plane-radial stationary motion; incompressible oil; circular reservoir, linear Darcy's law;
Generalized Darcy's law; Caesson's model; flow rate; filtration rate; pressure gradient; radius vector.

REFERENCES

1. Mustafaev S. D., Gasymova S. A. Flat-parallel stationary filtration of incompressible visco-plastic
oil with the manifestation of the variable initial pressure gradient. Tekhnologii nefti i gaza = Oil and Gas
technologies. 2018; 2: 24-27. (In Russ.)

2. Jackson J., Priestley K., Allen M. Active tectonics of the South Caspian Basin. Geophysical
Journal International. 2002; 148(2): 214-245. Available from: DOI:https://doi.org/10.1046/.1365-
246X.2002.01588

3. Mustafayev S. D., Sixtyev M. N., Kazimov F. K., Hiiseynova R. K., Mustafayev N. S. Sixilmayan
geyri-nyuton mayelarin bircins masamali miihitds yasti-radial siiziilme aximlari. ANT. 2009; 11: 35-37.

4. Allen M. B., Anderson L., Jones S., Ismail-Zadeh A., Simmons M. Onset of subduction as the cause
of rapid Pliocene-Quaternary subsidence in the South Caspian basin. Geology. 2002; 30(9): 775-778.

5. Odnokopylov G. 1., Bukreev V. G., Rozaev 1. A. Research of fault-tolerant switched-reluctance
motor of electrical o1l pump. Izvestiia Tomskogo politekhnicheskogo universiteta. Inzhiniring georesursov =
Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2019; 303(10): 69—-81. Available
from: DOI: https://doi.org/10.18799/24131830/2019/10/2299 (In Russ.)

6. Kristea N. Underground hydraulics. Moscow: Gostoptekhizdat Publishing; 1961. Vol. I. (In Russ.)

7. Safarov E. G. Flat-radial stationary motion of incompressible visco-plastic oil from a heterogeneous
circular formation with variable and geological-physical conditions to a well. EKO-ENERGETIKA = Eco-
Energetics. 2017; 3: 23-29. (In Russ.)

8. Mamedova G. G., Mustafaev S. D. Flat-radial filtration of incompressible visco-plastic oil in
heterogeneous porous medium. EKO-ENERGETIKA = Eco-Energetics. 2016; 2: 62—70. (In Russ.)

9. Gadzhieva L. S. Spherical-radial motion of visco-plastic incompressible oil in a uniform
reservoir according to a linear filtration law under water-drive. EKO-ENERGETIKA = Eco-Energetics.
2019; 3: 77-81. (In Russ.)

10. Aslanov Dzh. N., Mustafaev S. D., Ibragimov V. A., Alieva R. T. Radial curvilinear motion in
a free flow of compressible viscoplastic oil in a uniform formation. Vestnik MGTU im. N. E. Baumana.
Seriia mashinostroenie = Herald of the Bauman Moscow State Technical University. Series Mechanical
Engineering. 2019; 3: 54-61. Available from: DOI: 10.18698/0236-3941-2019-3-54-61 (In Russ.)

11. Akhmedov T. R. On the geologic efficiency of seismic prospecting in studying different types of non-
anticlinal traps of Azerbaijan. Izvestiia Uralskogo gosudarstvennogo gornogo universiteta = News of the Ural
State Mining University. 2016; 3: 41-45. Available from: DOI: 10.21440/2307-2091-2017-1-27-31 (In Russ.)

12. Akhmedov T. R. Forecasting of hydrocarbon potential with a new approach to seismic inversion.
Izvestiia Uralskogo gosudarstvennogo gornogo universiteta = News of the Ural State Mining University.
2017; 1(45): 27-31. (In Russ.)



52 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 2. 2021 ISSN 0536-1028

13. Alieva M. G., Kerimov V. M. Stationry motion of incompressible oil in uniform circle formation
accordning to various filtration laws. In: Actual trends of modern scientific research: Abstracts of VII
International Scientific and Practical Conference, February 14—16, Munich, Germany. 2021. P. 275-283.
Available from: DOI: 10.21440/0536-1028-2021

14. Mustafayev S. D., Ismayilov Q. S., Sadiqova N. S. Qeyri-bircins masamali miihitdo geyri-nyuton
mayenin yasti-radial stasionar siiziilme axini. Azarbaycan Elmi Beynalxalg nazori jurnal. 2012; 8-9: 91-96.

15. Mustafaev S. D., Alieva M. G. Drilled wells profile effect on the solution of some theoretical
problems of oil fields development. ANT. 2015; 09: 14-17.

Received 12 February 2021
Information about authors:

Maral G. Alieva — PhD (Engineering), Associate Professor, associate professor of Geology and
Development of Mineral Deposits Department, Azerbaijan State Oil and Industry University.
E-mail: maral.aliyeva.5252@mail.ru

Niiaz G. Valiev — DSc (Engineering), Professor, Head of the Mining Department, Ural State Mining
University. E-mail: science@ursmu.ru

Vagif M. Kerimov — PhD (Geology and Mineralogy), Associate Professor, associate professor of Oil and
Gas Geology Department, Azerbaijan State Oil and Industry University. E-mail: vaqitkerimov68@mail.ru

s uurupoBanus: Anuesa M. I, Banmues H. I, Kepumos B. M. IInocko-paananbHble CTallMOHApHBIE
JBIKCHHUSI HECXKUMAEMBIX He()Tel B OHOPOJHOM KPYTOBOM ILIACTE TI0 PA3IMYHBIM 3aKOHAM (UIIBTPALIH //
W3zBectus By3oB. [opHsrit xxypran. 2021. Ne 2. C. 43-52. DOI: 10.21440/0536-1028-2021-2-43-52

For citation: Alieva M. G., Valiev N. G., Kerimov V. M. Flat-radial stationary motion of incompressible
oil in a uniform horizontal circular formation according to diffrent filtration laws. Izvestiya vysshikh
uchebnykh zavedenii. Gornyi zhurnal = News of the Higher Institutions. Mining Journal. 2021; 2: 43-52
(In Russ.). DOI: 10.21440/0536-1028-2021-2-43-52



