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FLUID FILTRATION TO MULTI-BORE HORIZONTAL WELLS
IN A DEFORMABLE POROUS MEDIUM

Abstract. The scientific work considers finite element modeling of fluid filtration in a deformable porous me-
dium. A transversely isotropic medium has been taken as a deformable medium. Fluid filtration process to a hori-
zontal well in the transversely isotropic medium has been analyzed. Numerical solution of the problem is carried out
by high-performance finite element modeling.

Key words: fluid, filtration, horizontal well, deformation, transversely isotropic medium, finite element mode-
ling.

Introduction. Nowadays refining computer technologies are giving a lot of opportunities to solve
difficult problems on personal computers. Currently, numerical computer simulation of filtration process
is much more important as other types of simulations. Therefore, using numerical methods in order to
solve filtration problem going through a deformable porous medium we must carry out computer
modeling in association with it.

In the work there is designed computer modeling of fluid filtration process which goes to the multi-
bore well in the transversely isotropic medium. Numerical solution of the problem has been done by the
finite element method and a software package has been created. In the software package the program
automatically divides the computational area into finite elementsaccording to its given parameters, in
addition, the parameters of the well trunks and layers have been taken into account. Additionally, in the
software package the element properties will be added to the computational scheme extracted from finite
element in [1]. Algebraic equation system will be done and the algorithm of the problem depends on
thenodenumbers of the computational areas. Whilethe node points of the computational area are increased
or decreased respectively the area division is increased or decreased automatically. Therefore, nowadays
designing computer modeling of fluid filtration to multi-bore horizontal wells in a deformable porous
mediumby the gained results is an actual problem.

Problem statement. There two wells locatedin elastically deformable transversely isotropic porous
media in the depth of H from the ground level.

General type of drift and crosscut type multi-bore horizontal wells is considered and we can call it
diagonal type. Diagonal well — its longitudinal axis makes a corner with any directions of the drift type
direction. Flat pleats in the elastic horizontal pleat porous medium are inclined to horizontal plane with ¢
corner. O pointis taken as the coordinate origin, Oz is directed vertically upward. Ox and Oy are horizontal
with each other, and the well makes  corner withhorizontal Ox axis laid along this pleat (figure 1).

As tackling such kind of problem statement the influence of porous media on stress-strain state
around the well can be estimated.

—— |4 ——
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Figure 1 — Horizontal wells with differently directed multi-bores
It is a drift type horizontal well when = 0. When general rotation angle of the horizontal well near
its truck is 0 < < 90°, it will be given by Hooke's Law [2-4]:
+0,p (1)

O,; = dikljgi/

thereare o, and ¢, — components of stress and strain, 0,;— Kronecker symbols, p — fluid pressure.

Deformation coefficients of differently directed horizontal wells are shown in works [5, 6].
Filtration coefficients according to the change of angle y in the transversely isotropic medium [7].

ky = (kx- cos? Wtk sin’ z//)cos2 Q+ky sin’ o,

ky, =ky cos? Wtk sin’ v, )
k, = (kzv cos? Wtk sin’ 1/1)0082 Q+ky sin’ ®.
We consider initial and boundary conditions as below:
p(x,¥,2,0) = p, 3)
p|AB:p19p|DC:p2' p‘sl,szzp . 4)
op
o = O]
on|AD, BC
d 4p,pc=% | pc=0- ©)

The solutions of problems of stresses and displacements around crosscut and drift wells in the case of
homogeneous porous media are presented in [8-11] but porous media in all the works are considered as
isotropic media.
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The use of the finite element modeling. Numerical simulation, additionally, the method of division
into triangles for modeling of fluid filtration in inhomogeneous porous media are shown in the work of B.
Amaziane, M.E. Ossmani, Ch. Serres [12] and so on. Finite element requiresa general flat deformation
calculated algorithm withfour-point rectangular isoperimetric element in order to gain the numerical

solution of the problem. xi,Zl.,(l' = 1,2,3,4) coordinates of any "e" element points and components

U, ,w;,V; of displacements have been characterized through function #; .

Forces in each nodal point under the influence of weight are calculated by elements weight
concentrated on it. For the problem statementthe basic matrix 3N- order equations system of the finite
element modelingis written by the displacement components of N nodal points[13]:

{Fi=[KlU} (7)

here [K] = i[ke]i — stiffness matrix of the system; {U}= (ul,...,uN,Wl,...,WN,vl,...,VN )T— displace-
i=1

ment vector; {F}Z (Fxl ""’ECN’le"“’FzN’Fyl"”’FyN )— force vector.

Numerical solution of the problem. The influence of the stress-strain state of the transversely
isotropic porous medium and filtration coefficients on the flow rate of the horizontal well have been
analyzed. Experiments will be developed with the following initial data for the problem (1)-(7) in
accordance with the real conditions of conducting the horizontal well:

hy = 8m, h, = 14m, h = 22m, h; = 150m, = 2.4 cps, po = 10 atom, p; = po + 1.2, p, = p; + 1,
7=0.908 t/m’.

k=0.106d, E=1t/m’, v=0.25, G, = 0.4 ym’.

The area having lots of wellbores is divided into 2464 triangle elements and 1362 nodes. Stationary
filtration problem is given to solve 1362 and 4046 consistent algebraic equation systems according to the
pressure and displacement. It is solved, taking into consideration its boundary conditions, by Zeidel-Gauss
iteration method which has a high coefficient of (1 < £ < 2) relaxation.

The developed algorithm and software package have been tested in a special task in determining the
flow rate of the horizontal well in the isotropic planes. The gained results (table 1) fluctuate just for 1-2%
compared to the real solution.We examine anisotropy which depends on the horizontal angle of the

presented pleat and deformation impact in the case of k, =k, /10, k, =10k, are shown in tables 2, 3.

The software package divides the area automatically into finite elements with the given results. With
the help of it, the computational area is divided into triangle elements in accordance with the wells
dimensions.

On the basis of the computational results, when the vertical and horizontal permeability of the aniso-
tropic transversely isotropic deformable and undeformable pleats changes, we can observe that its stress-
strain state will significantly influence on the flow rate of the horizontal well, because the flow rate of the
horizontal well in 45°inclined angle layer with tiny pleats has the lowest value (figure 2).

Table 1 — (T/day) value of / debit of the horizontal well in different length in the isotropic layer

) Qanal Qnedet Quer |Qanat-Qneded] Qanai~Que [Queder-Quefl

1 2.91 291 2.25 0 0.66 0.66
2.4 6.98 6.99 5.39 0.01 1.59 1.6
13.7 39.87 39.9 30.76 0.03 9.11 9.14
20 58.2 58.25 4491 0.05 13.29 13.34
50 145.5 145.62 112.26 0.12 33.24 33.36
100 291 291.25 224.53 0.25 66.47 66.72

— 16 ——
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Table 2 — Comparative analysis of the horizontal well debit (T/day)
in the deformable and undeformable inclined transversely isotropic layers with permeability k_z =0,1

/ 1 24 13.7 20 50 100
Qna 2.54 6.09 34.76 50.74 126.85 253.70
p=0 Qq 2.52 6.04 34.46 50.30 125.75 251.50
. Qna 1.46 3.50 19.96 29.14 72.85 145.70
=30 Qq 1.01 241 13.78 20.12 50.30 100.60
. Qua 1.60 3.84 21.95 32.04 80.10 160.20
P43 Qq 0.85 2.05 11.70 17.08 42.70 85.40
. Qua 2.90 6.96 39.70 57.96 144.90 289.80
p=60 Qq 1.87 4.49 25.63 37.42 93.55 187.10
. Qnd 6.27 15.05 85.93 125.44 313.60 627.20
p=0 Qq 5.20 12.47 71.19 103.92 259.80 519.60

Table 3 — Comparative analysis of the horizontal well debit (T/day)
in the deformable and undeformable inclined transversely isotropic layers with permeability k—Z =10

/ 1 2.4 13.7 20 50 100
=0 Qud 62.72 150.54 859.31 1254.46 3136.15 6272.30
Qq 50.26 120.63 688.60 1005.26 2513.15 5026.30
R Qnd 28.99 69.56 397.09 579.70 1449.25 2898.50
. Qq 17.35 41.64 237.70 347.00 867.50 1735.00
R Qna 16.02 38.45 219.46 320.38 800.95 1601.90
pm43 Qq 8.54 20.49 116.94 170.72 426.80 853.60
R Qna 14.57 34.97 199.62 291.42 728.55 1457.10
=0 Qq 10.25 24.60 140.41 204.98 512.45 1024.90
R Qua 25.37 60.89 347.56 507.38 1268.45 2536.90
=90 Qq 25.04 60.10 343.08 500.84 1252.10 2504.20

Wells debit in the highest vertical permeability on average goes up for 20.2(T/day). The elastic
deformation in k, =k, /10 makes horizontal well debit reduce on average to 0.665 (T/day) and in

k, =10k, on average to 7.045 (T/day).

Different versions of computational experiments have been carried out by verifying with the help of
the software package. The results demonstrated below will be revealed according to the shown parameters

k, =0.106n, k, =2k,,
E;=1.074t/M°, E,=0.5231/™,
v=0.413, v,=0.198, G, =0.121/™".

In figure 3 the impact of stress-strain state on the field of pleats pressure is demonstrated. In the
feature the dashed linesp=0show the value of isolation, and the solid lines infer to the other values of the
isotropic plane inclined angle.
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Figure 2 — Charts of the horizontal well debits with unit length in the deformable and undeformable anisotropic media:
a— k_Z: 0.1 andb— k_Z:10
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Figure 3 — Changes of the pressure field of the isotropic plane inclined angle: a) ¢ = 30°; b) ¢ = 45°; ¢) ¢ = 60°; d) 90°

In conclusion, by the gained results the production of fluid is calculated that flows in the horizontal
multilayer medium to the drift type multi-bore horizontal well. The stress-strain state of the anisotropic
medium and the effect of filtration coefficient on the flow rate of the horizontal well have been con-
sidered. The production of the well in the horizontal layer is researched.

B. T. Kymary.os', XK. K. Macanos?,
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. JE®@OPMAIUAJIAHATBIH KEYEK OPTAJIA
CYUBIKTBIKTBHIH KOIIAIHAI TOPU30OHTAJIb YHFBIMATA ONJIBTPAIIUAJITAHYBI

Aunnoranusi. JKymbicta nedopManusuiaHaTBIH KEYEeK OpTafa CYHBIKTBHIKTBIH (UIbTPALMSUIAHYBIH IIEKTI
AJIEMEHTTI MOJENb/CY KapacThipblibl. Jedopmanusira yiIbpaiThiH OpTa PETIHE TPAHCBEPCAIbABI-U30TPOIITHI OpTa
anbiaabl. TpaHcBepCasbbl-U30TPONTHI OpTana ropu3oHTanb YHFb (['¥) apKbUibl CYHBIKTBIKTBIH (DUIIbTpalUsIIaHy
mporecTepi KapacTHIPBULAEL. EcenTiH caHIBIK MIemIiMi )KOFapbl PeTTi MIEKTi 3JIEMEHTT] KOJIaHybIMEH JKy3eTe acabl.

Tyiiin ce3aep: CyHMBIKTHIK, (HUIBTPAIMs, TOPU30HTANIb YHFBI, Ae(OopMalisi, TPaHCBEPCAIbIbI-U30TPONTHI Op-
Taja, IMEKTI JIEMEHTTEP dJIICI.
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"Hatmonansuas WHXeHepHas akanemus Pecny6imku Kazaxcran, Anmatsl, Kazaxcras,
ZI/IHCTI/ITyT MEXaHHUKH U MaIllMHOBEACHHUS UM. akaaeMmuka Y. A. JxonmacOekoBa, Anmarel, Kazaxcran,
*MesxayHapoaHbIil Ka3aXxCKO-TypenKuii yausepeuter um. Xomkn Axmena Scasu, Typkecran, Kazaxcran

OWIbTPAIIUH KUAKOCTH K MHOI'OCTBOJIBHBIM I'OPU3OHTAJIBHBIM CKBAJKHHAM
B JE@OPMUPYEMOU NIOPUCTOU CPEJIE

AnHoTtanusi. B paboTte paccMaTpuBaeTcs KOHEYHOE 3JIEMEHTHOE MOJICIMPOBaHME (PUIIBTpAlMU >KHIKOCTH B
nedopMmupyeMoii mopucToit cpene. B xagectBe medopmupyemMoli cpenbl ObLIa B3sTa TPAaHBEPCAITBHO-U30TPOITHO JIe-
thopmupyemas cpena. IlpoanannsnpoBas nponecc GUIBTPALMH KUIKOCTH K TOPU30OHTAIBHON CKBa)XKMHE B TPaHBEP-
CallbHO-N30TPONHON aedopMupyeMoil cpene. UnCICHHOE pelleHHe 3aJaqHOCYIIECTBICHO C IOMOINBIO BBICOKO-
MPOU3BOAUTEIBHOTO MOJEINPOBAHNUS KOHEYHBIX JJIEMEHTOB.

KinroueBble cj10Ba: XUAKOCTh, QUIBTPALNS, TOPU3OHTANbHAS CKBaXKHMHA, NedopManus, TpaHBEepCaIbHO-H30-
TPOTHAs CpeZia, METO KOHEUHBIX JIEMEHTOB.

Information about authors:

Zhumagulov Bakytzhan ; https://orcid.org/0000-0002-2343-1044

Masanov Zhailau ; https://orcid.org/0000-0001-7390-8261

Azhikhanov Nurlan Tobahanovich ; nurlan.azhikhanov@ayu.edu.kz; https://orcid.org/0000-0002-2072-612X
Zhunissov Nurseit Muchidinovich ; nurseit85@mail.ru; https://orcid.org/0000-0001-6531-9408

Bekbolatov Alimzhan Berikbayevich ; alimzhan_iktu@mail.ru; https://orcid.org/0000-0001-5943-1807

REFERENCES

[1] Khoei A.R., Haghighat E. Extended finite element modeling of deformable porous media with arbitrary interfaces //
Center of Excellence in Structures and Earthquake Engineering, Department of Civil Engineering. Sharif University of Techno-
logy, P.O. 2011.

[2] Mahmetova N.M., Solonenko V.G., Bekzhanova S.T. The calculation of free oscillations of an anisotropicthree-dimen-
sional array of underground structures // Bulletin of National Academy of Sciences of the Republic of Kazakhstan. 2017. Vol. 1,
N 365. P. 24-28. https://doi.org/10.32014/2018.2518-1467

[3] lliev O., Mikelic A., Popov P. Fluid structure interaction problems in deformable porous media: Toward permeability of
deformable porous media / ISSN 1434-9973 // Berichte des Fraunhofer ITWM, Nr. 65. 2004.

[4] Sabine Muntz, Doktor der Naturwissenschaften, (Doctor rerumnaturalium, Dr. rer. nat.) genehmigte Dissertation.
Gutachter: Prof. Dr. habil. Oleg Iliev, Prof. D.Sc. Svetozar Margenov Datum der Disputation. 2008.

[5] Alabi O.0., Ajah D.T., Abidoye L.K. Mathematical Modeling of Hydraulic Conductivity in Homogeneous Porous
Media: Influence of Porosity and Implications in Subsurface Transport of Contaminants.ElectronicJournal of Geotechnical
Engineering. 2016. Vol. 21, Bund. 1. P. 89-102.

[6] Azhikhanov N.T., Bisembaeva K.T., Temirov B.M., Zhunissov N.M. Mathematical Model of Fluid Filtration to Hori-
zontal Well in Tight Heterogeneous Formation // Global Journal of Pure and Applied Mathematics. 2016. Vol. 12, N 1. P. 201-211.

[7] Zhumagulov B.T., Azhikhanov N.T., Masanov Zh.K., Bissembaeva K.T. The Mathematical Model of Fluid Filtration to
The Well of Drift Type in Stress Heterogeneous Medium // International conference on mathematical sciences and statistics. 2013
(ICMSS2013). Book Series: AIP Conference Proceedings. Vol. 1557. P. 117-120. DOI 10.1063/1.4823887.

[8] Fjar E. Petroleum related rock mechanics / E.Fjar, R.M. Holt, A.M. Raaen et al. 2 edition. 2008.

[9] Wittke W. Rock Mechanics Based on an Anisotropic Jointed Rock Model (AJRM). Published in 2014 by Ernst &Sohn
GmbH & Co. KG. P. 875.

[10] Fusi L., Farina A., Rosso F. Mathematical models for fluids with pressure-dependentviscosity flowing inporousmedia //
International Journal of Engineering Science. 2015. Vol. 87, Issue null. P. 110-118.

[11] Wienands R., Gaspar F.J., Lisbona F.J., Oosterlee C.W. An efficient multigrid solver based on the distributive
smoothing for poroelasticity equations // Computing. 2004. Vol. 73(2). P. 99-119.

[12] Amaziane B., Ossmani M., Serres C. Numerical modeling of the flow and transport of radionuclides in heterogeneous
porous media // Computational Geosciences. Springer Netherlands. 2008. Vol. 12, Issue 4. P. 437-449. DOI 10.1007/s10596-008-
9083-0.

[13] Turymbetov T., Azhikhanov N., Aimeshov Zh., Zhunissov N. Stress-Strain State of Two Diagonal Cavities Weighty
Inclining Layered Massif System with Slots in Terms of Elastic-Creep Deformations // World Conference on Technology, Inno-
vation and Entrepreneurship. Procedia - Social and Behavioral Sciences. Istanbul; Turkey: Istanbul Univeristy, 2015. P. 2263-2271.

— 20 ——



Bulletin the National academy of sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere in the
same form, in English or in any other language, including electronically without the written consent of the
copyright-holder. In particular, translations into English of papers already published in another language
are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be
checked by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBuna opopmieHus cTaTby 171 MyOIHUKAIMK B )KypHaIe CMOTPETh Ha caiTe:

www:nauka-nanrk.kz
ISSN 2518-1467 (Online), ISSN 1991-3494 (Print)

http://www.bulletin-science.kz/index.php/en/

Penaxropst M. C. Axmemosa, T. M. Anenoues, /]. C. Anenos
Bepctka na xomnsrotepe J. H. Kankabexosoil

IMoamucano B mewats 11.02.2019.
®dopmat 60x881/8. bymara ocetnas. [leuars — puzorpad.
19,2 n.1. Tupax 500. 3akas 1.

Hayuonanenas axaoemus nayx PK
050010, Armamu, ya. [llesuenxo, 28, m. 272-13-18, 272-13-19



