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M.B. IYBKOB, 0.0. 3AXAPYYK, B.l. IMHTPEHKO, O.B. IIETPALIl

MOJEJIOBAHHS IMTPOAYKTUBHOI'O TUCKY B HEOJHOPITHOMY HA®TOHOCHOMY
IVIACTI

ITpoBeneHo YnceNbHE MOJCTIOBAHHS PO3MOALTY MaJiHHS IIACTOBOTO THCKY B OKOJHIIL JiF04Y0i CBEPUIOBHHH 3 YpaxXyBaHHSAM HEOJHOPIJHOTO PO3IO-
Iy GQineTpamifHuX XapaKTepUCTHK (IPOHUKHOCTI Ta B’S3KOCTi Ha()TH) B OIM3BKUI Ta BiAmaneHil 30HaX Jil CBEpIJOBHHH 3 METOIO JOCIHiKEHHS
MPaKTUYHUX acHeKTiB (iIbTpanii B HeOAHOPiMHUX HA(QTOHOCHUX IIACTaX HAa OCHOBI KOMOIHOBAaHOTO CKiHUEHO-EIEeMEHTHO-PI3HUIIEBOTO METORY IS
HECTaI[iOHapHOI 3a/]a4i II’€30MPOBIAHOCTI. 3acTOCyBaHHSI KOMOIHOBAaHOTO CKiHYEHO-EJIEMEHTHO-PiI3HUIIEBOTO METOAY HO3BOJIIE MIOETHYBATU IIEPEBark
CKIHYEHO-€JIEMEHTHOTO METO/y Ta METOAY CKiHYEHHX Pi3HMIIb: MOJENIOBATH T€OMETPUYHO CKJIaJHI 00JIacTi, 3HAXOMUTH 3HaYEHHS B OyIb-sIKiil TOUI
JIOCIIJUKYBAaHOTO 00’€KTa, IPH [IbOMY 3aCTOCYBAHHS HESIBHOI PI3HHIIEBOI CXEMH IIPH 3HAXOKEHHI BY3JIOBUX 3HAa4YeHb CITKH 3a0e3neduye BUCOKY Ha-
JIAHICTD Ta CXOAUMICTh PE3yJIbTaTiB.
IToka3aHo, 10 IHTEHCHBHICTH HpOIeciB (GiIbTpanii B OKONUII Ail0Y0i CBEPAIOBHHH, TOJIOBHAM YHHOM 3QJISKHUTD BiJ IPOHUKHOCTI, i B MEHIIIH Mipi
Biz B’s3kocTi HaQTH. [IpHuoMy BIUIMB NPOHUKHOCTI HaTOBOI (a3 y BimnaneHii 3oHi (Rx < 5 M) OuTbIIHil y TOPIBHSAHHI 3 BIUIMBOM y OM3bKil 30HI
(Rx > 5 M) nif cBepuioBuHH. Y BHIIAAKY HH3bKOI NPOHUKHOCTI HaToBOI (ha3w Ml MATPUMKHU CTaOIIEHOTO BUIOOYTKY HadTH MOOIN3Y BUIOOYBHOT
CBEPJUIOBHHH HEOOXiJHO PO3MILIYBaTH HaTHITAJIBHY CBEp/UIOBHHY. 3a JONOMOI0I0 BUKOPHCTAHOTO METOY MOXKHA CIIPOTHO3YBAaTH BILUIMB HArHIiTaJb-
HOT CBEPJUIOBHHH Ha PO3IIOJLJI INIACTOBOIO THCKY B IUIACTI.
HaykoBa HOBH3HA pOOOTH HOJIATAE Y NOCITIIKEHH] BIUIUBY HEOJHOPIJHOTO PO3IOILTY IPOHUKHOCTI Ta B SI3KOCTI HA)TH Ha O30/ INTACTOBHX THC-
KiB B MeXax Iii CBepUIOBHHH 32 JOIOMOI'0I0 MOJENIOBAHHS (iIbTpamiiiHUX IponeciB Ha OCHOBI KOMOIHOBaHOIO CKiHUCHO-€JIEMEHTHO-Pi3HHIIEBOTO
METozy.
ITpakTHyHe 3HAYEHHS Pe3yIbTATIB JOCHIiKEHHS 3BOAUTHCS 10 IiITBEPKEHHS TICHOTO B3a€MO3B’I3Ky MiXK HEOJHOPIHICTIO HOPHCTOTO CEPEIOBHILA
Ta PO3MOJIIOM IUIACTOBHX THUCKIB HaBKOJIO Ail040i BHIOOYBHOI CBEpIOBHHH. 3aCTOCOBAHHI y poOOTI KOMOIHOBAaHMI CKiHYEHO-EJICMEHTHO-
Ppi3HUIEBHI METOI MOXe OyTH BHKOPUCTaHHHN I BUPILIEHHS iHINX (iIbTpamiiiHuX 3a1ad (HaIpUKIAL, U pO3paxyHKY ra30HaCHUCHOCTI IUIacTa,
CTBOPEHHS METOAUKH PO3paxyHKy AeOiTiB CBEp/UIOBHUH, OL[IHKH BIUIMBY HarHiTAJGHUX CBEPUIOBHH Ha (UIbTpamiiiHi mporecH).

Ki104o0Bi cj10Ba: KOMIT IOTEpHE MOJICTIOBaHHS; (iIbTpalliiiHi mpouecy; HaQTOHOCHI POJIOBHIIIA.
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MOJEJMUPOBAHUE IMPOAYKTUBHOI'O JABJIEHUA B HEOJHOPOJHOM HE®@TEHOCHOM
IVIACTE

ITpoBeneHo yncIIEHHOE MOJENUPOBAHNE PACTIPEEIEHN aeH)s IIACTOBOIO JABJIECHUs B OKPECTHOCTH AEHCTBYIOIEN CKBAKHHEI C y4ETOM HEOIHO-
poHOTO pacnpeseneHus QHIPTPAIHOHHBIX XapaKTEPUCTUK (IPOHUIIAEMOCTH ¥ BSI3KOCTH HEe(TH) B ONIM3KHIT 1 OTJANCHHOH 30HaX JICHCTBHUS CKBaXXH-
HBI C IENBIO MCCIIeIOBAHMS IPAKTHIECKHX acleKTOB (QHIBTPAIli! B HEOJHOPOIHEIX HEQTEHOCHBIX MIACTaX Ha OCHOBE KOMOWHNPOBAHHOTO KOHEYHO-
3JIEMEHTHO-Pa3HOCTHOTO METOJa I HECTAIMOHAPHOH 3ajadyM Ihe30NpOBOAHOCTH. IIpuMeHeHNe KOMOWHMPOBAaHHOTO KOHEYHO-TI03JIEMEHTHO-
Pa3HOCTHOTO METOJa MO3BOJISET COYETATh TPEMMYLIECTBA KOHEUHO-3JIEMEHTHOTO METO/Ia U METO/Ja KOHEYHBIX PAa3HOCTEN: MOJIETMPOBATh FEOMETPH-
YeCKH CIIOKHBIE 00J1aCTH, HAXOIUTh 3HAYEHNE B TIO00I TOUKE HCCIeyeMoro 00beKTa, PH 3TOM NPUMEHEHNE HEsIBHOH Pa3HOCTHOM CXeMBbI IIpH Ha-
XOXICHUN y3JIOBBIX 3HAUCHHIT CETKH 00ECIIeUNBAET BEICOKYIO HAIeKHOCTh M CXOAMMOCTb PE3YIIbTaTOB.
IToxa3aHo, 4TO HHTEHCHBHOCT IPOLIECCOB (PHIBTPAINK B OKPECTHOCTH JICHCTBYIOMIEH CKBaKHHBI, TJIaBHBIM 00Pa30M 3aBHCHT OT IIPOHULIAEMOCTH, 1
B MEHBIIIEH CTENEeHN OT BsA3KocTn HedrH. [Ipnuem BIMAHUE MPOHUIIaeMOCTH HeTAHOI (ha3bl B oTaaneHHON 30He (R < 5 M) Gonblre mo cpaBHEHHUIO ¢
BJIMSIHUEM B Onm3koi 30He (R > 5 M) nelicTBus ckBakuHBL. B ciydae HU3KO# poHHI[aeMOCTH HEeTSIHOM (a3bl B OKPECTHOCTH ACHCTBYIONEH CKBa-
XKUHBI, I TOJICPIKAHUS CTAaOMIBHOM J00BIYM He(TH, BOIM3M J00BIBAIOIIEH CKBaXXHHBI HEOOXOAMMO pa3MellaTh HarHeTaTelbHYy CKBaXHHY. C
MIOMOUIBIO HCIOJIb30BAHHOTO METOJja MOKHO CIIPOTHO3MPOBAaTh BIIMSHHE HArHETATENbHOH CKBaKMHBI Ha paclipe/ie]ieHHE IJIacTOBOTO JIaBJIECHMS B
TuIacTe.
HayuHast HOBH3Ha pabOTBI 3aKJIIOYAaeTCs B UCCIICAOBAHNH BIUSHUS HEOJHOPOIHOTO PACIIPE/IENICHNs TIPOHHUIIAEMOCT! U BA3KOCTH HE()TH Ha pacrpe-
JIeNIeHHe TUIACTOBBIX JIABJICHHH B TIpejienax JIeHCTBHIS CKBaKUHBI C TIOMOIIBIO MOJIEITMPOBAHMS (DMIITPALIMOHHBIX MPOILIECCOB HA OCHOBE KOMOMHUPO-
BaHHOTO KOHEYHO-3JIEMEHTHO-PAa3HOCTHOIO METO/IA.
INpakTHyeckoe 3HaYEHNE PE3YIILTATOB UCCIIENOBAHMS CBOJAUTCS K MOATBEPKAECHUIO TECHON B3aUMOCBS3H MEXKTy HEOJHOPOJAHOCTBIO OPUCTOH cpesibl
U pachpeielIeHeM TUIACTOBBIX JABICHUI BOKPYT AEHCTBYIOIIEH H0OBIBaroIIel CkBaXxHHBIL. IIpiMeHeHHbI B paboTe KOMOMHMPOBAHHBIN KOHEYHO-
3JIEMEHTHO-Pa3HOCTHBIA METOI MOXKET OBITh HCIIONB30BaH JUIS PEIICHUs APYrUX QHIBTPAIMOHHBIX 3a1a4 (HalpuMep, JUIS pacyeTa ra30HaChIIIeHHO-
CTH TIJIACTa, CO3JJaHUE METOJMKH pacyeTa JeONTOB CKBaXKMH, OIIEHKH BIIMSHHS HaTHETATEIbHBIX CKBAXHH Ha (DHIIBTPAIMOHHBIE TIPOIIECCHI).
KroueBble cj10Ba: KOMIIBIOTEPHOE MOJICTTMPOBAHNE, TITACTOBOE JaBICHUE, HE(PTECHOCHBIC MECTOPOXKICHUSL.
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M.V. LUBKOV, 0.0. ZAKHARCUK, V.I. DMYTRENKO, O.V. PETRASH

MODELING OF PRODUCING PRESSURE IN HETEROGENEOUS OIL-BEARING RESERVOIRS

Numerical modeling of the distribution of the reservoir pressure drop in the vicinity of an operating well was carried out taking into account the
inhomogeneous distribution of filtration characteristics (permeability and oil viscosity) in the near and distant zones of the well operation in order to
study the practical aspects of filtration in heterogeneous oil-bearing formations based on a combined finite-element-difference method for non-
stationary problem of piezoconductivity. The use of the combined finite-element-difference method enables to combine the advantages of the finite-
element method and the finite difference method: to model geometrically complex areas, to find the value at any point of the object under study, while
the implicit difference scheme.
It is shown that the intensity of filtration processes in the vicinity of the operating well depends mainly on the permeability, and, to a lesser extent, on
the viscosity of the oil. Moreover, the influence of the permeability of the oil phase in the remote zone (Rd < 5 m) is greater than the effect in the
close zone (Rd > 5 m) of the operating well. In the case of low permeability of the oil phase in the vicinity of the existing well, to maintain stable oil
production, it is necessary to place an injection well near the production well. Using the method suggested, it is possible to predict the effect of the
injection well on the formation pressure distribution in the formation.
The scientific novelty of the work lies in the study of the influence of the heterogeneous permeability and oil viscosity distribution on the reservoir
pressures distribution around the wells by modeling filtration processes based on a combined finite-element-difference method.
The practical significance of the research results comes down to confirming the close relationship between the heterogeneity of the porous medium
and the reservoir pressures distribution around an operating producing well. The combined finite-element-difference method used in this work can be
used to solve other filtration problems (for example, to calculate the gas saturation of a reservoir, create a method for calculating well flow rates,
assess the effect of injection wells on filtration processes).

Keywords: computer modeling, reservoir pressure, oil-bearing deposits.

Introduction. In order to effectively use oil produc-
tion technologies in practice, it is necessary to understand
the full picture of oil phase filtration near the production
well and to influence various flow parameters (e.g. per-
meability and influence of oil) on the overall production
process. At this time, methods of computer modeling of
productive oil-bearing formations are in demand [1, 3, 9—
12], so they can be used to avoid filtration processes
around the production well in various practical models. In
addition, this information can be obtained relatively
cheaply and used for effective analysis, control, and man-
agement of oil production processes.

On the other hand, nowadays there are a number of
problems related to the accuracy and adequacy of model-
ing of complex inhomogeneous oil-bearing reservoir sys-
tems in the conditions of real operation of oil-bearing
fields [4, 13].

Analytical and approximate-analytical methods have
a low degree of universality [3], i.e. focused on solving
narrow classes of problems, in particular, it is impractical
to use these methods to solve the nonstationary anisotrop-
ic piezoconductivity problem. Today, the most widely
used numerical methods (finite difference method, finite
element method, boundary element method, direct me-
thod, etc.). The boundary element method is the most ef-
fective in solving problems in unbounded domains [1],
i.e. when establishing adequate boundary conditions for a
porous formation, the piezoconductivity equation cannot
be solved using the boundary element method (there is no
solution theory). The advantages of the finite difference
method are the relatively easy construction of the algo-

rithm for solving the problem and its software implemen-
tation [14]. As disadvantages there can be regarded the
problem of use on irregular grids, the rapid growth of
computer requirements with the increasing dimension of
the problem (increasing the number of unknown va-
riables). The finite element method is a leader in solving
problems with a geometrically complex model structure
[9]. However, the main disadvantages are the time re-
quired for calculations, as well as the requirements for the
amount of information memory of the computer. Finally,
when using both the finite element method and the finite
element method, there appears a problem of the correct
setting of boundary conditions (most often choose homo-
geneous boundary conditions, and to reduce the error —
quite remote) [1, 3]. A numerical algorithm for solving
the piezoconductivity equation, developed by MV Lub-
kov [6], enables to take into account the inhomogeneous
distribution of permeability both inside the anisotropic oil
reservoir and at its boundaries.

Moreover, the application of the combined finite-
element-difference method, developed by MV Lubkov
[6], enables to combine the advantages of the finite-
element method [9, 10] and the finite difference method
[14]: to model geometrically complex domains, to find
values in any at what point of the object under study,
while the use of an implicit difference scheme — to find
the nodal values of the grid provides high reliability and
convergence of results. Verification of the combined fi-
nite-element-difference method is confirmed by its appro-
bation when comparing the results of test examples, as
well as the results of solving geophysical problems in dif-
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ferent areas of geodynamics with known results [6].
Therefore, a promising area is the use of finite-element-
difference methods to solve filtration problems in order to
simplify and simultaneously increase the accuracy of cal-
culations.

This paper presents the results of solving the nonsta-
tionary piezoconductivity problem, taking into account
the inhomogeneous distribution of filtration parameters
(permeability coefficient and dynamic oil viscosity coef-
ficient) inside the deformed reservoir and at its bounda-
ries, which allows to adequately calculate the reservoir
pressure distribution in the oil reservoir.

Problem setting and solving method. In what fol-
lows, we will consider productive oil-bearing formation
where gas content is insignificant compared to oil. As-
suming that the average height of the oil-bearing de-
formed porous formation is much smaller than the hori-
zontal dimensions of the considered area, it is sufficient to
use a two-dimensional isotropic nonstationary model of
piezoconductivity [1, 2, 6]. In this case, the general for-
mulation of the piezoconductivity problem, taking into
account the permeability condition at the region boun-
dary, in the Cartesian coordinate system (), which is re-
lated to the region boundaries, has the following form [6]:

oP o’P  O°P

) z(az+ay2)+7: 1)
P(t=0)=P; )
kgradP = (P - PR)). 3

Where (1) — piezoconductivity equation; (2) — initial
condition; (3) — boundary condition of oil phase inflow at
the edge of the considered area; P(x,y,t)— pressure, as a
k.
n(mB, +5,)
piezoconductivity index; k — oil phase permeability; n —
oil’s dynamic viscosity; m — oil formation porosity; B; —
oil’s compressibility factor; B, — formation matrix com-
pressibility factor; y — oil production intensity parameter;

function of the coordinates and time; y =

P, - initial reservoir pressure; o — oil phase filtration in-
dex at the edge of the considered area; B, - pressure at

the edge of the considered area.

To solve the nonstationary piezoconductivity prob-
lem (1) — (3), the variation finite-element method devel-
oped by MV Lubkov is used [6], which leads to the solu-
tion of the piezoconductivity variation equation:

SI(P)=0. 4)

Where I(P) - functional of piezoconductivity prob-

lem (1) — (3), which is represented as [6]:

1P) = [y + 8y)]+2jﬁa—PdP—

—2;/P}dxdy—% [a(P-2P)Pd;
L

®)

S — cross sectional area of the investigated region, L — the
areal outline S, dl — outline element.

When solving the variation equation (4), an eight-
node isoparametric quadrilateral finite element is used [6].
The Cartesian system () is used as a global coordinate sys-
tem, where all finite elements are divided into which the
area S is divided. As a local coordinate system, where the
approximation functions are defined within a finite ele-
ment ¢, based on quadratic polynomials and numerical

integration is performed, a normalized coordinate system
is used (£,77) [6]. In this system, the coordinates, pres-
sure, initial formation pressure, pressure at the region
boundaries, oil infiltration coefficient at the region boun-
daries, and coordinates derived from the coordinate pres-
sure are approximated as follows:

8
X = ZX% y=2 Vi

8 8
Ty Rwi oY R,
X i oy ‘=
1,00 0.
P, =_(ﬁﬂ_ﬁﬂ); ©6)
|J| on & o& on
_1 00 _0p &
: |J| o0& on on 65’
where J _ﬂﬂ_ﬂ@ - Jacobian transition between
05 on  on o&

systems (x,y)i(&,7n).
Based on the variation equation (4) and assuming
that the nodal values of the pressure derivatives over time

dpP .
d—t'— are known quantities and do not vary, we make a

system of differential equations for the n node of the p"
finite element in the form:

= T e QR - QIR 0 ()

Hp = _”—(/’.(/’, Jjdda;

-1 l

_ [k o, v o) dedn:

-1-1
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-1-1
To solve the system of linear differential equations
of the first order (7) under the initial conditions of (6), the
finite difference method is used, in which the approxima-
tion of the time derivative is carried out on the basis of an
implicit difference scheme:
dP _ P(t+At)—P(t). (®)
dt At
Substituting expression (8) into system (7), we ob-
tain the following system of linear algebraic equations:

S L AL+ QUR (a0 -

1

——HPP()-OP PY—»P =0
At ni I() Qm O} 7n

By adding equations (9) to all finite elements, we
obtain a global system of linear algebraic equations,
which enables us to determine the unknown values of
pressure at time t+ At due to their value at the previous
point in time. The solution of the global system of equa-
tions is based on the numerical Gaussian method without
choosing the main element [6]. As a result of the solution,
the pressure is determined at all nodes of the finite ele-
ment grid. According to the found nodal values, the pres-
sure is determined at an arbitrary point of the oil reservoir
of the study area at a given time.

Oil flow simulation. The inhomogeneity of the por-
ous medium will be determined by the difference between
the permeability coefficient and the coefficient of dynam-
ic viscosity of oil in the near (R,<5m) and far
(R, >5 m) well drainage area. To assess the effect of in-
homogeneity on the formation pressure distribution, we
first model a completely isotropic formation (Fig. 1) for
the following initial data (Table 1).

Table 1 — Simulation input data

(n=1-8). (9

Name, designation Value Units

Oil formation area S 90-90 m?

Permeability index k 107 m?

Porosity index m 0,2 —
Dynamic viscosity coefficient of oil n 1073 Pa's
0il compressibility index p; 10° Pal

The compression ratio of the rock
pression rati 109 | pat
matrix 3,
The piezoconductivity index of the
P VY 333 | mis
formation
Initial reservoir pressure Py 20-10° Pa
The average flow rate of the production
verage tlow product 173 | m®day
well Q
The infiltration rate of oil through the
. . 0,001 m
boundaries of the considered area o
Time from the start of the well t 86400 S

Pr, atm
146
148
150
163
177
200

Figure 1 — Pressure distribution in the vicinity of the existing
well (r is the distance from the bottom of the well, m,
P, — pressure at a distance r, atm)

Using the initial data (Table 1) and changing the
coefficients of permeability and dynamic viscosity in the
near range of the well (Rp <5 m), we obtain the follow-
ing results (Fig. 2).

Analysis of fig. Fig. 2 shows that a sufficiently high
coefficient of permeability of the oil phase k = 2 D in the
near zone of the operating well contributes to an intensive
filtration process, which increases the pressure in the bot-
tomhole zone to 150 atm (Fig. 2, a), which is 4 atm more
than in the case of an absolutely isotropic formation at k =
1 D (Fig. 1). A slight deterioration in permeability (k =
0.1 D), as well as a change in the viscosity coefficient in
both the larger and smaller side in the near zone Rp <5 m
affect the filtration process insignificantly, although in
general the distribution of the reservoir pressure field
changes slightly Fig. 2, b —d).

Fig 3, a, b analysis confirms the influence of the
permeability of the oil phase in the remote zone of the
well on the intensity of the filtration process: with in-
creasing permeability by 1 D, bottom hole pressure in-
creases to 161 atm (which is 15 atm above the bottom
hole pressure of the control model in Fig. 1) and promotes
intensive filtration. When the permeability coefficient is
reduced by 0.5 D, the bottom hole pressure decreases to
125 atm (which is 21 atm less than the bottom hole pres-
sure of the control model in Fig. 1). Moreover, the influ-
ence of the change in permeability on the distribution of
formation pressure in the remote zone of the well Rp> 5
m is greater than the influence in the near zone of action
of the well Rp <5 m.

Fig 3, c, d consideration shows that the change in oil
viscosity in the remote area of the well has little effect on
the process of filtration of the oil phase in the vicinity of
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the production well. This is confirmed by small changes
in bottomhole pressure (increase by 2 atm) (Fig. 3, ¢) with
increasing viscosity of oil to 2:10° Pa's and growth by 1

| | 1 1
m
80 -
r,m| k D |P,atm
60 1] 2 | 150
3 | 2 152
6 | 1 154
0] 1 164
40+ M20] 1 177
60 | 1 200
20 -
0
0
a
I 1 L
r,m| n, Pa-c | P, atm
B 2-10° 145
3 | 210 149
6 | 10° | 152
| [20] 10° | 164
20 | 10 178
60 | 10° | 299

atm (fig. 3, d) when the viscosity decreases to 0,510

% Pas).

k, D |P,atm
0.5 146
0.5 149
1 151
1 166
1 179
1 200

i, Pa-c | Pr, atm
0510° | 146
0.5-10° | 150
10 152
10° 166
10° 179
10° 200

Figure 2 - Distribution of pressure in the vicinity of the operating well at different coefficients of permeability and viscosity
of oil in the vicinity of the well (Rp <5 m)

k D

Pr, atm

161

162

165

177

187

[SIENITNIFNY Y

200

k D |P,atm
1 125
1 128

0.5 130

0.5 141

0.5 157

0.5 200
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1 1 1 1

m
80

60

40|

1, Pac | P, atm
103 148
103 150

2:10% | 154
2-10% | 163
2-:10° | 178
2:10° | 200

n, Pac

P, atm

10°?

147

10°

149

0.5-102

153

0.5-103

163

0.5-103

178

0.5-103

200

Figure 3 — Distribution of pressure in the vicinity of the operating well at different coefficients of permeability and viscosity

of the oil phase in the remote area of the well (Rp > 5 m)

1 1

" atm ©

60 '*300 r,m| kD |P,atm
~_ [z 1 149
3 1 153
6 1 154
40— 10 1 165
20 1 181
© 60 1 200
\»\‘o
20—
0 T T T T
0 20 40 60 80
m
P,, atm
1.1
12
25
36
45
170

80—

60—

40

20+

@

P, atm

105

111

115

130

165

200

k D

P,, atm

0.125

0.125

18

21

e

125

210

Figure 4 — Pressure distribution in the vicinity of the existing well under the influence of the injection well of the same
capacity in different practical cases:

a— at initial parameters of filtration (tab. 1), b —at k = 0,5 D in the remote zone of action of a well Rd>5 m,
c—atk=0,125D (Rp>5m), d-atk=0.125 D in the near range of the well (Rp <5 m)
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Analysis of fig. 4, a — ¢ shows that in order to main-
tain a sufficiently high level of pressure in the vicinity of
the oil well at low parameters of the permeability of the
oil phase (k =0,5D, k =1 D) it is necessary to use injec-
tion wells. Excess pressure created by the injection fluid
leads to high depression on the formation: AP =51 atm in
the case of an isotropic formation (Fig. 4, a), as well as
for zonally inhomogeneous formations AP = 95 atm (fig.
4,b), AP =198,9 atm (fig. 4, ¢), AP =199 atm (fig. 4, d).
Thus, the most active filtering process reflects Fig. 4, d,
but at the same time, it is necessary to take into account
the fact of fields’ water-cut [3, 8]. Obviously, the best
conditions for oil production in the relevant practical case
are achieved by taking into account all the influential fac-
tors of flow, which can be estimated using the finite-
element-difference method.

Therefore, the simulation results show that the inten-
sity of the filtration process in the vicinity of the oil well
mainly depends on the permeability of the oil phase, both
in the near (Rp <5 m) and remote (Rp> 5 m) areas of the
well. Moreover, the influence of the permeability of the
oil phase in the remote region (fig. 3, a, b), greater com-
pared to the impact in the near well bore region (fig. 2, a).
The viscosity of oil in the near and far zones of the well
clearly has little effect on the process of filtration of the
oil phase in the vicinity of the production well (fig. 2, c, d,
fig.3 ¢, d). Analysis of the dynamics of the injection fluid
on the intensity of the flow process around the production
well depending on the permeability of the oil phase and
the location of the injection well shows that to maintain a
sufficiently high pressure in the vicinity of the production
well at low oil permeability parameters it is necessary to
utilize the injection wells.

Conclusions.

The combined finite-element-difference method
used to solve the nonstationary piezoconductivity problem
in inhomogeneous formations enables to adequately quan-
tify the distribution of formation pressure in the vicinity
of the existing well. Thus, it is possible to estimate the in-
fluence of the heterogeneity of the porous medium (per-
meability coefficient and coefficient of dynamic viscosity
of oil) on the distribution of the formation pressure field,
and, accordingly, the intensity of the filtration process. In
the future, it is of interest to calculate and simulate the
flow rates of wells based on the finite-element-difference
method, taking into account the inhomogeneous distribu-
tion of flow-capacity characteristics of the reservoir.
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