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Recently, it is necessary to note the presence of negative dynamics in the deterioration of the reserves structure for newly
discovered fields, and most of the them are classified as hard-to-recover, confined to deposits with a complex geological
structure, low permeability, high oil viscosity, complicated by the presence of faults, active bottom waters and gas caps.
Hard-to-recover reserves are drilled with horizontal wells. This is primarily because horizontal wells make it possible to multiply
the area of fluid filtration by increasing the drainage area due to the extensive contact of the horizontal well section with the
rock, allowing to increase the well flow rate many times over.

Summarizing the above, horizontal wells are used to develop fields with the following parameters: fields with a thin oil-
saturated rim (up to 15 m), with a gas cap and bottom water; fields of heavy oil, with a viscosity of more than 30 mPas; fields
with low reservoir permeability (less than 0.002 um2).

Under these conditions, linear Darcy’s law cannot describe fluid filtration. Under the conditions of high-viscosity oil and low-
permeability reservoir existence, a certain initial pressure gradient is determined, due to the rheological properties of the
filtering fluid and high values of the surface friction coefficient. Under conditions of a thin oil rim and an increased gas factor,
the limiting filtration rates due to the dissolved gas regime are observed, and a nonlinear law describes the fluid inflow.

One of the main parameters in the preparation of the technical and economic assessment of the reservoir is the flow rate of
each individual horizontal well. Analytical methods for calculating the horizontal well flow rate show a high error. It is
proposed to take a fresh look at the problem of determining the predicted flow rate of a horizontal well, using well-known
approaches for solving this issue.

It is rather difficult to reliably predict the parameters of reservoir operation: the horizontal wells productivity obtained with the
help of modern hydrodynamic stimulators turns out to be unreliable, which leads to the formation of an insufficiently rational
development system. And the arising complications during operation in field conditions have to be eliminated due to significant
volumes of material and labor resources. Thus, the development of methods that contribute to obtaining a reliable calculation of
production is an urgent task for the oil industry.

B rnocsieaHee BpeMs HeOﬁXOHPlMO OTMETUTH IPUCYTCTBUE HeraTUBHON AVHaMUKHU 10 YXYAUIEHUI0 CTPYKTYpPBI 3anacoB BHOBb
OTKPHITBIX MECTOPOXIEHUM, 1 yxe 6oJjiblias 4acTh MOCJIeAHUX KiIaccupuIupyeTcsa Kak TpyAHOH3BJIeKaeMble, IPUypOUYeHHbIe K
3aJiexaM CO CJIOXKHBIM TeOJIOTMYeCKMM CTPOeHHEM, HU3KOH INPOHMIaeMOCTBIO, BBICOKOH BA3KOCTbIO He(TH, OCJIOKHEHHBbIE
HaJIM4YVeM pa3JIOMOB, aKTHUBHBIX ITIOAOIMIBEHHbBIX BOA U I'a30BBIX IIAMNOK.

Pa36ypI/IBaHI/Ie TPYAHOU3BJIEKAEMBIX 3aIlaCcOB MeCTOpO)K,HEHI/Iﬁ IIPONCXOAUT ITOPU30OHTAJIBHBIMU CKBaXXMHAMMU. or1o 06yCJ’IOBJ’IeH0 B
IEpBYyI0 o4Yepeap TeM, YTO MMEHHO IOpHU30HTaJIbHble CKBaXXMHbI IMO3BOJIAIT MHOTOKPATHO YBEJIMYUTH ILJIOIAAb QJI/mpraunn
dmmonna 3a cuer Bo3pacTaHuA 06J1aCTH JPeHUPOBaHUs, 61arojapsa O6GIMPHOMY KOHTAKTy FOPM30HTAJIBHOTO Y4acTKa CKBAXHHBI
C IIOPOAOIi, NO3BOJIASA MHOTOKPATHO YBEJIMYUTh JeOUT CKBaXXMHBL.

O6o6mias BhlllIecKa3aHHOe, TOPU30HTaIbHbIe CKBKUHBI MIPUMEHSIOT [l pa3paboTKH MeCTOPOXAEHHUE cO CIIeAyIomyMI apaMeTpamMu:
MECTOPOXXJIEHUs] C TOHKOW He(hTeHACHI]EHHON OTOpPOuKOi (o 15 M), ¢ ra3oBOil INANKON MU MOJOUIBEHHOH BOJON; MECTOPOXIEHNA
TsDKesI0i HeTH, ¢ BA3KOCTHIO 6osiee 30 MITac; MECTOPOX/IEHHA ¢ HU3KOI MPOHMIIAEMOCTBIO KoJuiekTopa (MeHee 0,002 MkM?).

B maHHBIX yCoBWAX (uibTpanua (imonpga He MoXeT OBITh OINFICAaHA JIMHEHMHBIM 3aKOHOM Jlapch. B ycIoBHAX CyIiecTBOBaHHA
BBICOKOBSI3KOH He(TH M HH3KOINPOHMIIAEMOro KOJUIEKTOpa OIlpefeiAeTcs HeKWii HayasJbHBIE IpaJueHT JaBJieHHs, OOyCJIOBJIEHHBII
PEOJIOrMYeCKUMH  CBOMCTBAMU (QHIIBTPYIOMIENCA KUAKOCTH M BBICOKMMHU 3HaYeHHsAMH KO3(@UIMeHTa MOBEPXHOCTHOTO TpeHus. B
YCJIOBUAX TOHKOM He(TAHOH OTOPOYKHU U IOBBIIIEHHOro ra3oBoro (akropa HabIIOAAIOTCA TpejiesIbHble CKOPOCTH (PrUIbTpaIyu 3a cueT
PpexrMa pacTBOPEHHOI'O rasa, v IpuTOK (pmoyma OIMCHIBAETCS HEJIMHEHHBIM 3aKOHOM.

OIHUM M3 OCHOBHBIX IAapaMeTpOB IPHM COCTAaBJEHUM TEeXHMKO-35KOHOMMYECKOH OIEHKU 3ajiexH ABJAeTcs AeOUT Kaknoi
OTAEJIbHO B3ATOM FOpMSOHTaJ‘[LHOﬁ CKBaXWHBI. AHaJIUTHUYeCcKUe METOAbl pacueTra ;[eﬁm'a FOpHBOHTaJ‘IbHOﬁ CKBaXUHBI
TIOKa3bIBAlOT BBICOKYIO ITIOIPEIIHOCTbD. Hpe;(narae'rc;l II0-HOBOMY B3IJIAHYTH Ha npoﬁnemy onpenesyieHnsa MpOrHO3HOro /:[eﬁm"a
FOpHBOHTaﬂbHOﬁ CKBaXWHBI, MCIIOJIb3Ys U3BECTHBIE MOAXOAbI K PelIeHHI0 JaHHOI'O BoIIpoca.

JIOBOJIBHO ~ 3aTpPyAHUTEJbHO JOCTOBEPHO MPOrHO3MPOBaTh MapaMeTphl OSKCIUTyaTalldd 3ajiexeil: IPOM3BOAUTEIBHOCTh
TOPU30HTAJIbHBIX CKBaXWH, MOJIyYeHHas IpPU IMOMOILIM COBPEMEHHbIX TUAPOAUHAMUYECKHX CTUMYJIATOPOB, OKa3biBaeTCA
HeJJOCTOBEPHOM, YTO B KOHEYHOM MTOre NMPHUBOAUT K (OPMHPOBAHUIO HEJOCTAaTOYHO pallliOHAJbHOH CHCTeMbl pa3pabOTKH, U
BO3HHUKAWIIE OCJIOXHEHUsA IIPU 3KCIUIyaTaluu B IIPOMBICJIOBBIX YCJIOBUAX MPUXOAUTCA YCTPaHATH 3a CYET 3HAYUTEJIbHBIX
00beMOB MaTepHaJbHBIX M TPYHOBBIX pecypcoB. Takum o6pa3oM, paspaboTKa MeTOAUK, CIOCOOCTBYIOIMX IOJIyYeHUIO
J0CTOBEPHOTO pacyueTa J0o0bIuY, ABJIAeTCA aKTyaIbHOH 3aAadell HedTegoObBalOIEll OTpaCiIu.
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Introduction

Simulation of fluid flows near horizontal wells is a
challenging task. For a correct (filtration process
representation, first of all it is necessary to obtain formulas
that adequately describe flow processes near a particular well.

D.W. Peaceman was closely involved in the
construction of flow models in the near-wellbore area
[1, 2]. In his works he assumed that the flow in the near-
wellbore area was strictly radial, and introduced the
concept of effective wellbore radius. The bottomhole
pressure is replaced by the effective pressure, which
corresponds to the effective radius. However, the works [1, 2]
represent practical inapplicability of D.W. Peaceman's
calculation procedure.

An interesting approach to the simulation of filtration
near horizontal wells was proposed in the works of D.K. Babu
[3, 4]. In these works, the issue was studied for the whole
formation, and there was no tie to a well.

Both D. W Peaceman and D.K. Babu based their
theories on the Darcy's linear filtration law, but this
filtration law is applicable to a certain range of velocities.

The evaluation of horizontal wells productivity was
carried out by such scientists as: A.M. Grigoryan [5],
V.P. Pilatovsky [6-8], P.Ya. Polubarinova-Kochina [9],
L.S. Leibenzon [10], V.P. Tabakov [11-14], Yu.P. Borisov [15],
L.P. Stockman [16], F.M. Giger [17, 18], S.D. Joshi [19, 20],
G.I. Renard, J. M. Dupuy [21, 22], D.K. Babu [3, 4],
V.V. Sheremet [23] and others [24-45]. All works had
the following assumptions:

1) the formation was considered isotropic (in some
cases, vertical anisotropy was introduced);

2) the formation fluid was assumed to be incompressible
with constant viscosity;

3) the fluid filtration follows the Darcy's linear filtration
law;

4) the oil reservoir is a circular cylinder with constant
height and natural drainage pattern;

5) the filtration mode is stationary;

6) hole friction is not taken into account.

To make it possible to separately account for the fluid
inflow to estimate the same into a horizontal wellbore at a
real field (with multiphase flotation), the authors use a
correction for the relative permeability for each fluid
separately.

Determination of the Flow Rate of Horizontal
Well Symmetrically Located against
the Formation Top and Bottom

Initially, Yu.P. Borisov and V.P. Tabakov [11-15]
defined the following problem: it was required to
determine the flow rate of a horizontal well of length L
located in a formation of thickness /4 symmetrically
against the formation top and bottom (Fig. 1), the
external boundary radius R,, the external boundary
pressure P,, with the formation absolute permeability 4,
the dynamic viscosity of the drained fluid p, the
bottomhole pressure P,, the reduced radius of the well
r,. According to their research, the horizontal well flow
rate is expressed by the formula:

7= 2nkh P.-P,
nB In ARy + h In h
L 2rr,

@)

From the physical point of view, the first addend in the
denominator reflects the external filtration resistance, the
second one - the internal well resistance. This formula is

\ / II zone
hi2 \ / I zone

AN

| R ef Rl’ﬁ

Fig. 1. Layout of a symmetrical horizontal wellbore
by the formation thickness

based on the assumption that the horizontal well external
boundary is considered to be circular and does not depend
on its length.

Considering that F.M. Giger [17, 18] put forward an
assumption that the horizontal well external boundary is
elliptical rather than circular; he presented his formula for
calculating the horizontal well flow rate as follows:

2nkh P -P
= B : < W2 s (2)
H 1+\/1—(L/2RE[) h ok
In +=In
L/2R, L 2mr,

where R, — the size of semi-major axis of an ellipse
representing the external boundary.

S.D. Joshi [19, 20] assumed that there is a semi-major
axis of an ellipse similar in area to a circle with a drainage
radius R,; and obtained the following formula:

2nkh P . -P
= B < = , 3
a+\/az— L/2
W ANE(Er2) hh
L/2 L or,

o=

L 4
hi =——1 1+4(2R, /L :| 4
where a 2\/5{ +y1+4(2R,, / L) )

- semi-major axis of the ellipse.

S.D. Joshi [19, 20] proposed the following formula for
anisotropic formation for calculating the flow rate of a
horizontal well:

21tkr]1 P,.-P,
= HB . 2 5 (5)
a+\/a2— L/2 2
WA (L/2) ga ph
L/2 L 2r,

where B = \/(%, / k,) — anisotropy coefficient; k,— horizontal
formation permeability; &, — vertical permeability.

In their works, G.I. Renard and J.M. Dupuy [19, 20]
proposed the following formula for calculating the flow
rate of a horizontal well:

2nkh P -p
qg= . ef w

uB arcch(x) + élni
L 2mr,

(6)

where x=2a/I, and the parameter a is calculated by the
formula (4).

They also introduced the formation anisotropy
parameter into formula (6) in order to take anisotropy into
account B=(k/k,)
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2nk h P, -P
g="" WIRTR @
H arcch(x)+—In——
L 2nr

w

where r,’ = (1+B)r,/2p.

It should be noted that formulas (1)-(4) and (6) can
also be applied for anisotropic formations, if the following
conditions are met [11-15]:

o the well length is much bigger than the formation
thickness (L > >h),

e half of the horizontal well length is less than 90 % of
the external boundary radius (Z/2<0,9R,),

e the well length is bigger than the product of anisotropy
coefficient by formation thickness (2> p4).

I.LA. Charnyi [24] proposed the following formula
when the horizontal wellbore is located symmetrically
against the top and bottom of a strip formation:

_ 2mkL(P,-P)

uB 2nH +1n A
h 2nr,

®

where k - formation permeability; /4 — formation thickness;
r,, — well radius; P, P, — boundary and bottomhole
pressure; p — oil viscosity; L — well length; A — distance
from the well to the formation boundary.

The oil production rate of a horizontal well symmetrically
located against the formation top and bottom as per
[24, 25] is calculated by the following formula:

o = 2RkLAP 1
B _ _ >
i 1+ 2r, In ﬂ N R,-(h-2r)
h-2r, h 2h

9)

where B- formation volume factor; AP=P.— P, — differential
pressure.

AM. Pirverdyan [25], supplementing the problem
statement with two conditions: one boundary R, = R, is
impenetrable and the velocity vertical component is v, = 0,
and the second boundary R,, = R, is permeable and
the permeable boundary pressure is P.., obtained the
following equation:

0= 2nkL(F, —F,) . (10)

2nH h 1 2
n(Za—rW)
h

1-cos

where a — the distance from the axis of a horizontal wellbore
to the top. With the symmetrical horizontal wellbore by
thickness a = A2.

Mostly, I.A. Charnyi [24] and A.M. Pirverdyan [25]
studied fluid inflow to horizontal wells located exactly in
a strip reservoir, consequently, the result of the calculation
will be significantly lower than the actual one.

Determination of the Flow Rate of a Horizontal
Well Located Asymmetrically against
the Formation Top and Bottom

In their works, Z.S. Aliev, V.V. Bondarenko, B.E. Somov,
and V.V. Sheremet [23, 26, 27] studied a horizontal
well that completely penetrated the formation. The
formation is homogeneous and strip-like. The location

E 1 2_1zone N
W2 ), 2yl
L
1
0
2 2 h—h;
| ) 11 zone
1 1 a
R R

eof of

Fig. 2. Asymmetric location of the horizontal wellbore
against the strip formation top and bottom

of this well against the formation top and bottom
varied. In these works, the filtration zone divided into
two parts was considered. In each zone near the
wellbore the formation thickness was considered the
radius function, i.e. A = A(r,) (Fig. 2).

In these works, the following formula was proposed for
the asymmetric well location:

2nkLAP 2 2r
Q0= | A +r In—"— |+
uB / h {bl }

h+r
R 2 RW D
+ o 0y +£ hy+r, In o2 “_bz,
(h+1,) A h+r, | (B+1)
where 4 - formation thickness; o, = (A - h) - 1, —

formation thickness minus well radius.

In order to calculate the effect of anisotropy in formula
(11) for an isotropic formation, similarly to formulas (5)
and it is necessary to introduce the anisotropy parameter
B=.(k, /k,);

Then the formula for the horizontal well flow rate
in the anisotropic case will be as follows:

2nkLAP 2 2r,
0= 5 '1/[3]11{[}]2‘+rwln[3]71+rj+
+Ref_Bb1 2 Ref_BbZ

+{B}12+rwln 21, }+ .
(B4 +1,) PBh, Bh+z, | Bh+1)

(12)

The symmetrical location of a horizontal well
against the formation top and bottom with different
pressures on the external boundary is considered in
the works of V.P. Pilatovsky [7, 8]. If P, = P.,, = P,.,
and the wellbore is symmetrical against the external
boundaries, then:

0= 2nkLAP ) 13)
R, 1 2nr, . ma
p| = —-—In sin——
2h 2=m h h
where a = h/2.
There is also a completely different approach

for determination of the horizontal well productivity.
It consists in dividing the filtration area into external
and internal zones. In this case, the flow simulation
depends on the filtration zones: the external zone
is described by a flat two-dimensional flow, where
the filtration conditionally occurs in the horizontal
plane; the internal zone is characterized as a
three-dimensional flow, the drainage zone is an
ellipsoid of revolution simulating a horizontal
wellbore with a radius r,. This approach was described
in detail by V.P. Merkulov [28-30] and has the
following form:

HEAPOMOJIb3OBAHUE
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2nkhLAP

. (14)
Wl ™ 2 2|+ L 2R
A o 2c h (a+b)

w

According to V.P. Merkulov [28-30], for the wellbore
asymmetric location against the drainage zone center at a
distance 6 the dependence (14) will be as follows:

nb h a+c
L. 2R & (1)
L e (L
h (a+b) R

whereZ — horizontal wellbore length; 2a=0.5L +2A — semi-
major axis of the ellipse; b = (2LA+4H/)"V? - semi-minor
axis of the ellipse; ¢ = 0.5L — focus distance; r,, — well
radius characterizing the flow zone of radial wellbore in
relation to the horizontal wellbore; A = fa, ®) where
a = L2h o = 8/h 8 — eccentricity of the asymmetric
location of the horizontal wellbore axis by thickness.

Under the conditions of a circular anisotropic
formation V.P. Merkulov [29] proposed to calculate the
horizontal well flow rate by the formula

— onkhL' nb g Bh
Q =2nkhL A}/{uﬁ { Bh +1In onr, +

+In2 +f) +A +L—ln—+2Rf‘f* ,
2¢ Br (a +b)

where a" = 0.5L+2Bk b" = (QIPA+4H)"> ¢ = 0,5L;
A =fa), where a’= L’/2hA, under these conditions L"=L.
In his works, S.D. Joshi [19, 20] also divided the flow
into zones, but before determining the dependence of the
horizontal well flow rate Q on the drawdown AP, he
proposed to find the sum of filtration resistances arising
during the fluid flow in these planes. The displacement of
the horizontal wellbore against the formation top and
bottom takes into account the parameter A; characterizing
the distance from the wellbore to the conditional center:

0= 2nkhAP L an

2 2
45| In a+,/32—(l,/2) +i,]n(b/2) -2

L/2 hr, /2

Taking into account anisotropy:

0= 2nkhAP . as)

| N pn

+~—=In
L/2 L 2r,

In their works, G.I. Renard and J.M. Dupuy [21, 22]
proposed a formula for the flow rate of a short horizontal
well, i.e. if the well length L is less than the formation
thickness /r:

0= anbA}:YI — 19)
uB| cosh™ (X) +=1In
L 2nr,

20

Fig. 3. Horizontal well in a rectangular oil formation

2 2 h
[zone { Il zone AN Py 1
Y WV O h2
I1I zone IV zone |7
! O
2 ‘ 2 h
T T I
R, [ 2R, R, U/ L
R,

Fig. 4. Scheme of conditional location of a horizontal well
in the formation: 7 - symmetric; 2 - asymmetric

Y [ o -
Oil saturated thickness, m

[y

Fig. 5. Avilovskoye gas and oil field

Taking into account the anisotropy, they presented this
formula as:

2rkhAP
Q =

(20)

uB cosh’l(X)+@1nB—b,
L 2mr,

where X=a/0,51, r,, = (1+PB)r,/2p.

In his work, V.D. Lysenko [31] obtained an equation
for determination of the horizontal well flow rate (Fig. 3),
conventionally located in a rectangular oil formation with
a length of 2L, the well length equaling to the oil
formation width 20, the formation thickness 4

2nkhAP

20+ 1
uB 2 + iln £+ 4 In h
46 2m 21g 2nl 2nr,

0= (21D

Here, L — the distance from the well with pressure
P =P, to the external boundary with pressure P=P,;
20 — the formation width; /, — horizontal wellbore length;
r,,— wellbore radius.
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Table 1
Initial data for calculation of the flow rate of horizontal wells for the Avilovskoye gas and oil field
. Well number
Parameter Unit of measurement = g 111 112 113 114 117
P, MPa 21 21 21 21 21 21 21
P, MPa 20 20 20 20 20 20 20
Differential pressure Pa 1000000
Net oil thickness A m 2 1.5 1.4 2 0.8 1.3 1.2
hy m 1 1 1 1 0.4 1 1
h, m 1 0.5 0.4 1 0.4 0.3 0.2
R, m 0.073 0.073 0.073 0.073 0.073 0.073 0.073
R, m 298 442 371 685 398 442 521
L m 123 257 243 293 466 287 384
of oil unfigr formation 0.000551
conditions, Pa's
Viscosity of water u.n‘der formation 0.000816
conditions, Pa-s
of gas un.d.er formation 0.0000211
conditions, Pa-s
Porosity unit fraction 0.195
. . of oil, kg/m 698
?gﬁjigoﬁgder formation of water, kg/m’> 1120
of gas, kg/m® 0.981
. oil 1.364
Formation volume factor water 1.0014
Compressibility, 10, 1/MPa oil 19.2
water 4.35
Gas-oil ratio m>/t 147.7
Anisotropy 0.72
H m 500
abs 80
oil relative 6.983
Permeability K, mD gas relative 0.551
(1023 um 2 water relative 12.29
at the follov.vmg Fluids in the flow: 25 % oil, 25 % water, 50 % gas
concentration
Table 2
Results of calculation of the flow rate of horizontal wells by classical formulas
Formula number Well No.
7 8 111 112 113 114 117
Fact 67.0 70.0 75.0 70.0 78.0 71.0 75.0
1 479.4 426.3 424.1 490.0 357.9 392.3 389.6
2 486.2 432.5 432.1 494.5 389.7 399.2 398.6
3 479.4 426.3 424.0 489.9 356.9 392.3 389.5
6 479.4 426.3 424.0 489.9 356.9 392.3 389.5
7 480.8 426.8 424.6 490.6 357.0 392.6 389.7
8 293.5 148.5 165.2 127.8 88.0 128.8 100.8
9 105.6 111.8 117.5 109.7 120.2 108.2 113.5
10 0.4 0.3 0.2 0.4 0.1 0.2 0.2
11 14.2 13.9 13.8 14.7 17.8 11.5 10.3
12 64.0 91.4 103.3 66.3 192.7 102.9 117.4
13 5.5 -5.6 4.0 -2.3 4.0 6.3 20.7
14 54.1 52.5 52.6 53.6 49.7 51.4 51.1
15 54.1 52.5 52.6 53.6 49.7 51.4 51.1
16 140.4 127.3 127.6 140.7 113.6 119.3 119.3
17 0.0 0.0 0.0 0.0 0.0 0.0
18 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Error 1 —615.5 -509.1 —-465.5 -599.9 -358.9 —452.6 -419.5
Error 2 -625.7 -517.9 -476.1 -606.4 -399.6 -462.3 -431.5
Error 3 -615.5 -509.0 -465.4 -599.9 -357.5 -452.5 -419.3
Error 6 -615.5 -509.0 -465.4 -599.9 -357.5 -452.5 -419.3
Error 7 -617.7 -509.7 -466.1 -600.8 -357.7 -453.0 -419.6
Error 8 -338.0 -112.2 -120.2 -82.6 -12.8 -81.3 -34.5
Error 9 -57.6 -59.7 -56.7 -56.7 -54.1 -52.5 -51.3
Error 1 99.5 99.6 99.7 99.5 99.8 99.7 99.7
Error 11 78.8 80.1 81.6 79.0 77.2 83.8 86.3
Error 12 4.5 -30.6 -37.8 5.3 -147.1 -44.9 -56.5
Error 13 91.8 108.1 94.6 103.3 94.8 91.1 72.4
Error 14 19.3 25.0 29.9 23.4 36.3 27.7 31.9
Error 15 19.3 25.0 29.9 23.4 36.3 27.7 31.9
Error 16 -109.5 -81.9 -70.1 -101.0 -45.6 -68.0 -59.1
Error 17 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Error 18 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Error 19 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Error 20 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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Dependence of the Horizontal Well Productivity
on its Asymmetric Location against
the Formation External Boundaries

This problem was very well covered in the works of
Z.S. Aliev, B.E. Somov, V.V. Bondarenko, B.A. Nikitin,
K.S. Basniev et al. [26, 27, 32].

For appropriate conditions, the asymmetric well
location was described in relation to the formation
boundaries (Fig. 4). The results of the numerical solution
of the equation of three-dimensional unsteady filtration
showed that the well asymmetric location by the thickness
of a homogeneous formation significantly reduces the
horizontal well productivity. With an increase in reservoir
thickness, well production losses also increase depending
on the asymmetry coefficilent. The maximum well
productivity is achieved under the conditions of wellbore
symmetrical location — against the external boundaries as
well as against the formation top and bottom.

Let us try to apply these formulas (1)-(20) to the
Avilovskoye field (Fig. 5).

The commercial oil and gas content of the
Avilovskoye field is confined to the sandstones of the
Bobrikovsky horizon (Clbb formation) of the Visean
stage of the Lower Carboniferous system. One gas and
oil reservoir was found.

One massive, gas-oil reservoir with low specific
height, underlain by water, was revealed in the
sediments. The formation is composed of sandstones. The
reservoir type is porous. The physicochemical properties
of oil and dissolved gas were studied on seven deep oil
samples from seven wells and 16 surface samples from
seven wells. The oil is of especially light density and low
viscosity, paraffin, low in sulfur and tar. The
physicochemical properties of gas-cap gas and
condensate were studied on three samples from two
wells. The gas-cap gas is methane, semi-wet, gas density
by air — 0.800, hydrogen sulfide content — 1.540 % mol.

References

The initial data for calculation of the flow rate of
horizontal wells are presented in Table 1.

Let us calculate the flow rates of horizontal wells by
the classical formulas (1)-(20). The calculations results
and the initial data are summarized in Table 2.

Conclusion

Based on the analysis of the information obtained,
it was revealed that the following parameters affect
the horizontal well productivity:

— location of the well against the formation thickness
and against the drainage zone boundaries (symmetric and
asymmetric);

— quality of the productive interval opening;

— wellbore profile, in particular the horizontal part;

— well design features;

— pressure losses in the horizontal part of the well;

— porosity and permeability formation properties;

—number of multistage hydraulic fracturing ports
(if any), etc.

At the same time, all the formulas presented in the work
were developed for a stationary fluid flow, fluid filtration
occurs in an isotropic reservoir (there is a correction for
vertical anisotropy), the formation top and bottom are
impermeable, the fluid is incompressible, all wells have a
perfectly straight horizontal wellbore. Among other things, all
the above formulas are based on the Darcy's linear filtration
law, there are differences in the definition of the well
drainage zone geometry, and, as a consequence, this limits
the area of these mathematical models application.

The large error in the calculations is due to the
presence of a high gas factor; at the wells of the
Avilovskoye field, the gas factor varied from 200 to
15,000 m®/t. This leads to a natural gas lift and a
transition from laminar to turbulent flow. Accordingly,
it is impossible to discuss linear filtration under the
conditions of this gas-oil field.
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