& frontiers | Frontiers in

ORIGINAL RESEARCH
published: 14 April 2022
doi: 10.3389/fenrg.2022.818284

OPEN ACCESS

Edited by:
Xun Zhong,
Yangtze University, China

Reviewed by:

Shuyang Liu,

China University of Petroleum (East
China), China

Weijun Shen,

Institute of Mechanics (CAS), China

*Correspondence:
Tao Wang
1042776812@qgq.com

Specialty section:

This article was submitted to
Advanced Clean Fuel Technologies,
a section of the journal

Frontiers in Energy Research

Received: 11 January 2022
Accepted: 23 February 2022
Published: 14 April 2022

Citation:

Li J and Wang T (2022) Production
Analysis of Horizontal Wells in a Two-
Region Composite Reservoir
Considering Formation Damage.
Front. Energy Res. 10:818284.

doi: 10.3389/fenrg.2022.818284

®

Check for
updates

Production Analysis of Horizontal

Wells in a Two-Region Composite
Reservoir Considering Formation

Damage

Jingsong Li and Tao Wang *

Research Institute of Qilfield Production, Tianjin, China

The horizontal well is extensively used to exploit oil at the Bohai offshore oilfield, China. It
has been proved by practice that formation damage always happens during the
production of wells. However, it is a challenging task to evaluate the formation
damage for horizontal wells. In this paper, a flow model considering formation
damage is established for horizontal wells. The reservoir geometry is divided into two
regions: the inner region represents the region of formation damage and the outer region
that without damage. The finite element method is used to solve the flow model. The well
production rate can be determined by using the material balance method. For different
scenarios, such as when the horizontal well is completely in the inner region or when the
horizontal well passes through two regions, the effects of some key parameters such as
damage radius, damage region permeability, and well position on the oil production rate
and pressure distribution characteristics are analyzed. The results show that a smaller
damage radius, higher damage zone permeability, and a horizontal well closer to or in
greater contact with the outer region result in a higher oil production rate and faster
pressure drop propagation. The presented model and obtained results enrich
production analysis of horizontal wells in a two-region composite reservoir
considering formation damage, which has significance for efficient offshore reservoir
development.

Keywords: production analysis, formation damage, offshore reservoir development, horizontal well, petroleum

INTRODUCTION

Formation damage is a condition most commonly caused by wellbore fluids used during drilling,
completion, and workover operations (Krueger, 1988; Civan, 2015; Xu et al., 2016). It impairs the
permeability of reservoir rocks, thereby reducing the natural productivity of reservoirs (The
Defining Series: Formation Damage, Schlumberger, slb.com). Before drilling the reservoir, the
rocks, clay minerals, and fluids are at an equilibrium. After opening the reservoir, the original
equilibrium state is broken due to the external fluid, which will harm the oil and gas reservoir and
reduce the production capacity of oil and gas. Changes in the physical and chemical properties of
rocks and fluids in the formation are the most fundamental causes of formation damage. The
categories of formation damage mechanisms can be divided into mechanical, chemical,
biological, and thermal.
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Field development practice on onshore oilfields indicates
that formation damage can lead to low production efficiency
for wells, and the effect of formation damage on reservoir
properties and well performance should be carefully evaluated.
Shen et al. studied the effects of key reservoir and production
parameters (matrix porosity and permeability, fracture
porosity and permeability, Langmuir pressure and volume,
diffusion coefficient, shut-in time, drawdowns, and injection
rate) on the process of water retention and gas production in
the shale gas reservoirs (Shen et al, 2016). Zhang et al.
investigated the effects of the related reservoir properties
and production parameters on the characteristics of
effective reserve utilization in tight sandstone reservoirs,
which provide a better understanding of reservoir pressure
distribution and effective utilization of reserves to optimize the
gas recovery and development (Zhang et al., 2020).

Commonly, transient pressure responses and rate decline
analysis are applied to inverse the formation parameters such
as skin factor, damage zone radius, and damage zone
permeability. As the parameters in the damaged zone and
undamaged zone are always different, a composite reservoir
model must be established. A large number of previous studies
have focused on the curves type of horizontal wells. In 1973,
Gringarten and Ramey proposed source function and green
function methods which are used as powerful tools in solving
unsteady flow problems for horizontal wells (Gringarten and
Ramey, 1973). Clonts and Ramey presented an analytical
solution for a uniform flux horizontal drainhole in an
anisotropic reservoir (Clonts and Ramey, 1986). Log-log
type curves are presented for various drainhole radii and
can be used to determine reservoir parameters such as
permeability or drainhole half length. Goode and
Thambynayagam proposed an analytical solution by solving
the three-dimensional diffusion equation with successive
integral transforms for the pressure response during
drawdown and buildup of a horizontal well (Goode and
Thambynayagam, 1987). Daviau et al. (Daviau et al., 1988)
proposed a new solution to analyze the pressure response by
semi-log and log-log curves. They found that a circular radial
flow will happen in early time and a horizontal pseudo-radial
flow will happen in late time. Then, Ozkan and Raghavan
(Ozkan and Raghavan, 1991a; Ozkan and Raghavan, 1991b;
Ozkan, 1994) proposed a new source function approach to
study transient pressure behaviors of different well patterns,
such as those of vertical wells and horizontal wells, in various
reservoirs. This method remains one of the primary solving
methods in the performance analysis family. Park and Zhan
simplified the horizontal well into a line source and analyzed the
wellbore storage and skin effect (Park and Zhan, 2002). Ezulike
and Igbokoyi achieved a three-dimensional point source semi-
analytical solution in composite reservoir systems (Ezulike and
Igbokoyi, 2012). Shi et al. (Shi et al., 2012) developed the well
test model for horizontal wells in a two-zone composite
reservoir and presented the field interpretation example. Nie
et al. established a new transient well test and rate decline
analysis model for a horizontal well in multiple-zone composite
reservoirs. The negative skin is considered in their model (Nie
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et al,, 2011). Zhao et al. established a composite model to
describe the stimulated reservoir volume for multiple
hydraulic fractured horizontal wells (Zhao et al., 2014). Yuan
etal. (Yuan et al,, 2018) proposed a semi-analytical solution for
well pressure transient analysis and transient rate analysis of
multistage fractured horizontal wells in composite reservoirs in
which two regions with different formation parameters are
considered. By now, the semi-analytical methods have been
widely used for transient pressure responses and rate decline
analysis in unconventional oil and gas reservoirs (Jiang et al.,
2014; Xu et al., 2015; Zeng et al., 2015; Zhang et al., 2016; Ren
and Guo, 2017; Zhao et al., 2018; Zhang et al.,, 2019; Yao et al,,
2020).

To the best of our knowledge, although it has been decades
since people started studying well performance analysis theories
of horizontal wells, there exists a little model that can
successfully calculate the performance behavior for reservoirs
with formation damage. In this paper, the composite reservoir
model is extended to evaluate the formation damage effect on
well production. The mathematical equation is derived for the
inner region and outer region. The inner region characterizes
the damaged zone. The damaged zone can have an irregular
boundary. To solve the flow model, the finite element method is
employed. The horizontal well production rate is calculated by
using the material balance method. The effect of damage radius,
damage region permeability, and well position on oil
production rate is analyzed.

The paper is organized as follows: section 1 is the introduction;
section 2 is the mathematical model; section 3 is the solution
workflow; section 4 is the sensitivity analysis.

SYSTEM DESCRIPTION
Physical Model

The schematic diagram for a horizontal well in a composite
reservoir is shown in Figure 1. The reservoir has two regions, the
inner and outer region, each of which have different reservoir
properties. The model assumptions are as follows: 1) the interface
between the inner region and outer region is irregular
(commonly, the inner region can be assumed to have a
circular shape and the radius can be assumed to be r;); 2) the
reservoir is horizontal with a uniform thickness of h and original
pressure pi; 3) for the inner region, the horizontal permeability is
K1, the vertical permeability is Kv1, the compressibility Cy;, and
the porosity is ¢; while for the outer region, they are K, K2, C;2,
and @, respectively; 4) the influence of gravity and capillary
forces is ignored. In this paper, assuming that the inner region is
the damage region, we considered the scenario when the
horizontal well is entirely in the inner region (Figure 1A) and
when the horizontal well passes through two regions
(Figures 1B,C).

Mathematical Model

With an orthogonal coordinate system, the flow equation can be
expressed as follows:
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FIGURE 1 | Schematic of a horizontal well. (A) Horizontal well in the inner region. (B) Horizontal well passing through both inner region and outer region on both
sides. (C) Horizontal well passing through both inner region and outer region on single side.

The flow equation in the inner region is If the sink or source is ignored, Eqgs. 1, 2 can be simplified into

the following:

0 Ky aP1 Ky aP1 K, aP1 aPl
6x<y ax)+ay<y oy +6z u 0z ¢1C“at T4
1)

The flow equation in the outer region is

0 [ Ky aPz Ky aPz Ky, aPz aPz
ax(y E)x)+ay(y dy +az u oz =.C 2o T4

2

The flow equation in the inner region is

0 (K, aPl + 2 Ky aPl + 2 Klvapl -¢.C aPl
ox\ p ox ay u oy 8z u 0z TS

(3)

The flow equation in the outer region is

0 (K, 0ps L9 Kon 0pa + 9 Ko 0ps =¢C%
ox U Ox ay y oy az y 0z 2Ly,

(4)

Frontiers in Energy Research | www.frontiersin.org

April 2022 | Volume 10 | Article 818284


https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles

Li and Wang

With initial condition

p(xy,zt=0)=p, ®)
and outer boundary
op1  0p;
et S S = 6
i U Oorh (6)
Pz = 0) r =00 (7)

and interface condition

pr=pP» T=0 (8)
ki Opy_Kudps
U or u or’ r=n ©)

Here, x, y, and z are the directional coordinates, m; r is the
radial distance from the origin of a point in the XY plane; L is
the well length, m; k; and k; are the permeability in inner and
outer regions, respectively,m? p; , are reservoir pressure in
inner and outer regions, respectively, Pa; p; is reference
pressure, Pa; p is viscosity, Pa-s; t is time, sec; C; is the
compressibility  factor, 1/Pa; and ¢;, are the
formation porosity in inner and outer regions, respectively,
fraction.

MODEL SOLUTION
Solution Method

In this study, we use the finite element method to
solve the equation system. The basic function is defined as
follows:

N=(N,N,...N,) (10)

The displacement function is

f’ZZNiPi (11)
i=1

We can get the integrating form for the inner region and outer

region:
Ky, apl K, apl
ay(y dy +6z u 0z av
y

e

IREEEAE
= Hj (¢1cﬂ)N,»aa—[;1 av (12)

. Ko aPZ Ko aPZ K, apz
.[”N'[ (y Dx) 0 (y dy +az u 0Oz v
Q

| ~([[wconay 0

e

The final equation form is as follos:
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Material Balance Method
Combined with the natural energy production calculation
formula, the finite element numerical method is used to solve
and analyze the oil production rate under different damage
degrees in the process of oilfield development. Natural energy
production means the volume of fluid displaced by natural energy
due to pore compression and liquid expansion.

Oil production of reservoir driven by natural energy can be
obtained from the following formula:
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and (C) a horizontal well passing through two regions on a single side.

FIGURE 2 | Typical transient pressure distribution of (A) a horizontal well fully in the inner region, (B) a horizontal well passing through two regions on both sides,

The finite element numerical solution method introduced in
Section 3.1 can obtain the pressure values of each position in the
composite reservoir at each time. However, because the pressure
values at different positions in the composite reservoir are not equal
at different times, volume integration is performed over the entire
reservoir. The production rate considering formation damage can be
obtained by the following formula:

NP = JJijCt (Pt - pw)de (17)
CtZCf+¢C1 (18)

Where AV is the reserves, m% C, is the comprehensive
compressibility, 1/Pa; Vy is the composite reservoir volume, m?; p;

is the original pressure of reservoir, Pa; p;, is reservoir saturation
pressure, Pa; N,, is the cumulative oil production corresponding to
the total pressure drop, m p; is the pressure at a certain position in
the reservoir at time t, Pa; p,, is bottom hole pressure, Pa; ¢ are the
formation porosity; Cy is the formation fluid compressibility, 1/Pa;
and C; is the formation rock compressibility, 1/Pa.

DISCUSSION AND ANALYSIS

Typical Transient Pressure Distribution and

production Rate Decline Curve
Basic parameters to be paid attention to: r, = 600 m, Kj,; = K,,; =
0.002 um* and h = 10 m.
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Typical case 1: r; = 300m and the center coordinate of
horizontal well is (0, 0, 5).

Typical case 2: r; = 150 m and the center coordinate of
horizontal well is (0, 0, 5).

Typical case 3: r; = 200m, and the center coordinate of
horizontal well is (200, 0, 5).

Figures 2A-C shows the typical transient pressure
distribution of horizontal well in the inner region,
horizontal well passing through two regions on both sides
and horizontal well passing through two regions on single
sides, respectively. The transient pressure profiles of the three
typical cases describe the pressure distributions at different
times in the three typical cases. By comparison, the pressure
drops when the horizontal well passing through two regions
on a single side propagates faster. Figure 3 shows the
production rate decline curves for the above three cases.
As shown in Figure 3, the oil production rate of the
horizontal well entirely in the inner region is basically
lower than that of the other two scenarios. The reason for
this is that the permeability of the inner region is lower than
that of the outer region, whereas when a horizontal well is
entirely in the inner region, the pressure drop propagation is
more affected by the damage of the inner region and becomes
slower.

Effects of Different Parameters

In this section, the effects that various reservoirs parameters have
on the performance (transient pressure distribution and
production rate decline performance) of a composite reservoir
described mathematically in the previous section are discussed.
The effects of damage radius, damage region permeability, and
well position on oil production rate are discussed for the scenario
when the horizontal well is entirely in the inner region
(Figure 1A) and when the horizontal well passes through two
regions (Figures 1B,C).

Case 1. Horizontal well completely in the inner region

The effects of damage radius, damage region permeability, and
well position on oil production rate are discussed. The parameters
used are shown in Table 1.

Sensitivity analysis of different parameters are as follows:

(1) Effect of inner region radius

To analyze the effect of inner radius, three different inner
region radii, 200 m, 300 m, and 400 m, are considered. The
horizontal well center coordinate is (0,0,5), and the inner
region permeability is 0.002 pm”.

Figure 4 compares the differences in the transient pressure
distribution and the rate decline performance for case 1. The
transient pressure distribution shows that the damage radius
has an effect on pressure drop propagation. As the damage
radius becomes great, the pressure drop will propagate slowly.
From the rate decline curves, it can be seen that the bigger the
inner region radius, the smaller the production rate, but the
decline rate will be slower. The reason is that a higher outer

Horizontal Well Considering Formation Damage

200

Horizontal well in the inner region fully

Horizontal well passing through two regions on both sides
150 = Horizontal well passing through two regions on single side

Oil production rate(m*day)

0 500 1000 1500 2000 2500 3000

Time(day)

FIGURE 3 | Production rate decline curves for the above three cases.

region permeability can increase the flow capacity of fluid flow
from the outer region to the inner region. It should be noted
that when the damage radius reaches a certain size, its
influence on the production rate is not obvious. In the later
stage, different damage radius has little effect on the oil
production rate.

(2) Effect of inner region permeability

To analyze the effect of inner region permeability, three
different damage region permeability, 0.001 um®, 0.002 pm?,
and 0.003 um” are considered. The horizontal well center
coordinate is (0,0,5) and the inner region radius is 300 m.

Figure 5 shows the effect of inner region permeability on
the transient pressure distribution as well as on the rate
performance for case 1. For different damage region
permeability, the pressure drops propagate at different
rates. It can be seen that the greater inner region
permeability results in a faster pressure drop propagation
rate. The reason is that a higher inner region permeability can
increase the flow capacity of fluid flow from the outer region
to the inner region. The comparison of the results of the
production rate shows that the damage region radius has an
obvious effect on the production rate and decline rate. A
higher inner region permeability causes a bigger production
rate but a faster decline rate.

(3) Effect of horizontal well position

To analyze the effect of horizontal well position, three different
well positions, (0, 0, 5, 0, 100, 5), and (0,200,5), are considered.
The inner region radius is 300m, and the inner region
permeability is 0.002 um?.

Figure 6 shows the effect of the horizontal well position on the
transient pressure distribution as well as on the rate performance
for case 1. The horizontal well position has an effect on the pressure
drop propagate rates. A horizontal well farther from the center of
the reservoir will cause a bigger pressure drop. The comparison of
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TABLE 1 | Input parameters for horizontal well entirely in the inner region.

Horizontal Well Considering Formation Damage

Parameter Value Parameter Value
Formation thickness, h(m) 10 Initial reservoir pressure, p; (MPa) 20
Inner region porosity, ¢, 0.2 Bottom hole pressure, p,, (MPa) 10
Outer region porosity, ¢o 0.4 Formation fluid compressibility, C; (1/MPa) 10 x 107
Formation fluid viscosity, p(mP-s) 5 Formation rock compressibility, Cr (1/MPa) 2 x 10"
Inner region permeability, K7 = K, 7(um?) 0.001-0.003 Inner region radius, r; (M) 200-400
Outer region permeability, Ko = Kz (Um?) 0.005 Outer region radius, ro (M) 600
Formation fluid density, p(kg/m3) 1,000 Horizontal well half-length, L,/2 (m) 200
Horizontal well center coordinates, (x,y,2) (0, 0, 5), (0, 100, 5), (0, 200, 5)
A B ** —200m
_ —300m
> —
§ 150 | 400m
% s g '
1 . T K;1=K,=0.002pm
- - I - - I - " 8 Horizontal well center coordinate-(0,0,5)
- g 100 -
= - = ' = i <
s ' i i B il 1,-200,300,400 m
200m : 300m |+ 400m I O
0 . . . . .
0 500 1000 1500 2000 2500 3000
Time(day)
FIGURE 4 | Effect of inner region radius on (A) transient pressure and (B) rate decline performance.
200
A B —0.001pm2
_ ——0.002um2
> —
i i § 150 0.003um?2
» s ’ . = 1,=300m
B < § Horizontal well center coordinate-(0,0,5)
: : : B 5 K;,,=K;,,=0.001,0.002,0.003 pm?
0.001pm? 0.002pum? 0.003pm? 3
T
0
0 500 1000 1500 2000 2500 3000
Time(day)
FIGURE 5 | Effect of inner region permeability on (A) transient pressure and (B) rate decline performance.

the results of the production rate shows that well position has an
obvious effect on the production rate and decline rate. A horizontal
well farther from the center of the reservoir results in a bigger
production rate in the earlier stage but a faster decline rate in the
whole process. In the later stage, a horizontal well, whose center is
located at (0, 200, 5), causes a lower production rate than the other
two positions.

Case 2. Horizontal well passing through both inner region and
outer region on both sides.

The effects of damage radius, damage region permeability, and
well position on oil production rate are discussed. The parameters
used are shown in Table 2.

The sensitivity analyses of the different parameters are as
follows:

(1) Effect of inner region radius.

To analyze the effect of inner radius, four different inner
region radii, 50 m, 10 Om, 150m and 190 m are considered. The
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FIGURE 6 | Effect of horizontal well position on (A) transient pressure and (B) rate decline performance.
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TABLE 2 | Input parameters for horizontal well passing through both inner region and outer region on both sides.

Parameter Value Parameter Value
Formation thickness, h (m) 10 Initial reservoir pressure, p; (MPa) 20
Inner region porosity, ¢4 0.2 Bottom hole pressure, p,, (MPa) 10
Outer region porosity, ¢ 0.4 Formation fluid compressibility, C; (1/MPa) 10 x 10
Formation fluid viscosity, p/ (MmP-s) 5 Formation rock compressibility, C (1/MPa) 2 x 10
Inner region permeability, Ky,; = K,; (Um?) 0.001-0.004 Inner region radius, r; (M) 50-190
Outer region permeability, Ko = Ko (Um?) 0.005 Outer region radius, r> (m) 600
Formation fluid density, p (kg/m?3) 1,000 Horizontal well half-length, L,/2(m) 200
Horizontal well center coordinates, (x,y,z) ©, 0, 5), (0, 50, ), (0, 100, 5)
A s I - RV
00 108 o [ — 50m
: - ——100m
i =
” o Jn ” e 2150 ——150m
. 00 Hoe - ; o E
& = - | o T K=K, =0.0020m0 oo
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50m ¥, 100m & =
i o9
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w - ) » w N _3.' 50
o - . ' e 0
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FIGURE 7 | Effect of inner region radius on (A) transient pressure and (B) rate decline performance.

1500 2000 2500 3000

Time(day)

500 1000

horizontal well center coordinate is (0, 0, 5) and the inner region

permeability is 0.002 um?.

Figure 7 compares the differences in the transient pressure
distribution and the rate decline performance for case 2. The
transient pressure distribution shows that damage radius has an
effect on pressure drop propagation. As the damage radius
becomes small, the damage region has less influence on
pressure drop propagations and the pressure drop will

propagate quickly. From the rate decline curves, it can be
seen that the smaller the inner region radius, the bigger the
production rate, but the decline rate will be faster. The
reason is that a higher outer region permeability can
increase the flow capacity of fluid flow from the outer
region to the inner region. It should be noted that in the
later stage, different damage radius has little effect on the oil
production rate.
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FIGURE 8 | Effect of inner region permeability on (A) transient pressure and (B) rate decline performance.
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FIGURE 9 | Effect of horizontal well position on (A) transient pressure and (B) rate decline performance.
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(2) Effect of inner region permeability.

To analyze the effect of inner region permeability, three
different damage region permeability, 0.001um? 0.002um?,
and 0.004 um* are considered. The horizontal well center
coordinate is (0, 0, 5) and the inner region radius is 150 m.

Figure 8 shows the effect of inner region permeability on the
transient pressure distribution as well as on the rate performance for
case 2. For different damage region permeability, the pressure drops
propagate at different rates. It can be seen that the greater inner
region permeability results in a faster pressure drop propagation rate.
The reason is that a higher inner region permeability can increase the
flow capacity of fluid flow from the outer region to the inner region.
The comparison of the results of the production rate shows that
damage region radius has an obvious effect on the production rate
and decline rate. A higher inner region permeability causes a bigger
production rate but a faster decline rate.

(3) Effect of horizontal well position.

To analyze the effect of horizontal well position, three different
well positions, (0, 0, 5), (0, 50, 5) and (0, 100, 5) are considered.
The inner region radius is 150 m and the inner region
permeability is 0.002 um?>.

Figure 9 shows the effect of the horizontal well position on the
transient pressure distribution as well as on the rate performance
for case 2. The horizontal well position has an effect on the
pressure drop propagate rates. A horizontal well farther from the
center of the reservoir will cause a bigger pressure drop. The
reason is that a higher inner region permeability can increase the
flow capacity of fluid flow from the outer region to the inner
region. The comparison of the results of the production rate
shows that the well position has an obvious effect on the
production rate and decline rate. A horizontal well farther
from the center of the reservoir results in a bigger production
rate in the earlier stage but a faster decline rate in the whole
process. In the later stage, the horizontal well, whose center is
located at (0, 0, 5), causes a higher production rate than the other
two positions.

Case 3. Horizontal well passing through both inner region and
outer region on a single side.

The effects of damage radius, damage region permeability, and
well position on oil production rate are discussed. The parameters
used are shown in Table 3.

Sensitivity analysis of different parameters is as follows:

(1) Effect of inner region radius.
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TABLE 3 | Input parameters for horizontal well passing through both inner region and outer region on single sides.

Parameter Value Parameter Value
Formation thickness, h (m) 10 Initial reservoir pressure, p; (MPa) 20
Inner region porosity, ¢, 0.2 Bottom hole pressure, p,, (MPa) 10
Outer region porosity, ¢o 0.4 Formation fluid compressibility, C; (1/MPa) 10 x 107
Formation fluid viscosity, p (MmP-s) 5 Formation rock compressibility, Cy (1/MPa) 2 x10*
Inner region permeability, Ky,; = K,1 (Um?) 0.001-0.003 Inner region radius, r; (M) 150-250
Outer region permeability, Ky = Kz (Um?) 0.005 Outer region radius, ro (M) 600
Formation fluid density, p(kg/m3) 1,000 Horizontal well half-length, L,/2 (m) 200
Horizontal well center coordinates, (x,y,z) (M) (200, 0, 5); (200, 50, 5); (200, 100, 5)

B
—150m
——200m

150
? ——250m
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| >
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FIGURE 10 | Effect of inner region radius on (A) transient pressure and (B) rate decline performance.
200
A B =——0.001pm2
R ——0.002um2
> —
§ 150 0.003um2
. . . . :QE; 1,=200m
N = . £ Horizontal well center coordinate-(200,0,5)
vr 'r > < £ 1001
2 2 4 S o ,
- = {foo K;,=K;,=0.003,0.002,0.001 pm?
i g
E > " i ]
0.001pm? 0.002pm? 1+ 0.003pum? S
0
0 500 1000 1500 2000 2500 3000
Time(day)
FIGURE 11 | Effect of inner region permeability on (A) transient pressure and (B) rate decline performance.
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FIGURE 12 | Effect of horizontal well position on (A) transient pressure and (B) rate decline performance.
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To analyze the effect of the inner radius, four different inner
region radii, 150 m, 200 m, and 250 m are considered. The
horizontal well center coordinate is (200, 0, 5) and the inner
region permeability is 0.002 um?.

Figure 10 compares the differences in the transient pressure
distribution and the rate decline performance for case 2. The
transient pressure distribution shows that damage radius has
an effect on pressure drop propagation. As the damage radius
becomes small, the damage region has less influence on
pressure drop propagations and the pressure drop will
propagate quickly. From the rate decline curves, it can be
seen that the smaller the inner region radius, the bigger the
production rate, but the decline rate will be faster. The reason
is that a higher outer region permeability can increase the flow
capacity of fluid flow from the outer region to the inner region.
It should be noted that in the later stage, different damage
radius has little effect on the oil production rate.

(2) Effect of inner region permeability.

To analyze the effect of inner region permeability, three different
damage region permeability, 0.001, 0.002, and 0.004 um> are
considered. The horizontal well center coordinate is (200, 0, 5)
and the inner region radius is 200 m.

Figure 11 shows the effect of inner region permeability on the
transient pressure distribution as well as on the rate performance
for case 2. For different damage region permeability, the pressure
drops propagate at different rates. It can be seen that the greater
inner region permeability results in faster pressure drop
propagation rate. The reason is that a higher inner region
permeability can increase the flow capacity of fluid flow from
the outer region to the inner region. The comparison of the results
of the production rate shows that damage region radius has
obvious effect on the production rate and decline rate. A higher
inner region permeability causes a bigger production rate but a
faster decline rate.

(3) Effect of horizontal well position.

To analyze the effect of the horizontal well position, three
different well positions, (200, 0, 5), (200, 50, 5), and (200, 100, 5)
are considered. The inner region radius is 200 m and the inner
region permeability is 0.002 pum’.

Figure 12 shows the effect of the horizontal well position on
the transient pressure distribution as well as on the rate performance
for case 2. The horizontal well position has an effect on the pressure
drop propagate rates. A horizontal well farther from the center of the
reservoir will cause a bigger pressure drop. The reason is that a higher
inner region permeability can increase the flow capacity of fluid flow
from the outer region to the inner region. The comparison of the
results of the production rate shows that the well position has an
obvious effect on the production rate and decline rate. A horizontal
well farther from the center of the reservoir results in a bigger
production rate in the earlier stage but a faster decline rate in the
whole process. In the later stage, the horizontal well, whose center is
located at (200, 0, 5), causes a lower production rate than the other
two positions.

Horizontal Well Considering Formation Damage

CONCLUSION

In this paper, we investigated the pressure distribution
characteristics and oil production rate decline curve of
horizontal wells in a composite reservoir when the well
passes through the inner region or in the inner region fully.
From the above analysis, the following conclusions can be
drawn:

1. The mathematical model is solved by finite element method
and the oil production rate is calculated using the material
balance method in the composite reservoir. There are different
pressure distribution characteristics and oil production rate
decline trend for horizontal well when in the inner region fully
or passing through two different regions on both sides or
single side.

2. The inner region radius, inner region permeability, and well
position all have an important effect on transient pressure
distribution and production rate decline curves. When the inner
region radius becomes smaller or the inner region permeability
becomes bigger, the production rate will increase but decline faster.
Horizontal wells closer to or in greater contact with the outer
region result in faster pressure drops propagation and higher oil
production rate but faster decline rates. In the later stage, there will
be a significant difference in production rate due to the well
location compared to the influence of radius and permeability.

3. For the reservoir considering the damage, the corresponding
technological measures should be taken to reduce the damage
range and damage degree to increase the production rate.
Although changing well location is of great help to increase
oil production performance, it is difficult and time-consuming to
determine a well location mainly based on careful analysis of
geological structure, hydrogeological conditions, and geophysical
exploration data.
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