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Oil-gas two-phase seepage
model in fractured carbonate
reservoirs
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CNPC Greatwall Drilling Engineering Company Limited, Beijing, China

Fractures are developed in fractured carbonate reservoirs. Traditional fracture
characterization methods and seepage mathematical models cannot
accurately describe the complex spatial distribution of large-scale fractures
and their stress sensitivity, and do not consider the two-phase seepage of oil
and gas, resulting in the dynamic analysis results have large errors. Aiming at this
problem, a two-phase seepage model of oil and gas in fractured carbonate
reservoirs considering stress sensitivity is established in this paper, and the semi-
analytical solution of the model is obtained by using three-dimensional source
function theory and finite difference method. The accuracy of the model is
verified by comparison with commercial humerical simulation software, the
production performance curve of oil and gas two-phase is drawn, and the
influence of key seepage parameters of reservoirs and fractures on production
performance is analyzed. The results show that the hybrid solution method of
3D source function and finite difference can realize the accurate and efficient
solution of 3D discrete fracture oil and gas two-phase seepage model. The
stress sensitivity effect leads to serious loss of fracture permeability and increase
of fluid seepage resistance, which seriously affects the production of oil wells.
The greater the fracture permeability, the higher the initial value of production,
and the higher the position of the production curve. The longer fracture length,
the higher the production curve in the early and middle production stages, and
the slower the production decline.

KEYWORDS

carbonate reservoir, oil and gas two-phase, stress sensitivity, three-dimensional
discrete fracture, seepage model

1 Introduction

In recent years, with the deepening of exploration and development, many fractured
carbonate volatile oil reservoirs have been discovered and show huge resource potential
(Zhou and Yang, 2012; Yang et al., 2018), the reservoir pressure is lower than the bubble
point pressure and degassing occurs, which seriously affects the productivity of the oil well
(Sun et al,, 2022a). Affected by diagenesis and tectonic processes, such reservoirs usually
have dense matrix and uneven fracture development. Large-scale natural fractures are
generally developed near faults, and are usually distributed discontinuously. Such
fractures are not only important flow channels but also storage spaces (Zhang et al,
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2017). In addition, a large number of studies have shown that the
fracture system of such reservoirs exhibits strong stress sensitivity
(Yangetal, 2009; Lietal., 2014; Liand Shao, 2017), and the stress
sensitivity effect has a serious negative effect on the fluid seepage
ability, which directly affects the stable production ability of the
oil well. Therefore, fracture seepage parameters, oil and gas two-
phase flow characteristics, and stress-sensitive effects are the key
factors affecting the accurate prediction of the productivity of
fractured carbonate volatile oil reservoirs, which should be
considered in the productivity evaluation model.

At present, the productivity prediction methods of carbonate
reservoirs mainly include analytical, semi-analytical and
numerical simulation methods. The analytical method is
usually based on the steady-state seepage theory, and uses the
point-sink method and the superposition principle of potential to
establish the productivity calculation model of carbonate oil and
gas wells (Sun et al, 2022b). For carbonate reservoirs, the
development process is in an unsteady flow stage for a long
time. The productivity equation established based on the steady-
state seepage theory cannot truly reflect the production process of
the gas reservoir, and most of the analytical models are based on
multi-media models (Pallav and Khalid, 2006; Jia et al., 2016; Shi
et al., 2018). The multi-media model considers fractures as the
main seepage channel, matrix as the main reservoir space, and
quasi-steady or unsteady channeling to the natural fracture
system at the same time, the fractures and the matrix system
are continuously and uniformly distributed, and the fractures
The characteristic parameters of cannot be shown to
characterize, and this method is not suitable for fractured
carbonate reservoirs. Many semi-analytical methods are
mainly based on two-dimensional discrete models (Hazlett
and Babu, 2014; Zhou et al,, 2014; Fang et al., 2015), and the
characteristic parameters of each fracture in the reservoir can be
explicitly represented. In order to improve the calculation
efficiency, the idea of reducing the dimension is usually
adopted to simplify the number of fractures meshes,
are distributed

dimensional space, and the inside of the fractures is a one-

considering that the fractures in two-
dimensional flow problem. Although the discrete processing of
the fracture system in the two-dimensional space can improve
the computational efficiency to a certain extent, the description of
large-scale three-dimensional fracture characteristics lacks
authenticity. Therefore, the mathematical model of seepage
established from this is difficult to accurately describe the real
flow state of the reservoir. In addition, these analytical and semi-
analytical methods are only suitable for the productivity
prediction of single-phase fluids. For the two-phase flow of oil
and gas during the development of fractured carbonate
reservoirs, due to the serious nonlinearity of the mathematical
model itself, the above models are no longer applicable.
Numerical simulation methods can explicitly characterize the
parameters of artificial fractures and deal with multiphase fluid
flow problems (Zhang et al., 2015; Zhang et al., 2018; Sun et al,,
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FIGURE 1
Physical model diagram of 3D discrete fracture.

2022c¢), but the preprocessing process of numerical simulation
methods is complicated. As a result, the number of grids is
huge, and the calculation timeliness is low when dealing with
thousands of case studies. In a word, the difficulties in
accurately predicting the productivity of fractured carbonate
oil wells are mainly manifested in: first, it is difficult to
characterize and simulate large-scale fractures; second, it is
difficult to simulate oil and gas two-phase flow and stress
sensitivity. Therefore, it is urgent to establish an efficient
and accurate oil and gas two-phase seepage model in
fractured carbonate reservoirs to clarify the production
performance characteristics of oil wells under complex
seepage conditions.

In this paper, a three-dimensional discrete fracture oil and
gas two-phase seepage model considering the stress sensitivity of
large-scale fractures is studied. In order to further approximate
the real state of large-scale fractures in the reservoir, the large-
scale fractures are discretized into several micro-elements. The
mathematical model of seepage in discrete fractures is
established, and by coupling the reservoir flow model, a three-
dimensional discrete fracture oil and gas two-phase seepage
mathematical model and a semi-analytical solution method
are formed. The accuracy of the model is verified by
comparison with commercial numerical simulation software,
and the influence of fractures and key reservoir seepage
parameters on productivity prediction is analyzed based on
the semi-analytical model studied.

2 Mathematical methods
2.1 Model assumptions
Considering large-scale fractures as three-dimensional

discrete fractures with limited conductivity, the reservoir is
equivalent to a single medium, and the physical model
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diagram is shown in Figure 1. Reservoir fluids include oil and gas
phases, and gas dissolved in oil is represented by the dissolved
gas-oil ratio (R;). A vertical well is drilled in a large-scale fracture
and produces at a constant pressure. The large-scale fracture only
intersects with the perforation of the well, and other sections of
the well are closed, that is, it is assumed that the fluid flows into
the wellbore only through the large-scale fracture, and some
other basic assumptions as follows:

(1) The reservoir is closed at the top, bottom and sides;

(2) Two-phase flow of oil and gas is considered in large-scale
fractures, and the flow of fluid in three-dimensional fractures
is a two-dimensional problem, and the flow in reservoirs is a
three-dimensional problem;

(3) Consider the permeability stress sensitivity of large-scale
fractures;

(4) The fluid flow in the matrix and fractures conforms to the
isothermal Darcy flow;

(5) The effects of gravity and capillary forces are ignored.

2.2 Mathematical model

The flow from the reservoir to the wellbore is regarded as
composed of two parts: the reservoir flow and the large-scale
fracture flow. The mathematical model of seepage of each system
will be established in the following, and then the pressure and
flow will be used to couple the reservoir and large-scale fractures
in the continuous condition of the fracture surface. The flow
equation of fractures forms a three-dimensional discrete fracture
seepage mathematical model and a semi-analytical solution
method.

2.2.1 Mathematical model of oil and gas two-
phase seepage in fractured system

Introducing the permeability modulus, considering the
permeability of stress-sensitive large-scale fractures as:

kF - kFie*Vp (PrPF)

1

According to previous research (Wang et al, 2021a),
combined with Eq. 1, the differential equation of oil phase
seepage in fracture system can be obtained as:

o[ kyer(pri, %] F) [ ke e (Pp)k %

% wBe 08| o uBo O
= = 0 ¢F(1 - Sg)
+dscro T dscwo = 5/ [B @
The gas-phase seepage differential equation is:
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The wellbore production conditions are (Peaceman, 1983):

~ 27Tﬂk1:i€7)/F (PFPF)kmLUF

~ _ 3 5
Iscwo 4B, In (req/rW) (e - pw) (5)
- ZﬂﬁkFiC_YF (‘D‘_PF)krng
- - ©)
scwg 4B In (e /f’w) (pr - pw)
Teq = 0.141/AlZ + AR 7)

In the formula, p; is the initial reservoir pressure, MPa; pg is
the large-scale fracture pressure, MPa; pw is the wellbore
pressure, MPa; kp; is the initial permeability of the large-scale
fracture, mD; kp is the large-scale fracture permeability, mD; ko
is the relative permeability of the oil phase; ki, is the relative
permeability of gas phase; ¢, is the inherent porosity of large-
scale fractures; ¢ is time, d; wg is the width of large-scale fractures,
m; ;jscpo represents the oil phase production per unit volume of
matrix to fracture microelements, 1/d; %CWO Oil production per
unit volume of the wellbore, d™'; éscwg gas production per unit
volume of fracture microelements to the wellbore, d™'; g, is the
crude oil volume coefficient, m*/m* B, is the gas volume
coefficient, m*/m’ y , is crude oil viscosity, mPa-s; g is gas
viscosity, mPa-s; S, oil phase saturation; Sy gas phase saturation;
Rs represents the dissolved gas-oil ratio, m*/m’. ry is the
equivalent radius, m; 7y is the wellbore radius, m; is the large
yg scale fracture permeability modulus, MPa™'; B is the
conversion coefficient; ¢ and & represent the two directions of
the fracture surface Alp; Indicates Ahp the height of the crack
cell, m.

2.2.2 Mathematical model of reservoir seepage
The partial differential equation for seepage control in a
single-medium reservoir in a rectangular closed formation is:

2 2 2
aag/l +aa§£4+ aagzM +40(x =X, ¥ = Ywr 2 — Zy)
_ ‘pM:;C‘M ag% (8)
Initial conditions:
Py (x,y,2,0) = p; 9)

Outer boundary conditions:
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Along the x-coordinate direction

opu(0.y2.1) _ o Opu(Xeyr2t) _

0 10
0x ox (10)
Along the y-coordinate direction
Opm (%,0,2,1) _ 0 Opu (%, Yoo 2t) _ 0 (an
oy ay
Along the z coordinate direction
Opu (%, y,Zert) _ 0 Opm (%, 9, 0,1) _ 0 (12)

0z 0z

In the formula, py is the pseudo-pressure of the matrix
system, MP a; ky; is the matrix permeability, mD; ¢,, is the

b the
compressibility of the matrix system, MPa™; x . is the

matrix  porosity; represents comprehensive
distance from the outer boundary in the x direction, m; y. is
the outer boundary distance in the y direction, m; z, is the outer
boundary distance in the z direction, m; z is the position

coordinate of the point source; § () is the Dirac function.

2.3 Solution of seepage mathematical
model

2.3.1 Numerical solution of oil and gas two-
phase flow in fractured system

Divide the large-scale fracture into several micro-elements,
and use the numerical discretization method to discretize the
seepage differential equation of the large-scale fracture system in
time and space. Taking the fracture micro-element (i, j) as an
example, the oil phase seepage differential equation is
transformed into

>

leq/l-)j

_ Vi, |:¢F(1 - Sy):|n+1 3 [¢F(1 —S)]’1
i i

n+1 n+1 n+1

n+1 n+1
To,,(h 5 (PF, = Pr; ) * dscro,; t dscwo,

13
At B. B. (13)

The gas phase equation simplifies to

>|r

ley,

n+1 n+1 n+1 n+1 n+1 n+1 n+1
91,(i.) (sz = Pr; > + Tol.(i,j) Rsz,(..,)(PFz ) - P ]

ij

1 n
_ Vo <¢Fsy>n+ . <¢Fsg>

o At By i B, i
n+l

. |:¢FR5(1 - Sg)] ) |:¢FRS(1 - sg)]”

n+1 n+1 1n+1
+ Rsly(,.‘j) dscro,; T dscwy,;

B, B,

(14)

In the formula, Vi is a two-dimensional array, and its value

is the index of the fracture micro-element adjacent to the fracture

micro -element [ (qg’&au) i, j], representing the volume flow of
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the matrix to the fracture micro-element, m®/d; (q’s‘g%,md),

(qecl, gw) represent the oil production and Gas production,
m’/d; V,; indicates the volume of fracture microelements, m*.

The stress-sensitive term is explicitly processed, updated by
the pressure value calculated at the current time step, and

included in the conductivity term as a whole.

n+l
ntl n+l 1
oy = Gui) (km)l’(i’j)<‘“oBo L (i) 1
n+l
k
gﬂ.. :Gl (i ) i+@ (16)
1, (ij) \bJ [,lng [JOBO l()
L (i

In the formula, G represents the geometric conductivity,
which is usually calculated by harmonic mean:

Vi¥ij
L) =5 5y (7
Vi yz,]
krwpAh
Yij = ﬁ(%) ‘ (18)
ij
Vb,,j = (AZFAthF)i,J’ (19)

Simplify the right-hand terms of Eqs 13, 14 (Jia et al., 2017) to
obtain a simplified form of the oil-gas two-phase differential
equation, in which the oil phase equation is transformed into

>

leq/,.lj

n+1 n+1 n+1 n+1 n+1
T @) (PF, ~ Pr; ) *qscro,; T dscwor;

U
- Sgi,J )

_ (n+l

- ci! (e (20)

_on n+1 n+1
P Fu) * Cagi-j(sﬁuf
The gas phase equation is

n+1 1+1 n+1
Z [ng,(i,j) (sz = Pr ) +
ley,

n+1

n+1 n+1 n+1
Tal)([’J)RSI)(,\j)(pFI pFi,] )]
_ n+l ntl _ .on
- CHPI,([,)') (p Fy ~ P Fx:j)

+ Cn+1 (Sn+1 s )

991,(i.j) 9i,j 9i,j

n+1 n+1 n+1
T dscwg,; T 5.4 15CFoi

@1

In the formula, N and N represent the conductivities of oil
and gas phases between fracture microelements (i, j) and adjacent
fracture microelements at the n + 1th time step, respectively.

The boundary conditions are discretely processed as follows:

Gicwo = ~Tons [P = PL] | )
U e o
m+l _ 2nkaF n+l L "
- prgialer Gi)
i (23)
nil _ Zﬂkpwp n+l ;
I |:ﬁ ln(req/rw)]l(krg)l <‘1/1ng)1

where T;:’WI is the conductivity of the gas phase between the
wellbore and the adjacent fracture micro-elements.
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Egs 20, 21 are established for N a crack micro-element,
which contains two Ny equations and two unknowns the same
time, the matrix equation can be expressed as

-

D-X=E+ q (24)
Among them,
n+1 n n+l  n n+l on
z |:_Tol(i,j),wpw - CO};i,ip Fij Coylnjsgw :| (25)
ij — n+ no_ nt no_ nt "
Tg(i,].)ywpw CQP:,jPFi,j Cgﬂi.jsﬂi,j
. [pE!
9ij
R P;T)l B qu‘; 0i
qi,]. = S,,H = _Rn+1 n+1 (27)
o) 5104 15CFoi

2.3.2 Analytical solution of reservoir flow

At present, for the research of three-dimensional point
source function in real space, most of them are obtained by
the Newman (Wang et al., 2021b) product method. The fracture
element is regarded as a surface source, and the point source

FIGURE 2

10.3389/fenrg.2022.987305

solution is integrated by curve, and the fracture surface pressure
solution can be obtained:

. agsc T2 p) -7
-pm(x Y, 2t) = J J ., J- .
pM P ( Yy ) ¢MCtM o —ﬂzl’) _Ah#

X Wty (t -1 nmx;;  nux
{1+22exp[— X(z ) cos —Lcos ——
n=1 e e

‘xe

1 0 227 t— -’

—. 1+ZZeXP[—nnX(2 T):|cos TV o5

Ve n=1 Ye Ve Ve

1 o] 2204 i

o { 1+ 2;exp[ _nr Xz(; T)] cos n”j L cos % }d‘rdqu

(28)

According to the superposition principle, the pressure drops
generated by all fracture micro-elements to any point in the
three-dimensional space is:

APyt (Xo> Yor Zor 1) = Py — Prt (Xo» Yor Zor 1) =

04 n+lzNF ~k
2 _149scm,
¢MCtM k=14—g=1 g

k

LH S(xo,yo,zo, ™ — 1, %y, Vg zg)d‘r
(29)

To simplify the form of the equation, let

tk

o
. LH S(xo,yo,z,,,t”+1 - T, Xg Ve zg)dr (30)

n+lk _
Ro,g -

Eq. 30 into Eq. 29, we have

APM (xo: yo: Zo> th) = Z)M - PM (xoa ya) Zo> tn+1)
_ n+l Ng ~k Lk
- Zkzlzg:IqSCMg ’ R:,:i

At the current time step, the pressure generated by the joint
action of all fracture micro-elements on the g-th segment fracture
micro-element is:

(31)

- N n N,
n+1 F ~ n+1,n+1 E o~k n+1,k
= - SR — <R

Schematic diagram of fracture distribution and discretizing Pw,; = Py zg=lql;CMﬂ (ii)g Zk=1zg=1qSCM9 (i.j).g

for numerical simulation. (32)
A B C

14 1.7

250

12 _ .
% y | E ;2(}0 -
f 06 —E é‘ 100
3 x =

04 | 3 3

£ s |
02 —_—
0 - - - + L L L 1 ‘ > v v L %0 < 1.0 |I5 2.0 :Is 3In JIS 40
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FIGURE 3
Curves of oil properties versus pressure.
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Applying Eq. 32 to all fracture elements, the solution matrix
1 equation of the matrix system flow equation can be obtained:
—kro —krg N N
08 Rxq=-p+| p-7 (33)
& q9=-p p
=
< Ln+l L+l +1n+1
0.6 n+l,n+ n+1,n+ n+1,n
E R(l,l),(l,l) R(ll R (1,1),Nf
[
2,
° : : :
= 04 Rn+l,n+1 n+1n+1 Rn+l,n+1
o R= (ij)an (ii)g (i/).NE (34)
&~
0.2 : . :
n+ln+l n+1ln+l n+ln+l
(neny) 0y 7 (rony ) (remy):NE
0 . I I .
r n Ne n+1,k
0 02 04 06 038 1 Zk:IZg quCmg “Riing
Gas saturation
FIGURE 4 2 Ni g ROHLE
Relative permeability curve used for numerical model and r= Zk lz qscmg (ij)-9 (35
semi-analytical model.
N ~k n+1,k
Zk 12 19scmy "X ()9
TABLE 1 Input parameters of reservoir, fluid and fracture used for model verification.
Parameter Value Parameter Value
Reservoir temperature, K 323.15 Origina.l formation pressure, MPa 30
Bottom hole pressure, MPa 2 Bubble point pressure, MPa 22.34
Rock compressibility, MPa™ 1.0 x 107 Permeability Modulus, MPa™' 0.05
Matrix porosity, % 10 Matrix permeability, mD 0.5
Effective reservoir thickness, m 26 Wellbore radius, m 0.07
Fracture porosity, % 40 Fracture permeability, mD 300
Crack half length, m 60 Crack half height, m 5
Crack width, m 0.01 Crack Compression Coefficient, MPa™ 1x1073
A B
10° 10°
Eclipse == Eclipse
10 F This model 10" | This model

Oil rate (m'/d)
S
Gas rate (m /d)

=]

19° I

102 ! 1 1 1 10°

800 1000

0 200 400 600 800 1000 0 200 400 600
Time (days) Time (days)
Oil production curves Gas production curves
FIGURE 5

Comparison of the proposed model and other methods.
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2.3.3 Discrete fracture-reservoir flow coupling
solution

Combined with the two-phase flow equations of oil and gas
in the fracture system and the flow equations in the matrix
system, the reservoir and fracture seepage models are coupled to
solve the equations:

(36)

At the fracture surface, the pressure and flow are continuous,

and there are
n+l _  n+l
Py, = Pwm,;
~n+1

= AlFi,jAhFi,iji,jQSCM,,/

(37)

n+1

4scro; (38)

Combining Eqs 36-38, the coupling solution matrix of the
three-dimensional discrete fracture oil and gas two-phase
seepage model can be formed.

3 Analysis of production dynamic
characteristics

3.1 Model validation

This section verifies the accuracy of the theoretical model by
comparing it with the calculation results of the commercial

TABLE 2 Range of sensitivity parameters.

Parameter Value
Permeability Modulus, MPa™! 0, 0.05, 0.1
Crack half length, m 40, 50, 60
Crack half height, m 20, 40, 60
A
40
——y=0MPa"
30 r '}’ZO.OSMPﬂ
——»=0.1MPa
s
E
220
=)
E
10
0 ! f = i
0 200 400 600 800 1000
Time (days)
Oil production curves
FIGURE 6

Effect of perm e ability modulus on production dynamic curves.
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numerical simulation software Eclipse. First, a three-dimensional
vertical fracture numerical model as shown in Figure 2 was
established using commercial numerical simulation software.
Secondly, the 3D discrete fracture system and the matrix system
are partitioned, and then the stress sensitivity of the 3D discrete
fracture system is considered. Figure 3 shows the relationship curve
of fluid high-pressure physical property parameters, and Figure 4
shows the relative permeability curve of oil and gas two-phase in the
fracture system. The reservoir, fluid, and fracture-related parameters
used for both methods are summarized in Table 1. The initial
formation pressure is set higher than the bubble point pressure, so
the initial fluid in the reservoir is oil phase; the production well
produces at a constant bottom hole pressure.

Figure 5 shows the comparison results between the model in
this paper and the numerical simulation method. It can be seen
that the production dynamic curves of the two methods are in
good agreement. Except for a little deviation in the early stage, the
degree of agreement in other stages is high, and the overall fitting
error is in the engineering within the allowable range of error.
Notably, although complex numerical formulas are utilized in the
proposed numerical model, the model can be solved analytically,
ensuring its fairly high computational performance.

3.2 Parameter sensitivity analysis

After verifying the accuracy of the theoretical model, based
on the semi-analytical model studied, the influence of stress
sensitivity coefficient, fracture half-length and fracture half-
height parameters on the oil and gas two-phase production
dynamic curve of the three-dimensional discrete fracture
model is mainly analyzed, and the basic parameters are input
to the model. All are listed in Table 1, and the value range of each
sensitivity parameter is shown in Table 2.

B

2

——y=0MPa"

=15 F ;’:0.051\/”’(‘1
= ——7=0.1MPa
g1}
°

0.5 |

0 1 == 1—7 1 1

0 200 400 600 800 1000
Time (days)
Gas production curves
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——AL=50m
60 | ——AlL=60m
s
2
=40 |
g
20
0 L 1 1 1
0 200 400 600 800 1000
Time (days)
Oil production curves
FIGURE 7

Effect of fracture half-length on production dynamic curves.

80
——Ah,=20m
——Ah,=40m
60 | ——Ah,=60m
=)
&
z 40 F
f'o:'
20
e
0 I I —
600 800 1000
Time (days)
Oil production curves
FIGURE 8

Effect of fracture half-height on production dynamic curves.

Figure 6 reflects the effect of fracture permeability stress
sensitivity on the three-dimensional discrete fracture oil and
gas two-phase production performance curve, and the
magnitude of permeability modulus just reflects the
strength of fracture permeability stress sensitivity. It can be
seen from Figure 6 that the change of fracture permeability will
affect the development process of the entire reservoir,
especially in the early and middle production stages. In
addition, the stronger the fracture stress sensitivity, the lower the
oil and gas production curve position, and the faster the production
decline rate. This is mainly because the strong stress sensitivity leads
to a serious loss of fracture permeability, an increase in fluid seepage
resistance, and more oil and gas cannot be produced, which
eventually leads to a decrease in oil and gas production and a
faster decline in production.
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Figure 7 reflects the influence of the fracture half-length on the
three-dimensional discrete fracture oil-gas two-phase production
performance curve. It can be found that the change of fracture
length affects the whole development stage, especially the early
production stage. From the oil and gas two-phase production curves
under different fracture half-lengths shown in Figure 7, it can be
seen that the larger the fracture half-length, the larger the initial
value of oil and gas two-phase production, and the more upward the
production curve moves. This is mainly because the longer the
fracture length is, the larger the linear seepage area of the fracture is.
Under the production condition of constant bottom-hole flow
pressure, production can be maintained with a small production
decline, so the production curve moves upward.

Figure 8 shows the effect of fracture half-height on the three-
dimensional discrete fracture oil and gas two-phase production
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dynamic curve. Similar to the effect of fracture half-length on
production performance, the change of fracture height has an
impact on the entire production stage, especially in the early
stage. As the fracture height increases, the initial value of oil
and gas two-phase production increases, and the production
curve moves upward. This is mainly because the larger the
fracture height, the larger the linear seepage area of the
fracture, and under the production condition of constant
bottom-hole flow pressure, production can be maintained
through a small production decline, so the production
curve moves upward.

4 Conclusion

Dynamic response characteristics of oil and gas two-phase
production in fractured carbonate reservoirs are obtained.
Through the research of this paper, the following conclusion
are mainly obtained:

(1) The fracture heterogeneity in carbonate reservoirs is
relatively large, and the spatial distribution and flow
characteristics of actual three-dimensional fractures can be
reflected only by discrete treatment of fractures. Moreover,
by combining the finite difference method and the point
source function theory, the effective solution of the three-
dimensional discrete fracture oil-gas two-phase seepage
mathematical model can be achieved.

(2) The stress-sensitive effect leads to a serious loss of fracture
permeability and an increase of fluid seepage resistance,
which seriously affects the productivity of oil wells in
fractured weakly volatile carbonate reservoirs.
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