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ABSTRACT 
In this paper, a pressure distribution model of seepage ϐield based on complex reservoir conditions is 
established based on a ϐinite element mathematical model. Due to the non-homogeneity and multiple 
ϐlow characteristics of the reservoir, the mathematical model of fractured horizontal wells based on 
reservoir and fracture is established by solving the ϐinite element equations of oil-phase pressure and 
water-phase saturation under the two-dimensional oil-water two-phase ϐinite element model. 
Through numerical simulation of the coupling between the permeability change of the fractured 
fracture and the bedrock in the oil seepage ϐield, the inϐluence of different fracture parameters on the 
pressure distribution is analyzed, and each parameter is optimized. Investigations of stress-strain, 
porosity and permeability in time and space in low-permeability reservoirs found that in the region 
near the bottom of the well, each parameter varies more, while the farther away from the bottom of 
the well region the less affected it is. The relative position of the fracture to the well has a large effect 
on the production of fractured horizontal wells, but this parameter can be artiϐicially regulated. 
Repeated fracturing cumulative oil incremental analysis found that “fracture network bandwidth, 
main fracture half-length and main fracture inϐlow capacity” have the greatest inϐluence on the high 
permeability strip, the factors of angular wells and low permeability zones, and the repeated 
fracturing cumulative oil incremental simulation of each fracture parameter has the greatest effect on 
the fracture network bandwidth, main fracture half-length and main fracture inϐlow capacity under 
the coupled model of Well 3 (23.25%), and the optimal values of the parameters are 100m, 100m, 
100m, 100m, 100m, 100m and 100m respectively. optimal values of the parameters are 100 m, 
150×10-3μm2·m, 20 m and 45×10-3μm2·m, respectively. 
Keywords: finite element mathematical model; seepage field pressure distribution model; fractured 
horizontal well mathematical model; oil seepage field 
 

1. Introduction 

With the improvement of China's petroleum exploration and development, the proportion of low 
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permeability oil ϐield reserves is getting bigger and bigger, and the proportion of low permeability 
reserves in the proven unused petroleum geological reserves is as high as more than one, and it is on 
a rising trend year by year. In the face of China's major oil ϐields have entered the middle and late stage 
of development, in the current situation of tight oil reserves, how to utilize and develop low 
permeability oil ϐields, improve the efϐiciency of exploitation, the sustainable and stable development 
of China's petroleum industry is of great practical signiϐicance [1-3]. 

Although China's low-permeability reservoirs have great resource potential, the natural production 
capacity of the wells is very low due to their low permeability, high seepage resistance, and poor 
connectivity, which cannot meet the demand of economic development [4-5]. Therefore, in order to 
increase the production of a single well and improve the development effect, the development 
technology of low permeability reservoirs needs to be effectively modiϐied. Currently, horizontal well 
fracturing technology is used as the main means to develop low-permeability reservoirs, expanding 
the drainage area of a single well by means of pressing multiple fractures into the horizontal wells, 
thus increasing the production capacity of the horizontal wells and improving the development effect 
of low-permeability oil ϐields [6-9]. To extract coal gas or oil by horizontal wells, engineering attaches 
great importance to the pressure distribution of ϐluids near the wellbore of horizontal wells, which is 
related to the ability to reasonably determine the production rate of oil and gas wells, so as to ensure 
the stable and long-term exploitation of oil and gas wells [10-12]. Therefore, when a horizontal well is 
used to extract coal gas or oil, the accurate calculation of the pressure distribution of the ϐluid seepage 
ϐield in its horizontal wellbore becomes very important [13-14]. And due to the inhomogeneity of 
reservoir rocks and the complexity of pore structure, what occurs within the reservoir is often a non-
uniform ϐlow of ϐluids, especially when encountering horizontal wells with long horizontal sections, 
there is a possibility of encountering a variety of complex reservoir geologic bodies [15-18]. In order 
to successfully implement the horizontal well fracturing modiϐication, it is necessary to conduct an in-
depth study on the inϐluence law of fracture parameters as well as well network parameters on the 
production capacity of fractured horizontal wells, and optimize each parameter to ensure the 
production capacity of the fractured horizontal wells [19-21]. 

Since the emergence of horizontal wells, many researchers have paid great attention to the seepage 
problem in this reservoir and have done a lot of work. Literature [22] studied the stress produced by 
ϐluid seepage on the rock around the wellbore, and established a borehole collapse pressure model 
based on seepage mechanics and linear elasticity theory, which is conducive to reducing the risk of 
underbalanced drilling in horizontal wells. Literature [23] established a pore pressure distribution 
model under anisotropic seepage conditions in horizontal wells based on seepage effect and thermal 
effect in underbalanced drilling, which can obtain more accurate results of horizontal underpressure 
wells and provide stability analysis for the safety and security of the wellbore. Literature [24] designs 
a transient calculation model of single-phase ϐlow in horizontal wells from the perspective of reservoir 
seepage and horizontal wellbore ϐlow, which can optimize the oil and gas production work based on 
massive data. Literature [25] proposed a mathematical model describing multi-fractured horizontal 
wells in rectangular outer boundary reservoirs, which can analyze and evaluate the production 
dynamics of reservoir wells in order to guarantee the low-risk and high-production performance of 
the wells. Literature [26] shows that the induced stress generated by multiple wells affects the 
formation of complex fractures in horizontal wells, and uses linear superposition and vector 
representation to establish a production capacity model of the horizontal stress ϐield between wells, 
which provides a theoretical basis for the optimal spacing of wells and the formulation of fracturing 
programs for the reservoir extraction process by analyzing the changing law of the induced stress ϐield 
in the cluster of horizontal wells. Literature [27] established a computational model of oil and gas two-
phase ϐlow instability in horizontal wells, which effectively simpliϐied the seepage model of horizontal 
well extraction reservoirs, and only simulated the calculation of wells without considering the complex 
grid division, which improved the simulation speed of the reservoir model. It can be seen that most of 
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the studies have made many simpliϐications of the model, and often only for a particular reservoir type, 
the simpliϐied model can only solve the seepage problems of some speciϐic homogeneous reservoir 
types, which can not solve the actual seepage problems of various complex factors analytical methods, 
so to solve the seepage problems of the reservoirs of the complex geologic bodies containing 
horizontal wells, numerical methods is not a better choice. 

In this paper, on the basis of the basic principle of ϐinite element method, combined with the seepage 
characteristics of low-permeability reservoirs, differential equations of oil-water two-phase seepage, 
ϐinite element equations of oil-phase pressure and ϐinite element equations of water-phase saturation 
are modeled, and a ϐinite element mathematical model of oil seepage ϐield is established. On the basis 
of the Warren-Root model, an unstable seepage model of fractured horizontal wells in extra-low-
permeability reservoirs under consideration of the initiating pressure gradient is established. Using 
the basic seepage mechanics theory such as pressure drop superposition principle and line source 
function, Laplace transform and Stehfest numerical inversion are applied to calculate and determine 
the pressure distribution of fractured horizontal wells, which can be converted to the actual space by 
the numerical inversion method, and then solved by using Stehfest numerical inversion. Finally, the 
inϐluence of natural fracture parameters on yield and pressure in the seepage model of fractured non-
homogeneous composite reservoirs is explored as well as the optimization of fracture parameters for 
repeated modiϐication of volumetric fracturing. 

2. Efficient numerical simulation methods for calculating pressure distributions 
in oil seepage fields 

2.1. Finite element fundamentals 

2.1.1. Equivalent Integral Forms and Weighted Residual Methods: 
1) Equivalent integral form of differential equations. Within practical engineering and physics, 
problems are usually formulated in the form of differential equations and boundary conditions 
satisϐied by the unknown ϐield function, which u  should satisfy the set of differential equations: 

  
1

2

( )

( ) ( ) 0

A u

A u A u In

 
    
 
 

 (1) 

The solution region and boundary are shown in Figure 1. The domain   can be a volume domain, 
an area domain, etc., while the unknown function u  should also satisfy the boundary conditions: 
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Fig. 1. Solve the area   and the boundary   
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In the ϐigure A , B  denote the differential operators of independent variables. As an example, the 
mathematical modeling of the heat conduction equation in the two-dimensional steady state is 
established to solve the control equations and the boundary ϐixed solution conditions as follows: 

  ( ) 0  A k k q In
x x y y

 
                 

 (3) 

 
 
 

0
( )

0 q

On
B

k q On
n

 
 

   
  

  


 (4) 

In the equations   denotes the temperature; k  is the ϐluidity or heat transfer coefϐicient;   and 
q  are given values of temperature and heat ϐlow on the boundary; n  is the direction of the outer 
normal to the boundary   in question; and q  is the source density. 

Since the set of differential equations (1) must be zero at every point in the domain  , it is obtained: 

  1 1 2 2( ) ( ) ( ) 0TV A u d v A u v A u d
 

         (5) 

In the formula: 

 
1

2

v

V v

 
   
 
 

 (6) 

where V  represents a vector of functions, and the number of arbitrary functions in the set is equal 
to the number of differential equations. 

Similarly, if the boundary condition (2) can also be satisϐied at every point on the boundary at the 
same time, the following equation should hold for a set of arbitrary function vectors V : 

  1 1 2 2( ) ( ) ( ) 0
T

V B u d v B u v B u d
 

         (7) 

Then the equivalent integral form of the differential equation is ϐinally obtained: 

 ( ) ( ) 0
TTV A u d V B u d

 
     (8) 

2) The “weak” form of the equivalent integral. Another form of the differential equation is obtained by 
partial integration of equation (8): 

 ( ) ( ) ( ) ( ) 0T TC v D u d E v F u d
 

     (9) 

The C  , D  , E  , and F   in the above equation are differential operators, and the order of the 
derivatives in these operators is lower than the order of A   in equation (8), so it is sufϐicient to 
demand only the continuity of the function u  to its lower order. 

Weighted residual method 
In the physical problem expressed by the differential equation (1) equation and the boundary 

condition (2) equation, an approximation function can be used to represent the unknown ϐield 
function u . Namely: 

 
1

n

i i
i

u u N a Na


    (10) 

where ia  is the parameter to be determined in Eq. iN  is the form function, which is known, taken 
from a complete sequence of functions, and is linearly independent. For example when the unknown 
function u  represents the pressure, its approximate solution can be taken as: 
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 1 1 2 2
1

n

n n i i
i

u N u N u N u N u


      (11) 

At ϐinite values of n , the approximate solution does not satisfy exactly the differential equation (1) 
equation and the boundary conditions (2), and they will produce residuals R  and R : 

 ( ) ; ( )A Na R B Na R   (12) 

The residuals R   and R   are also called residuals. In equation (8) we replace the arbitrary 
functions v  and v  by n  approximate functions, where 1 1 2 2

1

n

n n i i
i

u N u N u N u N u


      is the 
n  approximate function. 

The approximate equivalent integral form of the original differential equation is obtained: 

 ( ) ( ) 0( 1 ~ )T
j jW A Na d W B Na d j n

 
      (13) 

The remaining quantities can be written in the form: 

 0( 1 ~ )
TT
jjW Rd W Rd j n

 
      (14) 

Eqs. jW   and jW   are called weight functions. A set of equations can be obtained under the 
condition that the weighted integral of the residual is zero, and by solving the equations the 
coefϐicients to be determined for the approximate solution ia   can be determined to obtain an 
approximate solution to the original problem. Equation (13) is expanded in the form: 

 

11

22
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( ) ( ) 0
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TT

TT
nn

W A Na d W B Na d

W A Na d W B Na d
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 

 

 

  

  

  

 
 

 


 (15) 

Assuming that the number of differential equations A   is 1m   and the number of boundary 
conditions B   is 2m  , the weight function ( 1, , )jW j n    is a functional array of order 1m   and 

( 1, , )jW j n   is a functional array of order 2m . 
Similarly, the equivalent integral “weak” form of the differential equation is approximated by: 

   ( ) ( ) 0( 1, , )T T
jjC W D Na d E W F Na d j n

 
       (16) 

The weighted residual method can be widely used for various types of equations, and different 
weighted residual methods can be produced by choosing different weight functions.Galerkin's method 
has a wide range of applicability, and its basic principle is: 

Take j jW N  and j j jW W N     on the boundary, i.e., choose the sequence of form functions 
that approximate the solution as the weight function. Then its approximate integral form is: 

 1 1

0( 1, 2, , )

n n
T T
j i i j i i

i i

N A N a d N B N a

d j n

 
 

   
    

   
  

  


 (17) 

Deϐine the variant u   of the approximate solution u  as: 

 1 1 2 2 n nu N a N a N a         (18) 

Then, the above equation can be organized as: 

    ( ) ( ) 0
T T

u A u d u B u d 
 

     (19) 
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Similarly, an approximate form for the “weak” form of the equivalent integral can be obtained: 

    ( ) ( ) ( ) ( ) 0T TC u D u d E u F u d 
 

     (20) 

2.1.2. Variational principle. The discussion of the “variational principle” [28] for a continuous 
medium problem begins with the creation of a scalar generalized function  , which has the integral 
form: 

 , , , ,
u u

F u d E u d
x x 

                  (21) 

where u   is the unknown function, F   and E   are speciϐic operators,    is the solution domain, 
and   is the boundary of the solution domain  . The generalized function of the unknown function 
u  is that   varies as the unknown function u  varies. The solution u  of the continuous medium 
problem is such that the generalized function   takes standing values for small changes u  in: 

 0   (22) 

This method of solving the solution of a continuous medium problem is called variational principle 
or variational method. 

2.1.3. General Steps in Finite Element Methods. The ϐinite element method always solves the general 
continuous medium problem step by step in a sequential manner. The ϐinite element method always 
solves the general continuous medium problem in a step-by-step manner. The basic steps of the ϐinite 
element method are: 
1) Discretization of the structure. The speciϐic practice of discretization is to discretize a continuous 
solution domain into a certain number of ϐinite number of small unit aggregates, and the units are only 
interconnected at the nodes. 
2) Selection of interpolation function. Under the action of any given constraint, the exact solution of 
the problem is unknown, so we approximate the unknown exact solution with the appropriate solution 
within the cell. The chosen interpolation function must guarantee the convergence of the ϐinite 
element solution, and the interpolation function of the solution is usually written in polynomial form. 
3) Unit analysis. Use the equilibrium conditions or variational principle to establish the unit stiffness 
matrix Ke and load vector Fe of unit e , and obtain the unit balance equation. 
4) Compose the total stiffness matrix to establish the equilibrium equation of the structure. Assemble 
the stiffness matrix and load vector separately to obtain the overall balance equation of the structure. 
5) Introduce constraints. Modify the overall balance equation of the structure according to the 
boundary conditions of the problem. 
6) The equations are solved and other parameters are calculated. 

2.2. Finite element mathematical modeling of oil seepage field 

2.2.1. Differential equations for oil-water two-phase seepage ϐlow. Basic assumptions: 
1) There is an oil-water two-phase ϐluid in the reservoir; 
2) The reservoir is non-homogeneous and anisotropic; 
3) Both the ϐluid and the rock are slightly compressible; 
4) Consider the effect of capillary forces; 
5) Neglect the effect of gravity; 
6) The model is two-dimensional. 

The differential equation for oil-water two-phase seepage is: 
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 



 

      
 (23) 

 
 w wrw

w w w
w

SK K
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t

 



 

      
 (24) 

Where equation (23) is the oil phase equation and equation (24) is the water phase equation. 
The auxiliary equations are: 

  o o op   (25) 

  w w wp   (26) 

  ro ro oK K S  (27) 

  rv rw wK K S  (28) 

  op   (29) 

  c c w o wp p S p p    (30) 

 1o wS S   (31) 

Initial conditions are: 
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


 (32) 

The outer boundary conditions are: 
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3

0
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p p
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n









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
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 (33) 

The inner boundary conditions are: 

 
 
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o
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
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



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 0w wS S  (36) 

Let the ϐlow coefϐicients x rw
wx

w

K K


 ; 
y rw
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w

K K



 ; x ro
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o

K K


 ; 
0y r

oy
o

K K



 . 

Then equations (23), (24) can be written as: 

 
 o oo o

o ox o oy

Sp p

x x y y t

 
   

                
 (37) 
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 o ww w

w wx o wy

Sp p

x x y y t

 
   

                
 (38) 

(The left end of Eq. (37) can be expanded as: 

  r r r
o o o o o o

o o o

K K K K K K
p p p  

  
     

           
   

 (39) 

When the ϐluid is effectively compressible, it can be ignored because of 

  ror
o o o o

o o

K KK K
p p 

 
 

      
 

. 

Therefore there is: 

 ro ro
o o o o

o o

K K K K
p p 

 
    

       
   

 (40) 

The right end of Eq. (37) can be expanded as: 
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  

  
  
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  
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 (41) 

The relationship between porosity and pressure is given by the equation: 

  1a R aC p p        (42) 

So: 

 a RCp

 



 (43) 

The compression factor is: 

 
1

1
1 1

1
,C l o w

p





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  (44) 

Since the ϐluid is slightly compressible, treat 1C  as a constant. 
There: 

 1
1 1

1

C
p

 


  (45) 

From this it follows: 
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 (46) 

Then the oil phase equation (37) can be written as: 

 ro o o o
o o a R o o

o

K K p p S
p S C S C

t t t
  


    

         
 (47) 

Similarly, the water phase equation (38) can be written as: 

 rw w w w
w w a R w w

w

K K p p S
p S C S C

t t t
  


    

         
 (48) 
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by the saturation relationship: 

 1w oS S   (49) 

So: 

 w oS S

t t

 
 

 
 (50) 

Adding (37) and (38) gives: 

 

rw w
w o w a R

w o

w

I

o o
w w o a

O

R o o t

K K
S C

K K p
p p

t

p
S

p
S C S

p
C C

t t


 

 

   


  
 



  
 

   
   

 




 (51) 

Then (47) can be written as: 

  rw ro o
w o a R w w o o

w o

K K K K p
p p C S C S C

t
  

 
     

             
 (52) 

Let a
t R w w o oC C S C S C




   , then the above equation is expressed as: 

 
 ro rw rw o w

o c w
o w w o w

t

K K K K K K q q
p p S

p
C

t

    



    
         

   





 (53) 

Equation (53) is the oil phase pressure equation. 
The right end of the water-phase equation (48) has the ϐirst term negligible due to 

  w w
w a R w

p S
S C C

t t
   

 
 

, so there is: 

  1nrw rw w w
o c w

w w w

K K K K q S
p p S

t


  
   

         
 (54) 

Where:  1n
c wp S  , 

1nc
w

w

p
S

S


 , 
n nc
c w

w

p
p S

S
  , Eq. n   is the previous iteration step and 1n    is the 

current iteration step, Eq. (54) is the water phase saturation equation. 
2.2.2. Finite element equations for oil phase pressure.Let the shape function vector be: 

  1 2, nN N N N   (55) 

The trial solution for the oil phase pressure is: 

 
1

n

t t
i

p N p


  (56) 

The coordinates within the cell: 

 
1

n

t i
i

x N x


  (57) 

 
1

n

i i
i

y N y


  (58) 
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Where: n  is the number of nodes in the cell, ip  is the pressure value at the cell node, ix , iy  are 
the horizontal and vertical coordinates of the cell node. 

Integrating the oil phase pressure equation (54) within each cell yields: 

 
 rw ro rw

i c we
w o w

i te

K K K K K K
N p p P S

p
dxdy N C dxdy

t

  



      
         
     









 (59) 

The above equation can be expressed as: 

 

i ox oy wxe

c c
wy wx wy

i te

p p p
N

x x y y x x

p pp
dxdy

y y x x y y

p
N C dxdy

t

  

  



                         
                        










  





 (60) 

Partial integration of the above equation in order to obtain the weak solution form, the ϐirst two 
terms at the left end can be expressed as: 

 

i ox oy

i i
ox oy

i ox x oy y

N
p p

dxdy

p pN
dxdy

p
N n n

x

d

x x y y

N

x y y

y

 

 

 


                 
   

         
 

     





 

 



∬  (61) 

Where: xn , yn  is the directional cosine of the normal outside the boundary. 
Let: 

 
;

ln ln

ro rv
o wf w wf

o w
w w

K K K K
v p v p

r r
r r

r r
 

 
 

 (62) 

The second term at the right end is the loop integral along the cell boundary. This integral is equal 
to zero for the inner cell and for the outer boundary cell with closed conditions. Substitute Eqs. N , 
p , x , and y  into (62) and write it in matrix form: 
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1 1

1 2
2 2

1 1

1

2

2

0

0

i ox oy

n

ox

noy

n n

T
oi

n

p p
N dxdy

x x y y

N N

x y
NN N

N N
x x x

x y
NN N

y y y
N N

x y

p

p
dxdy N q d

p

N

 






                 
  

                                      
 
 
   
 
 
 







 



 



∬

   

1 1 2

2

1
1 1

1 1

2 2

1

0 1

1
0

ln

1
0

ln

    

ox
n

w

n
oy

n

w

o

n n

T T
o

T

r NN Nr
rN x x x

NN N
r y y yN r
r

p N

p N
d v d

p N

B T Bdxdy P N T Bd P

N












                                
 
   
   
     
   
   
   

     







 






 

01 2
  T

oiv d N q d
 

   

 (63) 

Among them: 

1 21 2

1

1 2 1 2

nn

n n

NN NNN N

x x x
B J

NN N NN N
y y y

  

  



    
           

     
           



 

, oiq  are the oil phase ϐlow rates at the 

bottom of the well: 

1 11 2

2 2

1 2

( , )

( , )

n

n

n n

x yNN N
x yx y

J
NN N

x y

  
 

  

   
        
    
      



 


, is the Jacobi matrix; 
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0

0
ox

o
ox

T



 

  
 

; 

1

2

1
0

ln

1
0

l

 

n

ox

w
o

ox

n

w

pr
r

r p
T P

r pr
r







    
   

       
   

    
 


 is the junction pressure vector. 

 dxdy J d d   (64) 

Using the same process as above, the third and fourth terms at the left end of Eq. (60) become: 

 

1 1

1 2
2 2

1 2

1

2
2

0

0

i wx wy

n

wx

nwy

n n

wi

n

p p
N dxdy

x x y y

N N

x y
NN N

N N
x x x

x y
NN N

y y y
N N

x y

p N

p
dxdy N q d

p



 






                 
  

                                      
 
 
    
 
 
 





 



 



∬

   

1

2

1

1 2

1 1

1 1

2 2

1

1

1

1
0

ln

1
0

ln

    

  

n

wx
n

w

n
wy

w

w

n n

T T
w wz

T
w

N

N

r NN Nr
r x x x

NN N
r y y y

r
r

p N

p N
d v d

p N

B T Bdxdy P N T Bd P

N v













 
 
 
 
 
 

                      
 
   
   
     
   
   
   

     







 








 

2
  T

wid N q d


  

 (65) 

Of which: 
0

0
wx

w
wy

T



 

  
 

; 

1
0

ln

1
0

ln

wx

w
w

wx

w

r
r

r
T

r
r

r







  
 

   
 

  
 
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The fourth and ϐifth items are: 

 

1

1 2
2 2

1 2

1

2

0

0

c c
i wx wy

t

n

wx

nwy

n n

c

c T
w

cn

p p
N dxdy

x x y y

NN

x y
NN N

N N
x x x

x y
NN N

y y y
N N

x y

p

p
dxdy B T Bd

p

 




                
 

                                   
   

 
 
   
 
 
 







 



∬

   c wxdy P S

 (66) 

Then the right end of equation (60) becomes: 

 

 

1

1 1

2
2 2

T

i t te e

n n
n

T
te

p

tN N
p

N Np
N C dxdy C dxdyt

t

N N
p

t
P

C N Ndxdy
t

 



 
      
                 

     
     

 
 






 





 
  (67) 

Then equation (60) becomes: 

 

    
 

   

 

1

02 1

T T
o w or we

T
ie

T T
oi wi w

T
n c we

B T T Bdxdy N T T Bd P

P
N Ndxdy

t

N q q d N v v d

B T Bdxdy P S

C







 

    





     

 

 



 


 (68) 

If we set    T T
ep o w or we

K B T T Bdxdy N T T Bd
       , T

ep te
C C N Ndxdy   , 

     
1 2

T T T
ep o w oi wi w c we

F N v v d N q q d B T Bdxdy P S
 

           

Then (68) can be written as: 

 ep ep ep

P
K P C F

t


 


 (69) 

Eq. (69) is the ϐinite element unit balance equation for oil phase pressure. 
2.2.3. Finite element equation for aqueous phase saturation. In addition to deϐining the shape 
function, the trial solution for the oil phase pressure, and the coordinates within the cell, the trial 
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solution for the water phase saturation is also deϐined as: 

 
1

n

i i
i

S N S


  (70) 

Substituting the shape function, the trial solution for the oil phase pressure, the trial solution for the 
water phase saturation, and the coordinates in the cell into the saturation equation gives: 

 

c
wx wy wx

w

n n
c c c

wy wx wy
w

n n
c c

wx wy
w w

pp p S

x x y y x s x

p p pS

y S y x x y y

p pS S

x S x y S y

S

t

  

  

 



                           
          

                     
       

               





 



 



 (71) 

where: superscript n  represents the previous iteration step. The cell analysis is performed ϐirst. The 
equivalent integral form of (71) is obtained by integrating within the cell by Galerkin's method [29] as: 
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 (72) 

Division Points Score: 
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Organized: 
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Of which: 
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Substituting into (74) yields: 
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 (76) 

which is the ϐinite element unit balance equation for the saturation of the aqueous phase. 

3. Analysis of the results of numerical simulation and optimization of pressure 
in the oil seepage field 

3.1. Research on the coupling law of seepage field and stress field 

3.1.1. Reservoir Rock Stress-Strain Change Laws. Figure 2 shows the stress distribution map at 300 
days of development, where (a) and (b) represent the minimum and maximum principal stress 
distribution maps, respectively, in MPa. Figure 3 shows the curve of rock strain with space in the 
wellbore network; Figure 4 shows the curve of rock strain with time in the wellbore network. The 
changing rule of reservoir stress-strain with space is: the amount of change near the borehole is larger, 
and the gradient of change is also obviously larger. The amount of change toward the reservoir 
boundary decreases quickly. The stress-strain has a larger area of inϐluence within the control range 
of the well. In terms of time, the amount of change in stress-strain at each point of the reservoir 
decreases and stabilizes with production time. From the analysis, it can be seen that the change of 
stress-strain is due to the change of ϐluid pressure. The larger the ϐluid pressure gradient is, the larger 
the amount of stress-strain change is. In the original state, the ϐluid pressure and ground stress are 
equal at each point of the reservoir, and the rock strain can be considered to be zero. When the oil well 
is set to bottomhole differential pressure production, a large ϐluid pressure gradient is formed near 
the bottom of the well, and the ϐluid pressure gradient toward the reservoir boundary decreases 
quickly. Therefore, the ϐluid-solid coupling effect is stronger at the bottom of the well and decreases 
more quickly toward the reservoir boundary. The amount of stress-strain change caused by ϐluid-solid 
coupling is larger at the bottom of the well and decreases quickly toward the reservoir boundary. 
Temporally, the pressure gradient near the bottom of the well is very large at the beginning of 



EFFICIENT NUMERICAL SIMULATION AND METHOD OPTIMIZATION 5415 

 

production, and the amount of stress-strain change is large; subsequently, under the coupling effect, 
the ϐluid pressure gradient changes less, and the amount of stress-strain change decreases accordingly. 
It is conceivable that by the inϐinity production time, the ϐluid-solid coupling effect reaches equilibrium 
everywhere in the reservoir, so the ϐluid pressure and stress-strain no longer change. As the stress-
strain of reservoir rock near the bottom of the well is large, it may damage the pore structure in this 
area, reduce the effective permeability, or even cause the rock to break out of the sand, reservoir 
collapse and other phenomena. To prevent such problems from occurring, large pressure gradients 
should be avoided in the area near the bottom of the well. This requires that the production regime 
should not be changed suddenly and drastically. 

 
(a)Minimum principal stress profile 

 
(b)Maximum principal stress profile 

Fig. 2. Develop the minimum and maximum stress profile of 300 days (unit:MPa) 
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Fig. 3. The curve of the rock strain of the well of the shaft 

 

Fig. 4. The curve of the change of the rock strain at any time 

3.1.2. Changing pattern of porosity and permeability. The curves of wellbore grid porosity and 
permeability with spatial loss are shown in Figure 5; the curves of wellbore grid porosity and 
permeability with time loss are shown in Figure 6. The change in porosity and permeability due to 
strain in the rock results in a change in the pore structure, which results in a change in the effective 
permeability. Therefore, the change rule of reservoir stress-strain with time and space determines the 
change characteristics of porosity and permeability with time and space. 
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Fig. 5. The porosity of the well and the loss curve of permeability with the space 

 

Fig. 6. The loss of the porosity and permeability of the wellbore grid 

3.1.3. Changing patterns of development indicators. The results of the variation of the degree of 
extraction with time are shown in Fig. 7. The effect of reservoir rock deformation on production is 
shown in the following: on the one hand, the contraction of the rock will increase the elastic energy of 
the reservoir and increase the production; on the other hand, the deformation and contraction of the 
rock will inevitably decrease the permeability and porosity of the reservoir. Therefore, the production 
will decrease after considering the permeability and porosity affected by stress and strain. Theoretical 
analysis, experimental results and ϐield practice show that sometimes porosity and permeability are 
greatly affected by stress-strain, which has a large impact on the development index calculated by 
simulation, and the calculated yield of the coupled model may be much lower than the predicted yield 
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value of the uncoupled model. Therefore, in the numerical simulation of low-permeability reservoirs, 
the ϐlow-solid coupling effect cannot be ignored. 

 

 

Fig. 7. The degree of recovery changes at any time 

3.2. Mathematical modeling and solution of fractured horizontal wells 

3.2.1. Mathematical modeling of stratigraphic percolation. Based on the understanding of the 
process of reserve utilization for elastic development of fractured horizontal wells, the Warren-Root 
model is used to establish an unstable seepage model for fractured horizontal wells in extra-low-
permeability reservoirs under the consideration of start-up pressure gradient [30], and the basic 
seepage mechanics theories such as the principle of superposition of pressure drop and the line-
source function are utilized, and the Laplace transform, Stehfest numerical inversion and other 
methods are applied to calculate and determine the fractured horizontal wells' Pressure distribution. 

Deϐine the uncaused variables as follows: 
Uncausal pressure: 
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No causal fracture conductivity: 
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  (81) 

Elastic storage capacity ratio: 
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Fugitive coefϐicients: 
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k


   (83) 

ip -- Original stratigraphic pressure, MPa ; 
lp -- formation pressure, MPa ; 

G --initiation pressure gradient, /MPa m ; 
h --Reservoir thickness, m ; 
rL --reference length, m ; 
scq --yield, 3 /m s ; 
Fk --hydraulic fracture permeability, 2m ; 
fik --natural fracture original permeability, 2m ; 
Fw --Width of hydraulic fracture, m ; 
fC --Rock compression coefϐicient of the natural fracture system, 1MPa ; 
mtC --Matrix system rock compression coefϐicient, 1MPa ; 
f --Porosity of the natural fracture system, decimals; 
mt --Matrix system porosity, decimal; 
 --Shape factor, 2m . 
The continuity equation, the equation of motion, the equation of state, and the scuttling equation 

are combined to obtain the differential equation of seepage for a natural fracture system in a low-
permeability dual-media reservoir: 

  1
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Collating equation (89) yields: 
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The simpliϐication yields: 
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The differential equation for seepage in natural fracture systems is factorless as: 
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Similarly, the differential equation for the seepage of the matrix system is: 
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The differential equation for seepage in the matrix system is factorless as: 
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The initial conditions of this low permeability reservoir are: 

 ( 0)f m ip p p t    (90) 

Assuming that the well produces at a constant rate scq , the inner boundary condition is: 
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The inner boundary conditions are obtained without factorization: 
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Horizontal well fracture line source pressure is certain, then the inner boundary condition is: 
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The inner boundary conditions are obtained without factorization: 
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The mathematical model of unsteady seepage ϐlow in low permeability reservoirs with dual media 
can be obtained from the coupled equations as: 

 

 

 

2

2

1 1
0

0

2

( 0)

w

f f m
m f

f

m m
m m m f

o

f sc

fi

f m i

f wfr r

p p k
G p p

r r r r k

p k
C p p

t

p q
r G

r k h

p p p t

p p











 
    

 
    


       


  
 

 (95) 

The mathematical model of unfactorized seepage is: 
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The mathematical model of seepage in a natural fracture system is obtained by biasing it: 
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Available: 
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Substituting into the mathematical model of seepage in the matrix system and organizing the 
simpliϐication yields: 
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Laplace transform the above model such that: 
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The quadratic partial derivative term is after a Lattice transform as: 
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The primary partial derivative term is after a Lattice transform as: 
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with the time-independent term and the constant term are after a pull-apart transformation: 
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The left end term of the equal sign is after a pull-apart transformation: 
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The boundary conditions are transformed by a pull-apart transformation as: 
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The unsteady seepage model of a dual-media low-permeability reservoir in pull-out space can be 
obtained by associating the above equation as: 
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where: 
(1 )

(1 )

s
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s

  
 
 


 

 

Dr  - the factorless distance of any point of the formation from the line sink, dimensionless; 
wDr  - causeless radius of the horizontal well, dimensionless; 
fD  - the factorless pressure in pull-off space, dimensionless; 

s  - pull-type variable, dimensionless. 
The mathematical model of seepage in the above equation belongs to the non-chiral second-order 

linear ordinary differential equation, and the corresponding chiral linear equation is: 
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The above equation is the Bessel equation with zero-order imaginary bulk and the generalized 
solution is expressed as: 

    1 0 0fD D DAK sDr BI sDr    (110) 

Eq: 
0 ( )I x  - Zero order ϐirst class modiϐied Bessel function; 

0 ( )K x  - Zero-order second class modiϐied Bessel function. 
The solution of the non-chiral second-order linear equation using the basic methods of mathematics 

is given by: 
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Therefore, the solution of this mathematical model of seepage is: 
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A partial derivation of the above equation is obtained: 
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It follows from the Bessel function properties: 
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Therefore, it is known that when 0Dr  , then: 
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Available: 
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Substituting into the equations in conjunction with the internal boundary conditions shows that: 
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Deϐine the new Green's function according to the source function as: 
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Among them: 
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Applying the principle of pressure drop superposition, the pressure distribution of the continuous 
line source S  can be obtained as: 

  fijD fijD DS
q H r dS    (121) 

3.2.2. Mathematical modeling of hydraulic fracture. The horizontal well axis is oriented in x  
direction, the number of hydraulic fractures is M , the fractures are of equal length, and the angle 
between the i rd hydraulic fracture and the x -axis is i . Each fracture is divided into 2N  parts, and 
each fracture microelement is an independent ϐlow. 

The coordinates of the midpoint of the j th line sink of the i th crack are: 
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 
 (122) 

Assuming that each of the line sinks on the i st hydraulic fracture has an equal yield, it can be seen 
from the above equation that the pressure drop produced by any line sink on the hydraulic fracture at 
any point is: 
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In the formula: 

    2 2
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The expression for the pressure drop at the location of the k st crack can be found as: 
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ijx  - horizontal coordinates of the midpoint of the j rd conϐluence of the i nd crack; 
ijy  - vertical coordinates of the midpoint of the j th line sink of the i th crack; 
ftx  - length of the left ϐlank of the hydraulic crack, m ; 
frx  - length of the right ϐlank of the hydraulic crack, m ; 
Dix  - Uncaused horizontal coordinates of any point on the i nd crack; 

Diy  - uncaused vertical coordinates of any point on the i th crack; 
Dkx  - Uncaused transverse coordinates of any point on the k th crack; 
Dky  - the uncaused vertical coordinate of any point on the k th crack; 
Dx -- Factorless transverse coordinates of any point in the stratigraphy; 
Dy -- Uncaused vertical coordinates of any point in the stratigraphy; 
wDx -- Horizontal wells have no factorized transverse coordinates; 
wDy -- Horizontal wells have no factorized vertical coordinates; 
fiq -- i st hydraulic fracture yield, 3 /m s ; 
fijDq -- line density factorless yield of the j th line sink on the i rd hydraulic fracture, dimensionless; 
fiDq -- causeless yield of the i th hydraulic fracture, dimensionless; 
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i -- angle of the i th fracture to the horizontal well; 
k -- angle of the k th fracture to the horizontal well. 

3.2.3. Seepage mathematical model solution. Horizontal wellbores do not generate pressure drops, 
then there is: 

 1 2w D w D wMD wD        (126) 

Calculating M  crack yield gives: 
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Joining the above equations, the system of equations is obtained as follows: 
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This is obtained by considering the uncaused wellbore storage factor wDC  and the total skin factor 
cs : 
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wDC  - Factorless wellbore storage coefϐicient, dimensionless: 
cs  - skin coefϐicient, dimensionless. 

Solving the above system of equations yields the pressure distribution of fractured horizontal wells 
in Laplace space, which can be converted to real space by numerical inversion methods. In this paper, 
the Stehfest numerical [31] inversion is utilized for the solution. 

Assuming that the Laplace transform of ( )f t  is ( )f s , the deϐining equation is: 
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where the value of ( )f t  in t T  is calculated as: 
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At this point, a semi-analytical solution for unstable seepage in fractured horizontal wells can be 
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found by solving the above system of equations. 

3.3. Modeling of seepage in fractured inhomogeneous composite reservoirs 

The effect of natural fracture parameters on production capacity was investigated using fracture 
parameters and reservoir parameters of the Zhuang9 well area. The reservoir parameters and fracture 
parameters of Zhuang9 well area are shown in Table 1. 

Table 1. Reservoir parameters and fracture parameters 

Reservoir parameter 
Parameter 

value 
Reservoir parameter 

Parameter 

value 

Reservoir permeability(×10-3μm2) 0.5 Oil volume coefficient(m3/m3) 1.35 

Reservoir thickness(m) 14.7 Ground crude oil density (g/cm3) 0.9256 

Oil viscosity (mPa·s) 0.9941 Well radius (m) 0.15 

Natural fracture length(m) 0.4—9.5 Boundary pressure (MPa) 16 

Natural fracture opening (μm) 10—30 Bottom flow pressure (MPa) 7 

Natural fracture line density (1/m) 1.8 For liquid radius (m) 150 

Natural gap distance (m) 0.2—70   

3.3.1. Inϐluence of Natural Fracture Parameters on Yield. Deϐine the production increase as the 
percent increase in production with natural fractures relative to production without natural fractures. 
Figure 8 shows the effect of four lengths of cracks on production at different distances from the well 
when the crack opening is 20 μm and the number of cracks is 10. From the ϐigure, it can be seen that 
the longer the natural cracks are, the greater the increase in production, and the maximum increase in 
production is about 65% without connecting to the well, and even if the cracks are only 0.4m long, the 
increase in production can reach nearly 30% without connecting to the well; the range of natural 
cracks that can play a role in increasing the production is within 9.5m from the well. 

 

Fig. 8. The effect of fracture length on production 

Figure 9 shows the effect of three kinds of fracture openings on the production at different distances 
from the well when the number of fractures is 10 and the length is 1m. Fracture openness has a large 
impact on the production, the larger the openness, the larger the increase in production, but the 
increase in production is not proportional to the natural fracture openness, and the increase in 
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production is getting smaller and smaller with the increase in openness. The main reason is that the 
relationship between the permeability of natural cracks and the degree of opening is quadratic, with 
the increase of crack opening, the permeability of cracks increases greatly, and the seepage resistance 
in the crack development area decreases greatly, but the ability of the outer boundary to supply ϐluids 
is limited, so the yield increase will slow down after a certain magnitude. 

 

Fig. 9. The effect of crack opening on yield 

Figure 10 shows the effect of four numbers of cracks at different distances from the well on the 
production at a crack opening of 20 μm and a length of 1m. As can be seen from the ϐigure, the 
production increases rapidly with increasing number of cracks, but the increase is getting smaller and 
smaller, and the difference in production increase between 10 cracks and 40 or 60 cracks is only about 
10%. 

 

Fig. 10. The effect of the fracture quantity on production 

Figure 11 shows the effect of four line densities of cracks at different distances from the well on the 
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production at a crack opening of 20 μm and a length of 1 m. The effect of the cracks on the production 
at different distances from the well is shown in Fig. 11. As can be seen from the ϐigure, the production 
increase of the fractures increases with the increase of line density. After the range of 9.5m from the 
well, the production increase of the cracks is basically negligible, which is consistent with the pattern 
when the number of cracks is constant. 

 

Fig. 11. The effect of fracture line density on production 

3.3.2. Effect of natural fracture parameters on pressure distribution. The effect of natural seam 
parameters on pressure at fracture line density: 1.5 lines/m, openness: 20 μm, and length: 1 m is 
shown in Fig. 12. When there is no natural fracture, the pressure curve is the steepest and the pressure 
drop is the largest within 9m from the well in the reservoir. When a natural fracture exists, the pressure 
curve is more gentle and the pressure drop is smaller at the place where the natural fracture develops; 
the closer the fracture is to the well, the larger the pressure drop is in the reservoir and the larger the 
production is. According to the pressure curve, the main reason for the large increase in production of 
the natural fracture shown in the previous yield curve within 9m from the well is that the small 
seepage area around the well leads to a large pressure gradient and high seepage resistance, and the 
natural fracture has a large capacity of conduction, which improves the seepage capacity of the 
reservoir around the well, so the increase in production is larger; whereas, in the reservoir farther 
away from the well, the area of ϐluid seepage is large, the pressure gradient is small, and the seepage 
velocity of the ϐluid is In the reservoir farther away from the well, the ϐluid seepage area is large, the 
pressure gradient is small, the ϐluid seepage velocity is low, and the seepage resistance is relatively 
small, so the role played by the natural fracture becomes smaller, and the production increase is small. 
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Fig. 12. The effect of natural seam parameters on stress 

3.4. Optimization of fracture parameters for repeated modification of volumetric fracturing 

Based on the repetitive fracturing ϐluid-solid coupling model, Well 1, Well 2, and Well 3 are taken as 
the research objects, and the orthogonal experimental design method is used for the optimization of 
repetitive modiϐication fracture parameters in volumetric fracturing. Orthogonal test design is a 
multifactor and multilevel test design method, which can achieve results equivalent to a large number 
of full-scale tests with a minimum number of tests. The levels of each factor in the orthogonal test for 
the study wells are shown in Table 2. The fracture parameters in this study include: primary fracture 
half-length, fracture network bandwidth, primary fracture conductivity, and secondary fracture 
conductivity. Sixteen sets of scenarios were established for each of the study wells WELL 1, WELL 2, 
and WELL 3, and volumetric repeat fracturing was simulated at the optimal repeat fracturing timing 
for each well, and the magnitude of the inϐluence of each factor on the repeat fracturing production 
increase potential of each well was determined by analyzing the difference in the percentage of 
cumulative oil increase in the wells corresponding to the repeat fracturing at 90% of the wells' water 
content after the repeat fracturing under the various scenarios. 

Table 2. Study well orthogonal test factors 

Factor 
The main crack is 

half long(m) 

Network 

bandwidth(m) 

Main fracture 

guide capacity 

(10-3μm2·m) 

Subfracture 

conductivity 

(10-3μm2·m) 

Level 1 10 10 10 15 

Level 2 50 20 50 25 

Level 3 100 40 100 35 

Level 4 150 80 150 45 

In this paper, the mean value of the percentage of accrued oil at different levels of re-pressurization 
is calculated for each factor, and the extreme difference of the percentage of accrued oil at different 
levels is solved on this basis. The extreme deviation of the percentage of cumulative oil gain from 
repeated fracturing at different levels for each factor in the study wells is shown in Table 3. The 
magnitude of the extreme deviation reϐlects the contribution of each seam network factor to the 
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cumulative oil increase percentage of repeat fracturing. The larger the extreme difference, the greater 
the inϐluence of the factor on the repeat fracturing effect, and the smaller the extreme difference, the 
smaller the inϐluence of the factor on the repeat fracturing effect of the well. The results show that the 
extreme difference of repeated fracturing cumulative oil increase percentage for each fracture 
parameter in WELL 3 (23.25%) is larger than that in WELL 1 (8.25%) and WELL 2 (6.75%). The order 
of the inϐluence of factors is: main fracture half-length > fracture network bandwidth > main fracture 
inϐlow capacity > secondary fracture inϐlow capacity; WELL 1 is located in the high permeability zone, 
and the fracture network bandwidth has the greatest inϐluence on the cumulative percentage of oil 
added by repeated fracturing after turning to fracture, and the order of the inϐluence of factors is: 
fracture network bandwidth > main fracture half-length > main fracture inϐlow capacity > secondary 
fracture inϐlow capacity; WELL 2 is located in the low-permeability zone. The Well 2 well is in low 
permeability area, and the inϐluence of slit network bandwidth and main fracture inϐlow capacity on 
the cumulative percentage of oil gain from repeated fracturing is large, and the order of inϐluence of 
the factors is: slit network bandwidth>main fracture inϐlow capacity>main fracture half-
length>subfracture inϐlow capacity. 

Table 3. The factors of the various factors were compared under different levels 

Well name 
The main crack is 

half long(m) 

Network 

bandwidth(m) 

Main fracture 

guide capacity 

(10-3μm2·m) 

Subfracture 

conductivity 

(10-3μm2·m) 

Well 1 8.25 14.75 6.75 3.5 

Well 2 6.75 9.75 8.75 2.75 

Well 3 23.25 17.75 7.25 5 

The extreme difference of the repeat fracturing cumulative oil percentage for each parameter is 
shown in Table 4. It is found that different repetitive fracturing main fracture half-lengths and 
cumulative oil increment percentages of the wells: WELL 3 repetitive fracturing cumulative oil 
increment percentage increases and then decreases with the increase of the main fracture half-length, 
and when the length of the repetitive fracture is more than 100 m, the repetitive fracture 
communicates with the hydraulic drive leading edge of the left injection well, and the water content 
rises faster, and the effect of repetitive fracturing becomes poorer; WELL 1 and WELL 2 repetitive 
fracture communicates with the area of residual oil richness and the repetitive fracturing WELL 1 and 
WELL 2 repressurization shifts the fracture to communicate the remaining oil-rich area, and the effect 
of repressurization becomes better with the increase of the half-length of the main fracture; the 
optimal repressurization half-length of the main fracture for WELL 1 and WELL 2 is 150m, and the 
optimal repressurization half-length for WELL 3 is 100m. 

In the main fracture inϐlow capacity, the repressurized cumulative oil percentage of each studied 
well increases with the increase of main fracture inϐlow capacity, and the main fracture inϐlow capacity 
has a greater impact on WELL 2, which is located in a low-permeability zone, so the focus of volumetric 
repetitive fracturing should be on improving the fracture inϐlow capacity of the sidetracks located in 
low-permeability zones; the optimal repressurized main fracture inϐlow capacity of WELL 3, WELL 2, 
and WELL 1 is 150×10-3μm2·m. 

In the case of the slit network bandwidth and cumulative oil increase percentage, the cumulative oil 
increase percentage of repressurization of each well increases and then decreases with the increase 
of slit network bandwidth. When the slit network bandwidth is small, with the increase of slit network 
bandwidth, the reservoir reforming area increases, the pressure inside the slit network system is 
easier to propagate, and it is easier for the crude oil to ϐlow from matrix to fracture, which makes the 
repressurization effect become better, and when the slit network bandwidth is large, the wells have 
faster increase of water content and lower oil production rate. Comparing Well 1 and Well 2, it is found 
that the lower the reservoir permeability, the larger the optimal repressurization fracture network 
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bandwidth is; the optimal repressurization fracture network bandwidth of Well 3 and Well 1 is 20 m, 
and the optimal repressurization fracture network bandwidth of Well 2 is 40 m. 

In the subfracture inϐlow capacity and cumulative oil increase percentage, the cumulative oil 
increase percentage of repetitive fracturing increases slowly with the increase of repetitive fracturing 
subfracture inϐlow capacity in each study well, and the subfracture inϐlow capacity has a small effect 
on the oil increase effect of repetitive fracturing; the optimal subfracture inϐlow capacity of WELL 1, 
WELL 2, and WELL 3 is 45×10-3μm2·m. 

Table 4. The total amount of repeated fracturing of each parameter is the worst 

Optimization 

parameter 
Parameter value 

The percentage of repressing oil(%) 

Well 1 Well 2 Well 3 

Main fissure(m) 

10 62.49 54.35 79.85 

50 66.92 56.15 93.39 

100 69.32 57.34 105.25 

150 71.24 62.86 100.34 

Main fracture 

guide ability(10-

3μm2·m) 

10 64.17 54.11 89.79 

50 69.44 56.51 94.10 

100 73.40 59.38 95.43 

150 73.75 65.97 99.37 

Seam 

bandwidth(m) 

10 63.46 53.76 83.57 

20 73.04 58.19 98.42 

40 71.00 59.86 84.17 

80 49.09 50.65 80.82 

Subfracture 

conductivity 

(10-3μm2·m) 

15 65.14 61.30 91.35 

25 68.13 62.37 92.68 

35 69.20 64.77 95.55 

45 70.41 65.62 97.83 

4. Conclusion 

In this paper, using the ϐinite element model, combined with the seepage characteristics of low-
permeability reservoirs, we constructed a mathematical model of unstable seepage in fractured 
horizontal wells based on the oil seepage ϐield pressure distribution mode, and analyzed the change 
of fractured horizontal well production over time under different mobilization radius conditions. 
1) Stress-strain, porosity and permeability in low-permeability reservoirs are functions of time and 
space. Spatially, in the region near the bottom of the well, these parameters are more variable; while 
the farther away from the bottom of the well region, the less they are affected. Temporally, the stress-
strain, porosity, and permeability change more for the early stages of production in a closed reservoir. 
2) Simulation of the distribution of pressure in fractured horizontal wells found that among several 
parameters, the relative position of the fracture to the well has a large impact on production, and this 
parameter is also a parameter that can be adjusted by human beings. For fractured reservoirs, it is of 
great signiϐicance to consider the relative position of the fracture to the well when laying out the well. 
3) Through the analysis of the extreme difference of the cumulative oil increase percentage of repeated 
fracturing, it is determined that the order of the inϐluence of each factor on the side wells in the high 
permeability strip is as follows: the width of the slit network > the half-length of the main fracture > 
the main fracture inϐlow capacity > the secondary fracture inϐlow capacity, and the order of the 
inϐluence of each factor on the corner wells is as follows: the half-length of the main fracture > the 
bandwidth of the slit network > the main fracture inϐlow capacity > the secondary fracture inϐlow 
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capacity, and the order of the inϐluence of each factor on the side wells in low permeability zones is as 
follows: the half-length of the main fracture > the bandwidth of the main network > the main fracture 
inϐlow capacity > the secondary fracture inϐlow capacity. The order of the inϐluence of each factor for 
the side wells in the low-permeability zone is: main fracture ϐlow-conducting capacity>seam network 
bandwidth>main fracture half-length>secondary fracture ϐlow-conducting capacity, and the optimal 
values of the inϐluencing factors for each study well are determined. 
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