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Abstract: Compared with vertical and horizontal wells, the solution and computation of transient 

cases of slanted wells at particular inclination, so the model for slanted wells is more general and more 

domain, the computation of integration of complex functions is necessary in obtaining pressure responses 

integrand in a transient pressure solution for slanted wells, the whole integral interval is partitioned into 
several small integral intervals, and then the method of variable substitution and the variable step-size 
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1 Introduction
Many authors have studied unsteady-state flow of fluids 

distribution created by a slanted well and presented a solution 

space and the computation of transient pressure distribution 

the effects of wellbore storage and skin factor could not be 

performance of horizontal and slanted wells in anisotropic 

Various solutions for pressure responses of slanted wells were 

pressure distributions caused by inclined or slanted wells, 

computational efficiency of their new solution sometimes 
is not so satisfactory, and even big errors might occur when 
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the pressure transient behavior of horizontal and slant wells 
that intersect high permeability layers sandwiched between 

transient behavior of horizontal wells by adapting the slant 

In addition to the above, some Chinese authors also have 

steady state flow toward a slanted well in dual porosity 

response of an inclined multiwell system can be obtained 
by superposing the pressure response of each inclined well 
in different coordinate systems, and they investigated the 
pressure distribution of an inclined multiwell system based 

the computational efficiency and the multi-solution feature 

pressure transient behavior of inclined wells with complex 
boundaries based on the source function and the Newman 

It can be recognized that most authors mainly concentrate 
on the construction of various well test models and neglect 
the practical problem when applying theoretical models to 

on rigorous derivation, a transient pressure solution for 

of the integrand in a transient pressure solution for slanted 
wells, the whole integral interval is partitioned into several 
small integral intervals, and then the methods of variable 
substitution and variable step-size piecewise numerical 

is greatly reduced and the computational efficiency is 

computation of transient pressure distribution of slanted 

model for slanted wells

h kh and kv 
represent the permeability in the horizontal and vertical 

Lw

The axis of the slanted well is in the X-Z
of the slanted well is on the Z
of the well, , is measured from the positive Z-axis in the 

located at an elevation zwm

q;

constant compressibility; 

pi;

reservoirs

Then the method of images and Poisson’s summation formula 
were applied to getting the continuous point-source solutions 
for laterally infinite reservoirs with impermeable top and 
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where kh is the permeability in the horizontal direction, m2; 
kv is the permeability in the vertical direction, m2; L is the 

Fig. 1 Schematic of the slanted well model 
with impermeable top and bottom boundaries
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reference length of the system, and here L=0.5Lw, m; q̂   is the 
Laplace transform of q̂ ; q̂  is the production rate from the 
continuous point source, m3/s ; p  is the Laplace transform 
of p  with respect to the dimensionless time tDL, and its 

tDL is the dimensionless time 
p is the 

p=pi p pi is the 
B

dimensionless; h is the formation 
thickness, m; s
to tDL, dimensionless; x, y and z are distances in the x, y and z 

xw, yw and zw are the locations of 
the point source in the x, y and z
zwm

direction, m.
p

DL DL
0

exp( )dp p st t

The dimensionless time tDL

h
DL 2

t

k tt
C L

 

where t is the production time, s;  is the porosity, fraction; Ct 
-1.

3.2 Slanted line-source solution in anisotropic 
reservoirs

slanted line-source well. The transient pressure response 
corresponding to the fluid withdrawal from a line-source 
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where l is the integration path of line source; q is the 
production rate per unit length, m3 q  is the Laplace 
transform of q ; dl is the differential element of the line, 
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appropriate point at which the wellbore pressure response 
is computed, the wellbore pressure solution of an infinite-
conductivity line source can be approximated by the pressure 

investigate the transient pressure solution of a uniform flux 

uniformly distributed, we have
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at any point in the reservoir created by a slanted well along 

get the expression of transient pressure response of a slanted 

xD, yD and zD tD

source (inclined well)
Theoretical analyses and practices have shown that the 

That is the reason that we treat the slanted wellbore as an 

to directly establish a mathematical model to describe the 
pressure drop created by a slanted well in a reservoir based 

that by choosing an appropriate point at which the wellbore 
pressure response is computed, the wellbore pressure solution 
of an infinite-conductivity line source can be approximated 

At present, there are two methods of obtaining the bottom 
hole pressure of the infinite-conductivity inclined well 

to regard the wellbore as a simple line source to avoid doing 
the surface integral and area-weighted average in order to 
obtain the bottom hole pressure of the infinite-conductivity 

will be non-uniform if the influence of well radius is taken 

method divides the line source well into many discrete 
line elements and utilizes two relationships to establish an 

that the pressure on the node of every discrete line element is 

inclined well as a cylinder with a fixed radius and length, 

at different positions with the aid of a computer to find the 

found there are such two points on the elliptic circle which 
is the intersecting line of any horizontal plane intersecting 

points are A N
and the two points are D and N on the bottom elliptic circle, 

A D, there are these two points G and 
G
the average pressure of the line A D
of the whole wall of the cylinder can be approximately 
represented by the pressure at point G or G G or G
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variation of argument x may cause a big variation of function 
K0 x K0 K0

K0

enough with use of the conventional numerical integration 
method, the integral interval must be divided into many small 
segments which will cause problems in the computational 

consumed to compute the wellbore pressure response of 

scholars have realized the complexity of the computational 
issues in computing pressure responses of slanted wells and 
have done some exploratory investigation, but a satisfactory 

In this paper, according to the characteristics of the 
integrand in a transient pressure solution for slanted wells, 

3.5.1 Partitioning integral interval and variable substitution

0.6sin
1

w1 0 wD wD
sin

sin
1

0 wD wD
0.6sin

( ) d
2

( ) d
2

cp K s x x
s

c K s x x
s

 as the point of divergence because 
when xwD varies from –sin  the value of 

2
wD(0.6sin )x  is monotonously decreasing while when 

xwD  to sin  the value of 2
wD(0.6sin )x  

xwD , the 
xwD

2

A
C

D
E

F
X

Z

A
B C

G

G

O
Y

BN

N

Fig. 2

w w
D

w w

0.3 sin 0.6 sin
0.6sin

/ 2
L Lx

L L

w
D wD

w
=

2

ry rL

 
w

D wmD wmD
w

0.3 sin 0.6sin
tantan

2

Lz z zL

bottom hole pressure drawdown wp   can be expressed as 
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angle, but the method proposed in this paper is able to 
AB1<AB2<AB3

B1C>B2C>B3C

Fig. 9a
CD=20, S h=20 m, kv /

kh  r

tD/CD 

p w
D

H
 a

nd
 p

w
D

H
t D/

C
D

 
1-Lw=58 m, 2-Lw=77 m, 

3-Lw=115 m, 4-Lw=229 m, 
5-Lw=382 m, 6-Lw=600 m, 

1
2
3
4
5
6 

E
C
A

F
D

B B1

D1

F1

HB2D2
F2

10-2 10-1 100 101 102 103 104 105 106 107 

10-2 

10-1 

100 

101 

DD1 and FF1 are longer than BB1

the 
F1F2<D1D2<B1B2

tD/CD 

p w
D

H
 a

nd
 p

w
D

H
t D/

C
D

10-2 10-1 100 101 102 103 104 105 106 107 
10-2 

10-1 

100 

101 
Pressure

Derivative

1-
2-

1 2 3 4 
1 2 

3 4 

Fig. 9b

Fig. 10
L CD=20, S h=20 

m, kv /kh r

A

tD/CD

B1 B2
B3

C
=80°, 83°, 87°

Pressure

Derivative

10-2 10-1 100 101 102 103 104 105 106 107 
10-2 

10-1 

100 

101 

p w
D

H
 a

nd
 p

w
D

H
·t D

/C
D

5 Conclusions

integral interval is partitioned into several small integral 

that the model and the algorithm proposed in this paper is 
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