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As fishbone multilateral wells are increasingly used in the development of oil and gas fields, the need for the optimal design of
multilateral well parameters has become increasingly urgent. Although the establishment of multilateral well productivity
models has taken a step forward due to recently contributed research results, there are still few studies on model verification;
that is, these models lack verification, and their reliability is uncertain, which increases the difficulty of their promotion and
application in practice. Therefore, based on a more comprehensive horizontal well productivity prediction model, a fishbone
multilateral well productivity prediction model was established in this work. Taking an oil field in the Middle East as an
example, multilateral well productivity prediction and parameters sensitivity analysis were carried out, and the results were
compared with the simulation results determined by using CMG digital simulation software. The established model was
verified in terms of branch length, branch angle, and branch output contribution. The conclusions reached by these two
methods were consistent, which verified that the established model was reliable.

1. Introduction

Multilateral wells have been increasingly used by oil and gas
companies due to their advantages [1] in increasing the con-
tact area between wellbores and reservoirs, delaying produc-
tion decline and improving oil and gas recovery. Fishbone
multilateral wells are widely used and are one of the impor-
tant types of multilateral wells. In the process of develop-
ment with fishbone wells, the design optimization of the
branch parameters of the fishbone wells is inevitable. How
to maximize the development advantages of fishbone wells
in the development process is the key research and concern
of the majority of researcher in the oil and gas industry.

With the continuous development of production and
scientific research, many branched well productivity predic-
tion models and parameters optimization theories have

emerged at home and abroad. Basquet et al. [2] established
a semianalytical model for productivity evaluation of
inclined wells in multilayer reservoirs by using the microel-
ement method to divide fishbone multilateral wells into sev-
eral small sections and couple seepage and wellbore flow.
Retnanto et al. [3] used the analytical method and variable
mass flow semianalytical method to establish a model but
only considered several symmetric branched wells with fixed
angles, which had limitations in application. Huang et al. [4]
established a well test interpretation model of variable mass
flow in fishbone multilateral horizontal wells by using
Green’s function and the Newman product method. Li
et al. [5, 6] simplified the seepage problem by dividing the
seepage field. An approximate formula for the steady-state
productivity of fishbone wells was obtained by conformal
transformation and equivalent seepage resistance theory,
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which was verified by hydropower simulation tests, but the
variable mass flow in the wellbore was ignored. Based on
the study of the horizontal well productivity prediction
model, Liu et al. [7] deduced a fishbone well coupling model
and showed that this development method is more suitable
for thin-bottom-water reservoirs. Duan et al. [8] established
a mathematical model of the pressure distribution in
branched horizontal wells based on the pressure distribution
model along horizontal wells. Yongsheng et al. [9, 10] ana-
lyzed the influence of design parameters of fishbone multi-
lateral wells on productivity by using an analytical model
and proposed a design parameter optimization theory. Le
et al. [11] used the characteristics of a constant pressure sup-
ply at the lower boundary of a reservoir with bottom water,
established relevant models with the concept of microele-
ments, and used reservoir subdivision instead of wellbore
subdivision to reduce the calculation amount.

Most of the existing studies have established only a pro-
ductivity prediction model for fishbone wells; these models
not only have some disadvantages, such as ignoring the well-
bore variable mass flow pressure drop, branch interference,
branch angle, and pressure superposition of the whole drain-
age area and the calculation defects of the model itself, but
also lack comparative verification. In view of this, in this
paper, based on a comprehensive horizontal well productiv-
ity prediction model [12], a coupling model considering the
mutual interference of formation seepage between the
branches of fishbone wells and the interaction of wellbore
junctions is deduced and established, and a solution method
is obtained. Then, the calculated results are compared with
the results from numerical simulation software CMG for
an example.

2. Productivity Prediction Method of Fishbone
Multilateral Wells

Luo et al. have carried out many studies on horizontal well
productivity prediction. In reference [12], a productivity
prediction model that can consider the real wellbore trajec-
tory is proposed for the influence of the real wellbore trajec-
tory. In reference [13], a variable mass flow calculation
model considering the real flow is proposed for the horizon-
tal annulus effect. In reference [14], a prediction model for
the transient productivity of horizontal wells is proposed in
view of the influence of reservoir production time. In view
of this, based on the basic model of Luo et al. [12], the
research on the productivity prediction model of fishbone
lateral wells was carried out. First, the relationship equation
between pressure and production of each segment of the
horizontal wellbore with nonuniform flow is deduced, and
then the relationship equation between each segment and
production of multibranch wells in fishbone well is
established.

2.1. Calculation of Three Dimensional Space Potential of
Uniform Inflow Horizontal Section (Real Well Trajectory).
Assuming a point M in space, according to the seepage the-
ory, with M point as the center, Q as the output, and the

seepage velocity of the spherical surface with any R radius is

v = q
4πr2 : ð1Þ

At the same time, according to the definition of potential
and Darcy’s law

v = dϕ
dr

: ð2Þ

The above two formulas are equal

q
4πr2 = dϕ

dr
: ð3Þ

The expression of the space potential obtained by sepa-
rating two equations and integrating them is

ϕ = −
q
4πr + C: ð4Þ

In the unbounded three-dimensional stratum, a horizon-
tal well measuring length L (as shown in Figure 1) is in pro-
duction. The coordinates of the heel and toe are (x1, y1, z1)
and (x2, y2, z2). Assuming that steady-state seepage of
single-phase crude oil in the formation, horizontal well is a
line of uniform inflow.

The horizontal well is divided intom segments by length.
It can be seen that when m is large enough, each segment
can be approximated as a straight segment. The length of
each segment is L/m, the starting coordinate of each segment
is (xsi, ysi, zsi), and the coordinates of the end point are (xei,
yei, zei), in which i = 1, 2, 3,⋯m.

Take a point on one of the segments, the coordinates are
(x, y, z), and as the end point, the distance from the begin-
ning of the segment is

s =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x − xsið Þ2 + y − ysið Þ2 + z − zsið Þ2

q
: ð5Þ

By taking the full differential on both sides of the equa-
tion, the microelement ds is satisfied:

ds = 1
s

x − xsið Þdx + y − ysið Þdy + z − zsið Þdz½ �: ð6Þ

For the microelement ds, the flow of the microelement
is dq = ðq/LÞds, the potential generated in the space (X, Y ,
Z) is

dϕ = −
dq
4πr ,

ð7Þ

dϕ = −
q

4πrL ds, ð8Þ

dϕ = −
q

4πrL
1
s

x − xsið Þdx + y − ysið Þdy + z − zsið Þdz½ �:
ð9Þ
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Assuming, f ðx, y, zÞ, gðx, y, zÞ, and hðx, y, zÞ, respec-
tively, are

f x, y, zð Þ = −
q

4πrL
1
s
x − xsið Þ, ð10Þ

g x, y, zð Þ = −
q

4πrL
1
s
y − ysið Þ, ð11Þ

h x, y, zð Þ = −
q

4πrL
1
s
z − zsið Þ: ð12Þ

Then, the spatial region belongs to the three-
dimensional single-connected open region G, and f ðx, y, z
Þ, gðx, y, zÞ, and hðx, y, zÞ have a first-order continuous
partial derivative in G (for the microelement, r is a con-
stant), which satisfies

∂f
∂y

= ∂g
∂x

, ∂f
∂z

= ∂h
∂x

, ∂g
∂z

= ∂h
∂y

: ð13Þ

Therefore, the potential generated by this segment in
space (X, Y , Z) can be found by equation (15).

ϕi =
ð xei ,yei ,zeið Þ

xsi ,ysi ,zsið Þ
−

q
4πrL ds + C, ð14Þ

ϕi = −
q

4πL

ðxei
xsi

f x, ysi, zsið Þdx +
ðyei
ysi

g x, y, zsið Þdy +
ðzei
zsi

h x, y, zð Þdz
 !

+ C,

ð15Þ
which is

ϕi =
ðxei
xsi

−
q

4πrL
1
s
x − xsið Þdx +

ðyei
ysi

−
q

4πrL
1
s
y − ysið Þdy

+
ðzei
zsi

−
q

4πrL
1
s
z − zsið Þdz + C:

ð16Þ

In the three items on the right side of the equation,
the first item x is the integral variable; then, the other
two quantities y and z are constant, and the other two
points are similar.

The integration is performed by the first item on the
right:

ðxei
xsi

−
q

4πrL
1
s
x − xsið Þdx = −

q
4πL

ðxei
xsi

1
r
1
s
x − xsið Þdx

= −
q

4πL

ðxei
xsi

1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x − Xð Þ2 + y − Yð Þ2 + z − Zð Þ2

q
· 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

x − xsið Þ2 + y − ysið Þ2 + z − zsið Þ2
q x − xsið Þdx:

ð17Þ

Simplified equation, take a = ðy − YÞ2 + ðz − ZÞ2, b =
ðy − ysiÞ2 + ðz − zsiÞ2, then

= −
q

4πL

ðxei
xsi

1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x − Xð Þ2 + a

q 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x − xsið Þ2 + b

q x − xsið Þdx:

ð18Þ

The function f ðx, ysi, zsiÞ = ð1/
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðx − XÞ2 + a

q
Þð1/ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðx − xsiÞ2 + b
q

Þðx − xsiÞ; then, equation (17) is equivalent

to the function f ðx, ysi, zsiÞ, and the integral on the interval
[xsi, xei] is obtained.

Then, the potential generated by the entire horizontal
well in space (X, Y , Z) is

ϕ = 〠
m

i=1
ϕi = −

q
4πL〠

m

i=1

ðxei
xsi

f x, ysi, zsið Þdx
 

+
ðyei
ysi

g x, y, zsið Þdy +
ðzei
zsi

h x, y, zð Þdz
!
:

ð19Þ

Due to the positional relationship, there is a difference
between the fluid confluence mode at both ends of the hor-
izontal well in the oil layer and the fluid confluence mode in
the middle part, and there is interference between the micro-
elements of the wellbore, and a pressure drop in the fluid

Z

(x1, y1, z1)

(x2, y2, z2)

(X, Y, Z)

(x, y, z)

The ith segment

O ds
X

y

Figure 1: Schematic diagram of horizontal wells in unbounded
strata.

O

Heel

Toe
X

Closed boundary
Z

Y Bottom water boundary

Figure 2: Schematic diagram of horizontal wells in top closed
bottom water flooding reservoir.
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flow in the wellbore. The flow rate from the oil layer to the
various parts of the horizontal wellbore is different. For this
reason, a horizontal well is divided into a number of sections
and lines. Since the length of each section of the line is very
short, it is assumed that the fluid flows uniformly from the
reservoir along the line, and the potential generated by each
line is equivalent to the equation (19) of a horizontal well.

Oil well productivity predictions are also closely related
to reservoir types. Generally, reservoir types can be distrib-
uted in four types: top closed bottom water reservoirs, gas
top bottom water reservoirs, upper and lower closed edge
water reservoirs, and upper and lower closed boundary res-
ervoirs. Take top closed bottom water reservoirs as example.
The calculation method of its potential is described below.

Figure 3: Mirror image of horizontal well in bottom water drive reservoir.

N equal parts
Qo

Branch 1

Branch i Branch M
i + 2, ‐‐‐, M – 1

Branch i + 1

N equal parts

Main hole 1 Main hole i + 1
Main hole M + 1

Branch 2, ‐‐‐, i – 1

Figure 4: Microelement division of fishbone wells.
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2.2. Calculation of Horizontal Well Potential in Top Closed
Bottom Water Reservoir. For the top closed bottom water
flooding reservoir shown in Figure 2, the horizontal well of
length L is divided into N sections. According to the princi-
ple of mirror reflection, as shown in Figure 3:

ϕj X, Y , Zð Þ = −
qj
4π 〠

∞

n=−∞
ξj x, y, 4nh + z, X, Y , Zð Þ�(

+ ξj x, y, 4nh + 2h − z, X, Y , Zð Þ
− ξj x, y, 4nh − z, X, Y , Zð Þ

− ξj x, y, 4nh − 2h + z, X, Y , Zð Þ�g + Cj:

ð20Þ

In the equation, φj is the potential generated at any point
in the reservoir by the line of segment j; qj is the flow rate of
the line of segment j; h is the oil-bearing thickness; z is the
distance from each part of the well to the bottom of the res-
ervoir; Cj is the constant; ξ is the function defined by the
equation:

ξj x, y, 4nh + z, X, Y , Zð Þ = 1
Lj
〠
m

i=1

ðxei
xsi

f xð Þdx +
ðyei
ysi

g yð Þdy
 

+
ð4nh+zei
4nh+zsi

h zð Þdz
!
,

ð21Þ

where Lj is the length of the j-th segment line; xs1 and
xem are the starting and ending abscissas in the x-axis direc-
tion of the j-th segment line, and the other parameters are
the y and z direction coordinates.

2.3. Horizontal Well Flow Relationship. According to the
principle of potential superposition, the potential of the
entire horizontal well in the oil layer is

ϕ X, Y , Zð Þ = 〠
N

j=1
ϕ j X, Y , Zð Þ + C = −〠

N

j=1

qj
4πφj + C: ð22Þ

For different types of reservoirs, φj in the equation is,
respectively, equal to the expressions in curly brackets in
equation (20). It can be obtained from equation (22)

ϕe = 〠
N

j=1
ϕ je + C, ð23Þ

which ϕe is the total potential function at the constant
pressure boundary or the drain boundary; ϕje is the potential
generated by the j-th segment line at the constant pressure
boundary or the drain boundary.

From equations (22) and (23), it can be obtained

ϕ X, Y , Zð Þ = ϕe + 〠
N

j=1
ϕ j X, Y , Zð Þ − ϕje

h i
: ð24Þ

According to the potential function

p X, Y , Zð Þ = μ

k
ϕ X, Y , Zð Þ − ρgh, ð25Þ

which p is the pressure at any point in the oil layer; k is
the permeability of the oil layer; μ is the viscosity; ρ is the
density; g is the acceleration of gravity.

Based on the superposition principle of potential and the 
principle of mirror reflection, the calculation method of the 

potential generated at any position by the horizontal well 
section (micro-element section) in a certain type of reservoir 

is established

Assuming a set of pressures along the wellbore for each branch, 
a new set of production for each branch can be calculated by 

solving the linear equations

According to a new set of production and wellbore variable mass 
flow pressure drop calculation models, a new set of pressures 

along each lateral wellbore is calculated.

Pressure and production profile after final convergence

Yes

NoWhether the new set of pressure and the previous pressure are
within the error range

Obtain the superposition potential of all horizontal micro- 
element segments of each branch to the midpoint of a micro- 

element segment. According to the relationship between 
superposition potential and pressure, the relationship equation 

between the midpoint pressure of different micro-element 
segments and the output of all micro-element segments is 

finally determine

Figure 5: Flowchart of productivity calculation of fishbone well.
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Figure 6: The relationship between porosity and permeability in
Mishrif reservoir.
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Substituting equation (24) into equation (25), it can be
obtained

p X, Y , Zð Þ = pe +
μ

k
〠
N

j=1
ϕj X, Y , Zð Þ − ϕje

h i
− ρg Z − zeð Þ,

ð26Þ

where pe and ze are the pressures and Z coordinate at the
corresponding boundaries, respectively.

2.4. Semianalytical Method for Describing Single-Phase
Steady-State Variable Mass Flow in Fishbone Multilateral
Wells. As shown in Figure 4, to simplify the description, it
is assumed that the flow of each branch of the fishbone well
corresponds to the first type of wellbore flow in a horizontal

well, and the fishbone well is established to consider the
mutual interference between the branches and the wellbore
joints. In the coupled model, the pressure and the flow meet
the momentum conservation, energy conservation, and mass
conservation criteria at the junction of the branch and the
main wellbores.

Assuming that there areM branches with branch lengths
of Li, the main wellbore is divided into M + 1 segments by
the branches, and the lengths of the main wellbore segments
are Li (i =M + 1, M + 2, …, 2M). Each section of the main
wellbore and each branch is divided into N equal parts, that
is, N microelement segments, to study not only the interac-
tion among the internal microelement segments of each
branch (main wellbore) but also the interaction among dif-
ferent branches (including the main wellbore). There is also
an interaction among microelement segments. A total of 2

Table 1: Formation test results of oilfield.

Well
no.

Test
horizon

Test well
section

Thickness
Differential
pressure

Flow rate
(oil)

Test
time

Oil production
index

Production index per-
meter

m m MPa m3/d hr m3/d/MPa m3/(d▪MPa·m)

A Mishrif 3873.8-3878.7 4.9
12.9 362.5 5 28.109 1.752

8.16 770.7 34 94.427 5.903

B Mishrif

3824.7-3829.9

14.6

6.38 1548.7 6.5

420.691 8.832
3830.2-3839.7

4.27 1793.5 10

1.52 615.5 7.5

2.7 1102.1 3

C Mishrif 3840.9-3852.8 11.9 5.49 902.3 12 164.412 4.174

D Mishrif 3972.9-3979.9 7 19 130.5 4 6.872 0.184

E Mishrif 3957.9-3963.7 6.1 8.65 253.8 0.5 29.262 0.738

F Mishrif 3824.7-3834.8 10.1 1.17 174.1 — 149.815 4.566

Table 2: Basic parameters of one fishbone well.

Geometric average permeability/mD 4 Length of main wellbore/m 600

Borehole diameter/mm 152.4 Reservoir thickness/m 72

Reservoir type Top-sealed bottom water reservoir Crude density/API 22.5

Crude viscosity/mPa.s 0.96 Production differential pressure/MPa 4

Crude volume factor 1.41 Saturation pressure/MPa 18.34

Table 3: Well completion and fluid property parameters of two horizontal wells.

Oilfield
Well
name

Horizon
Reservoir thickness

(average)
Oil

viscosity
Oil volume

factor

Horizontal wellbore
length

Wellbore diameter
(inner)

Geometric average
permeability (horizontal

and vertical)
m mPa.s m in mD

A
A1

Mishrif
MB21

72 0.96 1.4
198.24 (screen)

+ 442.76 (open hole)
5.8 4.0

A2
Mishrif
MB21

72 0.96 1.4 530.2 (open hole) 5.8 4.0

B
B1

Mishrif
MB21

35 0.96 1.4 600.0 5.8 4.0

B2
Mishrif
MB21

35 0.96 1.4 600.0 (Assumed) 5.8 4.0
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(a) Lateral well position is 25m from the heel of the main wellbore

Figure 7: Continued.
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(b) Lateral well position is 50m from the heel of main wellbore

Figure 7: Continued.
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(c) Lateral well position is 100m from the heel of the main wellbore

Figure 7: Continued.
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(d) Lateral well position is 150m from the heel of the main wellbore

Figure 7: Production with different angles between the lateral well and main wellbore.
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Figure 8: Production with different branch lengths.
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M + 1 segments, M branch and M + 1 main wellbores seg-
ments, are labeled in order, with the main wellbore seg-
ments last. Let the pressure at the midpoint of the m
segment of the n branch be pw,n,m, and set the potential
of the j segment of the i branch at the midpoint of the
m segment of the n branch to Φi,j,n,m; according to

equation (26), obtain

pw,n,m = pe +
μ

k
〠

2M+1

i=1
〠
N

j=1
ϕi,j,n,m − ϕi,j,e,e

� �
+ ρg ze − zwð Þ n = 1, 2,⋯, 2M + 1 ;m = 1, 2,⋯,Nð Þ:

ð27Þ
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The upper form is deformed.

〠
2M+1

i=1
〠
N

j=1
λqi,j ϕi,j,n,m − ϕi,j,e,e

� �
= pe − pw,n,m + ρg ze − zwð Þ,

ð28Þ

where λ = μ/4πk.
The pressure at the midpoint of segment j in branch i is

pw,i,j = p1,i,j − 0:5dpw,i,j i = 1, 2,⋯, 2M + 1 ; j = 1, 2,⋯,Nð Þ,
ð29Þ

where p2,i,N = pwf and pwf are the flow pressures at the well-
bore heel.

p1,i,1 = p2,i+1,N = p2,i−M,N i =M + 1,M + 2,⋯, 2Mð Þ, ð30Þ

p2,i,j = p1,i,j − Δpw,i,j i = 1, 2,⋯, 2M + 1 ; j = 1, 2,⋯,Nð Þ,
ð31Þ

p1,i,j+1 = p2,i,j i = 1, 2,⋯, 2M + 1 ; j = 1, 2,⋯,N − 1ð Þ:
ð32Þ

Total well production is

Qo =
∑2M+1

i=1 ∑N
j=1qs,i,j

Bo
: ð33Þ

In the above coupling model, q and pw are both
unknowns and can be solved by an iterative method. First,
assume a set of pw values, solve for q with equation (28),
then substitute q into the pressure drop formula and equa-
tion (29) to update pw from the heel to the toe or branch
of the main wellbore, and then by equation (28) to update
q, and repeat until q and pw both reach a certain calculation
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accuracy. Finally, the well production of the whole well is
obtained from equation (33).

2.5. Calculation Flowchart. The flowchart is shown in
Figure 5 below.

3. Capacity Prediction and Parameter
Sensitivity Analysis of One Lateral Branch of
a Fishbone Well

The target oil reservoir is the Msihrif reservoir. According to
the statistical data of the sequence stratigraphic map of log-
ging interpretation, different oil layers in the Mishrif reser-
voir are divided into two grades: good oil layer and poor

oil layer. According to the porosity-permeability relationship
data of the target oilfield Msihrif (Figure 6) and the forma-
tion test data of oilfield (Table 1), it can be seen that, except
for a small part of the low permeability reservoirs, the meter
oil recovery index is relatively small. The rest can also be
divided into two grades, corresponding to the oil layers.

As can be seen from Figure 6, the average permeability of
the two grades is about 4mD and 10mD, respectively.

The basic parameters of a reservoir in the target Oilfield
are shown in Table 2. Taking the three horizontal well
parameters and measured data of the target oilfield as an
example (the parameters are shown in the following two
Tables 3 and 4), capacity prediction is carried out with the
established model. The calculation results show that the
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model calculation error is small. The average error is within
the acceptable range of engineering calculations.

According to the investigation, the factors affecting the
productivity of fishbone multilateral wells can be divided
into two categories: lateral distribution parameters (symme-
try of branches, the same and different sides of branches, and
the location of branches points) and lateral shape parame-
ters (branch angle, number of branches, branch length, and
branch spacing)[15–17].

3.1. Analysis of the Influence of the Angle between a Branch
and the Main Wellbore on the Production Capacity. Under
the same reservoir properties, fluid properties, and other
conditions, calculate the production of lateral wells with dif-
ferent angles between the branch and the main well, see
Figure 7 for the results. The figure shows that the production

is greatest when the angle between the branch and the main
wellbore is 15~20°.

3.2. Analysis of the Influence of Branch Length on Production
Capacity. Under the same reservoir properties, fluid proper-
ties, and other conditions, calculate the production of fish-
bone multilateral wells with different lengths of branch, see
Figures 8 and 9 for the results. Figure 9 shows that the pro-
duction is higher when the length of a branched well is
500m.

3.3. Analysis of the Impact of Branch Location on Production
Capacity. Under the same reservoir properties, fluid proper-
ties, and other conditions, calculate the production of
branched wells with different location conditions, see
Figure 10 for the results. This figure shows that it is
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recommended that the branched well is started 25m from
the heel of the main wellbore.

4. Productivity Prediction and Parameter
Sensitivity Analysis of Two Lateral
Branches of a Fishbone Well

4.1. Analysis of the Influence of the Angles between the
Branches and the Main Wellbore on the Productivity. When
the first branch is positioned 25m from the heel of the main
wellbore and 500m in length, and the angle between the
branch and the main wellbore is 20° (the optimal result of
the first branch), under the condition that the reservoir
properties, fluid properties, and other conditions remain
unchanged, the production rates of the two branched wells
at different angles to the main wellbore are calculated, see
Figure 11 for the results. This figure shows that the most
favorable angle between the second branch and the main
wellbore is 15~20°.

4.2. Analysis of the Impact of Branch Location on Production
Capacity. When the distance between the first branch and
the heel of the main wellbore is 25m, the length is 500m,
and the angle between the branches and the main wellbore
is 20° (the optimization result of one fishbone well), under
the condition that the reservoir properties, fluid properties,
and other conditions remain unchanged, the production
rates of the two branched wells in different positions are cal-
culated, see Figure 12 for the results. This figure shows that
the second branch positioned 45m from the heel of the main
wellbore is most favorable for production.

4.3. Analysis of the Influence of the Second Branch Length on
Production Capacity. When the distance between the first

branch and the heel of the main wellbore is 25m, the length
is 500m, and the angle between the branches and the main
well is 20° (the optimal result of one branched well), under
the condition that the reservoir properties, fluid properties,
and other conditions remain unchanged, and the distance
between the second branch and the heel of the main well-
bore is 45m, the production rates of the two branched wells
with different length conditions are calculated, see
Figures 13 and 14 for the results. These figures show that
the most favorable length of the second branch is 500m.

4.4. Sequence of Factors That Affect Production Capacity. It
can be seen from the simulation of single and double
branches lateral wells that, within the respective ranges of
different influencing factors, the factors affecting the produc-
tivity of lateral wells from large to small are branch length or
main wellbore length, branch position, and branch angle.

5. Numerical Simulation Verification of the
Development of One Fishbone Well

The basic parameters of the horizontal wells are shown in
Table 2. The self-built model and simulation software from
the Computer Modeling Group, Ltd. (CMG; Alberta, Can-
ada) (see Figure 15) are used to predict production. CMG
is a three-phase black oil simulation software that considers
gravity and capillary force. The network system can use rect-
angular coordinates, radial coordinates, and variable depth/
variable thickness coordinates. In any network system,
two- or three-dimensional models can be established. The
model selected in the CMG software is the Implicit-explicit
Black Oil Simulator (IMEX), which is an adaptive implicit
black oil simulator (adaptive implicit numerical simulation
method) for simulating the flow of water, oil-water, and

(a) The distance of the branch from the heel of the main wellbore is 50m (b) The distance of the branch from the heel of the main wellbore is 100m

(c) The distance of the branch from the heel of the main wellbore is 200m (d) The distance of the branch from the heel of the main wellbore is 300m

Figure 17: CMG model establishment with different branch positions.
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oil-gas-water reservoir fluids. IMEX can run in three modes:
display, fully implicit, and adaptive implicit. In most cases,
only a small part of the mesh needs to be solved fully implic-
itly, and most of the grids can be solved by explicit methods.
The adaptive implicit method is the solution method suit-
able for this situation, and in thinly layered oil reservoirs,
high-speed flow coning problems will occur during produc-
tion. It is very effective to adopt adaptive implicit processing
to address these problems. Using adaptive implicit options
can reduce the computational run time by one-third to half.
This calculation can use the same large time step as the fully
implicit method. The user can specify the grid to be calcu-
lated by the fully implicit method, and the network that uses
the fully implicit calculation can be dynamically selected
according to the user-defined limit or matrix conversion
critical value grid.

On the basis of the reservoir, fluid, and oil well parame-
ters, simulation mechanism models for branched well flow
are established using the CMG FlexWell function. The grid
size is 92 × 92 × 4m3 (a high number of meshes with small
computational error has been established), each horizontal
grid is 10m, and each vertical grid of the top three grids is

24m. The formation grid is a constant pressure water layer
(provided by a water injection well). The horizontal well or
the main wellbore of the fishbone well is located in the mid-
dle level of the grid, and its length is 600m.

The production of the self-built model is 488.06m3/d.
The calculation results of the digital model are shown in
Figure 16. By comparing the calculation results with histor-
ical oil well production data, it can be seen that the predic-
tion results of the self-built model and digital model are
consistent, which verifies the reliability of the self-built
model.

5.1. Analysis of the Impact of Branch Location on Production
Capacity. Assuming that the branch length is 200m and that
the angle between the branch and the main wellbore is 20°

under the condition of constant reservoir properties and
fluid properties, the production rates of the branched well
with different branch positions are calculated (Figure 17).
The results are shown in Figure 18. The figure shows that
the farther the branch is from the heel of the main wellbore
(not exceeding the length of the main well), the lower the

Figure 18: Production with different branch positions.
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production is, which is consistent with the prediction rule of
the new model.

5.2. Analysis of the Influence of Branch Length on Production
Capacity. Under the condition of the same reservoir prop-
erty and fluid property, assuming that the heel of the main
wellbore is 50m from the branch and that the angle between
the branch and the main wellbore is 20°, the production rates
of branched wells with different branch lengths are calcu-
lated. Figure 19 shows that with increasing branch length,
the production increases, but when the branch increases
from 500m to 600m, the increase in production decreases.
Therefore, the branch length of 500m is most favorable,
which is consistent with the prediction result of the new
model.

5.3. Analysis of the Influence of the Angle between the Branch
and the Main Wellbore on the Productivity. Assuming that
the length of the branch is 500m and the location of the
branch from the heel of the main wellbore is 50m, the pro-
duction rates of the branched well are calculated with differ-
ent angles between the branch and the main wellbore, and
the results are shown in Figures 20. It can be seen from these
figures that when the angle between the branch and the main
wellbore is approximately 20°, the production is maximized,
which is consistent with the result of the new model.

5.4. Sequence of Factors That Affect Production Capacity. It
can be seen from the simulation of single and double
branches lateral wells by CMG that, within the respective
ranges of different influencing factors, the factors affecting
the productivity of lateral wells from large to small are
branch length or main wellbore length, branch angle, and
branch position. This is the same as the prediction of the
model established in this paper.

6. Conclusion

Aiming at productivity prediction and parameter optimiza-
tion of branched wells in target oilfields, a coupling model
of fishbone wells considering the mutual interference of for-
mation seepage between branches and the interaction of
wellbore connections is established and solved. The produc-
tivity prediction and parametersdesign optimization of fish-
bone wells are carried out after the verification of the self-
built model and CMG model with field-measured data.
The results are as follows.

(1) A single-branch fishbone well is used for model
development. The recommended branch length is
500m, the angle between the branch and the main
wellbore is 15~20°, and the branch position along
the main wellbore is 25m from the heel of the main
wellbore

(2) A two-branch fishbone well is used for further model
development. It is recommended that the length of
both branches is 500m, the angle between the
branches and the main wellbore is 15~20°, the posi-
tion of the first branch is 25m from the heel of the

main wellbore, and the position of the second branch
is 45m from the heel of the main wellbore

(3) The proposed model and CMG model are used to
analyze the sensitivity of the production results to
different parameters of a fishbone well, and the
results of the two methods are consistent, which
proves that the new model is reliable

(4) Within the respective ranges of different influencing
factors, the factors affecting the productivity of lat-
eral wells from large to small by the prediction
results of the model established in this paper are
branch length or main wellbore length, branch angle,
and branch position. This is same from the predic-
tion of the CMG
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