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The seepage mechanism of multifractured horizontal wells is complex in tight reservoirs, which make that the production is very
difficult to forecast. This article put forward a new way called the developed clustering analysis to forecast well production which is
based on the practical production data of 10 multifractured horizontal wells. This method first uses the information analysis
method to obtain the weight of the influencing factors of horizontal well production and normalizes the influencing factors of
production. Second, the feature matrix is constructed by combining the weight of each factor, and the distance between the
feature matrix of different production wells and the optimal feature matrix is calculated. Finally, the relationship curve between
distance and production is plotted, and the production chart of the block is obtained. Taking 9 multifractured horizontal wells
in the tight reservoir as an example, the production prediction chart of the block is calculated. At the same time, the
production data of the 10th well are used to verify the production chart of the block. The results show that the horizontal well
production has a high fitting relationship with the distance. The error between the new well production predicted by the chart
and the actual production is 4.7%, which meets the requirements of the field error. The model was also used in a reservoir
with 154 wells and also verified the accuracy of the model. The prediction method proposed in this paper can accurately
predict the production of volume fractured horizontal wells in the experimental area and provide certain guiding significance
for the development and adjustment of tight reservoirs.

1. Introduction

In recent years, with the successful exploitation of tight oil
reservoirs such as Bakken shales in the United States, the
development of tight oil reservoirs in China has gradually
embarked on the right track on the basis of drawing on its
mining experience [1, 2]. Tight oil reservoir is a typical
unconventional oil and gas resources. It is necessary to
implement volume fracturing technology for tight oil res-
ervoir to reach the economic production. The reservoir
structure after fracturing becomes very complex, and the
seepage characteristics become more complex [3, 4].
Therefore, it is very important to establish a new method
to predict production.

The dynamic prediction of oilfield development is
mainly divided into two parts: the analysis of the character-

istics of the dynamic change of development indexes and the
prediction model of oil well productivity. Many scholars
have done a lot of research on the seepage theory of frac-
tured oil and gas reservoirs, and the seepage mode is from
Darcy seepage to non-Darcy seepage. The dynamic analysis
methods for studying the productivity and pressure of
fractured reservoirs mainly include numerical simulation
method and well test analysis method [5–7]. Numerical sim-
ulation methods are mainly continuous medium model and
discrete fracture model [8]. The dual-medium model is one
of the most widely used mathematical models for fluid flow
coupling. Warren and Root established the ideal dual-
medium model and studied the geometric characteristics
and seepage process of matrix-fracture dual-medium reser-
voir [9]. However, the Warren-Root dual-medium model
cannot consider the unsteady flow of fractured reservoirs
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[10]. In view of the problem of dual-media model, scholars
proposed the discrete fracture model (DFM) for description
[11, 12]. Compared with the dual medium model, DFM can
describe the geometric characteristics of cracks more accu-
rately and has higher calculation accuracy [13]. Well test
analysis can effectively obtain the complex seepage law of
unconventional fractured reservoir. At present, the well test
interpretation model of fractured horizontal well is mainly
established by point source function method, elliptical seep-
age theory, and linear seepage theory [14–17]. The point
source analysis method was proposed by Lefkovits [14],
and the point source function method was used to analyze
the variation law of bottom hole production and bottom
hole pressure in each layer. The point source function
method can easily solve the combined reservoir problems
with different boundaries, but it has great limitations for
large hydraulic fracturing reservoirs [15]. Elliptic seepage
theory can consider the fluid flow characteristics around
complex fractures and can be used to solve the well test
problem of fractured wells in large-scale hydraulic fractur-
ing. Prats et al. [16] found that the fluid flow around the
fracture was elliptical when studying the seepage law of con-
taminated wells after fracturing, and the elliptical equation
was used to describe the fluid seepage. Well test analysis
method based on elliptical seepage theory can effectively
analyze the fluid flow characteristics of fractured reservoirs,
but the interfracture interference cannot be considered. Sub-
sequently, Ei-Banbi and Wattenbarger [17] considered that
linear flow was dominant in tight oil and gas reservoirs, so
a multilinear seepage equation was established for well test
analysis of tight oil and gas reservoirs. This method is suit-
able for dynamic analysis of production and pressure of hor-
izontal wells in tight reservoirs after large-scale fracturing.

At present, the common methods for predicting hori-
zontal well productivity include mathematical model,
numerical simulation method, and empirical formula
method. Mathematical model can directly express the influ-
ence of various factors of production [18]. However, it is
established based on assumptions, and the formula is diffi-
cult to solve. Numerical simulation can consider many dif-
ferent factors and establish different models for different
reservoir characteristics. Peng et al. [19] established a
numerical simulation model of fine fractured horizontal well
according to the geological characteristics of tight reservoir
and studied the sensitivity of influencing factors of multi-
stage fracturing productivity of horizontal well. However,
for reservoirs with different characteristics, modeling takes
a long time, and the prediction accuracy is affected by the
model fineness. The empirical formula method is based on
the existing production data, which is convenient to use.
Liu et al. [20] believed that most of the oilfield production
data showed that most of the decline conformed to the
hyperbolic decline Arps formula, and the applicable condi-
tions of Arps formula were relatively harsh, which required
that the bottom hole pressure remained unchanged, had a
constant pressure boundary, and produced with a fixed pro-
duction capacity. Duan et al. [21] based on the Arps produc-
tion decline method cannot be applied to the productivity
prediction of early production data of gas wells. They used

the power law exponential decline model to improve the
deficiency that Arps can only predict the stable flow state
and analyzed the production data of a shale gas fracturing
horizontal well in Sichuan Basin based on the power law
exponential decline method. However, due to the existence
of linear flow, the conventional Arps method is not suitable
for tight reservoirs [22–24]. The proposed empirical formula
is more complex for tight oil reservoirs, and it has limita-
tions due to considering the flow stage.

Some scholars proposed the application of cluster analy-
sis to predict production of tight oil wells to avoid the com-
plexity of the seepage mechanism in tight oil reservoirs [25].
However, this method can only classify wells based on exist-
ing data of production wells and obtain the prediction range,
which cannot accurately predict single well. In this paper, we
proposed an improved cluster analysis method based on pre-
vious research. This method can consider the characteristics
of tight reservoirs and the characteristics of segmented mul-
tifractured horizontal wells. For single well prediction, it is
not only simple to use but also the prediction error is within
a reasonable range.

2. Improved Cluster Analysis Method to
Predict Production

In cluster analysis, the affinity between samples is mainly
measured by the distance between samples. There are K
numbers in the sample, and the sample can be regarded as
a point in the K-dimensional space. The distance between
samples is the distance between K-dimensional space points.
Using cluster analysis to predict productivity is to classify
new wells into one category according to existing data and
predict the productivity interval of new wells. The produc-
tivity prediction based on cluster analysis is easy to use.
However, it can only predict wells with similar conditions
to existing production wells. If the new wells are not in the
classification interval, the production cannot be predicted.
For new wells that can be predicted, the predicted productivity
value is an interval value, and the size of the error depends on
the classification of the old well. In view of the above deficien-
cies, this paper improves the clustering analysis method.

In this paper, according to the idea of cluster analysis,
the optimal value of horizontal well parameters as the cluster
center. According to the distance between the geological
parameters of each horizontal well and the transformation
parameters to the cluster center, the production wells are
evaluated, and the relationship between the total distance
of all parameters and productivity is obtained. The process-
ing flow of this method is shown in Figure 1. It is necessary
to normalize the data and consider the influence of the
weight of each parameter in the process of calculation. The
improved clustering method can be used to predict the pro-
ductivity of new wells under any conditions, and the pre-
dicted result is a constant value with relatively small errors.

2.1. The Weight of Production Capacity Influence Factors.
The information analysis method is based on the actual
dynamic data to analyze the relative size of the influencing
factors of production capacity [26]. This method has strong
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consistency with gray correlation and orthogonal experi-
mental design methods, and the calculation results are tar-
geted for specific blocks and easy to apply. The amount of
information represents the impact of parameters on produc-
tivity. The greater the amount of information, the greater the
impact. According to the amount of information, a weight
analysis is performed on the factors affecting productivity.

To study the actual data of a block and calculate the
amount of information that each parameter affects the pro-
ductivity of the horizontal well. To select a parameter value
of the research object as the classification standard, divide
the research object of two groups (A and B). Then, to ana-
lyze the frequency of each parameter that affects the classifi-
cation on the A and B groups in different change intervals.
Finally, through further calculation of the frequency, the dis-
tribution difference between the two levels (A and B) is
determined. The greater the difference, the greater the
amount of information, and vice versa.

The steps for calculating the amount of information for
each factor are as follows:

(1) To convert the frequencies mapped in group A and
group B into probability frequencies yAδ and yBδ, δ
is the interval number

(2) To calculate the average probability frequency of
each interval �yδ

�yδ = 0:1 yδ−2 + 2yδ−1 + 4yδ + 2yδ+1 + yδ+2ð Þ: ð1Þ

(3) To calculate the average frequency ratio�yAδ/�yBδ
(4) To calculate diagnostic coefficient Zδ

Zδ = 10 lg �yAδ
�yBδ

� �
: ð2Þ

(5) To calculate the information amount of the parame-
ter in each change interval Iδ

Iδ = 0:5Zδ �yAδ − �yBδð Þ: ð3Þ

(6) To calculate the total amount of information I

I =〠Iδ: ð4Þ

(7) To calculate the weight of the capacity influencing
factors according to the amount of information

Weight = Iδ
∑Iδ

: ð5Þ

2.2. Parameter Matrix Normalization. In order to eliminate
the influence of different dimensions between data, the orig-
inal data matrix composed of the main factors affecting the
productivity of horizontal wells in the target area is nor-
malized to make the original data distributed in the inter-
val [0,1]. There are many ways to process data to make it
normalized. In this paper, different parameters are divided
by the maximum value Xi max, i = 1, 2,⋯, K to achieve
normalization.

x =

x11 x12 x13 ⋯ x1k

x21 x22 x23 ⋯ x2k

⋯ ⋯ ⋯ ⋯ ⋯

xN1 xN2 xN3 ⋯ xNk

2
666664

3
777775
: ð6Þ

2.3. Combine Weights to Construct Feature Matrix. The
weights of influencing factors of production capacity are
a1, a2, ⋯ , ak. The normalized parameter matrix and weight
are multiplied to obtain the feature matrix.

x′ =

x11∙a1 x12∙a2 x13∙a3 ⋯ x1k∙ak
x21∙a1 x22∙a2 x23∙a3 ⋯ x2k∙ak
⋯ ⋯ ⋯ ⋯ ⋯

xN1∙a1 xN2∙a2 xN3∙a3 ⋯ xNk∙ak

2
666664

3
777775
: ð7Þ

To analyze the influence law of each parameter stan-
dard of production capacity, we can obtain the optimal
value of each column of parameters to form an optimal
value matrix, as:

Xopt = X1optX2optX3opt ⋯ Xkopt

� �
: ð8Þ

Normalized optimal value matrix, as:

xopt = x1opt x2opt x3opt ⋯ xkopt
� �

: ð9Þ

Weight analysis of factors that
influence productivity 

Normalization of influence
factors 

Build optimal characteristic
matrix 

Solve and obtain the
characteristic distance 

Obtain relationship between
characteristic distance and

productivity

Figure 1: Flow diagram of productivity prediction using improved
cluster analysis method.

3Geofluids



Multiply the normalized optimal value matrix with the
weight to obtain the optimal feature matrix, as:

xopt′ = x1opt∙a1 x2opt∙a2 ⋯ xkopt∙ak
� �

: ð10Þ

2.4. Solve Feature Distance. Calculate the distance from
each parameter of each well to the optimal value to form
a distance matrix:

d =

d11 d12 d13 ⋯ d1k

d21 d22 d23 ⋯ d2k

⋯ ⋯ ⋯ ⋯ ⋯

dN1 dN2 dN3 ⋯ dNk

2
666664

3
777775
, ð11Þ

where

dij = xij∙ai − xiopt∙ai, i = 1, 2⋯,N ; j = 1, 2,⋯, K: ð12Þ

The sum of the distance between the ith well and the
optimal value is

di = di1j j + di2j j+⋯+ diKj j: ð13Þ

Draw a fitting curve between the distance and cumula-
tive production of N wells in block A. The logarithmic
curve is selected for fitting according to the production
characteristics of the actual well. The characteristics of
the fitting curve are as follows: when the parameters are
far from the optimal value and the distance is larger, the
result will be greatly improved if the parameters are
slightly improved. When each index is closer to the opti-
mal value and the distance is smaller, the index is
improved, and the output change is smaller.

3. Application

In this part, the proposed method was used in two typical
reservoirs. The first one has 10 multifractured horizontal
wells, and a detailed process for production prediction was
introduced. The other reservoir has 154 multifractured hor-
izontal wells and was also introduced in this work to verify
the proposed.

3.1. Typical Tight Oil Reservoirs with 10 Multifractured
Horizontal Wells. There are two types of sedimentary facias
including delta and lacustrine for the tight reservoirs. Turbi-
dite reservoirs formed by delta front landslides are mainly
formation. The main reservoir is located between 1700 and
1900 meters, and the thickness of the sand body is 15~30
meters. This block is a typical tight oil reservoir of low
porosity and low permeability. The local microfractures are
developed in the reservoir. The reservoir is brittle and com-
pressible and has been developed by hierarchical multiclus-
ter fracturing completion technology, and 10 wells are in
production. The production conditions of the 10 wells are
similar. The average oil production of well at the beginning
of production is about 14.34 t/d. The initial production is
relatively high, and the decline is slower. This block adopts

advanced fracturing technology, and it induced many com-
plex fractures after fracturing. It is a demonstration block
of tight oil reservoir with volume fracturing in China. In this
paper, using the actual data, combined with the geological
characteristics of tight reservoir and fracturing effect to pre-
dict productivity, it has guiding significance for the future
development scheme design of the tight reservoir.

The parameter data of 10 multistages and multicluster
fracturing horizontal wells from tight oil reservoir have been
listed in Table 1.

The information content of the seven parameters in
Table 1 is calculated, and the results of the information
content of each parameter are shown in Figure 2. The
values are main fracture half-length (71.64), oil zone length
(64.89), number of fractures (52.21), main fracture conduc-
tivity (47.20), matrix permeability (46.84), porosity (34.11),
and number of fracture clusters (8.14). From the calcula-
tion results, the parameter weights are as follows: matrix
permeability (14.41%), porosity (10.49%), reservoir length
(19.96%), half-length of main fracture (22.04%), conductivity
of main fracture (14.52%), number of fractures (16.06%),
and number of clusters (2.51%).

The original data of the 7 main productivity influencing
factors of the 10 horizontal wells in the experimental area are
normalized, and the normalized matrix is

x =

0:72 0:96 0:83 0:55 0:92 0:75 0:33
0:06 0:67 0:69 0:58 0:92 0:50 0:33
0:99 0:97 0:89 0:61 1:00 0:63 0:33
0:74 1:00 0:83 0:61 0:66 0:63 0:33
0:22 0:96 1:00 1:00 0:61 1:00 1:00
0:14 0:96 0:97 0:89 0:71 0:92 0:67
0:18 0:88 0:90 0:34 0:77 0:50 0:33
1:00 0:94 0:52 0:37 1:00 0:50 0:33
0:99 0:94 0:75 0:82 0:69 1:00 0:67
0:18 0:94 0:87 0:66 0:53 0:83 0:67

2
666666666666666666666664

3
777777777777777777777775

: ð14Þ

Characteristic matrix is

x′ =

0:10 0:10 0:16 0:12 0:13 0:12 0:01
0:01 0:07 0:14 0:13 0:13 0:08 0:01
0:14 0:10 0:18 0:13 0:15 0:10 0:01
0:11 0:10 0:17 0:13 0:10 0:10 0:01
0:03 0:10 0:20 0:22 0:09 0:16 0:03
0:02 0:10 0:19 0:20 0:10 0:15 0:02
0:03 0:09 0:18 0:08 0:11 0:08 0:01
0:14 0:10 0:10 0:08 0:14 0:08 0:01
0:14 0:10 0:15 0:18 0:10 0:16 0:02
0:03 0:10 0:17 0:15 0:08 0:13 0:02

2
666666666666666666666664

3
777777777777777777777775

: ð15Þ
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The single-factor law of this block has been studied in
this work. The parameters of matrix permeability, porosity,
oil zone length, main fractures half-length, main fractures
conductivity, and number of fractures are the larger the
value, the higher the productivity, and the number of frac-
ture clusters. However, the two clusters have the highest pro-
ductivity when the number of cracks is the same.

According to the above laws, the optimal value matrix
composed of the optimal values of each column of parame-
ters is obtained:

Xopt = 0:36 10:67 1506 380 301 48 2½ �: ð16Þ

Optimal characteristic matrix is

xopt′ = 0:14 0:11 0:20 0:22 0:15 0:16 0:01½ �:
ð17Þ

Distance matrix is

d =

0:041 0:004 0:035 0:099 0:011 0:040 0:000
0:136 0:034 0:062 0:093 0:011 0:080 0:000
0:001 0:004 0:021 0:087 0:000 0:060 0:000
0:038 0:000 0:034 0:086 0:049 0:060 0:000
0:113 0:004 0:000 0:000 0:056 0:000 0:017
0:124 0:004 0:006 0:024 0:042 0:013 0:008
0:119 0:012 0:019 0:145 0:034 0:080 0:000
0:000 0:007 0:096 0:140 0:000 0:080 0:000
0:001 0:007 0:049 0:041 0:045 0:000 0:008
0:119 0:007 0:026 0:075 0:069 0:027 0:008

2
666666666666666666666664

3
777777777777777777777775

:

ð18Þ

0 10 20 30 40 50 60 70 80

Half length of main fracture

Length

Number of fractures

Main fracture conductivity

Matrix permeability

Porosity

Number of fracture clusters

Weight

Figure 2: Calculated results of parameters information parameters.

Table 1: Parameter of horizontal wells.

Wells

Parameters

Matrix
permeability

(mD)

Porosity
(%)

Length
(m)

Half-length
of main
fracture
(m)

Conductivity
of main
fracture
(mD·m)

Number of
fractures

Clusters
Cumulative
production
(104 m3)

Well #1 0.26 10.29 1243 210 278 36 2 1.99

Well #2 0.02 7.17 1042 220 277 24 2 1.53

Well #3 0.36 10.30 1348 230 299 30 2 2.08

Well #4 0.27 10.67 1250 233 200 30 2 1.85

Well #5 0.08 10.28 1506 380 185 48 6 1.95

Well #6 0.05 10.24 1459 339 213 44 4 1.93

Well #7 0.06 9.44 1360 130 251 24 2 1.57

Well #8 0.36 10.00 780 139 351 24 2 1.77

Well #9 0.06 9.99 1133 310 209 48 4 2.00

Well
#10

0.36 9.99 1310 250 159 40 4 1.68
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The distance and cumulative production of 9 wells in the
well area except well 10 are fitted.

According to the production characteristics of actual
wells, the logarithmic curve is selected for fitting. When
the parameters are far from the optimal value and the dis-
tance is large, the production will be greatly improved if
the parameters are slightly improved. When the value is
close and the distance is small, the index is improved, and
the output change is small. According to formula fitted of
the above, 9 horizontal wells are distances and the cumula-
tive production. As shown in Figure 3, the cumulative pro-
duction of this well is predicted by combining the
parameters of well 10. The sum of the distances obtained
after processing the parameters of well 10 is 0.33, and the
predicted cumulative production is 1:76 × 104 m3 according
to the fitted formula. The prediction error is 4.7% comparing

the cumulative 1:68 × 104 m3. The prediction is more accu-
rate, and the effect is better. It can be seen from the figure,
the sum of distance has a great influence on the production,
and the smaller the sum of distance is, the smaller the influ-
ence will be.

3.2. Shale Oil Reservoirs with 154 Multifractured Horizontal
Wells. In this part, a shale oil reservoir with 154 multifrac-
tured horizontal wells was applied in the model. The shale
reservoir is located in Xinjiang, China. The reservoir has
been produced for more than 5 years and has enough pro-
duction data and reservoir parameters. In this work, we
choose 154 wells with relatively complete data. After analy-
sis, the mainly production influence factors include porosity,
oil saturation, permeability, thickness, well length, viscosity,
fracture spacing, fracture number, and fracture length. The
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Figure 3: The relationship between distance sum and cumulative production.
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weight of above parameters is 14.26%, 10.64%, 15.84%,
12.85%, 15.56%, 10.74%, 7.75%, 5.39%, and 6.97%, respec-
tively. According to the above process, we can get the pro-
duction prediction curve, as shown in Figure 4. To tell the
truth, the production prediction has a relative error to the
first reservoir with 10 wells. The largest prediction error is
25% in the 154 wells. However, most wells have a relatively
good prediction accuracy.

4. Conclusion

(1) According to the analysis of the data of tight reser-
voirs, the weights of the factors affecting the produc-
tivity of the block are as follows: mass permeability
(14.41%), porosity (10.49%), length (19.96%), main
fracture half-length (22.04%), main fracture conduc-
tivity (14.52%), number of fractures (16.06%), and
number of clusters (2.51%)

(2) In this paper, 9 multifractured horizontal wells are
used as examples to calculate the production forecast
plate of the block. The production data of the 10th
well are used to verify the production chart of the
block. The error between the predicted new well pro-
duction and the actual production is 4.7%

(3) The improved cluster analysis method is fast and
accurate for productivity prediction. When the
parameters are far from the optimal value and the
distance is larger, the output growth rate is greater;
when the indicators are closer to the optimal value,
and the distance is smaller, the output growth rate
is smaller. According to the fitting curve of the actual
block of the tight reservoir, it can be speculated that
if the production parameters of a well are consistent
with the optimal conditions, the productivity can
reach 2:19 × 104 m3
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