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Abstract:
Before developing and producing a shale gas resource, it is critical to research estimated ultimate
recovery (EUR). This research splits shale gas well production into five flow stages, to better
understand the variables influencing EUR following shale gas fracturing and qualitatively evaluate
the effect degree of each element on EUR. We fully examine contemporary research on the
influencing variables of EUR following shale gas fracturing from three perspectives: geology,
engineering, and production, and explain in detail 13 major regulating parameters impacting EUR
in different flow phases. Based on the analytic hierarchy process (AHP), an evaluation model for
the primary regulating elements of EUR following shale gas fracturing has been constructed. To
test the novel model, actual data from production wells in a shale gas field in China was used.
The optimal well for the current production system after shale gas fracturing is determined, and
suggestions and improvement directions for the remaining gas wells’ production systems are
proposed.
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1. Introduction

Shale gas resources have emerged as an important energy
source in recent years [1]. In China, shale gas reserves
are abundant, widely distributed, and highly valued in ex-
ploration and development [2–5]. The evaluation of EUR
has significant guiding significance for large-scale, cost-
economy, and efficient exploitation of shale gas reservoirs
[6–8].
Currently, the factors influencing EUR can be studied in
three categories: geology, engineering, and production [9].
Among geological factors, kerogen is an important mate-
rial for generating shale gas [10]. The generated shale gas
is mainly stored underground in free and adsorbed states
[11, 12]. Because the matrix porosity and permeability of
shale gas reservoirs are very low [13], and lower matrix

permeability also makes it more difficult for free shale gas
and shale gas desorbed after a certain period of production
to flow in the reservoir, resulting in low shale gas produc-
tion [14]. Therefore, horizontal wells often exploit shale
gas reservoirs [15], and large-scale fracturing measures are
taken. Fracture length [16–19], number of fractures [21, 22],
fracture spacing [19], fracture conductivity [23–25], prop-
pant dosage [26, 27], SRV radius [28, 29], length of the
horizontal section [30], Langmuir volume, pressure [15–
19, 21–28], skin factor [22] and other engineering parame-
ters affect the exploitation of shale gas strongly. However,
which of these factors can affect the EUR of shale gas wells
needs to be discussed and summarized in detail, and there
is no specific research on the degree of influence of each
factor on EUR.
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During the production period of shale gas wells, there are
multiple flow stages in staged fracturing horizontal wells in
shale reservoirs. Cinco-Ley proposed the concept of bilin-
ear flow for the first time [31]. The model assumes that the
three flow regions are linear flow. Brockenbrough and Lee
et al.proposed a trilinear flow model based on the bilinear
flow model [32]. This trilinear flow model mainly studies
the influence of fracture half-length and fracture conduc-
tivity on the well test pattern curve of oil and gas wells
after fracturing. Ozkan found that linear flow is dominant
in low permeability formations. The constructed trilinear
flow model is relatively simple, but does not consider the
adsorption, desorption and diffusion of shale gas [33]. Zhu
Qin constructed a trilinear flow model of dual-medium shale
gas [34]. It also analyzes the sensitivity of channeling co-
efficient, storage capacity ratio, adsorption coefficient and
apparent permeability coefficient. Xie Weiyang considered
the influence of shale gas desorption. By constructing a
dual medium model of shale gas, the flow stage of shale gas
horizontal wells is divided into seven flow stages from the
late stage of wellbore storage to the controlled flow of reser-
voir outer boundary [35]. Liu Wenchao et al.divided the
shale gas production stage into five flow stages according to
the pseudo pressure calculated by deconvolution [36]. How-
ever, the above scholars have put the division of the flow
evolution stage of shale gas staged fracturing horizontal
wells on the theoretical research. What are the influencing
factors at each stage, what are the effects on the EUR of
shale gas wells, and how much the specific impact is not
systematically studied.
In order to be more practical and easy to calculate, we use
Liu’s classification criteria to divide it into five flow stages,
as shown in Figure 1. However, the EUR influencing fac-
tors in these five stages still lack a systematic summary
and arrangement, and they have not been well combined
and analyzed with geological, engineering, and production
factors.
To get a better understanding of the influencing elements
of shale gas EUR, this paper comprehensively studies the
influencing factors of shale gas EUR from three aspects:
geology, engineering, and production. The influencing vari-
ables of shale gas reservoir EUR in each step are presented
in five stages Fig. 1. The influencing factors of EUR after
shale gas well fracturing are closely linked with the flow
stage. Applying the analytic hierarchy process (AHP), a

mathematical model of the hierarchical structure was estab-
lished, the contribution weight of each main control factor
to EUR was calculated, and the main control factors af-
fecting EUR after shale gas well fracturing were identified.
Combined with the actual production data of the three wells
A1, A2 and A3, the production system of the three wells was
optimized, which laid a foundation for realizing large-scale,
economical, and effective development of shale gas reser-
voirs and also creates the groundwork for enhancing the
EUR of individual wells.

2. Analysis of influencing factors

2.1 Geological factor analysis
Since the original total organic carbon (TOC) content has
different effects on EUR in different regions, it is gener-
ally positively correlated with EUR in high-yielding regions
[20]. Currently, relevant scholars have only researched the
Bakken region of the United States, which has great lim-
itations. The burial depth of shale gas is dependent on
characteristics such as kerogen concentration, making the
model presented in this research excessively complicated.
However, there is no relevant literature to demonstrate the
specific relationship between porosity, gas saturation, and
brittle mineral content in the five flow stages of shale gas
well production. Zhang et al. also discovered through
numerical simulation studies that rock compressibility is
less responsive to gas production [37]. Consequently, the
original TOC content, reservoir burial depth, porosity, gas
saturation and rock compressibility are not thoroughly dis-
cussed in this paper.
Kerogen, as a source rock for generating shale gas, has an
impact on EUR at all stages when its content increases by
10%, and its contribution to total shale gas production in-
creases by about 12% [10]. A certain amount of pressure
will be generated in the reservoir as shale gas is produced.
Cao et al. illustrate that the initial pressure of gas formation
and start pressure gradient are proportional to the cumula-
tive gas production of shale gas [22].
As production time increases, shale gas migrates from the
matrix to the fractures and then flows into the wellbore
[38]. From the linear flow of shale gas perpendicular to the
fracture to the diffusion of the discharge area to the outer
boundary, the average permeability of the matrix will have
an impact on EUR. Shale gas migrates from the matrix to
the fractures and then flows into the wellbore as production

Figure 1. Schematic diagram of flow state and corresponding pressure derivative curve of staged fracturing horizontal well
[20].
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time increases [38]. The average permeability of the matrix
will influence EUR from the linear flow of shale gas perpen-
dicular to the fracture to the diffusion of the discharge area
to the outer boundary. For matrix average permeability, the
greater the average permeability of the matrix, the greater
the EUR [13]. The cumulative thickness of storage layers is
proportional to the cumulative production capacity, and has
a greater impact in the 4th flow stage, where the pressure
derivative curve lasts longer [21].
The relationship between geological factors and EUR is
summarized in Table 1. With the exception of the start
pressure gradient, all other geological factors are positively
correlated with EUR, as shown in Table 1. EUR was im-
pacted in five phases by the kerogen concentration, start
pressure gradient, average permeability of the matrix, and
initial pressure of gas formation. The cumulative thickness
of the reservoir influences the cumulative production of
shale gas wells in four stages, from stage 2 to 5 of the flow.

2.2 Engineering factor analysis

Due to the slippage effect and matrix Knudsen diffusion,
gas production has a greater impact in the middle stage
of production in the engineering factor analysis [10]. The
channeling coefficient and elastic storage capacity have a
certain influence on gas production in the flow stage 2 [39].
Fracture conductivity affects gas production from stage 2
to 4 of the flow [23, 24]. At the same time, shale gas is
often exploited in horizontal wells, the multi-stage fractured
horizontal well technology has been widely used in shale
gas reservoirs [40] and the type of well is relatively fixed.
The proppant is commonly composed of quartz sand in
shale gas hydraulic fracturing. The amount of fracturing
fluid deviates from the design amount due to the leakage
of fracturing fluid, and is also influenced by the number
of fracturing stages. In addition, there are no relevant ref-
erences on the type and amount of proppant, the amount
of fracturing fluid, or the number of fracturing stages. As
a result, when analyzing the influencing factors of EUR
after shale gas fracturing, we do not take nine factors into
account.
Shale reservoirs often need to be developed through frac-
turing [17]. The longer the fracture length produced by
fracturing, the slower the initial production decline and the
faster the later production decline [16]. The number of frac-
ture bars has a significant effect on production [41]. The
fracture length and number of fractures have impact on gas
well productivity from stage 1 to 5 of the flow [18, 19, 22].
Among them, the fracture length has the greatest impact on
cumulative production in the early stage [42].In addition,

the effect of fracture spacing on EUR begins with flow stage
2 [21] and is greatest in flow stage 3 [19]. In comparison to
natural fractures, SRV fracture networks have higher con-
ductivity [43]. The radius of the SRV area mainly affects
the stage 2 to 4 of the flow [44]. The cumulative gas pro-
duction increases as the SRV radius increases; Jian et al.
believe it has an optimal value [28], but the optimal value
has not been solved, necessitating further research. Wei et
al. analyzed the impact of permeability in the SRV area
on the production profile and confirmed that it contributes
significantly to shale gas production in the early linear flow
to composite linear flow stages [45].
Xu et al. predicted two adsorption isotherms with Langmuir
pressure of 300 PSI and Langmuir pressure of 1500 PSI
respectively [15]. It demonstrates that when the Langmuir
pressure increases, more adsorbed gas is liberated and the
gas output increases. The cumulative production is affected
by the length of the horizontal section from stage 1 to 3 of
the flow [30]. In addition, the flow stage 2 occurs earlier
with longer horizontal segments. The skin factor and EUR
have a negative correlation and are both important in the
transition from stage 1 to 4 of the flow [18].
Table 2 shows the association between engineering factors
and EUR. With the exception of the negative correlation
between crack spacing and skin coefficient and EUR, all
other geological factors are positively correlated with EUR,
and crack length, number of cracks, Langmuir volume, and
pressure all have a five-stage influence on EUR. The frac-
ture spacing influences the cumulative production of shale
gas wells in four stages, from stage 2 to 5 of the flow; the
SRV radius influences EUR from flow stage 2 to 4; and also
the horizontal section length and skin factor influence EUR
from stage 1 to 3 of the flow.

2.3 Production factor analysis

Production factors are critical in ensuring long-term stable
production of gas wells [13, 30]. There are many sources of
liquids discharged from shale gas layers, such as edge and
bottom water in the same layer, drilling fluid leakage, and
fracturing fluid retention. It is difficult to determine which
liquid affects EUR only based on the liquid production
volume. The effect of liquid production on EUR is not
discussed in detail.
As shown in Figure 2, if a large amount of mining is done
early on and the gas production rate is greater than 5%,
the stable production time and recovery degree will both
decrease [42]. The stress sensitivity index is negatively
correlated with EUR, and both the gas recovery rate and
the stress sensitivity index influence EUR at all stages of

Table 1. Summary table of the relationship between geological factors and EUR.

Influencing factors Correlation with EUR Impact stage

Kerogen content Positive correlation All stages
Initial pressure of gas formation Positive correlation All stages
Start pressure gradient Negative correlation All stages
Average permeability of the matrix Positive correlation All stages
Cumulative thickness of reservoir Positive correlation Stage 2 to 5 of the flow
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Figure 2. Develop dynamic indicators to predict results.

production. The relationship between production factors
and EUR is shown in Table 3.
Therefore, it can be inferred that, as shown in Table 3, the
key production parameters affecting shale gas well EUR are
the gas production rate and stress sensitivity index.

3. Quantification methodes and models

3.1 Comprehensive analysis of influencing factors in
each flow stage

The flow evolution process of shale gas well production is
currently split into five stages, according to Liu et al [20].
Division method: from stage 1 to 5 of the flow. Table 4
displays the determining elements for each step.

As observed in Table 4, a variety of factors have an impact
on EUR during stages 2 and 3 of the flow. Early in the pro-
duction cycle, the output of shale gas wells drops quickly;
subsequently, it slows down. Therefore, the primary driving
forces for EUR should be identified at an early stage of

shale gas development. In order to better utilize shale gas
and increase the EUR of shale gas wells, the development
plan should be modified in accordance with the major reg-
ulating elements. Since there are many factors affecting
EUR in shale gas wells, each factor has a different degree
of influence on EUR in different flow stages. Additionally,
each element has a definite association with the others. It is
required to further assess the significance of each contribut-
ing element at each stage when EUR is assessed for shale
gas development.

3.2 Construction of mathematical models

AHP was first proposed by Saaty [46, 47]. It transforms
complex problems into hierarchical structures that may
quickly and accurately evaluate the relative weights of vari-
ous aspects in a comprehensive evaluation problem. It has
the advantages of being systematic, practical, concise, and
effective when compared to principal component analysis

Table 2. Summary table of engineering factors and EUR influencing factors.

Influencing factors Relationship with EUR Impact stage

Fracture length Positive correlation All stages
Number of fractures Positive correlation All stages
Fracture spacing Negative correlation Stage 2 to 5 of the flow
SRV radius (volume) Positive correlation Stage 2 to 4 of the flow
Langmuir volume, pressure Positive correlation All stages
Length of horizontal Positive correlation Stage 2 to 4 of the flow
Skin factor Negative correlation Stage 2 to 4 of the flow

Table 3. Summary table of the relationship between production factors and EUR.

Influencing factors Relationship with EUR Impact stage

Gas production rate Negative correlation All stages
Stress sensitivity index Negative correlation All stages
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Table 4. Summary of factors affecting each stage of five flow stages during the production of shale gas wells.

Flow stage 1 Flow stage 2 Flow stage 3 Flow stage 4 Flow stage 5

Kerogen content
Initial pressure of gas
formation
Start pressure gradient
Average permeability
of the matrix
Fracture length
Number of fractures
Langmuir volume,
pressure
Length of horizontal
section
Skin factor
Gas production rate
Stress Sensitivity Inde

Kerogen content
Initial pressure of gas
formation
Cumulative thickness of
reservoir
Start pressure gradient
Average permeability of
the matrix
Fracture length
Number of fractures
Fracture spacing
SRV radius (volume)
Langmuir volume,
pressure
Length of horizontal
section
Skin factor
Gas production rate
Stress Sensitivity Index

Kerogen content
Initial pressure of gas
formation
Cumulative thickness
of reservoir
Start pressure gradient
Average permeability of
the matrix
Fracture length
Number of fractures
Fracture spacing
SRV radius (volume)
Langmuir volume,
pressure
Length of horizontal
section
Skin factor
Gas production rate
Stress Sensitivity Index

Kerogen content
Initial pressure of gas
formation
Cumulative thickness of
reservoir
Start pressure gradient
Average permeability of
the matrix
Fracture length
Number of fractures
Fracture spacing
SRV radius (volume)
Langmuir volume,
pressure
Length of horizontal
section
Skin factor
Gas production rate
Stress Sensitivity Index

Kerogen content
Initial pressure of gas
formation
Cumulative thickness of
reservoir
Start pressure gradient
Average permeability of
the matrix
Fracture length
Number of fractures
Fracture spacing
Langmuir volume,
pressure
Gas production rate
Stress Sensitivity Index

and the entropy method, and it has been widely used in
economic, military, energy, and other fields [48]. It solves
the problems of tight gas drainage and gas recovery process
optimization [49]. As a result, we chose the AHP to build
a mathematical model and screen out the main controlling
factors of EUR, which will be useful in developing shale
gas fields and improving EUR.
The main steps of AHP are as follows:
(1) Construct a hierarchy that represents the decisional prob-
lem.
(2) Construct the judgment matrix A=(aij).
Among them, the importance of each element in the judg-
ment matrix is shown in Table 5.
(3) Use the square root method to solve the weight of each
index. Multiply the elements of each row of the judgment
matrix and open it to the nth power, and obtain the weight

vector M through normalization:

Mi =
(∏n

j=1 ai j)
1
n

∑
n
i=1(∏

n
j=1 ai j)

1
n

(1)

(4) Carry out a consistency check. Only verification can
show that the judgment matrix is logically reasonable, and
then the results can be analyzed continuously. The consis-
tency check is as follows:

CI =
∑

n
i=1

IiW
nWi

−n

n−1
(2)

CR =
CI
RI

(3)

Among them, W=(W1, W2, ..., Wn)T, vector I is the row
vector of the judgment matrix A, and Ii represents the ith
row vector of A.
For the n order matrix, the RI value can be found in Table 6

Table 5. Judgment matrix importance value table.

aij value Express meaning

1 The i is as important as j
3 The i is slightly more important than j
5 The i is significantly more important than j
7 The i is strongly more important than j
9 The i is extremely important than j
2, 4, 6, 8 The median value of adjacent judgment indicators

The relevance of j and i is the reverse of what is stated
1/2, 1/3, ...,1/9 above

Table 6. Consistency check RI table.

n 1 2 3 4 5 6 7 8 9
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45
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[48].
If CR < 0.1, then the consistency test is satisfied. If CR >
0.1, there is serious inconsistency, and the judgment matrix
needs to be readjusted until CR < 0.1.
Figure 3. Shows the hierarchical structure model of the main
controlling factors affecting EUR after shale gas fracturing
is established.

4. Model application
The target area is located in the west of the North China
Block. The structure in the basin is gentle, the subsidence
is stable, and the overall appearance of regional slope is
upturned in the east and plunging in the west. The average
thickness of sedimentary rock is about 5000 m. D-J block
is located in the upper Paleozoic coal-accumulating depres-
sion, with coal rock thickness of 5-17 m and dark mudstone
thickness of 80-120 m. There are many layers of coal and
rock with stable distribution and good continuity.
According to the model of main controlling factors affecting
EUR after shale gas fracturing established above, the main
controlling factors affecting EUR were selected, and com-
bined with the exploration and development data of three
selected wells in a shale gas field in China, the optimal wells
with the production system were selected. The actual data
of the three wells are shown in Table 7.
Calculation of weights for factors influencing EUR:

(1) Calculate the first layer, i.e. geological, engineering, and
production factor weights.
Structural geology, engineering, production factor scoring
table (Table 8), and judgment matrix B:

B =

1 1
4 2

4 1 5
1
2

1
5 1

 (4)

According to Eqs. (4), it can be known that the maximum
characteristic root of the judgment matrix B λmax =3.0246.
Besides, CI=0.0123, CR=0.0212<0.1, satisfy the consis-
tency check. Among them, the weights of geological, engi-
neering and production factors of the first layer are: 0.19981
, 0.68334 , 0.11685.

(2) Calculate the weight of the second layer of geological,
engineering, and production factors.
According to the calculation method steps of the first layer,
the scoring table (Table 9, Table 10, Table 11) and judgment
matrix (C, D, E) of geological factors, engineering factors,
and production factors of the second layer are respectively
constructed as follows:

C =


1 2 2 1

2
3
2

1
2 1 2

3
1
3

2
3

1
2

3
2 1 2

5
2
3

2 3 5
2 1 2

2
3

3
2

3
2

1
2 1

 (5)

D =



1 2
5

1
2

1
3

3
2

2
4

5
2 1 2 2

3 3 2
5

2 1
2 1 1

2
5
2

1
2

3 3
2 2 1 4 3

2
2
3

1
3

2
5

1
4 1 2

7
7
2

5
2 2 2

3
7
2 1

 (6)

E =

[
1 1

2
2 1

]
(7)

The CR values of C, D and E are 0.00813,0.01997 and 0
are less than 0.1, respectively.
(3) The final weight calculation of each factor.
According to the calculation results of steps (1) and (2), the
weight of each factor in the second layer is multiplied by
the weight of the geological, engineering, and production
factors in the first layer to obtain the final weight of each
factor (Table 12).
It can be seen from Table 12 that the SRV radius (volume),

the length of the horizontal section, and the number of frac-
tures affect the EUR after the shale gas fracturing extremely,
and can be used as the main controlling factors for the EUR
after the shale gas fracturing; the start pressure gradient and
initial gas reservoir pressure has the lowest weight and has
a weak effect on EUR after shale fracturing.
The five flow stages scoring table (Table 13) and judgment
matrix F are constructed as follows:

Figure 3. Hierarchical structure model diagram of main controlling factors affecting EUR after shale gas fracturing.
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Table 7. A1, A2, A3 Three wells basic datasheet.

Factor A1 A2 A3

Cumulative thickness of reservoir/m 4 9 6
Kerogen content/% 1.78 2.44 2.17
Start pressure gradient/MPa/m 0.059 0.056 0.048
SRV/106m3 23.46 3.58 3.43
Initial pressure of gas formation/MPa 20.6 12.7 17.5
Average permeability of the matrix/mD 0.00294 0.0025 0.002
Fracture length/m 144 280 300
Number of fractures/strip 9 3 5
Fracture spacing/m 8 15 12
Length of horizontal section/m 1760 300 1070
Gas production rate/% 4.2 3.6 3.8

Table 8. The first layer of the geological, engineering, and production factor scoring table.

Factor Geology Project Production

Geology 1 1/4 2
Project 4 1 5
Production 1/2 1/5 1

Table 9. The second layer of geological factors scoring table.

Factor
Kerogen
content

Initial pressure
of gas formation

Start pressure
gradient

Average
permeability of
the matrix

Cumulative
thickness of
reservoir

Kerogen content 1 2 2 1/2 3/2
Initial pressure of gas formation 1/2 1 2/3 1/3 2/3
Start pressure gradient 1/2 3/2 1 2/5 2/3
Average permeability of the matrix 2 3 5/2 1 2
Cumulative thickness of reservoir 2/3 3/2 3/2 1/2 1

Table 10. Scoring table for each factor of the second-tier project.

Factor
Fracture
length

Number of
fractures

Fracture
spacing

SRV radius
(volume)

Langmuir volume,
pressure

Length of horizontal
section

Fracture length 1 2/5 1/2 1/3 3/2 2/7
Number of fractures 5/2 1 2 2/3 3 2/5
Fracture spacing 2 1/2 1 1/2 5/2 1/2
SRV radius (volume) 3 3/2 2 1 4 3/2
Langmuir volume, pressure 2/3 1/3 2/5 1/4 1 2/7
Length of horizontal section 7/2 5/2 2 2/3 7/2 1

Table 11. The second-level production factor scoring table.

Factor Gas production rate Stress Sensitivity Index

Gas production rate 1 1/2
Stress Sensitivity Index 2 1
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Table 12. The final weight value table of each factor.

Factor Total weight value Factor Total weight value

SRV radius (volume) 0.19067 Kerogen content 0.04540
Length of horizontal section 0.18199 Langmuir volume, pressure 0.04220
Number of fractures 0.12356 Gas production rate 0.03895
Fracture spacing 0.09068 Cumulative thickness of reservoir 0.03440
Stress sensitivity index 0.07790 Start pressure gradient 0.02641
Average permeability of the matrix 0.07195 Initial pressure of gas formation 0.02165
Fracture length 0.05423

Table 13. Scoring table for each flow stage.

Flow stage Flow stage 1 Flow stage 2 Flow stage 3 Flow stage 4 Flow stage 5

Flow stage 1 1 4/5 3/2 1/2 5/4
Flow stage 2 5/4 1 5/4 2/5 3/2
Flow stage 3 2/3 4/5 1 2/5 5/4
Flow stage 4 2 5/2 5/2 1 5/2
Flow stage 5 4/5 2/3 4/5 2/5 1

F =


1 4

5
3
2

1
2

5
4

5
4 1 5

4
2
5

3
5

2
3

4
5 1 2

5
5
4

2 5
2

5
2 1 5

2
4
5

2
3

4
5

2
5 1

 (8)

The maximum characteristic root λmax =5.23544,
CI=0.05886, CR=0.05255 < 0.1 of the judgment matrix
F is obtained, which satisfies the consistency test. The
weights of stage 1 to 5 of the flow are: 0.17218, 0.18004,
0.14001, 0.37651 and 0.12806. It can be seen that the
weight value of the 4th flow stage is the largest, and the
weight values of the flow stage 1 and flow stage 2 are equal,
followed by the flow stage 3 weight, and the flow stage 5
has the lowest weight value.
From Table 12 and the weight value of each flow stage, the
final weight value of each factor in different flow stages can
be obtained as shown in Table 14.
Combining the weight values of each stage and Table 14,

we can conclude:
(1) From a longitudinal perspective, the weight values of
nearly all elements achieve their maximum values in the
transition from stage 2 to 4 of the flow, while the SRV
radius (volume) weight value reaches its greatest value in
the 4th flow stage. The system’s weight of the total number
of fractures is greatest at the radial flow stage. The flow
stage 5 is where these parameters are least important, with
the initial pressure of gas formation, start pressure gradient,
and other components all having small weights in the other
four flow stages. Due to the fact that the real production
process involves a protracted flow stage 3. As a result, the
SRV radius (volume) can be increased from stage 3 to 4
of the flow, the number of fractures can be increased, and
fracture spacing can be reduced to increase the EUR of a
single well in the flow stage 5.
(2) From a lateral perspective, the weights of flow stage
2 and flow stage 1 are equal and come in second place
only to flow stage 3. In the flow stage 1, the length of the

horizontal section has the highest weight. we can increase
the single-well EUR by lengthening the horizontal section,
increasing the number of fractures, increasing the length of
the fractures, and decreasing the gas production rate in the
stage 2 and 4 of the flow.
Based on the final weight of each factor and Table 7, the
comprehensive scores of wells A1, A2 and A3 under five
flow stages can be calculated as shown in Table 15:
Based on the comprehensive scores of the three wells in

each flow stage, it can be determined that the five flow
stages of the three wells have the following characteristics:
(1) Vertically, the current production system’s superiority
order is A1>A2>A3 under the whole score of the current
preferred EUR impact index following shale gas fracturing.
(2) Horizontally, the three wells in the 4th flow stage have
the highest weight values and finally stage 3 and 5 of the
flow. However, the optimization and modification of the
three wells should be concentrated on these two flow stages
due to the lengthy duration of the stage 3 and 4 of the flow.
Table 14 shows that the SRV radius (volume), the length of
the horizontal segment, the number of fractures, and the
fracture spacing have larger weight values in the stage 3
and 4 of the flow. Even though the remaining three flow
stages only last a short while, changing these settings will
still have an effect on the single well EUR.
(3) When stage 3 and 4 of the flow are present, well A2 can,
technically speaking, increase the SRV radius (volume).
Additionally, since the well’s horizontal section length is
only 300 meters and the stage 1 and 2 of the flow have high
weight values, increasing the horizontal section in these two
stages can increase the well’s EUR. By increasing the SRV
radius (volume) in stage 3 and 4 of the flow, increasing
the number of fractures in stage 1 and 2 of the flow, and
decreasing the fracture spacing in the flow stage 5, well A3
can increase the EUR of this well. In terms of production,
the gas production rate has the highest weight value in the
4th flow stage when compared to other flow stages. Wells
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Table 14. The final weight value table of each factor in the five flow stages.

Factor Flow stage 1 Flow stage 2 Flow stage 3 Flow stage 4 Flow stage 5

SRV radius (volume) - 0.03433 0.02670 0.07179 -
Length of horizontal section 0.03134 0.03277 0.02548 0.06852 -
Number of fractures 0.02128 0.02225 0.01730 0.04652 0.01582
Fracture spacing - 0.01633 0.01270 0.03414 0.01161
Stress sensitivity index 0.01341 0.01403 0.01091 0.02933 0.00998
Average permeability of the matrix 0.01239 0.01295 0.01007 0.02709 0.00921
Fracture length 0.00934 0.00976 0.00759 0.02042 0.00694
Kerogen content 0.00782 0.00817 0.00636 0.01709 0.00581
Langmuir volume, pressure 0.00727 0.00760 0.00591 0.01589 0.00540
Gas production rate 0.00671 0.00701 0.00545 0.01467 0.00499
Cumulative thickness of reservoir - 0.00619 0.00482 0.01295 0.00441
Start pressure gradient 0.00455 0.00476 0.00370 0.00994 0.00338
Initial pressure of gas formation 0.00373 0.00390 0.00303 0.00815 0.00277

Table 15. Comprehensive score table of three wells A1, A2 and A3 in each flow stage.

well Overall ratings
Flow stage 1 Flow stage 2 Flow stage 3 Flow stage 4 Flow stage 5

A1 57.72439 60.35950 46.93920 126.22727 42.93289
A2 12.57463 13.14866 10.22519 27.49723 9.35246
A3 36.80001 38.47993 29.92432 80.47143 27.37025

A2 and A3 should slow down gas production in the 4th flow
stage, increasing the EUR of the two wells.

5. Conclusion

Firstly, we review the influencing factors of EUR from
geology, engineering and production. We analyze that
kerogen content, initial pressure of gas formation, start
pressure gradient, average matrix permeability, fracture
length, number of fractures and Langmuir volume, pressure
all affect EUR in five flow stages. Cumulative thickness
of reservoir and fracture spacing affect EUR in the stage
2 to 5 of the flow. SRV radius (volume) and horizontal
segment length affect EUR during stage 1 to 4 of the
flow. Secondly, based on AHP, establish a shale gas EUR
influencing factors evaluation model. We found that the key
determining parameters for EUR after shale gas fracturing
are SRV radius (volume), horizontal section length, and
the number of fractures. Combined with the data of
production wells, the production system is optimized and
suggestions for improvement of poor wells are put forward.
In engineering, the SRV radius (volume) of wells A2 and
A3 can be extended from the stage 3 to 4 of the flow, and
the length of horizontal section of well A2 and the number
of fractures of well A3 can be increased in the stage 1 and 2
of the flow, reducing fracture spacing in well A3 to improve
EUR during the flow stage 5. Reducing the gas production
rate in the 4th flow stage will increase the EUR of wells
A2 and A3 in terms of production. Finality, there are still
many deficiencies in the screening of influencing factors
in this paper. During the case study, the production wells
of a certain three new shale gas fields were selected, and
the selection of wells and the acquisition of data were also

based on the actual situation of the continental sedimentary
gas field, which could not represent all similar gas wells.
In future work, select appropriate methods and means and
combine the research results and theoretical viewpoints
in related fields to further optimize the parameters and
weights to continuously improve the EUR evaluation level
after shale gas fracturing.
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