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Splitting methods play a signiﬁcant role in the coproduction of tight reservoirs which are characterized by vertical multilayer
superimposition. It directly aﬀects the accuracy of reservoir performance analysis and detailed descriptions. However,
conventional splitting methods are limited to a few factors and static factors without considering the eﬀect of layer parameter
change. In this study, sensitivity analysis was carried out on ﬁve factors that aﬀect the production splitting in coproduction
wells. The research shows that in the production process, multiple parameters have a direct impact on the production of layers.
Diﬀerent parameters, which have to be included to split production, have diﬀerent scale eﬀects on layer production. Comparing
the results of the KH method with the numerical simulation results, the limitation of the KH method for yield splitting is
illustrated. A novel dynamic splitting method for production (DPSM) was proposed. This method is based on two primary
methods, which are the multifactor static method for production splitting of gas (GPSM) and water (WPSM) and use the
catastrophe theory and material balance equation (MBE) and obtain the ﬁnal results by iterative method. The advantage of this
method is that more accurate results in the production process are obtained by selecting eight factors, which contain 6 static
factors and 2 dynamic factors, for research. It is more in line with the production practice that the ultimate results of production
splitting vary with the production process. The accuracy and practicality of the results had been veriﬁed by numerical
simulation. This method has practical signiﬁcance for production splitting in tight gas reservoirs.

1. Introduction
Tight gas reservoirs are the main targets of unconventional
development [1–3]. China has shown great enthusiasm for
developing tight gas reservoirs [4, 5]. The tight gas reservoirs,
which are characterized by vertical multilayer superimposition, are often developed by the multilayer coproduction
technology [6, 7]. However, multilayer coproduction will
lead to diﬃculty of reservoir dynamic analysis and detailed
descriptions and will aﬀect the formulation of production
measures [8–10]. Thus, an accurate production splitting
method is needed for the commingled production well.
The conventional method of production splitting is to
obtain geological parameters such as permeability and eﬀective thickness for qualitative research without suspending

production. At present, conventional production splitting
techniques focus on four types of methods: parameter
methods, numerical simulation methods, production proﬁle
testing methods, and other improved methods derived from
these methods.
The traditional parameter method named KH is mainly
to split production by permeability (K) and eﬀective thickness (H). Only two static factors are considered in this
method. There is a big deviation in the calculation results.
Many scholars have modiﬁed this method: the KNK method
considers well-controlled geological reserves (N) in layers
[11], the KHKr method considering eﬀective permeability
(Kr) [12–15], and the production splitting method combining the KH method with the production proﬁle testing
method [16]. These methods improve the accuracy of the
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method at diﬀerent levels, but it still cannot meet the practical application of gas reservoirs due to their only consideration of single factors and static factors.
Numerical simulation is an important means to understand the reservoir. Through history simulation, the properties and states can be obtained, and then the production
of the reservoir can be split in each stage of development.
With the development of computer technology, numerical
simulation has developed greatly. Prabowo et al. were the
ﬁrst to study the dynamic response of well production
and pressure by establishing a numerical simulation model
without layer interﬂow [17]. Later, other scholars studied
the eﬀects of starting pressure gradient on the production
of layers through numerical simulation [18]. The application of numerical simulation in splitting has great vitality.
However, the results cannot be directly applied to production due to the multisolution.
The production proﬁle test method uses combining logging tools to record the practical production rates of each section. Then, we can obtain the splitting coeﬃcient of reservoir
production by interpreting the recorded data. Generally, this
method is the most accurate [19]. But the testing process will
aﬀect normal production, and the disadvantage of time consuming and high cost also leads to hesitation about this
method. For these reasons, the method of proﬁle testing has
not been applied widely in practical production.
Researchers have proposed many new production splitting
methods on the basis of various mathematical theories and
basic seepage laws [20–24]. Hu et al. used grey relational analysis to analyze the various weights that aﬀect the split of production [25]. Rasoul et al. came up with a method to
calculate the splitting coeﬃcient by temperature [26]. Gu
et al. established a static method by utilizing the catastrophe
theory [27, 28]. This method took into account a number of
factors that aﬀect the splitting coeﬃcient. In the initial production stage, the calculation results showed certain accuracy.
However, the data adopted in this method were all static data
at a certain moment, which cannot be applied to the entire
production process. Mi et al. improved on this method according to the fractional ﬂow equation to establish a dynamic splitting method [29]. This method showed the feasibility of
incorporating dynamic data into the splitting method based
on the catastrophe theory. But the calculation results of the
fractional ﬂow equation were limited to the parameters
around the well and cannot accurately describe the dynamic
changes of the entire reservoir. So, other ideas are needed to
incorporate dynamic data into the splitting method.
The above method that we discussed cannot well combine
dynamic and static data in the calculation process. In addition,
most of the methods also do not consider the eﬀect of water
production. The calculation results are either complicated or
cannot be consistent with the practical results of dynamic
changes. Therefore, a simple and accurate method is urgently
needed in the practical production splitting process.
In this paper, the results of sensitivity analysis show that
the production splitting is controlled by multiple factors and
it changes dynamically over time. A novel and more accurate
dynamic splitting method considering dynamic and static
factors was proposed based on catastrophe theory, MBE,
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and iterative calculation. It is proved that DPSM is more
accurate and more practical for tight gas reservoir by comparing with the KH method and original splitting method
based on the catastrophe theory.

2. Theoretical Method
In the process of production, the production of layers is
jointly aﬀected by many factors. The variation of subsurface
parameters will also lead to the error of splitting [30–34].
To avoid this error, DPSM was proposed. Cumulative water
production of each layer at the ﬁrst time step can be obtained
by both WPSM and the production of commingled wells.
Then, the instantaneous saturation of gas and water can be
obtained by MBE at the second time step. We can get the
instantaneous permeability of gas and water by the relative
curve. The instantaneous splitting coeﬃcient of gas and
water, at the second time step, is obtained, by applying the
instantaneous data into GPSM and WPSM, respectively.
Moreover, we can split the production at any time by iterating. A conceptual model of a commingled producing well
based on real tight gas reservoir is established to eﬀectively
verify the accuracy of this method.
In this method, the catastrophe theory, material balance
equation, and iterative calculation method are used in the calculation process. Calculation takes into account 2 dynamic
factors: gas saturation and eﬀective permeability and 6 static
factors: eﬀective thickness, porosity, perforating height, sandstone content, reservoir density, and gas reservoir depth. The
rationality and accuracy of this method are guaranteed by
the multifactor analysis method and the comprehensive application of various theories. It needs to be highlighted that the
iterative calculation produces splitting results at each instantaneous moment, and the results are more in line with the reality
of dynamic changes of parameters in practical production.
There are some assumptions that need to be speciﬁed in the
calculation. It is considered that the layer production is controlled by the same factors during the calculation. The eﬀect
of diﬀerent ﬂuid properties on production is ignored. Most
importantly, we do not consider communication between
layers, so the inﬂuence factors act independently in the layers.
2.1. Production Splitting Method Based on the
Catastrophe Theory
2.1.1. Catastrophe Theory. The catastrophe theory assumes
that the states of catastrophe events are determined by a
number of state variables [35]. A state variable is controlled
by one or more control variables. A number of related control
variables and state variables can constitute a catastrophe system. If the external conditions change in a system, we can
describe the relationship between control variables and state
variables. There are some potential functions ð f ðxÞÞ that can
express the interaction between disparate variables and disparate states of the system [36]. The critical points are going
to be gotten by the derivative of f ðxÞ. All critical points in the
system can form an equilibrium surface. The events, which
are not on the equilibrium surface of the system, are going
to be the sudden change catastrophe event. It is conventional
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to use the bifurcation to reﬂect the relationship between
state variables and each control variable. The bifurcation
refers to small changes in system parameters, resulting in
sudden changes. We can express the bifurcation equation
by state variables which reﬂect the relationship between
state variables and control variables. The time is ripe for
deriving the normalization formula to analyze the catastrophe system, which aims to domesticate the diﬀerent mass
states of the nodes to the same comparable mass state.
The normalization formula and bifurcation equation are
ﬁxed mathematical expressions.
The most commonly used models of the catastrophe theory
include fold catastrophe, cusp catastrophe, swallowtail catastrophe, oval umbilicus catastrophe, hyperbolic catastrophe, butterﬂy catastrophe, and parabolic catastrophe. In this paper, we just
use cusp catastrophe (equations (1) and (2)) and swallowtail
catastrophe (equations (3) and (4)). Equation (1) represents
the interaction between systems when there are two control variables and one state variable of the system, and equation (2) is a
normalization formula for the comprehensive analysis and
judgment of whether the system has changed suddenly. Similarly, equations (3) and (4) express the same meanings while
the number of control variables has changed to two.
pﬃﬃﬃ
u,
p
ﬃﬃﬃ
3
xv = v,

xu =

u = −6x2 ,
v = −8x3 ,
pﬃﬃﬃ
u,
p
ﬃﬃﬃ
xv = 3 v,
pﬃﬃﬃﬃ
x w = 4 w,

ð1Þ

ð2Þ

xu =

ð3Þ

u = −6x2 ,
v = 8x3 ,

height, which constitute the cusp catastrophe model. The
geological characteristics are controlled by the sandstone
content, reservoir density, and gas reservoir depth, which
constitute the swallowtail catastrophe model. Reservoir characteristics, development characteristics, and geological characteristics constitute the swallowtail catastrophe model.
In this study, it is assumed that the inﬂuencing factors of
gas production and water production of layers are the same.
Moreover, we can use the same factors to build similar systems of catastrophe analysis for gas and water. Figure 1 displays the schematic of the catastrophe system for gas and
water. The markings in Figures 1(a)–1(c) represent the
parameters at the positions in the catastrophe system and
do not represent determined parameters.
The equilibrium surface is constituted by choosing the
most disadvantage of factors. Maximum values of some
aﬀecting factors which have a positive eﬀect on layer production are selected, e.g., the thickness, porosity, saturation, and
eﬀective permeability in the reservoir. The other factors are
negative to the production and are selected as the minimum,
for example, perforating height, sandstone content, reservoir
density, and gas reservoir depth. So, we can get the equilibrium surface successfully.
The eﬀect factors of the system need to be normalized so
as to simplify the complexity of subsequent calculation
(equation (5)). x is the normalized result value, xi is the inﬂuence factor value of each system, and ci is the maximum of
the inﬂuence factor of each system.

ð4Þ
4

w = −3x :
2.1.2. Production Splitting Method of Gas (GPSM) and Water
(WPSM). In this study, we decompose the overall target to construct a multilevel architecture diagram by studying the state
variables and control variables of the event. Normalization
formula of diﬀerent models are used to quantify the operation. The ﬁnal evaluation result of the multilevel architecture
diagram is obtained.
The layer production of multilayer commingled producing wells is regarded as controlled by three control variables,
which are reserve characteristics, development characteristics, and geological characteristics. These control variables
are controlled by several factors as state variables at the same
time, which constitute a subsystem. The reserve characteristics are controlled by eﬀective thickness, ,porosity and gas
saturation, which constitute the swallowtail catastrophe
model. The development characteristics are controlled by
two control variables, eﬀective permeability, and perforating

x=

xi
:
ci

ð5Þ

The weight of each factor in the subsystem of reserve
characteristics, development characteristics, and geological
characteristics can be calculated by the normalization formula. The weighted average value for factor weight in the
subsystem is calculated, so that we can get the object value
to the whole system. Similarly, the ﬁnal object value of the
system is obtained by the normalization formula and
weighted average method, which is the weight of the comprehensive factor in each layer. The calculation formula is shown
below (equations (6)–(13)).
xA1 = ðA1 Þ1/2 ,
xA2 = ðA2 Þ1/3 ,

ð6Þ

1/4

x A 3 = ðA 3 Þ ,



x A 1 + x A2 + x A3
xA =
,
3
xB1 = ðB1 Þ1/2 ,
xB2 = ðB2 Þ1/3 ,

xB =


x B1 + x B2
,
2

ð7Þ

ð8Þ

ð9Þ
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Figure 1: The schematic of the catastrophe system for gas and water. Final target values are yellow, development feature target values are
pink, static variables are blue, and dynamic variables are green.



xC1 = ðC1 Þ1/2 ,
xC2 = ðC2 Þ1/3 ,

ð10Þ

1/4

x C 3 = ðC 3 Þ ,



xC1 + xC2 + xC3
xC =
,
3

ð11Þ

x F A = ð F A Þ1/2 ,
xC2 x F B = ð F B Þ1/3 ,
xC2 x F C = ð F C Þ1/4 ,

ð12Þ

xF =


x FA + x FB + x FC
:
3

ð13Þ

The production weight of layers by comparing the ﬁnal
object value of layers and the equilibrium surface can be
obtained. The production weight of layers is the splitting
coeﬃcient which was calculated by the catastrophe theory.
The splitting coeﬃcient calculation is shown in equation
(14) as follows:
Si =

x Fi − x F ‘

:
∑ni=1 x F i − x F ′

ð14Þ
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Figure 2: Calculation process of DPSM.

The WPSM and GPSM have the same calculation process
due to the similar catastrophe system. We can use the same
formula when using WPSM.
2.2. Calculation of Dynamic Data. The material balance theory is one of the basic theories to study reservoir ﬂow and
many scholars have optimized the MBE in many ways [37].
It is not diﬃcult to calculate the dynamic data by MBE if
the initial layer reserves are known. The initial data of
the reservoir is measured by the well log and well test of
the layer. Based on these data, the average water saturation
of the layer can be obtained easily at each moment by
MBE. The required material balance equation is shown
in equation (15) as follows:
Sg = Sgi + Bwi

Gw
,
Ahϕ

ð15Þ

K g = K rg × K:
The relative permeability curves of each core are
obtained from experimental data and ﬁeld well test interpretation results [38]. If we calculate the average saturation of the layer at each moment, the real-time relative
permeability can be obtained through the relative permeability curve.
2.3. Dynamic Production Splitting Method (DPSM). Changes
in parameters occur throughout the production process. The
traditional splitting method of the catastrophe theory only
works at the time nodes which are deﬁned by the data
point. It will show strong errors at other points in time.
In this study, we mainly consider the variation of water
saturation and eﬀective permeability with the production
process in tight gas production. Figure 2 demonstrates
the calculation process.

In Figure 2, initial data of layers are ﬁrstly obtained from
the well test and log and the splitting coeﬃcient of water and
gas can be calculated by WPSM and GPSM at the ﬁrst time
step, respectively. The time is ripe for calculating the water
production of the layer. Instantaneous saturation of water
and instantaneous relative permeability in the second time
step can be obtained. The instantaneous splitting coeﬃcient
in the second time step can be calculated similarly by GPSM.
Ultimately, we can obtain the splitting coeﬃcient at any time
by iterating.
2.4. Numerical Model for Coproduction. In order to obtain an
accurate response of DPSM through simple calculation and
simplify the complexity of numerical simulation, a homogeneous conceptual model is established which is characterized
by a double layer. Figure 3 shows the morphology of the conceptual model. In Figure 3, a vertical well is in the center of
the model. The design concept model is a 50 × 50 × 12 grid
distribution, in which the vertical 1 ~ 5 layers of grids constitute layer 1, the 6 ~ 7 layers constitute impermeable interlayers, and the 8 ~ 12 layers belong to layer 2. The
horizontal step size of the grid is set as 10 m and the longitudinal step size is set as 2 m.
The eﬀect of reservoir ﬂuid on the production splitting is
not discussed in this study. We assume that the ﬂuids of
layers have the same properties in this conceptual model.
Fluid properties are set out in Table 1. The main points of
the conceptual model are the diﬀerence between layers. We
set the layers with diﬀerent properties, such as initial water
saturation, porosity, eﬀective permeability, and medium
depth of the gas layer. Table 2 lists the initial parameters of
the two reservoirs. Figure 4 displays the gas-water relative
permeability curve of this model.
Figure 5 displays the eﬀect of the wellhead production
rate on splitting. In Figure 5, with the increase of the gas
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K1, H1
1~5

Layer 1

6~7

Interlayer

Relative permeability (mD)

1.0

W1

0.8
0.6
0.4
0.2
0.0
0.0

K2, H2
8~12

0.2

Layer 2

Value
3:92 × 10−4

−1

Water compression coeﬃcient (MPa )
Water viscosity (cP)
Water density (kg/m3)
Gas density (kg/m3)

0.476
1000
0.761

Table 2: The initial parameters of the two reservoirs.
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0
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Sandstone content (%)
Reservoir density (g/cm3)
Middle depth of layer (m)
Absolute permeability (mD)

1.0

4
Production proportion
(layer 1/layer 2)

Parameter

Eﬀective permeability (mD)

0.8

Figure 4: Gas-water relative permeability curve.

Table 1: Key parameters of the ﬂuid properties.

The thickness of the gas layer (m)
Gas saturation (%)
Porosity (%)
Perforating height (m)

0.6

Gas
Water

Figure 3: Concise diagram of the mechanism model.

Layer

0.4

Water saturation

Layer 1

10000

Layer 2

10
10
60
55
12
8
10
10
Dynamic calculation
result
86
81
2.36
2.36
2305
2319
0.08
0.10

production rate, the eﬀect of the rate will gradually disappear.
In this paper, in order to eliminate the eﬀect of the gas production rate on the splitting coeﬃcient of layer production,
the gas production rate is set as a value as large as possible
which conforms to reality. The gas production rate is set at
5000 m3/day.

3. Results and Discussion
3.1. Sensitivity Analysis of the Multiple Factor. Factors used in
DPSM are analyzed by numerical simulation to illustrate the
necessity of considering the process of production splitting.
The layer production ratio is aﬀected by the ﬂuid ﬂow process, which proves the necessity of studying the dynamic
parameters. This study also proves the limitations of the

20000

30000

Time (day)
1000
4000
2000

5000
3000

Figure 5: The eﬀect of the wellhead production rate on splitting.

KH method and indicates that a dynamic production splitting method with multifactor analysis is needed.
3.1.1. Permeability. The eﬀect of permeability of layers on the
production ratio of the coproduction well is analyzed by the
single-factor control method. We set the upper permeability
as a constant value of 0.12 mD and set the lower layers as
0.30 mD, 0.40 mD, and 0.60 mD to achieve the purpose of
setting the permeability ratio of two layers as 2, 3, and 4,
respectively. Figure 6(a) displays the eﬀects of permeability.
In Figure 6(a), the results show that the production ratio
is close to the ratio of layer permeability. The curve of the
production ratio tends to be the ratio of permeability with
the development of layers. When the ratio of permeability
is small, there is no obvious change in the production process. When the ratio of permeability is larger, the variation
range is larger.
Permeability determines the ﬂow capacity of ﬂuid.
Through the analysis of permeability, it is found that the permeability of layers is an important factor aﬀecting the ratio of
layer production. With the increase of permeability diﬀerence, the ratio of production is larger. We also found that
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Figure 6: Sensitivity analysis. (a) The eﬀects of permeability, (b) the eﬀect of eﬀective thickness, (c) the eﬀect of porosity, (d) the eﬀect of
saturation, and (e) the eﬀect of perforation thickness.
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when the permeability ratio of the upper and lower layers is
constant, the production ratio of the layer still changes. So,
we think that there are other factors that aﬀect the production ratio of layers. It is necessary to study other factors
which aﬀect the production ratio. It has great signiﬁcance
for the production splitting.
3.1.2. Eﬀective Thickness. We set the same parameters in the
layers of the conceptual model and only change the value of
eﬀective thickness to achieve the purpose of studying the sensitivity of eﬀective thickness. We set the upper eﬀective thickness as a ﬁxed value of 2 m and set the lower layer as 0.66 m,
0.50 m, and 0.40 m to achieve the purpose of setting the eﬀective thickness ratios of two layers as 2, 3, and 4. As shown in
Figure 6(b), with the passage of time, the production ratio of
the layers has a ﬂuctuation change which ﬁrst decreases and
then increases. The higher the eﬀective thickness ratio is,
the higher the production ratio increases in the later period.
The eﬀective thickness represents the size of the production section and the size of the reserves of layers. This directly
controls the production ratio near to the ratio of eﬀective
thickness. In the production process, the gas near the well
is produced before the pressure reaches the boundary. The
dominant layer has a large rate of production and needs more
replenishment. However, the gas ﬂow in layers is slow and
cannot be replenished quickly and the production ratio drops
at the beginning. After a period of time, the production ratio
increases due to the increased ﬂow provided by the layers.
This sensitivity analysis indicates that the eﬀective thickness
is also an important factor controlling the layer production
ratio. The ﬂuid ﬂow stage also aﬀects the production ratio
of the layers. We must consider the eﬀect of the ﬂuid ﬂow
and eﬀective thickness when splitting the production.
3.1.3. Porosity. Through the method of controlling variates,
only the porosity of layers in the conceptual model is set to
change and the eﬀect of the porosity change on the production splitting is observed. We set the upper porosity as a ﬁxed
value of 0.12 and set the lower layers as 0.60, 0.40, and 0.30 to
achieve the purpose of setting the porosity ratios of two layers
as 2, 3, and 4, respectively. As shown in Figure 6(c), the production ratio is close at the early production stage. With the
development of the reservoir, the ratio of production rises
and tends to be a stable value. Under the inﬂuence of diﬀerent porosity, the diﬀerence of ratio tends to be stable.
These changes are due to the reserves controlled by
porosity. After reserves near the wellbore are exhausted,
reserves far away from the wellbore have started to be
tapped. High-porosity reservoirs provide faster. When the
pressure wave reaches the boundary, the production of
layers is directly controlled by reserves and the production
ratio tends to be the ratio of reserves. This proves that the
porosity of the reservoir can have a great eﬀect on the
production of layers. The eﬀect of porosity must be considered when splitting production.
3.1.4. Saturation. Gas saturation in tight gas reservoirs is generally less than 60%. We set the upper gas saturation as a
ﬁxed value of 0.60 and set the lower layers as 0.30, 0.20,
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and 0.15 to achieve the purpose of setting the gas saturation
ratios of two layers as 2, 3, and 4, respectively. The eﬀect of
saturation on production splitting is analyzed by observing
the inﬂuence of the initial gas saturation on the production
ratio. As shown in Figure 6(d), at the beginning, the gas production ratio, in which the saturation ratios are 4 and 3, tends
to be inﬁnite because layer 2 does not produce gas. After a
period of time, layer 2 begins to produce gas and the relative
ratio appears. In the continuation of production, the production ratio of the three curves has a downward trend.
In the early stage of production, due to the high water saturation, the eﬀective permeability of the gas phase is too low
to not ﬂow out. After a period of time, layer 2 begins to produce gas due to the water saturation decreases. Because of the
continuous decreases of water saturation, the relative permeability of gas in layer 2 gradually increases. The gas production increases, and the production ratio decreases. The large
diﬀerence between the production ratio indicates that saturation has a great impact on layer production. We can indicate
that the saturation is dynamic varying with the development,
so it is necessary to consider its eﬀects.
In the early stage of production, due to the high water saturation, the relative permeability of the gas phase is too low
to not ﬂow out. After a period of time, layer 2 begins to produce gas due to the water saturation decreases. Because of the
continuous decreases of water saturation, the relative permeability of the gas phase in layer 2 gradually increases. The gas
production increases, and the production ratio decreases.
The large diﬀerence between the production ratio indicates
that saturation has a great impact on layer production. We
can indicate that the saturation is dynamic varying with the
development, so it is necessary to consider its eﬀects when
splitting production.
3.1.5. Perforation Thickness. The eﬀect of perforation thickness on practical production splitting was studied by setting
the diﬀerence of perforation thickness. Moreover, in order
to ignore the impact of diﬀerent perforation positions on
production, we chose the middle position as far as possible.
The upper perforation thickness is set as a ﬁxed value of 10
m, and the lower layers were set as 8 m, 6 m, 4 m, and 2 m
to achieve the purpose of setting the gas saturation ratios of
two layers as 5/4, 5/3, 5/2, and 5/1, respectively. Figure 6(e)
displays the result of numerical simulation.
In Figure 6(e), the layer production ratio appears to be
signiﬁcantly diﬀerent at the initial stage. The value of the production ratio, which has a small ratio of perforation thickness, is close to 1. When the perforation thickness ratio
increases, it shows a huge diﬀerence in the yield ratio. In
the later stage, the value of the production ratio all tends to
be 1. Due to the diﬀerent perforation thickness, the size of
the ﬂow section is diﬀerent. It leads to the diﬀerence of production in the early stage. In the later stages of production,
as the remaining oil gradually decreases, the eﬀect of perforation thickness on the production gradually decreases. The
ﬁnal phenomenon indicates that the value of the production
ratio tends to be 1. We can conclude that perforation thickness has an important eﬀect on the production ratio and it
must be taken into account in the production splitting.
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Figure 7: The numerical simulation results of controlling the same
KH ratio, K1 H1 /K2 H2 = H1 /H2 = K1 /K2 = 4.

The above research shows that in the production process,
multiple parameters have a direct impact on the production
of layers. Diﬀerent parameters have diﬀerent scale eﬀects
on layer production. In the process of production splitting,
multiple factors are needed to be analyzed synthetically.
The production splitting method constructed by considering
many factors is more reasonable and accurate.
3.2. KH Method Validation. The KH method (equation (16)),
which only considers permeability and eﬀective reservoir
thickness, does not consider the inﬂuence of multiple factors
on the reservoir.
p=

10000

KH
:
∑K i H i

ð16Þ

Numerical simulation results show that the ratio of production is not always the same as the ratio of KH in numerical simulation (Figures 6(a) and 6(b)). It changes
dynamically with the production process. When the ratio of
KH is the same, the numerical simulation results of the layer
production ratio are also diﬀerent.
Figure 7 displays the numerical simulation results of controlling the same KH ratio. These results show that the solution of numerical simulations is not the same as the ratio of
KH and always ﬂuctuates around the results of KH. Even if
the KH ratio is set to be the same, the numerical simulation
results also show diﬀerences. This method only calculates
the splitting coeﬃcient based on permeability and eﬀective
thickness, which generates a rough result. There must be
other factors controlling the production of layers in the combined well. Moreover, because the selected parameters are
static parameters, they cannot be adapted to the change of
the practical yield splitting coeﬃcient in the production process. The error increases as the production process progresses. Therefore, dynamic analysis of the multiple factor
is necessary to get more accurate results during the production splitting.

Numerical simulation results curve
DPSM results curve
KH results curve
Original methods based on
catastrophe theory

Figure 8: Comparison of results between the DPSM, KH method,
and numerical simulation.

3.3. DPSM Validation. In order to prove the accuracy of
DPSM, the results of DPSM, KH method, and numerical
simulation are compared. The detailed calculation process
and the data are given above, and the calculation is ran by a
computer. Figure 8 displays the comparison of results
between the DPSM, KH method, and numerical simulation.
In Figure 8, at the beginning of the production stage, the
ratio of numerical simulation has a distinct variation. With
the increase of oil production time, the curve of the numerical simulation raises rapidly. The calculation result of KH is a
straight line that does not change with time. At the initial
moment, the error is 17%. The error increases quickly with
time. The error calculated at the end of production time is
30%. The error calculated by the original method based on
catastrophe theory is 8%. As the production process progresses, the error gradually increases up to 22%. The results
of DPSM are closer to those of numerical simulation and
have the same raise trend in the process of production. The
error of calculation remains around 8%.
The KH method only calculates the splitting coeﬃcient
based on layer permeability and eﬀective thickness, which generates a rough result. Moreover, because the selected parameters are static parameters, they cannot be adapted to the
change of the practical yield splitting coeﬃcient in the production process. The error increases as the production process
progresses. The original method based on catastrophe theory
has a higher accuracy because of having more parameters for
comprehensiveness. Similarly, because the selected parameters are static, the accuracy in the initial stage of production
is higher and it is opposite in the later stage of production.
The new method proposed in this paper draws on the
characteristics of the original splitting method based on the
catastrophe theory and uses the MBE to calculate the
dynamic parameters of the production process. This method
achieves the purpose of calculating the splitting coeﬃcient
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dynamically. Compared with the KH method and the old
splitting method based on the catastrophe theory, the
method in this paper inherits the advantages of the other
two methods. It increases the accuracy of instantaneous
time by taking into account many factors. Through the
application of dynamic parameters, the precision in the
production process is increased. It is simple and intuitional for the evaluation of production splitting. This
method provides a new idea for production splitting, and
it will directly aﬀect the accuracy of reservoir performance
analysis and ﬁne reservoir description.

4. Conclusion
(1) For a multilayer coproduction well in a tight gas reservoir, the production ratio of layers is controlled by
many factors. The eﬀect of diﬀerent factors on production is shown in the direction and degree of
action. The splitting method that only considers less
factors, such as the KH method, is not accurate and
cannot meet the practical production needs. In the
process of production splitting, the eﬀect of various
factors on the layer production ratio should be considered as much as possible
(2) During the production of the reservoir, reservoir
parameters will change as it shows that the production of a small layer changes with time. The production splitting results based only on static data, such
as the result of the KH method, cannot accurately
represent the practical production ratio during the
production process. It is necessary to combine
dynamic factors with static factors to obtain accurate
production splitting results
(3) A novel DPSM method to split the production of
multilayer coproduction wells is proposed. Compared with the traditional KH method and static
method which is based on the catastrophe theory,
the proposed method takes into account both
dynamic and static factors. And the calculation result
changes dynamically with the production process,
which is more in line with the numerical simulation
results, and keeps the error within 10%. This method
has a certain practical value and can be used for the
coproduction of a tight gas reservoir and can improve
the accuracy of reservoir performance analysis and
detailed descriptions
(4) In the process of production splitting, the combination of the catastrophe theory, material balance equation (MBE), and iterative calculation method can
achieve dynamic results while synthesizing multiple
factors. It is proved that the catastrophe theory has
a great prospect of production splitting. This prepares the ground for production splitting of more
factors through catastrophe theory. It shows the
feasibility of production splitting by integrating
multiple theories and provides a new idea by using
multiple theories

Nomenclature
Gw :
A:
h:
Φ:
Sg :
Sgi :
Bwi :
K g:
K rg :
K:

Cumulative water production, m3
Gas-bearing area, km2
Average thickness, m
Average porosity, %
Average gas saturation, %
Initial gas saturation, %
Underwater volume ratio, 1.005
Eﬀective permeability, mD
Relative permeability, mD
Absolute permeability, mD.
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