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INTRODUCTION

At present, the petroleum industry is in the stage of rapid development from conventional oil and gas
reservoirs to unconventional oil and gas reservoirs. As an important part of unconventional oil and
gas resources, tight reservoirs have great potential development value (Zho et al., 2020; Xu et al.,
2020; Yang et al., 2019). With the continuous improvement of industrial technology, tight reservoirs
are becoming the highlight of unconventional oil and gas in the world (Wang et al., 2020; Yan et al.,
2020; Jia et al., 2012). The development of low-permeability reservoirs includes reservoir description,
hydraulic fracturing, reservoir production, and other aspects. They are a typical complex non-linear
dynamic system (Yang et al., 2016). By analyzing the relationship and variation of various
parameters, they can provide scientific basis for development of low-permeability reservoirs (Li
et al., 2021). An important research content of reservoir development is the analysis and prediction of
production data. The accuracy of their prediction results will directly affect the formulation of
development plans, so it is very necessary to select appropriate methods.

The fracture distribution of tight reservoirs after hydraulic fracturing is complex (Su et al., 2016)
(Figure 1), and it is difficult to describe the production by conventional methods. How to effectively
develop and predict production has become a new problem (Guo et al., 2017; Su et al., 2018; Sheng
et al., 2019). The current production prediction methods are mainly divided into the decline analysis
method, semi-analytic method, numerical simulation method, quantitative characterization method,
and artificial neural network. This paper summarizes the existing production capacity prediction
methods and discusses the advantages and disadvantages of each method, so as to summarize the
latest progress and challenges of production capacity prediction.

DECLINE ANALYSIS METHOD

The production decline analysis method is mainly based on seepage mechanics. By measuring the
dynamic changes of pressure, production, and temperature of oil and gas wells, we can study and
determine the production capacity, well-controlled reserves, and physical parameters of oil and gas
reservoirs. Then, the reservoir can be evaluated.

Researchers have done a lot of research on the decline curve method. Chen et al. (2008) combined
the Arps index decline model with Weng’s model to deduce a compound decline model. It can be
used to calculate the recoverable reserves of gas wells and has been well verified in practical
application. Through the analysis and comparison of several production decline models, Liu et al.
(2010) believe that most of the production data of oil reservoirs show that the decline conforms to the
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Arps hyperbolic decline model. However, the applicable
conditions of the Arps model are relatively harsh, such that
the bottom-hole pressure remains unchanged, the constant
pressure boundary. Considering that the Arps model cannot
be applied to the early production prediction of gas wells,
Duan et al. (2013) improved the shortage that the Arps model
can only predict the stable flow state by using the power
exponential decline model. Based on the power exponential
decline model, the production data of a multi-fractured
horizontal well of shale gas reservoirs are analyzed. It is found
that the power exponential decline model is very consistent with
the prediction results from Topaze. Lu (2018) improved the
production decline method by normalizing the pseudo-
production and material balance time and enhanced its
adaptability to shale gas productivity prediction.

The decline analysis method is mainly aimed at the late stage
of reservoir development, which is not applicable to the early and
middle stages of reservoir development, and cannot predict the
increase in production. At the same time, the decline curve
method cannot consider the impact of other parameters on
production, so it is difficult to design and adjust some
fracturing schemes.

SEMI-ANALYTIC METHOD

The semi-analytical method is a new method for productivity
calculation of fractured horizontal wells, which combines
analytical and discrete methods. This method can overcome
many shortcomings of the analytical method, such as a narrow
application range and difficult solution process. At the same time,
it is faster and more effective than the numerical simulation
method, which has obvious advantages. Therefore, it is favored by
more and more scholars.

Zeng et al. (2007) combined the fracture morphology and
seepage mechanism of oil and gas in the fractures of fractured
horizontal wells. A productivity calculation model considering

the interference between fractures is established. The factors
affecting the productivity of fractured horizontal wells are
analyzed. Su et al. (2014) divided the fracturing reservoir
area into three parts, including the main fracture, the
stimulated reservoir volume, and the unstimulated reservoir
volume, and established the composite flow model of multi-
fractured horizontal wells. The semi-analytical solution of
pressure and production was obtained by Stehfest numerical
inversion. Li et al. (2018) considered the starting pressure
gradient and hydraulic fracture conductivity. Based on the
dual media seepage differential equation, the point source
theory and pressure drop superposition principle are
adopted. A semi-analytical productivity calculation model for
staged fracturing of horizontal wells in low-permeability
reservoirs is established. The calculation and analysis are
carried out with an example. Xu et al. (2021) established an
improved five-zone composite seepage model considering the
adsorption, diffusion, and slippage effects of shale gas. At the
same time, the reliability of the model is verified by the actual
production data. Moreover, based on the analysis of
productivity-influencing factors, the fracturing parameters are
optimized.

The semi-analytic method is widely used to calculate a
single-phase production of multi-fractured horizontal
wells based on many assumptions. There is a certain gap
between the semi-analytic model and the actual oil well, and
there are some limitations in describing actual reservoir
production. It cannot accurately describe complex
geological conditions.

NUMERICAL SIMULATION METHOD

For the numerical simulation method, Peng et al. (2014)
established the numerical simulation model of multi-fractured
horizontal wells according to the geological characteristics of tight
reservoirs and studied the sensitivity of influencing factors of

FIGURE 1 | Mass transfer between multi-scaled pore media in shale reservoirs (Su et al., 2016).
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production of multi-fractured horizontal wells. Based on the
numerical simulation method, Guo et al. (2018) used the
multiple regression method to analyze the impact of multiple
factors on production capacity. And the primary and secondary
relationships of the impact of various factors on production
capacity are clarified. Wu et al. (2018) established a dual
media model based on Eclipse. Based on the analysis of the
influence law of different influencing factors on production
capacity, the production capacity change characteristics are
divided into three stages. At the same time, the influence of
parameters on production capacity in different production stages
is quantified. Pu et al. (2021) established a single-phase flow
mathematical model based on oilfield production data and
considering the complex characteristics of steering fracture
morphology. The local grid encryption technology was used to
predict the productivity, and the influencing factors of
productivity were analyzed.

The numerical simulation method can analyze the influence of
various reservoir characteristics such as different reservoir
geological shapes, fluid physical properties, reservoir
heterogeneity, boundaries, and faults on the production
performance and can also predict the distribution of
remaining oil. However, the establishment of the numerical
simulation model requires a large number of reservoir data,
and the process of establishing the model is more complicated
and the calculation time is large. Numerical simulation is highly
dependent on the accuracy of parameters. At present, the
embedded discrete fracture model does not need to consider
the fracture morphology in the reservoir when meshing, which
greatly reduces the complexity of meshing. It could be a new
breakthrough (Zhang et al., 2019).

QUANTITATIVE CHARACTERIZATION
METHOD

The quantitative characterization model (QCM) uses some key
parameters with clear physical meaning to describe the changes
of oil production and water content in combination with actual
production dynamics. Compared with the traditional decline
model, it has the advantages of predicting the increase process of
production. Hou et al. (2008) established a quantitative
characterization model of polymer flooding production
performance based on four characteristic parameters with
clear physical significance and used this model to
quantitatively characterize the oil increment and water cut
change trend of polymer flooding in different types of
reservoirs in the Shengli Oilfield. Based on the traditional
quantitative characterization model, Yu et al. (2009)
predicted the production capacity and obtained the
quantitative change rule of polymer flooding oil increment
curve and water content change curve and the quantitative
relationship between oil increment and water content change.
Chen et al. (2021) introduced four new characteristic
parameters to deduce and establish the quantitative
characterization model of vertical shale oil horizontal wells.
Combined with the SPSA algorithm, the fitting, prediction, and

parameter interpretation inversion of the whole life cycle
production dynamic curve are realized.

The quantitative representation model is simple and intuitive.
Based on this model, four key parameters can be fitted according
to the production performance of oil wells, and then the
production can be predicted. However, the four key
parameters cannot be obtained for new wells and wells
without decline stage, which leads to prediction failure.
Therefore, for a new well, although its geological parameters
and fracturing parameters are known, its key parameters for the
QCM are uncertain. How to establish the relationship between
them remains to be further studied.

ARTIFICIAL NEURAL NETWORK

In recent years, the artificial neural network (ANN) as a non-
linear mapping model has been widely used in reservoir
injection–production dynamic prediction. On this basis, the
sample library is established by collecting data, and the strong
adaptive and self-learning functions of the artificial neural
network are used to train the sample library, which can achieve
good prediction results in oil fields. Li et al. (2008) regard the
wavelet basis as the hidden layer of neural network, which has
better convergence. It can predict the oilfield production under
the conditions of complex geological conditions and uncertain
influencing factors and achieve good prediction results. Wang
et al. (2017) used a three-layer BP neural network to predict the
productivity. Six productivity parameters of shale gas
horizontal wells are defined as neural network input layers.
The number of neurons in the hidden layer is 12, and the
output layer is the average daily gas production of gas wells.
The prediction results show that the BP neural network has
high prediction accuracy. Tang and Peng (2020) associate
reservoir logging parameters, rock mechanics parameters,
and fracturing operation parameters with initial
productivity. On the basis of single-factor correlation
analysis, the learning effect is controlled by setting the error
of sample learning. The neural network toolbox of MATLAB is
used to predict productivity. This method has high
coincidence rate.

The artificial neural network model has a strong advantage in
the prediction of oilfield development productivity, but there are
few studies on the production performance prediction of multi-
fractured shale reservoirs based on the artificial neural network
model. At the same time, the training of the neural network
model requires a large number of sample data. However, due to
the high logging price, the oilfield data are often incomplete,
resulting in fewer samples of the oilfield. How to achieve high-
precision prediction in a less-sample database has become a
problem.

CONCLUSION

(1) The traditional methods, including the decline analysis
method, semi-analytic method, and numerical simulation
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method, were widely used in the production prediction.
However, it is difficult to describe the complex
production behavior by the traditional production
prediction model.

(2) The quantitative characterization model uses some key
parameters with clear physical meaning to describe the
changes of oil production and water content in
combination with actual production dynamics. However, it
is difficult to predict new wells without production history.

(3) The artificial neural network model has a strong advantage in
oilfield development productivity prediction because of its
strong adaptive and self-learning functions. It will be a more
efficient production prediction method by combining the
traditional quantitative characterization model with the
artificial neural network model.
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