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Abstract. Shale gas as a clean green energy has been rapidly developed in China. At present, the vertical 
production rate of shale gas in Chongqing area is low, and it is difficult to take into account the whole high-
quality shale segment with thickness of tens of meters only by one well pattern. In this paper, the internal rate 
of return (IRR) is used to calculate the impact of different costs and exploitation conditions on the 
development effect of two shale gas layers. The results show that shale gas development will be profitable 
only when the cost per well is controlled at around 70 million and production is provided at more than 100 
million cubic meters. Domestic producers should further reduce the cost of shale gas development, increase 
the productivity of single well and maximize the benefit of domestic shale gas development by means of 
integrated innovation and technological optimization. 

1 Introduction 

Shale gas is a new clean natural gas resource, which has 
gained rapid development in North America, China and 
other countries and regions. After breakthroughs and 
large-scale development of shale gas in the United States, 
shale gas accounts for about 40 percent of the country's 
annual gas production. In China, due to environmental 
protection and winter heating, the demand for natural gas 
is increasing. However, the increment of geological 
reserves and exploitation degree of conventional natural 
gas is limited, and the dependence of domestic natural gas 
is increasing, so it is of great value to improve the 
development effect of domestic shale gas.  
At present, the vertical production rate of shale gas in 
Chongqing area is low, and it is difficult to take into 
account the whole high-quality shale segment with 
thickness of tens of meters only by one well pattern. The 
shale gas plays in the United States have been developed 
in three to four vertical well patterns. Therefore, from the 
perspective of economic benefits, this paper discusses the 
feasibility of realizing three-dimensional development of 
shale gas in vertical two sets of well patterns, and provides 
theoretical basis for the next large-scale commercial 
development of shale gas in Chongqing. 

2 Domestic shale gas development 
status 

With the shale gas revolution underway in the United 
States, China stepped up its efforts to explore and develop 
shale gas from around 2010. According to the U.S. Energy 
Information Administration (EIA), China has 31.6 trillion 
cubic meters of recoverable shale gas, ranking first in the 

world. According to the latest survey and calculation by 
the Ministry of Natural Resources, the recoverable 
reserves of shale gas in China are 21.8 trillion cubic 
meters, still higher than the geological reserves of the 
United States. 
At present, shale gas fields with relatively large scale 
development are mainly distributed in Sichuan Basin. 
Sinopec shale gas development achieved a breakthrough 
in Fuling, Chongqing in 2012, thus kicking off the prelude 
of domestic shale gas development. Chongqing Fuling 
Shale Gas Field is the first national shale gas 
demonstration zone, with a cumulative gas production of 
200 cubic meters in 2018. It is the first shale gas 
development zone with commercial exploitation value 
after shale gas development in the United States. At the 
same time, CNPC has carried out large-scale exploration 
and development of shale gas in Changning and Weiyuan 
areas of Sichuan province. At present, the shale gas 
resources in Weiyuan block are about 620 billion cubic 
meters, and the recoverable capacity is more than 260 
billion cubic meters. 

3 Production prediction model of shale 
gas well developed by stratified system 

The fracture system and two-phase seepage mechanism 
formed after fracturing of shale gas Wells are complicated. 
In order to simulate the production process of shale gas 
horizontal well after multi-stage fracturing as accurately 
as possible, the dual media model was used to assign 
values to shale matrix system and natural fracture system 
respectively, including porosity and permeability, relative 
permeability, etc（Figure 1）. 
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Figure 1. Fracture network fracturing model for shale gas. 
 
The optimized daily production is shown in Figure 2. 
Taking the 15-year cumulative production as the target, 
the daily production changes under different reservoir 
characteristics are calculated according to the distribution 
of Wells in two development layers. In terms of artificial 
fracture parameters, the number of fracture stages is 15-
20, the length of semi-supported fracture is 200-250m, 
and the conductivity is 3-4D.cm. 
 

 

Figure 2. The change of daily output of orthogonal design 
scheme with time. 
 
Through numerical simulation, it can be concluded that 
the average initial productivity of the well is 20×104 m3/d. 
Considering the rapid decline rate of shale gas production 
and development, according to the production decline 
model, it is calculated that the cumulative production of 
shale gas in the two development layers is about 1.5-
2.1×108 m3 in 15 years. 
 

 

Figure 3. Cumulative gas production under different 
production modes. 
 
In order to quantify the degree of interference caused by 
the production of the upper and lower well patterns and 
explore the effect of sequential production on the 
mitigation of inter-well interference, three production 
modes were simulated: single well succession, two Wells 

successively and two Wells synchronously. A unified 
production system of 8×104m³/d was adopted for 15 years, 
and the EUR changes of 15 years were simulated (FIG. 2), 
with EUR respectively being 1.13×108m³，1.05×108m³, 
1.11×108m³. After half a year of production, the area of 
pressure drop funnel increased by 13.7% compared with 
that without offset well production, and the production 
formation pressure level was basically the same. The 
results show that inter-well interference is inevitable in 
the development process of small well spacing. For a gas 
reservoir with a single closed volume, inter-well 
interference affects 6.8% of the production of adjacent 
Wells. A sequential approach could reduce the impact to 
less than 2 per cent. 

4 Economic evaluation method of shale 
gas development benefit in stratified 
system 

When calculating the economic benefit of shale gas 
development, we should not only consider the cost of 
shale gas well construction, the law of production decline, 
but also consider the time value of investment capital. 
Therefore, net present value method and internal rate of 
return method are mainly used for economic evaluation. 
In this paper, the internal rate of return method (IRR) is 
used to calculate the economic benefits of shale gas 
development in China. Currently, the benchmark rate of 
return used by CNPC and Sinopec in shale gas 
development is generally 8%, and the calculation formula 
is as follows: 
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including CI  is the cash inflow, ten thousand yuan; CO  

is the amount of cash outflow, ten thousand yuan； i  is 
the discount rate；n Is the production life； t  is the year 
of production. 
 
Taking a typical shale gas well in Chongqing as an 
example, the drilling cost is 35 million yuan, fracturing 
construction cost is 30 million yuan, other costs are about 
5 million yuan, the total cost is about 70 million yuan. 
According to the above calculation, the cumulative output 
in 15 years is about 1.2×108 m3. At the same time, due to 
the different geological characteristics and production 
technology, the production volume of the area fluctuates, 
and the production range is 0.6-1.6×108 m3. Therefore, 
the cost price of shale gas under different production and 
development costs (yuan /m3) is calculated in the case of 
8% benchmark yield. 
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Table 1. Shale gas needs a cost gas price to achieve an 8% 
benchmark yield. 
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According to the calculated results in Table 1, the cost gas 
price drops from 3.08 yuan /m3 to 1.04 yuan /m3 when the 
cumulative production of a single well increases from 0.6 
million cubic meters to 160 million cubic meters under the 
cost of conventional investment of 70 million yuan/well. 
At present, the average single production of shale gas is 
about 0.8 to 100 million cubic meters, and the current 
weather price is 2.6 yuan /m3. If the well construction cost 
exceeds 80 million yuan/well, then the development 
benefit of the producer remains at a low level. In this case, 
a well production of more than 100 million cubic meters 
would be beneficial to increase revenue and further 
enhance shale gas development in the area.  
 

 

Figure 4. Shale gas production per well at different oil prices. 
 
The required production capacity of a single well is 
calculated based on the corresponding LNG import gas 
price under different oil prices, that is to say, the cost price 
of domestic shale gas to realize profitable development 

should be lower than the LNG import gas price to achieve 
productive efficiency. Based on oil price fluctuations in 
recent years, the cumulative production required for 15 
years of shale gas production per well at a production cost 
of $40- $100 per barrel was calculated. As can be seen, 
when the oil price is $40 / BBL, the cumulative production 
of shale gas per well needs to reach 1.07 million cubic 
meters, which is about the most effective shale gas Wells 
in China. At an oil price of $50-60 / BBL, the demand for 
backflow is reduced to 0.762-0.854 hundred million cubic, 
which is about the average for most conventional shale 
gas production wells in the country today. At oil prices of 
$80 / BBL and above, the demand for cumulative 
production is reduced to 0.372-0.553 hundred million 
cubic for deep shale gas production wells to be productive. 

5 Countermeasures for sustainable 
development of Shale gas in China 

5.1 Scientific and technological innovation 

The drilling and fracturing technology of shale gas in 
China mainly learns from the experience of shale gas 
development in the United States, and has made 
considerable achievements in the early stage, promoting 
the production and construction of shale gas in China. 
However, with the large-scale shale gas exploration and 
development in China, many technical problems have 
gradually emerged. The formation conditions of shale 
reservoirs in the United States are better, and the shale 
reservoirs in China are more complex, and the physical 
properties and gas content are relatively poor. 
In addition, the country's vast shale gas reserves lie deeper 
than those in the United States, and existing drilling and 
production techniques are better applied to reservoirs in 
the range of 3,000-3,500 meters. For the shale reservoir 
with a depth of 4000 meters, the gas production effect of 
most deep shale gas exploration Wells is not as expected, 
except for some Wells with good geological conditions 
and high gas production. Therefore, it is necessary to 
study the formation and enrichment mechanism of shale 
gas, theory and exploitation technology of deep shale gas 
in China based on the actual situation in China. On the 
basis of absorbing and mastering foreign advanced shale 
gas exploitation technology, the current situation that 
domestic deep shale gas and atmospheric shale gas are 
difficult to effectively develop is solved through 
independent innovation. 

5.2 Cost decreasing and benefit increasing 

Although China's shale gas production in 2018 increased 
by 20.96 percent from 2017, it still accounted for less than 
8 percent of the country's total natural gas production, far 
below the level of shale gas development in the United 
States. One of the main reasons is that the cost of 
developing shale gas in China is still higher than in the 
United States. Because domestic shale gas fields such as 
Fuling shale gas field in Chongqing and Weiyuan shale 
gas field in Sichuan are located in mountainous areas, the 
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cost of well site construction, pipeline placement and 
material transportation has been difficult to reduce. 
After several years of development, the construction cost 
of a single well for shale gas in China has been reduced 
from about 100 million yuan at the beginning to about 50-
70 million yuan. However, compared with conventional 
natural gas Wells, it has no advantage in terms of output 
or cost, while the cost of a single well for shale gas in the 
United States is close to that of conventional gas wells. 
The high cost of well construction makes it difficult for 
small and medium-sized enterprises to enter the shale gas 
development market, and they can only engage in 
technical services, on-site construction and other work. 
Therefore, it is necessary to realize the localization of key 
tools and materials by further digesting and absorbing 
foreign advanced technology. At the same time, improve 
shale gas exploration and development technology, 
through process optimization to minimize the domestic 
shale gas drilling and fracturing construction costs, such 
as improving drilling speed, the use of low oil-water ratio 
oil-based drilling fluid technology, reduce unilateral costs, 
reduce drilling costs. The use of low-cost quartz sand 
instead of ceramic, appropriate to reduce the construction 
scale or reduce the number of sections. 

6 Conclusion 

This paper studies the economic benefits of shale gas 
development in Chongqing region from the angle of 
technology and economy, and puts forward corresponding 
countermeasures for the sustainable development of shale 
gas in China. 
(1) The internal rate of return (IRR) is used to calculate 
the impact of different costs and production conditions on 
shale gas development. The calculation results show that 
only when the cost per well is controlled at about 70 
million yuan and the production is provided at more than 
100 million cubic meters, can the shale gas Wells in China 
have obvious profit effect. Moreover, consider that direct 
subsidies for shale gas will be phased out. Domestic 
producers should further reduce the cost of shale gas 
development, increase the productivity of single well and 
maximize the benefit of domestic shale gas development 
by means of integrated innovation and technological 
optimization. 
(2) The countermeasures to improve the economic 
benefits of shale gas development in China are put 
forward from the perspectives of technological innovation, 
cost reduction and efficiency increase, and multi-type 
policy support, which are helpful to realize the economic 
and effective development of shale gas resources in China.  
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