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Abstract:

Introduction:

As an unconventional natural gas resource, shale gas is the current hot topic in the oil and gas industry. China is rich in shale gas
resource, most of which lies in the Southwest Karst Area with its fragile ecological environment.

Discussion:

The following questions must be studied before exploration thereof: on one hand, shale gas mining requires a lot of water, on the
other  hand,  if  the  karst  region  water  resources  can  support  shale  gas  mining  over  a  large  area,  and  if  the  consequent
water/environmental  pollution  problems  will  bring  more  severe  challenges  to  the  sustainable  development  of  society  and  the
economy in the southwest karst area, there is a potential conflict requiring a research-based resolution. The water resource carrying
capacity is an important measure of the potential sustainable development of a karst region, with its unique geological structure and
fragile natural landscape. Therefore, the study of karst water resource carrying capacity is of great significance.

Conclusion:

This  essay  is  based  on  Cenggong  County,  one  of  the  five  key  shale  gas  exploration  areas  in  Guizhou  at  the  end  of  2012.  By
calculating the water resource carrying capacity in the studied area with the help of the ecological footprint method, it is concluded
that the existing water resources in the studied area can support shale gas exploration. However, shale gas mining will cause a change
in the industrial structure within the region. In addition, it has significant effects on the bearing capacity of water resources in the
ecological environment.

Keywords: Shale gas, Karst region, Water resource carrying capacity, Ecological footprint, Gas Mining, Shale gas exploration, Gas
mining, Shale gas exploration.

1. PREFACE

As an important unconventional natural resources, shale gas is an important clean energy source, and is also the
current  focus  of  the  oil  and  gas  industry;  however  with  the  exploitation  and  utilisation  of  shale  gas,  serious
environmental problems, such as the consumption of large amounts of water resource, pollution of groundwater, surface
water pollution, treatment and disposal of liquid returns, etc., have caused widespread debate [1 - 3]. In China, shale gas
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reserves are abundant, according to the evaluated shale gas resource potential and favourable areas preferred in key
areas of China. In 2012, within the land area of China, recoverable resources may reach approximately 25.08 trillion
cubic metres (not including the Qinghai Tibet region), more than conventional natural gas resources, which are mostly
located  in  Sichuan,  Chongqing,  Guizhou,  and  other  places.  However,  Sichuan,  Chongqing,  Guizhou  are
environmentally  fragile  areas,  and  the  southwest  karst  area,  because  of  its  special  hydrogeological  conditions  of
underground holes and inter-linked caverns, has a hydrology subject to dynamic changes, surface water leakage, thin
soil,  difficulties  with  regard  to  vegetation  growth,  and  significant  soil  erosion,  resulting  in  a  hot,  humid,  climate
characteristic  of  karst  drought-prone  regions  [4].  Shale  gas  mining  needs  to  consume a  large  amount  of  water  [5],
whether water resources in karst areas can support a large area of shale gas exploitation, whether the ensuing problems
of water/environmental pollution will bring more severe challenges to sustainable development in the southwest karst
area, are problems that must be studied before mining begins. Therefore, this paper intends to study the water resources
carrying capacity of shale gas mining in this karst area, and the research results will help to protect and best utilise the
water resources in the shale gas production area.

Shale gas resources are abundant in Guizhou Province: proven reserves are 13.54 trillion cubic metres, which rank
third in China. In this paper, the author will take the Cengong block, one of the five key areas of shale gas mining by the
end  of  2012  in  Guizhou  Province,  as  the  object  of  study,  and  refer  to  the  research  achievements  and  management
experience of the water/environment impact in the process of shale gas development in the United States, Canada, and
other countries, and take shale gas development and construction of regional water resources demand and its impact as
its focus. Combined with the characteristics of the karst groundwater system in Guizhou, evaluative research of the
water resource carrying capacity of shale gas regions in the Karst area is established to analyse water resources carrying
capacity in the development of shale gas in Karst Area, so as to offer a reference and suggestion for the study of the
water resources carrying capacity of shale gas works in the region.

2. OVERVIEW OF THE STUDY AREA

Cengong County is located in the eastern part of Guizhou Province, lying between 108° 20′ to 109° 03′ E and 27°
09′ to 27° 32′ N. Its borders include Yuping in the east, Zhenyuan in the south, Shiqian in the west, and Tongren and
Jiangkou in the north; it is 68.5 km from east to west and 41 km from south to north. It occupies a land area of 1486.5
km2.  The  population  of  the  county  is  229,300,  among  which  the  rural  population  is  209,560,  and  the  non-rural
population is 19,774. The arable land area is 175,620 mu, with a forest coverage reaching 50.35%; the net income per
rural inhabitant is ¥2,435 p.a., and the disposable income of each farm is, on average, ¥2,261 p.a. which forms the main
economic source, in the area, of typical agricultural output value.

The river systems in this area belong to the Wuyang River system in Yuanjiang in the Yangtze River basin, among
which the northern river system belongs to the primary branch of the river dam of the left bank of the Wuyang River,
and the southern river system belongs to the primary tributaries of Longjiang River on the left bank of the Wuyang
River. The average annual rainfall is 1.78 billion cubic metres, the county’s average annual rainfall in the years studied
was 1,198.1 mm, and the precipitation variation coefficient is 0.17; there is a high change in the yearly precipitation, an
uneven spatial and temporal distribution of rainfall, making the winter and spring drought in the study area affect the
levels of guaranteed water standards.

The average depth of the runoff in this area is 500-600 mm in these years, and it increased from south to north, the
central area runoff reaching about 550 mm. The variation coefficient of the runoff is 0.28-0.38, and the central area
runoff is 0.3-0.32. The runoff coefficient in this region is 0.46-0.48; in these years, the average dry day modulus of 50%
regional groundwater is 3~4 l/km, according to the analysis of the daily variation coefficient 0.4 (Cs/Cv = 2.5), 90% and
95% dry day moduli are2.06 L/km2 and 1.77 L/km2.

There are many water storage projects in the area (Table 1 summarises the situation and water supply volumes of the
main reservoir near the Core area of shale gas block).

Table 1. Shale gas area main water supply and reservoir engineering calculation results.

No.
Reservoir

Storage factor Water utilisation coefficient
α Annual water supply capacity(104 m3)

Β P = 50% P = 75% P = 95% P = 50% P = 75% P = 95%
1 Jia-long Tang reservoir 0.92 1.23 0.96 0.57 185 145 86
2 TianLuTang reservoir 1.27 1.34 1.08 0.59 8 7 4
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Fig. (7). The relationship between ecological footprint and the industrial water footprint.

Furthermore,  the  influence  of  the  shale  gas  mining  on  ecological  carrying  capacity  is  studied  according  to  the
analysis of the mining situation over the years 2009 to 2014.

By increasing the use of industrial water, the ecological footprint of water resources in the study area increases.
Ecological surplus has dropped significantly (Fig. 6). Fig. (7) shows that the water resources bearing capacity has a high
susceptibility to industrial water demand, with a correlation coefficient reaching 0.92. Thus shale gas mining will cause
an adjustment of the industrial structure in the study area, and it has a great influence on the environment as well. The
studied area is a traditional agricultural production area, so agricultural irrigation water and drinking water for local
residents must be secured before large-scale shale gas mining starts.

CONCLUSION

Shale gas mining poses challenges for regional water resources. Based on the theory of ecological footprint, this
paper analyzed Cengong County’s water resources carrying capacity taking the typical shale gas development blocks
therein as the study area. The results showed that:

1.   Cengong  County  is  abundant  in  water  resources,  but  it  has  low  utilisation  efficiency  thereof  with
development  potential.  In  recent  years,  Cengong  County  has  seen  rapid  economic  development  and  an
increasing population. As a result, a significant rise in the water resources eco-footprint in the study area was
seen and the ecological surplus dropped significantly.  At the same time, Cengong County’s water resources
bearing capacity has a high susceptibility to industrial water demand, so it can be foreseeable that, with the mass
production of shale gas, Cengong County’s water supply will be stressed. Considering this, Cengong County
will further increase investment in water conservancy projects, and ensure the supply of water resources in the
future. Because the study area is a karst mountain area, due to its particularity, the root cause of the “project”
type water for water conveyance difficulty decides that development of decentralized water supply project is the
only  acceptable  engineering  measure,  therefore  this  paper  proposed  to  build  water  conservancy  project;
Secondly, strengthening the reflux water treatment put forward in this paper, collecting water recycle can further
reduce water consumption greatly; Finally, enhancing residents' awareness of water saving and water recycling
after shale gas exploitation may ensure to be a good strategy for water resource utilization.
2.  Cengong County is a traditional agricultural production area: shale gas mining will cause industrial structural
change in Cengong County, exerting a significant influence on the environment, and may even lead to serious
ecological problems. Therefore,  in the process of shale gas flow water treatment,  new technologies must be
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introduced and the management of shale gas must be strengthened to ensure the sustainable utilisation of water
resources.

In recent years, with the wider discoveries of shale gas resources in China, as a relatively clean energy, it will be
developed with vigour. This paper analysed the relationship between the water resources carrying capacity and shale
gas mining in the study area. The conclusions and methods can provide a reference for similar areas of research.
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