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Abstract: The water cycle in hydraulic fracturing shows five stages that includes, from the water 
supply, the manufacture of the fracturing fluid, the injection, recovery of the flowback and water 
produced, and the management of the same. Finally, the case applied in the Asturian coal basin 
(ACCB) is analyzed for the development of the exploration and production of methane gas from 
coal layers (CBM). 
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1. Introduction 

In the current status of conventional natural gas reserves, unconventional sources such as coal 
layers and low permeability sandstones will be increasingly important in the future. 

Both, the unconventional gas production and the hydraulic fracturing technique are not recent 
methods, dating the unconventional gas production to the 1800s, when the Devonian shales 
(Dunkirk shales) were exploited to use their natural gas to illuminate the city of Fredonia, New York; 
On the other hand, the first hydraulic fracturing dates from 1949 in the Hugoton oil field (Texas, 
USA) [1]. 

The production of unconventional resources, oil or gas, can change the energy market of a 
country, but the concerns of its environmental effects has created a problem on the progress of this 
industry. 

Most of the environmental concerns are linked to atmospheric problems or related to the large 
consumption of waters, being the latter the most important concern for society.  

2. Water Management System in the Exploration and Exploitation of Non-Conventional 
Hydrocarbons 

There is a link between the exploitation of this resources and water, due to both are 
complementary and inseparable. Water is always required for the extraction of unconventional 
hydrocarbons. 

The debate raises questions such as, where is the water needed to be extracted? Will the aquifers 
be contaminated during the drilling and subsequent stimulation of exploration and/or production 
wells? Where and how is it going to be poured the flowback water? between others. 
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These questions have been answered over time. In countries such as the United States of 
America, Canada or Australia, where the production of unconventional hydrocarbons is, and has 
always been a technically and socially accepted industry, studies have continued to mitigate the 
potential impacts from this activity. This “know-how” is very important in countries where the 
exploration and production of non-conventional products is starting and allows to take advantage of 
the “lessons learned” from countries with a long history in this field. 

The United States of America and Canada have been up to the present, the only countries where 
the production of these resources is an industrial activity fully integrated in the society. Fracking is a 
routine technique in these countries in the exploitation of unconventional resources. 

In recent years, the irruption of unconventional hydrocarbons has produced an energy 
revolution. In 2007, production was considered null, but in 2014, with world production reaching 
700 Bcm/year for gas resources and 7.1 million barrels/day for oil (representing 20 and 8% 
respectively), the search and exploration of new deposits is essential [1]. The production of 
hydrocarbons with hydraulic stimulation has been used in more than one million wells, reaching 600 
Tcf, that correspond to the equivalent amount of 500 years of spanish consumption [2]. 

Is true that the volume of water necessary for exploration operations in the field of 
unconventional hydrocarbons is very high (between 10,000 and 30,000 m3) but it is equivalent to 
other usual activities. Thus, for example, the volume of water needed for the fracturing of a well is 
similar to the water needed to irrigate a golf course during a month, for operate during 12 h of 1000 
MW power plant [3,4], or 3 h a 1000 MW nuclear power plant [5]. 

The exploitation of unconventional resources can be an efficient industry with environmentally 
sustainable processes, provided that the best practices and the most appropriate technologies are 
used for each operation phases. Thus, in recent years, water management has been one of the main 
challenges for the oil and gas industry. 

The production of unconventional hydrocarbons is estimated to continue increasing at least 
until the year 2050, with volumes up to 780 Bcm/year for gas resources and 8.5 million barrels per 
day [6]). Shale gas resources are assumed to be a continuous growth, while CBM or tight gas 
hydrocarbons, it is believed that production will remain stable or even slightly lower in the case of 
the first and will increase little for the tight gas. 

In this situation, one of the most important challenges is to ensure the supply of adequate and 
constant water for non-conventional hydrocarbon exploitation operations and, at the same time, the 
protection of the environment, with specially emphasis in the water resources, without interfering 
with the demand of water from the local community [7]. Another significant challenge for the 
industry is to reduce the demand for water from natural sources, studying not only alternatives to 
water, but also to improve treatments and water management. 

The life cycle determines what stage and what processes are involved in the activity. Thus, in 
the case of shale gas, the life cycle includes the stages of exploration, drilling, hydraulic stimulation, 
production of wells and even the management of the water produced. However, some evaluations 
omit stages, such as exploration, processing or combustion, or do not differentiate between stages 
and processes. Variations make comparison difficult and prevent establishing strategies that reduce 
impacts. 

The water cycle in hydraulic fracturing defined by the EPA [8], shows five stages that includes, 
from the water supply, the manufacture of the fracturing fluid, the injection, recovery of the 
flowback and water produced, and the management of the same. Finally, the case applied in the 
ACCB is analyzed for the development of the exploration and production of methane gas from coal 
layers (CBM). 

3. Conclusions 

The increase in the demand for gas at the international level, as a consequence of greater 
consumption and being a better environmental element, has led to the search for other types of gas 
operations in an unconventional way, which went from being unprofitable to profitable, as a 
consequence of the increase in prices. 
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The most profitable deposits used for this type of exploitation, since they have more than more 
storage capacity are: Tight Gas Sand, Shale Gas, and CBM (the latter being the most possibilities can 
have at the time of being exploited profitably in Spain). 

The industry for the extraction of hydrocarbons in unconventional deposits is a mature 
industry, which uses proven technologies, extensively and intensively, in the USA. Directed drilling 
and hydraulic fracturing have been the technologies that constitute the core of the techniques that 
are at the origin of the unconventional natural gas revolution. 

Water management in the exploration and production of unconventional gas is a fundamental 
technological challenge for the success of exploration companies that face the investment risk of this 
type of business. 

One of the factors that are showing more problematic is the possibility that the return water 
from hydraulic fracturing will contaminate the surface aquifers that supply drinking water. This 
issue should be treated with transparency and clarity so as not to weigh on future development. 

The subsequent treatments of the return water are sufficiently known and commercially 
implanted at present in coalfields of countries like the USA. 

As in the USA two of the keys to success for the development of the industry in Spain, should 
be: encourage exploration through tax advantages and establish an alliance with the people of the 
area to be an activity of which all benefit. 

In Spain there are unconventional gas resources that should be explored, and in case of success 
all the know-how already developed could be applied. Although the Spanish sedimentary basins 
with unconventional gas resources have neither the extension nor the possibilities of the American 
basins, there are numerous “play” with possibilities of having reserves that have attracted the 
interest of numerous companies and has made the surface occupied by ground research permits are 
the largest in recent history, ensuring high exploratory activity in the coming years. 

The volume of methane resources in the coal layers in Asturias is modest worldwide, but it is 
the largest in Spain. Given the special structure of the coal deposits, with layers with strong dips, it 
would be convenient to make a special research effort in exploration and exploitation with 
directional drilling and stimulation with hydraulic fracturing. The experiences could be extrapolated 
to the rest of Spain. 

The Administration must react by making public forums, panels and seminars with scientists, 
technicians, officials and interested persons and associations to define and disseminate the “best 
practices” of the industry, the better understanding of the process of hydraulic fracturing and 
Exploration and Production (E&P) of gas in general. 
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