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1. Goals 

This project intends to be an initial approach to the study of a possible practice of hydraulic 

fracturing in the Algarve, namely for its impacts in the aquifers of the region. 

For this, a bibliographical review was first made, regarding the volumes of water required in the 

main unconventional gas basins in the United States. Second, the risks associated with hydraulic 

fracturing were analyzed, as well as the vulnerability of hydrogeological formations under study. 

Finally, three different climatic years were proposed and how the associated precipitation would 

affect the water availability in these aquifers, thus tracing the viability of hydraulic fracturing in 

the Algarve in these scenarios using groundwater. 

2. Introduction 

The use of hydraulic fracturing is currently a very controversial subject in Europe. This method 

of stimulation of deep underground hydrocarbon reservoirs represents an enormous 

consumption of water and carries possible harmful impacts on the environment. Several 

European countries have already banned the fracking of hydrocarbons exploitation. 

In Portugal, in recent years, several concessions have been awarded for exploration, 

development and exploitation of hydrocarbons on and offshore. These are mainly located in the 

Lusitanian basin and in the Alentejo coast. Following these awards, in December 2015, Portfuel 

company signed a contract with the National Fuel Market Entity for 'exploration, exploitation, 

development and production of hydrocarbons ' on the Algarve on-shore in two areas called 

Aljezur and Tavira, which contemplated the possibility of using non-conventional methods. 

Currently, several companies, such as Repsol and Partex, are authorized by the government to 

search for oil and natural gas in the Algarve, but only in offshore blocks. 

The impacts of a possible intensive drilling and fracking in the aquifers, the contamination of 

water sources coupled with the already verified water scarcity in the region, the impacts on the 
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ecosystems of the coast, the risk of transformation of the Algarve into petrochemical region are 

some examples that raise many questions. 

Hydraulic fracturing is emerging as a promising alternative for exploring potential reservoirs, 

undiscovered the region in study until now, that require unconventional extraction. In parallel, 

the Algarve has a vast network of aquifers of great importance to the region, enjoys an excellent 

climate and nature, which provides a tourism-oriented economy. 

This project thus begins the study of the impact of hydraulic fracturing on groundwater 

resources in the Algarve, analyzing the risks that this method causes in the environment and 

designing different climatic scenarios that affect the available water volumes in the main 

aquifers of the region and influence the execution of this type of exploitation. 

3. Methodology 

Firstly, a characterization of the practice of hydraulic fracturing in the United States was done, 

that is, the parameters and values considered relevant for a feasibility study of this method in 

the Algarve were collected. Variables verified in four of the major shale gas basins in the United 

States were analyzed: Marcellus, Haynnesville, Eagle Ford and Permian. 

Each of these gas producing basins described above has distinct volumes of water consumption 

and gas production, thus forming four possible scenarios for replication. Thus, these four cases 

were confronted with the total underground water availability of five aquifers with greater 

capacity to supply water in the Algarve region. In order to understand the five aquifers with the 

greatest capacity to provide water for Hydraulic Fracturing, the recharge volumes and annual 

extractions were deducted for the seventeen aquifers under study. 

The risks inherent in fracking have also been analyzed and how often they can affect water 

resources and the surrounding environment. An analysis was made of the vulnerability of 

aquifers in the Algarve, considering their hydrogeological nature, in order to conclude if they are 

susceptible to be affected by the hydraulic fracturing that takes place in the area where they are 

inserted. 

In addition, three scenarios of different climatic years that may occur in the region were 

proposed: normal year, with average precipitation value in the last decades; semi dry year, with 

a precipitation value corresponding to 67.5% of the precipitation verified during a normal year; 

and dry year, with precipitation values corresponding to 35% verified during a normal year. Since 

precipitation is the main source of recharge of the aquifers, the same percentages previously 

mentioned for the precipitation were applied in the recharge of the five aquifers analyzed. After 
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calculating the recharge values for each climatic year, the values of the extractions of each 

aquifer were deducted, thus leaving the maximum volumes available for fracking. 

After verifying the annual production volumes associated with four basins in the United States 

and knowing the total volume of groundwater available annually for hydraulic fracturing in the 

Algarve, depending on the climatic scenario, it is then concluded whether fracking is a viable 

practice based on underground water supply. For this purpose, the total underground water 

volume available for each climatic year was deducted by the average volume of water spent 

annually for each of the four gas basins in the United States. 

4. Hydraulic Fracturing 

 

4.1.  Process Description 

There are several steps that make up the unconventional exploration of oil and gas, hydraulic 

fracturing is just one of these. The extraction of conventional gas is carried out in reservoirs 

whose characteristics such as porosity and permeability allow its easy extraction. In the case of 

non-conventional gas extraction, as for example in the case of clay shale, the process requires 

the application of fracking. This technique consists of injecting water, propellant and other 

chemicals at high pressures up to the target rock formation.  The pumping of this fracturing fluid 

creates cracks in the rock formations, with the aid of small controlled explosions, thus allowing 

the shale gas to flow through them. 

The hydraulic fracturing stage itself is the period where there is more operational activity during 

the life of the production hole but is of short duration compared to other activities. Hydraulic 

fracturing typically takes a few weeks. 

4.2.  Water Footprint of Hydraulic Fracturing 

Water consumption is one of the main problems in the use of hydraulic fracturing and, 

consequently, the exploitation of shale gas. Large amounts of water are withdrawn from both 

surface and ground sources and used in the early stages of shale gas recovery. The volume of 

water needed to fracture a shale stratum varies with local geology and depth. 

In the United States the variation of these consumptions is great, with average values of water 

per hole ranging from a few thousand m³ to hundreds of thousands of m³ for different fields of 

shale gas production. At Barnett Shale in Texas, consumption ranges from 8,000 m3 to 

100,000m3, with an average of 19,000 m3 of water needed to fracture a horizontal hole before 

starting gas production  (EPA, 2015). 
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4.3.  Fracking environmental impacts 

Fractionation has the potential to cause environmental impacts whose extensions are poorly 

understood, which may be irreversible, especially regarding soil and water contamination. The 

most important environmental risks arising from the exploitation are related to groundwater 

contamination, high water use in the fracturing process, contamination of soils, putting the 

environment and biodiversity at risk. 

4.3.1. Water withdrawal 

Water withdrawals for hydraulic fracturing, like any water withdrawal, have the potential to 

alter the quality of water resources. Groundwater withdrawals that exceed the natural recharge 

rate decrease the water stored in the aquifers, potentially mobilizing contaminants or allowing 

the infiltration of lower quality water from surface or adjacent formations. Removal of water 

can reduce the discharge of surface water into streams, potentially affecting the quality of 

surface water. Areas that require large amounts of groundwater are most prone to impacts, 

particularly regions prone to drought with limited groundwater recharge. 

4.3.2. Chemical Mixing 

There are reports of spills and releases of chemicals and fluids that occurred during the stage of 

mixing chemicals and reached soils and surface water with the potential to reach groundwater. 

The potential for spilled fluids to reach, and therefore impact, surface and groundwater 

resources depends on the composition of spilled fluids, characteristics, spill response activities, 

and the fate and transport of spilled fluid. 

4.3.3. Drilling and effects on water 

Hydraulic fracturing fluids are injected into high pressure wells. Fluids flow through the well to 

the production zone (geological formation being fractured) where pressures applied by the fluid 

are enough to create fractures in the rock. There are two main subterranean mechanisms 

through which fluid injection and the creation and propagation of fractures can lead to 

contamination of water resources: The movement of liquids or gases out of the production well 

to a water resource by poor hole coating; The movement of liquids or gases from the production 

zone through fractures in geological formations to water resources. It is also possible that a 

combination of both will occur. 

4.3.4. Flowback and produced water 

After hydraulic fracturing occurs, the pressure applied to the production hole is reduced, and 

the direction of the fluid is reversed, causing the fluid to return to the surface. The fluid that 
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initially returns to the surface is mostly hydraulic fracturing fluid called a "flowback", and 

contains salts, metals, organic compounds and chemical from the fracturing fluid. 

Due to the large volumes used in hydraulic fracturing (tens of millions of liters) per hole, 

hundreds of thousands of liters of water produced must be collected and managed on site. 

4.3.5. Wastewater disposal 

In most cases, the water that flows from the oil and gas production holes is injected into Class 2 

wells. This water can also be reused in other fracking operations or in surface deposits. The 

management of this residual water can be affected by the cost of each of these possibilities and 

of factors such as produced water quality, volume, rate of production and local legislation. 

Surface deposition under certain conditions has resulted in untreated waste water being 

released to surface water resources or to dry land. In these cases of land deposition, there is the 

possibility of untreated wastewater percolating through the soil and reaching underground 

water resources. 

5. Summary of relevant data from the main fields of shale gas in the USA  

The most important data from the four major shale gas producing basins in the United States 

were collected. For this, an average value between 2011 and 2016 was calculated for each 

parameter presented in these regions as shown in the following figure. 

 

These data are representative of the volumes practiced in the United States, which were later 

confronted with the existing underground water volumes in the Algarve, to evaluate the 

hydraulic fracturing practice in this region. 

6. Algarve facing natural gas exploitation trough hydraulic fracturing 

The Algarve region covers an area of about 4991 km², with specific characteristics that make the 

study of the water balance in the region quite interesting and pertinent, namely: the coincidence 

of the long, hot and dry seasons, where the surface water availability is reduced drastically, with 

the period of greatest human consumption of water ; the increasing vulnerability of the territory 

Table 1: Average of the relevant parameters of the four basins under study 
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to drought risk through increased population growth and economic growth; and the diversity of 

origins and typologies of the water resources used, as well as the diversity of the impacts felt. 

6.1. Climate framework 

The hydrographic region of the Algarve (RH8), which occupies a large part of the region and 

where the aquifers in study are located, is an area with one of the largest indices of water 

scarcity in the country. Water is therefore a scarce resource that requires careful management. 

The Algarve is characterized by a Mediterranean climate. Precipitation is irregular, with 

intermittent periods varying between small and intense periods in winter and a great dry period 

in summer. 

In addition, extreme events such as inter-annual dry periods may occur. About 80% of 

precipitation occurs in the wet semester and 20% in the dry semester. In 2005 the region went 

through a drought phenomenon that took its main dams to minimum volumes of stored water. 

Current forecasts are for an increase in the frequency and intensity of droughts in the future. 

Mean annual precipitation in the Algarve is expected to decline slightly by 2050, however, 

significant reductions in rainfall are expected at the end of the century 

6.2. Hydrogeology 

Due to the nature of its geological formations, the Algarve has an enormous potential in terms 

of groundwater reserves. The formations that have the greatest subterranean water resources  

extend from east to west of the Algarve region, occupying part of the Barrocal and the Coast, 

and are of a nature with some development of karsification. 

At present, 17 main aquifer systems have been defined, of which 16 are installed in carbonate 

rocks and one in dune sands, and it is estimated that their average renewable resources are of 

the order of 190 hm3 / year (Fernandes, 2013). 

 Figure 1: Algarve aquifer systems (SNIRH, 2018) 
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6.3. Characterization of water supply 

 Assuming average annual regional precipitation (653mm) and a similar recharge rate in the 

1074km² covering the 17 aquifers currently identified on the sedimentary fringe, and in the 

1700km² of the entire border, there is a total recharge in this area of the order of 342 million m³ 

/year. 

If it applies to an extremely dry year as the 2004/5 climatological year, applying a rough estimate 

of 35% (average value of the precipitation in the region against the normal climatological values) 

to all the discriminated parameters, there is a substantially different values, to be compared 

with the demand values given below. The same estimate was also applied for one year of 

intermediate precipitation (67.5% versus normal climatological values) and deduction of the 

corresponding recharge values for reservoirs and aquifers. 

Table 2: Estimates of the main parameters required for the calculation of the regional water balance 

 

 

 

 

 

 

 

 

 

6.4. Characterization of water demand 

It is estimated that currently about 62% of the current water consumption in the Algarve is 

supported by groundwater, not always captured from the main 17 aquifer systems (Monteiro, 

Sustainability of Integrated Management of Surface and Groundwater Resources, 2018). 

In global terms, total annual water consumption in the Algarve can be estimated at around 269 

million m³ / year, distributed in: Agriculture - 67% (182 million m³ / year); Public supply - 27% 

(72 million m³ / year); Golf - 6% (15 million m³ / year). 

Parameter 

 

hm³/year 

(average value) 

 

hm³/year 

(semi dry) 

hm³/year 

(dry – 2004/2005) 

Observations 100% 67.5% 35% 

Precipitation 3500 2362.5 1225 

Dams recharge 170 114.75 60 

 Aquifers recharge 190.7 128.72 66.75 
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Table 3: Estimates of the main parameters required for the calculation of the regional water balance 

 

 

 

 

 

 

 

6.5.  Aquifers vulnerability in the region 

As seen, fracking represents a potential pollutant load for the environment around where it is 

carried out. At all stages of hydraulic fracturing there is a risk associated with spillage or leakage 

of pollutant loads from both surface and underground sources with the potential to affect the 

aquifers being studied. 

According to Ribeiro L., 2005, the vulnerability assessment of aquifer systems and 

undifferentiated hydrogeological formations can be carried out using the EPPHN method. The 

EPPHN method is based on a classification of intrinsic degrees of vulnerability of hydrogeological 

formations with exclusively lithological criteria. 

This makes it possible to correspond directly to the greater or lesser permeability of the 

hydrogeological formations to their greater or lesser potentiality in mitigating a possible 

contamination. 

Parameter hm³/year  

Extrações dos 17 aquíferos 120.9 

Excedente aquíferos (ano normal) 69.8 

Excedente aquíferos (meio-seco) 7.82 

Excedente aquíferos (ano seco) -54.15 

Figure 2: Vulnerability of the Algarve's hydrogeological formations according to the EPPNA methodology (Ribeiro L., 
2005) 
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The following figure shows that most of the lithological formations of the 17 aquifer systems 

have high vulnerability: 13 of the 17 aquifer systems have degrees of vulnerability V1, V2 and 

V3. 

7. Conclusions 

From the evaluation made, it is concluded that there are several mechanisms that represent 

potential impacts on water resources. These mechanisms include withdrawals of water at times, 

or areas, of low water availability; spills of hydraulic fracturing fluids and produced water; 

fracturing directly to groundwater resources; underground migration of liquids and gases; and 

inadequate treatment and wastewater spills. No evidence has been found that the potential 

impacts of these mechanisms on water resources can be generalized for all cases. 

The Orla Meridional aquifers are important hydrogeological formations for water supply in a 

region that has a moderate water shortage, and these are also karstic formations with a high 

permeability and transmissivity. This situation places the region with a high vulnerability index 

to polluting sources. 

Ground water balances were made for the three scenarios, where the availability of these 

aquifers was different but the demand - excluding the fracking - remained constant. 

a) Normal year: The value of the water balance for one year of mean value rainfall (normal 

year) shows a total surplus of the 5 main aquifers in the order of 57.5 hm3 and is 

therefore available to supply hydraulic fracturing. 

b) Half dry year: For the second hypothesis, the excess volume estimated in the same 

geological formations varies according to the hypotheses placed. 

c) Year of drought: The first evident result about these hypotheses was to verify the 

impossibility of response of the aquifers during a period in which the region experiences 

the phenomenon of drought 

This thesis represents a contribution to the study of the possibility of using fracking and its 

impacts in the Algarve. With the information consulted, it was possible to understand how 

groundwater in the Algarve can respond to the water requirement of fracking in different 

climatic years. Relevant parameters were verified in the main shale gas basins in the United 

States, and production volumes were calculated according to the existing resources in the 

Algarve. 
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