
Let us speak Hydraulic Fracturing and pollution of aquifers 

On January 24, 2010, Gasland  the documentary by Josh Fox was screened at the 1

Sundance independent film festival  in Utah and then a few months later, it was 2

broadcast on the NBO TV channel. The film had a stunning effect on its viewers and the 
images spread like wildfire among the general public. J. Fox had been approached by an 
oil company that wanted to drill wells on his family property in Pennsylvania in the 
Marcellus shales. His suspicions were aroused and he began to investigate the shale 
issue, piecing together a case to impugn the motives of all shale oil and gas producers 
and highlighting in particular the controversial issue of water pollution in the region. But 
it was the image of the faucet on fire (Figure 1) that went round the world at lightning 
speed, went viral on the social networks and put J. Fox in the spotlight. However, doubts 
soon began to emerge regarding the accuracy of the image. Phelim Mc Aleer , ,  a 3 4 5

journalist from the Financial Times, followed the trail back to where the image was shot 
and discovered that it had been filmed on the border between Ohio and Indiana, in a 
region that has never seen any shale gas production. But the damage was done and 
regardless of the lie , the allegory fired the indignation of the general public and firmly 6

anchored in the collective imagination the idea that hydraulic fracturing is an 
environmental threat that will contaminate all the drinking water resources on the planet. 
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Figure 1 – Gasland: the image of the faucet on fire ignited the 
collective imagination and turned the risk of shale gas and oil into a threat. 

A mature technology 
Hydraulic fracturing is a technology which significantly predates the production of shale 
oil and gas insofar as the industrial pilot dates back to…1947 . Since this “historical 7

premier”, over 2.5 million hydraulic fracturing operations have been carried out 
worldwide. Initially used in vertical and deviated wells, the technology was applied to 
horizontal wells during the 1990s and it is the combination of these two mature 
technologies (horizontal drilling and hydraulic fracturing) that enables the economically 
viable production of shale oil & and gas. Before the shale oil & gas boom nobody in the 
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public opinion has heard about hydraulic. But suddenly in 2008 the term “fracking” 
became part of the common language suggesting to the layman that it was an 
uncontrolled emerging technology. It is therefore contradictory but not surprising that 
hydraulic fracturing is considered as a threat that causes severe environmental damage 
where there is no operation whereas those who live in the regions where hydraulic 
fracturing is practicized are not afraid. The testimony given by Amy Rusteledge, Director 
of the Chamber of Commerce in Carrollton, a small town in Ohio  is unequivocal. She 8

explains : “Hydraulic fracturing is not a new technique even if everybody claims it is.  9

Hydraulic fracturing has been going on in Ohio since 1950. For 60 years now, most of the 
wells have been fractured and there has never been any problem of polluted ground or 
water.”   
As summarized by T. Engelder  Professor of Geosciences at Pennsylvania State 10

University “Hydraulic Fracturing is a safe technology. Millions of HF treatments result in a 
very modest number of groundwater contamination and accidents. In Pensylvania car 
accidents kill 1000 people annually, only a worker have died in fracking operations since 
the start of the activity in 2006” . 

The ontological threat of hydraulic fracturing  
When there is no backing proof, the real reasons for the outcry must be sought in other 
factors. In this context, the vocabulary plays a major role. When a layman hears that to 
produce shale oil and gas we have to “hydraulically fracture the source rock” he imagines 
from these few words a full-on insidious threat (Figure 2). 
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Figure 2 – The impact of words on perception.  
Hydraulic fracturing is both a full-on ontological threat 

and an insidious ontological threat 
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Full-on because fracturing is associated with breaking up a solid base rock, an 
earthquake during which “the Earth opens beneath our feet”. In addition, the use of 
hydraulic techniques is thought to deprive the human species of the very water which is 
the “source of its existence”. Yet hydraulic fracturing is also a sneaky insidious threat, as 
it uses “a fluid brimming over with dangerous chemicals” which is injected underground. 
Just like the gas in the water running from the faucet on fire, the chemicals will seep out 
one day when we are least expecting it. Finally, the technique is also immoral and brutal 
as it damages the “source” of life. “Fracturing the source rock” for the layman is 
perceived as an ontological threat . Faced with an ontological threat, there is no 11

compensation that can offset the anguish except that of sheltering behind the principle of 
precaution. 

Four different possible mechanisms 
Even though the hydraulic fracturing threat is not based on hard facts but lies on 
vocabulary and suggested impressions, the risks must not be denied. Restoring a capital 
of trust requires the issues to be explained in total transparency and to teach the public 
opinion to make the difference between facts and fiction. We have considered below four 
different scenarii that alone or together can account for the contamination of shallow 
aquifers by gas and/or hydraulic fracturing chemicals. 

(1) Natural presence of biogenic gas 
(2) Migration of hydrocarbons along the well due to well integrity problems 
(3) Migration of gas through poorly abandoned legacy wells 
(4) Migration of hydrocarbons along fractures created/reactivated by hydraulic 

fracturing activities 

Natural presence of biogenic gas   
At a low burial depth, organic matter undergoes a biological fermentation. Micro-
organisms (bacteria) that do not need oxygen  and which can survive temperatures of 12

approximately 80°C will feed on part of the buried organic matter and, once they have 
digested it, give off a natural gas called biogenic gas.  As these bacteria are still highly 
active and consequently energy-needy between 35° and 45°C, it is at shallow depths 
that biogenic gas forms and can escape to the surface to generate the well-known “will 
o’the wisps”. Eternal flames like those of the Gua well in France (Figure 3) are simply 
natural biogenic gas leaks.  
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 Ontology is a branch of philosophy which concerns the study of the being as a being, that is, the study of the 11

general properties of everything that exists. An ontological risk therefore endangers the being in his existence. 
The environmental issue is an ontological hazard by its very nature, as it affects the survival of the human 
species

 This is why they are called “anaerobic” which means  “without air” in Greek12



Figure 3 - The « fontaine ardente de la Gua  » in France results of a leak of 13

biogenic gas 
(source : http://www.geocaching.com/geocache/GC1FH2H_la-fontaine-

ardente) 

In-situ microbial methane leaking to the surface is very often naturally present in surface 
aquifers. For instance, Pennsylvania has a long history of flaming faucet and bubbling 
stream beds before any shale gas exploitation starts .  Such biogenic gas can be easily 14

discriminated from shale thermogenic gas using noble gas elemental and isotopic 
tracers .    15

Well integrity problems 
A well (Figure 8) is not just a tube that carries hydrocarbons to the surface; it is also an 
environmental barrier that protects potable water aquifers during drilling (drilling mud), 
hydraulic fracturing (fracturing fluid) and production operations (oil, gas and brackish 
water). 
In theory, the nesting of cemented casing creates a seal that allows hydrocarbons to flow 
to the surface without ever coming into the different formations they travel through, in 
particular the surface aquifers. This is referred to as “well integrity”. The well can lose its 
integrity for several reasons . 16
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Figure 8 – General well architecture 

Use of packer in open hole and cased hole sections Casing leaks can occur from faulty 17

joints, corrosion or mechanical failure. However the most frequent mechanism is defect 
in cement sheet creating pathways for gas. An annulus poorly filled (casings badly 
centered) is a primary cause. However, the well is also submitted to successive loading 
and unloading during the fracturing operations then a high drawdown during production. 
These successive cycles can damage the cement sheath but also create a micro annulus 
at the interface casing/rock through which gas channeling occurs. Good cementing 
practices, the use of specific deformable cements as well as continuous monitoring 
(mainly measurement of pressure in the different cemented annular spaces) are the best 
precautions to guarantee well integrity. Nonetheless in the event of a leak, even a minor 
one, it is crucial to implement appropriate corrective measures, for example by 
perforating the casing at the leaking annular space to re-inject cement at high pressure 
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(remedial cement job). Additional mechanical barriers (i.e. inflatable packers) can also be 
implemented to mitigate the risks (Figure 8). 

Legacy abandoned wells 
More than new wells or mature producing wells, abandoned oil & gas wells are potential 
pathway for gas to migrate from the subsurface to surface aquifers then emit methane in 
the atmosphere. Hundreds thousands of wells were abandoned for several decades in the 
US at a period when abandonment rules and practices  were not clearly established. In a 18

recent study, Kang & al  have established that fugitive emissions from abandoned wells 19

represent 4 to 7% of total anthropogenic emissions in Pennsylvania. Legacy 
contamination of aquifer by migration of gas through carelessly abandoned wells needs 
therefore to be considered as a primary source of pollution independently of any use of 
hydraulic fracturing. 

Migration along an uncontained hydraulic fracture 
The problem of vertical “containment” of hydraulic fractures is a problem that has been 
extensively researched in the Oil and Gas industry since the beginning of the 
80s , , ,. . The best analogy  consists in placing on a solid table a flexible sheet of 20 21 22 23 24

metal held in position by two heavy stones at either end (Figure 4). Imagine that a hole 
is pierced in the center of the metal sheet and a metal tube welded into it, through which 
fluid is injected. The fluid begins to percolate between the metal sheet and the table in a 
roughly circular pattern, but when it reaches the area held down by the stones, it is 
much easier for the fluid to run along the x-axis than to lift the stones. 
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Figure 4 – Analogy to explain the action of horizontal stress in the overburden. 
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The fracture propagates mainly along the x-axis and not along the z-axis.In practice, the 
stones represent the horizontal stress in the caprock formations (as well as in the 
underburden). Just as in the table analogy, they force the fracture to propagate more 
horizontally (along the x-axis) than vertically (along the z-axis). However, when the 
fracture has traveled for a long enough horizontal distance, it can be easier for the fluid 
to lift the stones than to continue to propagate along the x-axis. 

The risk of groundwater layers being polluted by an uncontrolled hydraulic fracture must 
first be considered on an appropriate scale. Most shale oil and gas is located at depths of 
between 2,500 and 3,500 m.  

Given the volumes pumped into the wells (typically 2000 m3 per stage) and the pumping 
power regularly used, the vertical “penetration” of the fracture will be limited to a few 
dozen or, in exceptional cases, a few hundred meters above the impregnated layer. As 
shown in Figure 5, to reach the surface aquifer, it would have to travel a distance 
equivalent to the height of more than…ten Eiffel towers. The extension of a hydraulic 
fracture can be monitored by using µseismic . Such small imperceptible earthquakes 25

(intensity 10 times less than the vibration induced by a truck or an underground train) 
which are no risk at all for stakeholders, are an opportunity to create an accurate map of 
fracture growth in real time. 
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Figure 5 –A fracture of a few hundred meters remains very far from a surface 
aquifer.  
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Figure 6 – Microseismic database  containing over 6,000 fracturing stages.  26

The “top” of the fractures shows that the vertical penetration does not exceed 
350m.   

!  

Figure 7 – At depth, the fracture generally propagates vertically.  
Below 1000 m, the vertical stress can become lower than the   

minor horizontal stress rotating the fracture in an horizontal plane. 
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Finally, even if the volume of fluid injected were to be increased infinitely, the fracture 
could not in most cases propagate right to the surface. At depths of 2,500-3,000m, 
where shale oil and gas is found, the minor horizontal stress is almost always smaller 
than the vertical thrust, thereby favoring the propagation of vertical fractures. At depths 
of 750-1000m however, the order is quite often inversed. As the vertical stress becomes 
lower than the minor horizontal stress, a fracture that reaches these depths often turns 
and propagates horizontally (Figure 7) preventing any connection with a potable water 
aquifer. 

Baseline and impact assessment. Differentiate facts from fiction. 
To discriminate contaminations that may arise from past (i.e. legacy abandoned wells) or 
current activities (domestic, industrial, agricultural), natural sources (i.e. biogenic gas) 
and risks related to shale gas development (well integrity, uncontained hydraulic 
fracture), a baseline must first be established within the project perimeter. It consists of 
collecting and analyzing water in surface aquifers before any shale activity starts. In 
most producing countries, baseline study is a legal requirement. It is usually carried out 
by a third party and, apart water, covers many different aspects such as the cartography 
of the flora and fauna, existing major faults, seismic activity, natural radioactivity, air 
quality, ground conditions and any contamination inherited from former industrial 
projects. 

The possible relation of shale gas activities with contamination of aquifer has been 
extensively studied , , in Pennsylvania (Marcellus area) and Texas (Barnett area). In 27 28

active shale areas, an elevated level of gas has been experienced in the drinking water 
with isotopic signatures consistent with deep thermogenic gas. All studies however 
conclude that the sources of contamination are above all related to well integrity 
problems and to a lesser extend legacy pollution coming from abandoned wells .  29

More precisely, on a sample of 32000 wells (conventional and unconventional) drilled in 
Pennsylvania between 2000 and 2012, an average 2% is subjected to integrity problems. 
When discriminating conventional and unconventional wells, only 1% of conventional 
wells highlights integrity problems versus 6% when dealing with unconventional wells . 30

These results confirm that contamination is most of the time related to questionable 
drilling and completion practices but also probably to the creation of microannuli through 
which small amount of gas can leak after the well has been put on stream. Compared to 
conventional, if the well integrity risk is increased statistically by the huge number of 
multi-fractured wells, the low permeability of the play and the associated low production 
rates moderate these risks. 

By contrast, the same studies conclude that contamination by an uncontained hydraulic 
fracture moving upwards or connecting with a major natural fault is not relevant. In any 
case the contamination of drinking water samples with deep water saline brines, 
fracturing fluids or increased content in NORMS has been observed.  
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Finally in terms of health risks, after analyzing 973 claims about potential contamination 
of drinking water, the ACSH  has concluded that “to date, hydraulic fracturing within the 31

active Marcellus shale has been 100% safe with no human-health impact). If  

To date, one single case of major a leak to the surface has been recorded to date in shale 
oil and gas production area following a loss of well integrity (West Divide Creek – 
Colorado - Figure 9). 
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Figure 9 – Loss of well integrity in West Divide Creek  caused gas leak to the 32

surface.  
To date, it is the only recorded example of major surface contamination. 

Conclusion 
Even if in active shale areas, elevated level of gas has been experienced in the drinking 
water with isotopic signatures consistent with deep thermogenic gas, all studies however 
conclude that the sources of contamination are above all related to well integrity 
problems and to a lesser extend to legacy contamination coming from abandoned wells. 
By contrast, to date, no contamination by an uncontained hydraulic fracture has never 
been experienced. In terms of health risks, hydraulic fracturing has been 100% safe with 
no human-health impact. We propose the following leverages to change the perception of 
public opinion. 

(1) Establish a baseline within the project perimeter by a third party to discriminate 
contaminations that may arise from past, natural sources and shale gas development,  

(2) Mitigate impact thanks to strong well architecture, good completion practices, reliable 
and continuous monitoring as well as immediate remedial actions when a loss integrity 
is observed, 

(3) Use when possible µseismics to control real time  fracture containment. 

(4) Be transparent in particular regarding to the chemicals used in the fracturing fluid. 
International companies have agreed to disclose chemicals on public and independent 
websites ,  33 34
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(5) Implement a relevant and comprehensive pedagogic communication to demystify 
hydraulic fracturing with respect to stakeholders 


