


 



 
 

 

 

DIRECTORATE GENERAL FOR INTERNAL POLICIES 

POLICY DEPARTMENT C: CITIZENS' RIGHTS AND 
CONSTITUTIONAL AFFAIRS 

 
 

PETITIONS 
 
 
 
 

Impacts of shale gas extraction on the 
environment and on human health – 

2012 update 
 
 
 

STUDY 
 
 

 

Abstract 
 
This study discusses the possible impacts of hydraulic fracturing on the 
environment and on human health updating a study published in 2011. 
Detailed studies of environmental risks arising from unconventional gas 
extraction activities have been published recently on European and 
national levels substantially broadening and deepening the scientific 
basis. However, knowledge and availability of information are still 
limited. High risks are identified in a number of environmental aspects, 
notably when taking into account the cumulative risks of multiple 
installations typical for unconventional gas activities. 

 
 
 
PE 462.485  EN 
 



 

This document was requested by the European Parliament's Committee on Petitions. 
 
 
AUTHORS 
 
Mr Matthias ALTMANN, Ludwig-Bölkow-Systemtechnik GmbH 
Mr Werner Weindorf, Ludwig-Bölkow-Systemtechnik GmbH 
Mr Werner ZITTEL, Ludwig-Bölkow-Systemtechnik GmbH 
Mr Stefan LECHTENBÖHMER, Wuppertal Institute for Climate, Environment and Energy 
 
 
 
RESPONSIBLE ADMINISTRATOR 
 
Ms Claire GENTA 
Policy Department C - Citizens' Rights and Constitutional Affairs 
European Parliament 
B-1047 Brussels 
E-mail: poldep-citizens@europarl.europa.eu 
 
 
 
LINGUISTIC VERSIONS 
 
Original: EN 
Translation: FR 
 
 
ABOUT THE EDITOR 
 
To contact the Policy Department or to subscribe to its newsletter please write to:  
poldep-citizens@europarl.europa.eu 
 
Manuscript completed in October 2012. 
Brussels, © European Parliament, 2012. 
 
This document is available on the Internet at: 
 
http://www.europarl.europa.eu/activities/committees/studies.do?language=EN 
http://www.ipolnet.ep.parl.union.eu/ipolnet/cms 
 
 
 
DISCLAIMER 
 
The opinions expressed in this document are the sole responsibility of the author and do 
not necessarily represent the official position of the European Parliament. 
 
Reproduction and translation for non-commercial purposes are authorized, provided the 
source is acknowledged and the publisher is given prior notice and sent a copy. 
 

mailto:poldep-citizens@europarl.europa.eu
mailto:poldep-citizens@europarl.europa.eu
http://www.europarl.europa.eu/activities/committees/studies.do?language=EN
http://www.ipolnet.ep.parl.union.eu/ipolnet/cms


Impacts of shale gas extraction on the environment and on human health – 2012 update 
____________________________________________________________________________________________ 

CONTENTS 
 
 

LIST OF ABBREVIATIONS 4 

LIST OF TABLES 5 

LIST OF FIGURES 5 

 

RING AND ITS POSSIBLE IMPACTS ON THE 
 

1

measures 

sment 

2. 

ways 

3. NG 17

3.1. Toxicologic assessment of fracking chemicals 18 

4. 

ack fluids 

5. 

REF

 

EXECUTIVE SUMMARY 6 

1. HYDRAULIC FRACTU
ENVIRONMENT 8

1.1. Information gaps 9 

1.2. Overview of risks 0 

1.3. Risk management 12 

1.4. Site-specific nature of risk asses 12 

GEOLOGICAL ASPECTS 13 

2.1. Geological effect path 14 

2.2. Separation distances 15 

CHEMICALS USED IN HYDRAULIC FRACTURI  

3.2. “Clean fracking” 20 

WASTE WATER DISPOSAL AND RECYCLING 22 

4.1. Composition of flow b 22 

4.2. Disposal, treatment, re-use, recycling 23 

GREENHOUSE GAS BALANCE 26 

ERENCES 29 

NOTES 31 

 3 



Policy Department C: Citizens' Rights and Constitutional Affairs 
____________________________________________________________________________________________ 

LIST OF ABBREVIATIONS 
 
 

CAS Chemical Abstracts Service 

CCS Carbon Capture and Storage 

GHG Greenhouse Gas 

HI hazard index 

HQ Hazard Quotient 

NORM Naturally Occurring Radioactive Materials 

PNEC Predicted No Effect Concentration 

 4 



Impacts of shale gas extraction on the environment and on human health – 2012 update 
____________________________________________________________________________________________ 

LIST OF TABLES 
 
Table 1: Overview of preliminary risk assessment across all project phases 11 

Table 2: Effect concentrations for selected fracking chemicals 19 

Table 3: Matrix of treatment processes versus flow back components 24 

 

 

LIST OF FIGURES 
 
Figure 1: ‘Release to air’ risk rating by project phase 12 

Figure 2: Potential flows of air pollutant emissions, harmful substances into water 
and soil, and naturally occurring radioactive materials (NORM) 14 

Figure 3: Typical safety distance of 1000 m between surface and fracking horizon
 16 

Figure 4: Development of flow back fluid composition 23 

Figure 5: Options for flow back handling 24 

Figure 6: GHG balance of unconventional gas extraction 27 

 

 
 

 5 



Policy Department C: Citizens' Rights and Constitutional Affairs 
____________________________________________________________________________________________ 

EXECUTIVE SUMMARY 
 
Background 

Highlighting the higher intensity of drilling, more industrial activity and disruption above 
ground as well as hydraulic fracturing technology as key features of unconventional gas 
extraction activities, the International Energy Agency notes: “The environmental and social 
hazards related to these and other features of unconventional gas development have 
generated keen public anxiety in many places.” (IEA, 2012). 

The European Parliament and other public institutions at European, national and regional 
level have taken up this important issue in various ways, including the advancement of 
scientific knowledge and publicly available information on unconventional gas extraction. 

Aim 

The aim of the present study is to provide an update to the study "Impacts of shale gas and 
shale oil extraction on the environment and on human health" published in June 2011 by 
the Directorate General for Internal Policies, Policy Department A: Economic and Scientific 
Policy upon request by the European Parliament's Committee on Environment, Public Health 
and Food Safety (Altmann et al., 2011)1. Shale oil issues are excluded from the update. 

The Petitions Committee of the European Parliament organises a workshop on "the 
exploration and the exploitation of shale gas in the European Union and its impact on the 
environment and the energy policy" based on the analysis of petitions received. This study 
provides scientific information in support of the workshop. 

This study update predominantly covers the aspects where scientific knowledge has 
advanced significantly over the 2011 status. This includes most notably geological aspects, 
the chemicals used in hydraulic fracturing and their toxicological assessment, waste water 
disposal and recycling issues as well as the greenhouse gas balance. Furthermore, a 
preliminary identification and systematic rating of potential risks has been carried out at 
European level, which provides a valuable basis for further work. 

This study focusses on environmental and health relates issues; legal, regulatory, 
administrative and economic issues are not covered. 

Results 

Significant new insights have been gained within the past 12 months. However, an 
substantial part of this is published in German language and may thus not be easily 
accessible to interested parties in other EU Member States. 

In spite of advances in scientific knowledge on unconventional gas issues a number of 
challenges and major information gaps remain in the different domains touched. While 
some of these are of a general nature such as toxicological assessments of chemicals used 
in hydraulic fracturing, other aspects require detailed information and data specific to a 
region or to each individual unconventional gas field. The latter notably includes detailed 
knowledge of the local/regional geology for environmental and health related risk 
assessments. 

                                          
1 Available at: 

 http://www.europarl.europa.eu/committees/en/studiesdownload.html?languageDocument=EN&file=44388 (and 
in the 20 other European languages) 
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Each chapter of this study covering one of the topics listed above is preceded by a box 
summarizing the key findings of the chapter. 
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1. HYDRAULIC FRACTURING AND ITS POSSIBLE IMPACTS 
ON THE ENVIRONMENT 

KEY FINDINGS 

 Detailed studies of environmen nconventional gas extraction tal risks arising from u
activities have been published recently on European and national levels 
substantially broadening and deepening the scientific basis. 

 Data and information gaps are noted in the studies, notably with respect to the 
absence of systematic baseline monitoring in the US, the lack of comprehensive 
and centralised data on well failure and incident rates, the lack of information 
regarding the frequency, quantity, concentration, behaviour and effects of 
chemicals used as well as the properties of the deep geosystem. 

 The need for further research on possible long term effects is highlighted. 

 Risk assessments need to distinguish between individual installations and 
cumulative effects of multiple installations, which are typical for 
unconventional gas activities, on the one hand, and need to be broken down into 
project phases on the other hand. 

 For the relevant environmental aspects, risk ratings are mainly moderate to high 
for individual installations, while risk ratings for cumulative effects of multiple 
installations are high for eight out of ten environmental aspects, one is 
moderate, and one low. 

 Best management practices are important to reduce impacts or risks of 
environmental pollution. 

 A risk analysis is always site-specific, combining site-specific aspects with general 
issues. 

Detailed studies of environmental risks arising from unconventional gas extraction activities 

deral 

 

                                         

have been published recently on European and national levels substantially broadening and 
deepening the scientific basis. These include notably the following studies: 

 Support to the identification of potential risks for the environment and human health 
arising from hydrocarbons operations involving hydraulic fracturing in Europe, 
commissioned by the European Commission DG Environment (AEA, 2012); 

 Environmental impacts of fracking in exploration and extraction of natural gas from 
unconventional reservoirs – Risk assessment, recommendations and evaluation of 
regulatory aspects and administrative structures2 (study in German language 
including an abstract in English language), commissioned by the German Fe
Environment Agency (‘Umweltbundesamt’) (UBA, 2012); this study focuses on 
water-related environmental impacts and risks for human health; 

 Fracking in unconventional natural gas reservoirs in Northrhine-Westfalia – Expert
analysis and risk assessment of exploration and extraction of natural gas from 
unconventional deposits in Northrhine-Westfalia (NRW) and related impacts on 

 
2 “Umweltauswirkungen von Fracking bei der Aufsuchung und Gewinnung von Erdgas aus unkonventionellen 
Lagerstätten – Risikobewertung, Handlungsempfehlungen und Evaluierung bestehender rechtlicher Regelungen 
und Verwaltungsstrukturen”; translation by the Matthias Altmann. The study is currently in the process of 
translation into English. 
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nature and notably public drinking water supply3 (study in German language), 
commissioned by the Ministry for Climate Protection, Environment, Agriculture, 
Nature Conservation and Consumer Protection of the German State of North Rhi
Westphalia, in consultation with the Ministry for Economic Affairs, Energy and 
Industry of the State of North Rhine-Westphalia (NRW, 2012); 

 Hydrofracking Risk Assessment, Executive Summary, Study concerning the safety 
and environmental compatibility of hydrofracking for natural gas production fro
unconventional reservoirs (Ewen et al., 2012). The study was ca

ne-

m 
rried out by a panel 

the 

The study 
authors duly acknowledge the limits of this risk screening exercise, considering notably the 

toring in the US (from which most of the examined 

dies as well as to the operator, which in general relies on a 

                                         

of experts in conjunction with ExxonMobil’s hydrofracking dialogue and information 
dissemination process, and is complemented by 10 separate studies on specific 
issues the results of which are included in the afore-mentioned Executive Summary. 

 Climate impact of potential shale gas production in the EU, commissioned by the 
European Commission DG CLIMA (AEA, 2012b). 

Combined, these studies represent some 2800 pages of thorough analysis and assessment 
of the issue, and are a valuable basis for an understanding of the current knowledge on 
environmental aspects of hydraulic fracturing. 

Nonetheless, fundamental information and data are still lacking to a certain extent, and 
further analyses are necessary for a better understanding of the issues at stake. 

1.1. Information gaps 
Relevant information gaps are noted by the recently published detailed studies: “

absence of systematic baseline moni
literature sources come from), the lack of comprehensive and centralised data on well 
failure and incident rates, and the need for further research on a number of possible effects 
including long term ones. Greater weight was given to information available in peer 
reviewed publications, the number of which is limited.” (AEA, 2012). The authors further on 
quote a study by the US Environmental Protection Agency noting “the lack of information 
regarding the frequency, quantity and concentration of chemicals used. […] this information 
may be seen as commercially confidential by the companies using the fluids.” (AEA, 2012). 

UBA (2012) notes: “In summary we conclude that basic knowledge and data are currently 
missing preventing a profound assessment of the risks and their technical controllability 
(e.g., the properties of the deep geosystem, the behaviour and effects of the deployed 
chemical additives, etc.).” 

As an example of the uncertainties encountered in Germany, UBA (2012) notes that safety 
data sheets of the fracking fluids in general are the only source of information on the fluids 
available to authorizing bo
service company for carrying out the fracking. In the case described by UBA (2012), 
operator and service company disagreed on whether a certain chemical4 was used for 
various fracks carried out in Lower Saxony, Germany. While the operator assumed that the 
chemical was used based on the safety data sheet of the fluid, the service company 
informed that it had not used this chemical since the 1980ies in Europe, and that the safety 

 
3 Fracking in unkonventionellen Erdgas-Lagerstätten in Nordrhein-Westfalen – Gutachten mit Risikostudie zur 
Exploration und Gewinnung von Erdgas aus unkonventionellen Lagerstätten in Nordrhein-Westfalen (NRW) und 
deren Auswirkungen auf den Naturhaushalt insbesondere die öffentliche Trinkwasserversorgung; translation by 
Matthias Altmann. 
4 Nonylphenol ethoxylates, also known as nonoxynols, a group of chemicals of similar chemical structure. 
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data sheet related to a product of the same name by a different company that was not 
used. 

This example also demonstrates another dimension of lack of information or data 
uncertainty: chemical names provided are not always unique, which introduces ambiguities 

these, 83 (55% of the chemicals listed) were correctly identified by their CAS6 numbers; 23 
were incorrectly identified by a CAS number, or were not identified by a CAS number, but a 

ere identified with their CAS 

A summary of AEA’s (2012) preliminary risk assessment is provided in Table 1. 

                                         

that possibly lead to significant uncertainties in the toxicological assessment. 

A list of 151 chemicals used for fracking in Germany was provided by ExxonMobil to an 

independent expert group for toxicological analysis (Schmitt‐Jansen et al., 20125). Of 

correct CAS number could be identified by the independent experts based on the chemicals’ 
names; 14 chemicals represented groups of chemicals, and a suitable representative of 
each was identified by the independent experts including CAS number; 11 represented a 
group of chemicals with a wide spectrum of physical and chemical characteristics, making it 
impossible to identify toxicological characteristics; 20 did not allow for an identification as 
the name didn’t provide information on chemical structure. 

UBA (2012) comes to a similar conclusion after a similar classification exercise. 28 fracking 
fluids analysed contained 112 substances, of which 76 w
numbers; 36 could not be unambiguously identified. 

1.2. Overview of risks 

 
5 This study is part of the independent expert analysis described in (Ewen et al., 2012). 
6 The Chemical Abstracts Service (CAS) registry number is a unique identifier for chemical substances. 

 10 



Impacts of shale gas extraction on the environment and on human health – 2012 update 
____________________________________________________________________________________________ 

Table 1: Overview of preliminary risk assessment across all project phases 

Environmental aspect Project assessment  Cumulative Assessment 

Groundwater 
contamination 

High  High 

Surface water 
contamination 

High  High 

Water resources Moderate  High 

Release to air Moderate  High 

Land take Moderate  High 

Risk to biodiversity Moderate  High 

Noise impact Moderate – High  High 

Visual impact Low – Moderate  Moderate 

Seismicity Low  Low 

Traffic Moderate  High 

Source: based on (AEA, 2012) 

AEA (2012) distinguishing between individual installations and cumulative effects of 
multiple installations, which are typical for unconventional gas activities, on the one hand, 
and broken down into project phases on the other hand. This assessment is done in a 
qualitative fashion on a scale from ‘Low’ to ‘High’ with one exceptional ‘Very High’ 
classification. Table 1 displays the result of this preliminary risk assessment for the overall 
risk rating across all project phases showing that cumulative impacts increase the risk 
rating from individual installations in seven out of ten environmental aspects covered, while 
in the remaining three aspects the rating for individual installations is the same as the 
rating for cumulative risks of multiple installations. 

AEA (2012) assesses the risks by project phase spanning from site identification and 
preparation to well abandonment and postabandonment for the environmental aspects in a 
matrix. 

Individual environmental aspects show a clear tendency to increase risks from individual to 
multiple installations as showcased for ‘release to air’ risks in Figure 1. It also demonstrates 
the different risk ratings for the various project phases, with ‘well design, drilling, casing, 
cementing’ over ‘fracturing’ and ‘well completion’ to ‘production’ in general displaying the 
highest risk ratings. 

 11 



Policy Department C: Citizens' Rights and Constitutional Affairs 
____________________________________________________________________________________________ 

Figure 1: ‘Release to air’ risk rating by project phase 

 
Source: based on (AEA, 2012) 

1.3. Risk management measures 
Providing principles that can guide policy-makers, regulators, operators and other 
stakeholders on how best to reconcile their interests the International Energy Agency 
emphasizes “full transparency, measuring, monitoring and controlling environmental 
impacts; and early and sustained engagement” as the critical elements in such processes 
(IEA, 2012). 

AEA (2012) provide a structured overview and detailed lists of risk management measures 
and controls available to government and regulatory authorities as well as to industry. In 
summary “there is a consensus between US industry and regulators that best management 
practices can be used to reduce impacts or risks of environmental pollution, based on 
experience in the US.” (AEA, 2012) 

1.4. Site-specific nature of risk assessment 
ic”. Site-specific issues include 

 unconventional gas activities 

UBA (2012) notes that “a risk analysis is always site-specif
notably the geological system as well as the situation at the surface including physical 
properties, land use, population density, nature conservation value etc. Other issues such 
as the properties of chemicals used for fracking, the specifications of technical equipment 
including their emissions, etc. are not site specific. For a full risk analysis, site-specific 
aspects need to be combined with general issues, e.g. the (general) risk potential of 
fracking fluids is combined with the (site-specific) relevance of geological pathways in the 
given geological system (UBA, 2012). 

Any general, i.e. not site-specific, study of risks associated to
can only provide general indications of risk levels, and can give guidance on how to 
combine general aspects with site-specific ones. 
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2. GEOLOGICAL ASPECTS 
KEY FINDINGS 

 The depths between around 0 m serving as cap rock barrier  100 m and 1,00
have traditionally not been analysed in detail, as ground water bodies in general are 
shallower and hydrocarbon resources are deeper. 

 Geological effect pathways of possible transport of harmful substances including 
NORM are active and abandoned wells, geological faults and transport without 
specific pathways. 

 As permeation processes in the underground are often very slow, long term 
effects need to be analysed as well. Consequences of widespread fracking may 
become visible only decades later. 

 Site-specific geological analyses are always required before the start of any 
unconventional gas extraction activities. 

 A recent German study concludes that in the absence of geological fault zones 
fluid flows and substance transport in the underground make little contribution to 
the overall risk of groundwater contamination as transport distances are limited. 

 Methane migration from the geological target strata of fracking to the surface can 
also allow estimating the effective permeability of the geological barrier strata 
between the gas bearing formations and the ground water bodies. 

 In the absence of fault zones or similar structures, a vertical safety distance of 
600 to 900 m between the fracking activity and groundwater bodies should be 
sufficient to avoid ground water contamination. 

 Ground water monitoring should start before fracking, and should be continued 
during and after fracking. 

 

Geological aspects are among the most important issues in assessing environmental and 
health risks of unconventional gas activities. Scientific analyses in Germany have recently 
improved the publicly available knowledge base significantly. 

 addition to potentially competing uses of underground strata such as for example 

ation. In addition to a general 

ction between unconventional gas formations where fracking would be applied 

In
geothermal energy, there are a number of geological aspects that need to be analysed in 
order to avoid ground water contamination. This includes the assessment of different 
geological pathways that could lead to ground water contamin
understanding, site-specific analyses are always required for any unconventional gas 
activities. 

The depths between around 100 m and 1,000 m have traditionally not been analysed in 
detail, as ground water bodies in general are shallower and hydrocarbon resources are 
deeper (Sauter et al., 2012). Consequently, data on this layer, which has the important 
barrier fun
and ground water bodies, is not sufficiently available. 

Fracture creation through hydraulic fracturing is only partially understood. Predictions of 
fracture development through an improved understanding of the mechanisms could both 
increase the effectiveness of the process and reduce risks associated to it. 
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2.1. Geological effect pathways 
Geological effect pathways of possible transport of harmful substances including NORM are 
depicted in Figure 2. These include active and abandoned wells (1.), geological faults (2.) 
and transport without specific pathways (3.) (NRW, 2012). 

ance transport along wells, i.e. artificially 

bstances in abandoned wells 

ant emissions, harmful substances into water 

Pathway group (1.) describes potential subst
created pathways. This includes upward transport of harmful substances in exploration or 
production wells based on failures of the casing/cementation or insufficient tightness 
against the surrounding rock; upward transport of harmful su
based on insufficient or degraded well closure or casing/cementation; and unintended 
introduction of harmful substances into the underground through casing/cementation 
failure during hydraulic fracturing. It is noteworthy that in the German State of Northrhine-
Westfalia (NRW) where exploration licences for unconventional gas cover around 60% of 
the state surface (NRW, 2012) some 90,000 abandoned wells exist of different depths, 
many of which are several decades old and the exact location and status of which is only 
partially known (Reinicke, 2011). 

Pathway group (2.) describes substance transport along geological faults, which includes 
deep faults directly connecting the geological strata where hydraulic fracturing is carried 
out with underground water bodies, or failures, which cover certain limited distances.  

Figure 2: Potential flows of air pollut
and soil, and naturally occurring radioactive materials (NORM) 

 
Source: own source based on (Altmann et al., 2011); (NRW, 2012) 

Pathway group (3.) covers transport without specific pathways, which depends on the 
permeability and the potential differences in the geological strata concerned. A 
differentiation can be made between direct introduction of substances such as frack fluids 
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or flow back into underground strata; diffuse upward transport of gases and fluids through 

flow and chemicals transport; furthermore, geological 

nd for limited hydraulic pressure gradients present over 

l analysis using available small-scale detection 

 the ground water bodies. Sauter et al. (2012) 

ta for fracking activities and ground water bodies. Local 
geology always needs to be analysed and assessed in the preparation of unconventional 

s, in geological formations that are free from fault 
allow for easy fluid flow or substance transport, and 

 
geological setting in Germany. Assuming a second frack from a neighbouring well to induce 

overlying strata; and diffuse lateral transport of gases and fluids. 

Combinations of pathways within and between the groups defined above are possible and 
need to be taken into account (NRW, 2012). 

As permeation processes in the underground are often very slow, long term effects need to 
be analysed as well. Consequences of widespread fracking may become visible only 
decades later. So far, the available knowledge base is not sufficient for any geological 
system to assess long term effects. 

Sauter et al. (2012) present a methodology for the quantification of fluid flow and 
substance transport related to fracking activities. Three scenario calculations are carried 
out in order to allow for a first rough understanding of possible risks of groundwater 
contamination associated with fluid 
methane migration is assessed. 

The authors come to the conclusion that under certain conditions, fluid flows and substance 
transport in the underground make little contribution to the overall risk of groundwater 
contamination. Both for high overpressures of up to 300 bar present for short-term periods 
typical for hydraulic fracturing a
decades, transport distances are limited. 

It has to be emphasized here that it needs to be ensured for carrying our fracking activities 
that the presence of geological fault structures can be excluded. Sauter et al. (2012) argue 
that it is not possible to characterise fault zones regarding their effective large-scale 
hydraulic features based on geometrica
methods. Therefore, so-called proxies are used that allow detecting hydraulic connections 
between deep strata and lower groundwater bodies. Such proxies could be for example 
certain trace elements of deep formation waters or characteristic gas isotopes in ground 
water. Available data and information on the geologies of the regions analysed by Sauter et 
al. (2012) in the German states of Lower Saxony and Northrhine-Westfalia, however, are 
not sufficient to carry out such analyses. 

Methane migration from the geological target strata of fracking to the surface is relevant 
for the GHG balance of unconventional gas activities (see also section 4). In addition, it can 
also serve as a proxy for estimating the effective permeability of the geological strata 
between the gas bearing formations and
therefore recommend developing a baseline for methane release from natural sources by 
establishing a comprehensive database of methane contents in groundwater in regions of 
unconventional gas resources. 

2.2. Separation distances 
As discussed above, there are no general rules that would allow defining general separation 
distances between target stra

gas extraction activities. Nonetheles
zones or other structures that may 
that are not strongly folded certain separation distances can be defined as rules of thumb. 

AEA (2012) cite recent scientific studies that have analysed the length of fractures created 
by fracking. They come to the conclusion that fracks vertically extend to up to 600 m at 
maximum. Sauter et al. (2012) have calculated a maximum vertical transport distance of 
50 m for fracking fluids under a short-term high overpressures scenario for a concrete
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vertical transport of another 50 m, and further assuming a safety factor of two results in a 
maximum vertical transport distance of 200 m. Down to a depth of 300 m from the surface, 
permeability generally is higher due to the naturally reduced gravitational stress, for which 
reason this stratum is not considered as a barrier. In a situation where the ground water 
body extends to a maximum depth of 100 m this gives a separation distance of 1,000 m 
between the surface and the fracking horizon (see Figure 3). 

A similar estimate gives a vertical safety distance between deep ground water bodies and 
unconventional gas reservoirs of 600 m (Sauter et al., 2012). 

Figure 3: Typical safety distance of 1000 m between surface and fracking horizon 

 
Source: based on (Sauter et al., 2012) 

In addition to assessing the local geology, notably for faults, ground water monitoring 
concepts should be established. Sauter et al. (2012) suggest drilling a shallow well as close 
as possible to the gas well (within 2 m) without compromising its integrity. This will allow
monitoring the direct vicinity of the gas well and give very quick indications of possible 

ation. In case of a leak this well can also facilitate and 

 

leaks of the well casing/cement
accelerate remediation action. 

Ground water samples taken before fracking around the gas well will serve as a baseline for 
relevant chemical substance concentration monitoring during and after fracking. 
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3. CHEMICALS USED IN HYDRAULIC FRACTURING 
KEY FINDINGS 

 The understanding of enviro  of chemicals used in nmental and health aspects
hydraulic fracturing has improved significantly over the past 12 months. 

 A new methodology has been applied in Germany by two detailed studies 
assessing sets of more than 150 chemicals used for fracking. 

 The fracking fluids used in Germany to date all contain chemicals with hazard 
quotients significantly above 1, which indicates that these chemicals are critical 
from a toxicological point of view. 

 This approach to assessing the ecotoxicological and human-toxicological risks 
of fracking chemicals should be pursued further. The differences in the 
assessments by the two German studies indicate that more research is required to 
develop a sound understanding. 

 Different fracking technologies that avoid the use of toxic chemicals are being 
developed and are discussed in the public domain as “clean fracking”. Substantial 
further research and development efforts will be required before hydraulic 
fracturing without toxic chemicals may be possible. 

 Avoiding toxic chemicals in fracking fluids will not avoid all risks related to flow back 
fluids as these are mixed with geological formation waters, which often contain 
harmful substances such as heavy metals, Naturally Occurring Radioactive 
Materials (NORM), etc. 

 

Chemicals used in hydraulic fracturing are among the most critical issues from the 
perspective of environmental and health risks. Compared to the situation in mid-2011 as 
escribed in (Altmann et al., 2011), detailed analyses, notably in Germany, have brought 

The sets of chemicals analysed partly overlap, while both studies cover chemicals not 

examining the Chemical Safety Reports of the REACH 

in hydraulic fracturing. 

d
about a better understanding of the issues at stake. A new methodology for assessing the 

risks has been proposed and carried out by (Schmitt‐Jansen et al., 2012) and by UBA 

(2012). Both studies have analysed chemicals used for hydraulic fracturing in Germany 
over the past years, and chemicals expected to be applied for this purpose in the future. 

included in the other analysis. 

Further valuable insight is expected by the end of 2012 from an analysis presently being 
carried out by the European Commission’s Joint Research Centre (JRC). The JRC is 
currently in the process of 
registration files for a number of chemical substances generally used in hydraulic 
fracturing, in order to determine if the exposure scenarios included in such reports could be 
considered adequate for shale gas operations. UBA (2012) have checked REACH 
registration of 76 fracking chemicals identified by their CAS numbers; of these, 49 are fully 
registered, one substance is registered as an intermediate, 24 have a pre-registration, 2 
are neither registered nor pre-registered. 

“Clean fracking” technologies are under development that aim at avoiding toxic chemicals 
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3.1. Toxicologic assessment of fracking chemicals 
The analysis of fracking fluids, i.e. mixtures of water, propping agents such as sand, and 

nergistic or antagonistic effects of mixtures of chemicals in fracking 
fluids have not been assessed as such an assessment is extremely complex as not only the 

chemical and physical 
 fluids are applied. A 

ion, etc.). 

chemicals, is generally done using a component based approach, i.e. each chemical will be 
analysed separately. Sy

chemicals included in the mix need to be taken into account, but also 
interactions with substances present in the geologic strata where the
second reason for not attempting to assess mixtures in their interactions is the fact that 
fracking fluids are highly variable in their compositions and targeted mixtures are 
developed on an individual basis for fracking activities. 

In a first step, chemicals are identified by their CAS numbers (see section 1.1). These are 
then assessed based on their physico-chemical and toxicological properties and the 
concentrations in which they are used in fracking fluids. For toxicological analyses, both 
acute and chronic toxicity is taken into account. As a third step, numerical models would be 
required to make a site-specific assessment of the dispersion of chemicals through different 
pathways (surface spill, surface leakage, underground migrat

The central elements in this scheme are the so-called hazard quotient (HQ) and the hazard 
index (HI). The hazard quotient relates the actual concentration of the chemical in the 
fracking fluid to the lethal concentration for exposure, or to concentrations of regulatory 
relevance, both generically named ‘effect concentration’ here. It is calculated as described 
below: 

 

While Schmitt-Jansen et al. (2012) sum up all HQs for an individual fracking fluid into the 
HI of the fluid, UBA (2012) refrain from summing HQs as synergistic and antagonistic 
effects should be accounted for, which as described above is extremely complex. Chemicals 
will disperse in case of an uncontrolled event so that the ecological and human health 
relevance decreases. Nonetheless, UBA (2012) argues that certain accident scenarios exist 
where the undiluted fracking fluid impacts ecosystems or ground water bodies, and that 

f 

consequently for general risk assessment purposes no dilution factor should be assumed. 

Schmitt-Jansen et al. (2012) have researched the relevant scientific databases for 
toxicologic values of effect concentrations of the chemicals analysed for three aquatic 
model organism groups, namely fish, daphnia7 and algae. Effect concentrations used are 
either the lethal concentration LC508, or the effect concentration EC509. 

UBA (2012) have related the concentrations in the fracking fluids to concentrations o
regulatory relevance in Germany and Europe. One of these is the so-called Predicted No 
Effect Concentration (PNEC10) defined in (EC TGD 2003), which is of European relevance. 
Depending on the level of data quality, safety factors are included in the PNEC calculation. 
It needs to be emphasized that PNEC used by (UBA, 2012) for HQ calculation is by 
definition lower than an LC50 used by (Schmitt-Jansen et al., 2012). 

                                          
7 Daphnia are small, planktonic crustaceans, between 0.2 and 5 mm in length living in various aquatic 
environments ranging from acidic swamps to freshwater lakes, ponds, streams and rivers. 

 of the individuals of a 

8 LC50 is the concentration that leads to the death of 50% of the individuals in a given population exposed to it. 
9 EC50 is the concentration that leads to a certain effect such as e.g. immobility, in 50%
given population exposed to it. 
10 “A PNEC is regarded as a concentration below which an unacceptable effect will most likely not occur.“ (EC TGD 
2003). 
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Schmitt-Jansen et al. (2012) and UBA (2012) use various databases, partly overlapping, for 
identifying the applicable effects concentrations. Some examples show that results are not 
always consistent (see Table 2) even if PNEC should in general be significantly lower than 
LC50/EC50 values. 

For the concentrations of chemicals used in specific fracking fluids in Germany, Schmitt-
Jansen et al. (2012) and UBA (2012) calculate HQs, which show a large variation in results. 
This is due to different toxicological characteristics of the chemicals, and relates to the 
concentrations in the fluids. 

[mg/l] 2012) 
[mg/l] 

Table 2: Effect concentrations for selected fracking chemicals 

Chemical 
PNEC (UBA, 2012) 

LC50/EC50  
(Schmitt-Jansen et al., 

Tetramethylammonium 
chloride  
(CAS 75-5

<0.0002 
(d ) 

7-0) 
ata quality insufficient

462 (fish acute) 

2-butoxyethanol 
0.0894 35 (algae chronic) 

(CAS 111-76-2) 
Propan-2-ol
(CAS 67-63-0) 

 
0.  98 011 (algae acute)

Distillates (petroleum), 
t 

47-8) 
hydrotreated ligh
(CAS 64742-

0.004 2.2 (fish acute) 

Polyoxyethylene octylphenyl 
0.0018 0.21 (algae acute) ether 

(CAS 9036-19-5) 
CMIT/MIT mixture (Kathon) 

0.000052 [mix] 
0.000021 [CMIT] 
0.000050 [MIT] 

534 (algae chronic; 
11

(CAS 55965-84-9 [mix], CAS 
26172-55-4 [CMIT]; 2682-
20-4 [MIT]) 

modelled )[mix] 

Methanol 
(CAS 67-56-1) 

0.19 0.0247 (algae acute) 

Fumaric acid 
(CAS 110-17-8) 

0. ) 0.01 276 (algae chronic

3,6,9-
Triazaundecamethylenediami

No PNEC calculated 0.5 (algae chronic) 
ne 
(CAS 112-57-2) 

S BA, 2012), (Schmitt-Jansen et al., 2012) 

S calcula ,000, i.e. that concentrations of 
36,000 times above the effect concentration have been used for fracking. Most critical 
chemicals identified are methanol, propan-2-ol and 3,6,9-triazaundecamethylenediamine 

ource: (U

chmitt-Jansen et al. (2012) te HQs of up to 36

(CAS 112-57-2)12 (see Table 2). 

                                          
11 Schmitt-Jansen et al. (2012) do not include modelled values in the HQ and HI calculations. 
12 For this chemical, UBA (2012) has not calculated a PNEC. 
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UBA (2012) calculate HQs of up to 227,00013. Most critical chemicals identified are 2-
butoxyethanol, CMIT or CMIT/MIT mixtures, and hydrotreated light petroleum distillates 

ld be pursued further. More scientific and regulatory clarification is needed 

The composition of fracking fluids develops dynamically with the aim to optimize the 
 environmental footprint. On the other hand, information on 

deemed a business secret. Therefore, studies 

aviolet (UV) purging of the injected fluid, and 
ch is taken by 

 as 

 ice cream and as a 

hich often contain harmful contaminants, can rise and 

formation waters are site specific and mainly related to their chemical composition 
 

(see Table 2). 

This approach to assessing the ecotoxicological and human-toxicological risks of fracking 
chemicals shou
with respect to the relevant effect concentration selected for HQ calculation. Furthermore, 
the differences in the assessments by the two German studies indicate that more research 
is required to develop a sound understanding. 

3.2. “Clean fracking” 

performance and to reduce the
current developments is often proprietary and 
mainly rely on information about fluids used in the past. 

Since a few years companies develop and test new mixtures with the goal to reduce and 
eventually avoid toxic or hazardous substances. New substances and potentially new 
techniques may change the present picture. 

UBA (2012) gives an overview of the new technologies under development. 

Halliburton aims at replacing biocides by ultr
has carried out a first frack in Texas, USA, in May 2011. A similar approa
OMV14 and Montanuniversität Leoben in Austria, combining this with using corn starch
gelling agent, Bauxit as proppant and water as only fracking fluid components. Technical 
feasibility was scheduled to be demonstrated by 2015, economic viability by 2018/19 
according to (UBA, 2101). Other concepts developed are: extreme overbalance perforation, 
cavitation hydrovibration, fracking using liquefied petroleum gas15, chemical stimulation 
using acids, and thermal stimulation. At present, it is not possible to judge to which extent 
the substitution or the avoidance of hazardous chemicals is possible. 

Where substitution of toxic chemicals is possible, the substitutes may also have unintended 
side effects. For instance, guar beans are increasingly used as basis for starch production in 
the USA, and are used in the food industry in dairy products like
stabilizer in cheese and cold-meat processing. In 2011, the rising demand for guar bean 
starch for hydraulic fracturing exceeded the demand from the food industry. As a 
consequence, guar bean prices in India skyrocketed (BBC, 2012; Reuters, 2012). 

Present estimates indicate that the share of corn starch as gelling agent in the injected fluid 
needs to be higher than 10%. Assuming a consumption of 15,000 m³ of water for one well, 
at least 1,500 tons of corn starch would be required for one well, or the equivalent harvest 
from around 230 ha. 

Hydraulic fracturing without chemicals would eliminate the risk related to the chemicals. 
The risks of creating pathways from the gas containing strata to groundwater bodies where 
geological formation waters, w
contaminate ground water bodies are not avoided, however. Risks related to the flow back 
fluid equally remain caused by its formation water content. Risks associated to the 

                                         
13 Tetramethylammonium chloride is not included here with an HQ of >2.6 million as the data quality was rated 
insufficient. 
14 OMV has stopped unconventional gas activities in Austria. It is unclear in how far this affects „clean fracking „ 
developments. 
15 consisting of propane and butane in varying shares. 
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including salt content, and their content of naturally occurring radioactive materials 
(NORM). 
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4. WASTE WATER DISPOSAL AND RECYCLING 
KEY FINDINGS 

 Flow back fluid is a mixture of t d and formation water from the he fracking flui
geological formation where fracking is applied. 

 Requirements for the handling of flow back fluids depend on the composition of 
the fracking fluid, on the composition of the formation water, and on the share of 
each of the two in the flow back, which in addition changes over time. 

 Reinjection of waste water from fracking operations into the underground is 
current practice in Germany. Alternatives are regarded as not being economically 
feasible. 

 Possible risks of reinjection of waste waters towards water bodies are not assessed 
sufficiently and risks cannot be excluded. The hydro dynamics of the deep ground 
water and the environmental impacts of reinjection are to be assessed in a site-
specific manner. 

 “At present, there is neither a state-of-the-art in knowledge nor in technology 
for the treatment of flow back fluids that would allow for the subsequent discharge 
into a water body.” (Rosenwinkel et al., 2012) 

 

Both the consumption of fresh water and the disposal of flow back fluid pose risks to the 
environment and to human health. Recycling and re-use of flow back fluid, which has 

creased in recent years, is thus an option to reduce risks. 

ently analysed the composition of flow back fluids in 
hydraulic fracturings carried out in Germany. 

flow back fluid composition over the 

ng up most of the flow back in the beginning, 

d have come back to the surface 

n water, and on the share of each of the two in the flow back, which in addition 

in

Flow back fluid is a mixture of the fracking fluid and formation water from the geological 
formation where fracking is applied. 

4.1. Composition of flow back fluids 
Rosenwinkel et al. (2012) have rec

Figure 4 shows a typical development of the 
cumulative flow back arriving at the surface. This is equivalent to the change in 
composition over time with fracking fluid maki
and formation water percentage steadily increasing to almost 100%. As formation waters in 
general have very high salt concentrations, the chloride concentration can be used as a 
measure of the share of formation water in the flow back. 

Over the time of measurement of this concrete fracking activity, the average share of 
formation water in the flow back was 69%. Together with the cumulative flow back quantity 
this reveals that only 8% of the 12,000 m³ of fracking flui
while 92% are still in the reservoir. After restart of the flow back, part of this may gradually 
flow back to the surface, but a large quantity will remain in the formation (Rosenwinkel et 
al., 2012). 

From Figure 4 it becomes evident that requirements for the handling of flow back fluids 
depend on the composition of the fracking fluid (see also section 3), on the composition of 
the formatio
changes over time. 
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Figure 4: Development of flow back fluid composition 

 
Source: based on (Rosenwinkel et al., 2012) 

4.2. Disposal, treatment, re-use, recycling 
The principal options for the handling of flow back fluids are shown in Figure 5. 

m fracking operations into the 
jected into 

onmental impacts of reinjection are to be assessed in a site-

                                         

According to (UBA, 2012), reinjection of waste water fro
underground is current practice in Germany. In general, waste water is in
abandoned hydrocarbon wells (Rosenwinkel et al., 2012). “ExxonMobil currently regards 
the treatment of waste water as possible, but not feasible for economic reasons. Hence, its 
preference is for the deep well injection of condensates, reservoir water and flowback.” 
(Rosenwinkel et al., 2012). 

UBA (2012) argues that “possible risks towards water bodies are not assessed sufficiently 
and risks cannot be excluded according to the authors. The hydro dynamics of the deep 
ground water and the envir
specific manner.”16 (UBA, 2012). Sufficient analyses of geological formation waters and 
reliable mass balances of flow back fluids are lacking. Systematic measurements of 
transformation and decomposition products in flowback fluids have not been carried out 
(UBA, 2012). It follows from this assessment that the scientific basis is lacking to ensure 
that ground water bodies are not at risk of contamination through the reinjection of waste 
waters from fracking activities. 

In the USA, flow back fluid is either reinjected into geological formations, re-use for 
enhanced oil recovery or recycled, i.e. treated and re-used in fracking fluids. 

 
16 Translation by Matthias Altmann. 
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Figure 5: Options for flow back handling 

 
Source: based on (Rosenwinkel et al., 2012) 

At present, general process technologies can be named that are in principal able to allow 
for the treatment of certain components of flow back fluids. Rosenwinkel et al. (2012) 
provide a matrix of processes versus flow back components that allows selecting processes 
for the treatment of specific components (see Table 3). 

Table 3: Matrix of treatment processes versus flow back components 

 
Source: based on (Rosenwinkel et al., 2012) 

Experience with the treatment of flow back is limited. There are no commercially available 
solutions that are able to deal with the variety of possible flow back compositions. In the 
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USA, certain technologies are under development, or are in early commercial operation at 
small scale. According to Rosenwinkel et al. (2012) these would not be licensable according 
to German legislation in their present status. They conclude that “at present, there is 
neither a state-of-the-art in knowledge nor in technology for the treatment of flow back 
fluids that would allow for the subsequent discharge into a water body.”17 

                                          
17 Translation by Matthias Altmann. 
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5. GREENHOUSE GAS BALANCE 
KEY FINDINGS 

 The knowledge base for unc se gas balances has onventional gas greenhou
improved significantly over the past year. 

 Nonetheless, calculations for Europe are still hypothetical and subject to 
uncertainty. 

 The greenhouse gas balance of both unconventional and conventional gas is 
dominated by the combustion stage. Major drivers for GHG emissions are low 
lifetime well productivities, methane emissions from the flow back fluid 
during the well completion stage as well as possible high CO2 contents of the 
extracted gas. 

 Application of best available technologies and management practices for 
emissions reductions have the potential to significantly reduce overall emissions and 
should be the in the focus of all decisions taken in Europe. 

 

Since the publication of the original study of Altmann et al. (2011) the knowledge base for 
nconventional gas greenhouse gas balances has improved significantly. However, 

calculations for Europe are still hypothetical and subject to uncertainty as there are no 

ies rely on data and information from 
unconventional gas operations in the USA, where only a limited set of primary data is 

ustion stage as shown in Figure 6. Mitigation options for these emissions are 
carbon capture and storage (CCS) at the point of gas combustion, which is a concept in the 

ports dissolved gas to the surface. Traditionally in 

u

commercial unconventional gas activities in Europe to date. Specific conditions in Europe 
are taken into account, but may in reality be different than assumed. Furthermore, the 
level of emissions associated with the well completion stage as well as water recycling, re-
use and treatment issues are subject to uncertainty. 

AEA (2012b) provide a good overview of publicly available information on greenhouse gas 
balances of unconventional gas extraction. Most stud

actually available for analysis. On this basis, a number of scenarios is developed by AEA 
(2012b) in order to test the sensitivity to different parameters influencing the overall 
balance. 

The greenhouse gas balance of both conventional and unconventional gas is dominated by 
the comb

research stage, and the generation of renewable methane from different types of biomass 
or from renewable electricity as a means of electricity storage (see Fritsche & Herling, 
2012). Another major factor influencing the GHG balance is the well productivity over its 
entire lifetime. AEA (2012b) vary their assumptions for lifetime well productivity between 
28.3 and 84.9 million m³. Emissions related to site preparation, drilling and hydraulic 
fracturing are independent of the quantities of gas extracted. Relating these emissions to 
the lifetime productivity of the well thus leads to lower emissions for higher productivities. 
Other emissions, for example those related to the CO2 content in the extracted gas or to 
gas transport, are proportional to the amount of gas extracted and thus are independent of 
the lifetime gas productivity of the well. 

A major contribution to overall GHG emissions stems from the well completion stage. After 
hydraulic fracturing, flow back fluid trans
the USA, these gas quantities have been vented making a major contribution to the overall 
GHG balance. Most of the pre-combustion stage emissions of the ‘Altmann et al. (2011) 
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Min’ bar in Figure 6, which is the minimum scenario of (Altmann et al., 2011) are 
associated to this. 

AEA (2012b) calculate GHG balance scenarios assuming venting, flaring or capturing these 

as comprises a mix of methane, other 

at unconventional gas compositions vary considerably 

conventional gas extraction 

quantities of methane demonstrating the significant influence of this on the overall balance. 
Venting the methane emissions from the flow back fluid results in pre combustion stage 
emissions of 9%, with combustion making up the remaining 91%. Capturing 90% of these 
emissions from the flow back fluid, which the U.S. Environmental Protection Agency 
assumes to be technically feasible, reduces the overall emissions by 4%, or, in other words, 
reduces pre combustion emissions almost by half. 

“As with gas from conventional sources, shale g
heavier hydrocarbons such as ethane, propane and butane, and CO2. The literature offers 
differing opinions as to whether there are any systematic differences between the 
composition of shale gas and conventional gas. […] No data was available in the literature 
on the composition of shale gas in Europe, and whether this is likely to differ significantly 
from conventional gas composition. We have therefore […] assumed a typical conventional 
gas composition for shale gas.” (AEA, 2012b) For their calculations, AEA (2012b) use the 
gas composition of UK natural gas, which has a very low CO2 content of below 1%. Based 
on initial exploration data from ExxonMobil for Germany, Fritsche & Herling (2012) assume 
3%-5% of CO2 in the extracted gas. 

There are indications in literature th
in the USA. Goodman & Maness (2008) report that shale gas in the Antrim Shale in 
Michigan, USA, has a carbon dioxide content of up to and even beyond 30%: “CO2 levels in 
produced Antrim gas start low, but steadily grow during a well’s productive life, eventually 
topping 30% in some areas.” According to (Goodman & Maness, 2008) the overall shale 
gas composition in the Antrim Shale shows a clear tendency of increasing CO2 contents 
over the 1998 to 2008 period. 

Figure 6: GHG balance of un

 
Source: Own calculation based on (AEA, 2012b), (Altmann et al., 2011), (Fritsche & Herling, 2012). 
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In order to analyse the effect of high CO2 contents in unconventional gas on the GHG 
balance, Altmann et al. (2011) have made a calculation based on a 30% CO2 content and 
based on information published until the summer of 2011. In this update, a similar scenario 
is calculated based on the base case calculation in (AEA, 2012b). The ‘30% CO2 + Base 
Case’ bar in Figure 6 shows the significant contribution of high CO2 contents in the 
extracted gas. With such a gas composition, unconventional gas has significantly higher 
emissions than conventional natural gas imported over 7,000 km from Russia. 

In general, drilling is carried out using electric engines driving the drill, and electricity 
generated onsite through diesel engine generator sets. This is done as drilling sites usually 
are remote and not connected to the electric grid. 

Instead of onsite electricity generation using diesel generators, grid electricity could be 
used for drilling and hydraulic fracturing if the existing electric grid were extended to the 
drilling pads. Fritsche & Herling (2012) assume grid electric drilling to be a realistic option 
for the future. Depending on the sources of electricity, grid electricity may reduce GHG and 
pollutant emissions significantly compared to onsite generation, and in addition, noise as 
well as transport of diesel to the site would be drastically reduced. On the other hand it 
would mean additional infrastructure construction work for grid extension, preferably using 
underground cables.  

In the USA, Chesapeake Energy started considering grid electricity for the development of 
unconventional gas extraction in north Texas in the Barnett shale field on the area of the 
Dallas/Fort Worth Airport in 2006 and established the first grid connection for drilling i
2009 (Shipley, 2009). This was mainly motivated by emissions restrictions of the airport 

el. By the 

 based on 

n 

that would have limited the time that drilling rigs could be operated on diesel fu
end of 2011, Chesapeake had expanded grid electric drilling from 1 drilling pad to 102 pads 
spread over its entire Barnett activities, and had demonstrated substantial emissions, noise 
and cost reductions (Stricklin, 2012). 

As shown above, management practices and the application of best available technologies 
for GHG emissions reduction have the potential to significantly reduce overall emissions, 
and thus the climate relevance of unconventional gas activities. These technologies have 
been demonstrated in the USA, and are gradually being employed there
regulatory requirements and economic drivers. Application of best available technologies 
and management practices should be the in the focus of all decisions taken in Europe. 
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