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Public introduction
M4ShaleGas stands for Measuring, monitoring, mitigating and managing the environmental impact of
shale gas and is funded by the European Union’s Horizon 2020 Research and Innovation Programme.
The main goal of the M4ShaleGas project is to study and evaluate potential risks and impacts of shale gas
exploration and exploitation. The focus lies on four main areas of potential impact: the subsurface, the
surface, the atmosphere, and social impacts.
The European Commission's Energy Roadmap 2050 identifies gas as a critical fuel for the transformation
of the energy system in the direction of lower CO2 emissions and more renewable energy. Shale gas may
contribute to this transformation.
Shale gas is – by definition – a natural gas found trapped in shale, a fine grained sedimentary rock
composed of mud. There are several concerns related to shale gas exploration and production, many of
them being associated with hydraulic fracturing operations that are performed to stimulate gas flow in the
shales. Potential risks and concerns include for example the fate of chemical compounds in the used
hydraulic fracturing and drilling fluids and their potential impact on shallow ground water. The fracturing
process may also induce small magnitude earthquakes. There is also an ongoing debate on greenhouse gas
emissions of shale gas (CO2 and methane) and its energy efficiency compared to other energy sources
There is a strong need for a better European knowledge base on shale gas operations and their
environmental impacts particularly, if shale gas shall play a role in Europe’s energy mix in the coming
decennia. M4ShaleGas’ main goal is to build such a knowledge base, including an inventory of best
practices that minimise risks and impacts of shale gas exploration and production in Europe, as well as
best practices for public engagement.
The M4ShaleGas project is carried out by 18 European research institutions and is coordinated by TNONetherlands Organization for Applied Scientific Research.

Executive Report Summary
Shale gas exploration and exploitation is characterized by specific activities or operations during different
stages of development. These operations inevitably lead to an environmental footprint. The location,
timing, scale and duration of the footprint can vary, depending on the type of operation. In addition, risks
are associated with shale gas operations, which can be described by the combination of the likelihood that
incidents occur and the impact of potential incidents. There is an ongoing debate among different
stakeholders involved with shale gas development on the footprint, risks and impacts of shale gas
development. The debate particularly focusses on issues regarding the environmental impact of hydraulic
fracturing, the role of shale gas in a transition towards a more sustainable energy system, and a social
license to operate. In the M4ShaleGas project, the footprints, risks, impacts and public perceptions of
shale gas operations have been analysed using literature reviews of current practices in the U.S.A., Canada
and Europe as well as dedicated experimental and modelling studies. This collection of factsheets with
recommendations on minimizing the environmental footprint of shale gas exploration and exploitation is
based on the research performed within the M4ShaleGas project. It aims to inform different stakeholders
on the main lessons learned in the project by summarizing the key knowledge gaps, best practices, and
main recommendations.
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INTRODUCTION

1.1

Context of M4ShaleGas

Shale gas source rocks are widely distributed around the world and many countries have
now started to investigate their shale gas potential. Some argue that shale gas has
already proved to be a game changer in the U.S. energy market (EIA 20151). The
European Commission's Energy Roadmap 2050 identifies gas as a critical energy source
for the transformation of the energy system to a system with lower CO2 emissions that
combines gas with increasing contributions of renewable energy and increasing energy
efficiency. It may be argued that in Europe, natural gas replacing coal and oil will
contribute to emissions reduction on the short and medium terms.
There are, however, several concerns related to shale gas exploration and production,
many of them being associated with the process of hydraulic fracturing. There is also a
debate on the greenhouse gas emissions of shale gas (CO2 and methane) and its energy
return on investment compared to other energy sources. Questions are raised about the
specific environmental footprint of shale gas in Europe as a whole as well as in
individual Member States. Shale gas basins are unevenly distributed among the
European Member States and are not restricted within national borders, which makes
close cooperation between the involved Member States essential. There is relatively
little knowledge on the footprint in regions with a variety of geological and geopolitical
settings as are present in Europe. Concerns and risks are clustered in the following four
areas: subsurface, surface, atmosphere and society. As the European continent is
densely populated, it is most certainly of vital importance to understand public
perceptions of shale gas and for European publics to be fully engaged in the debate
about its potential development.
Accordingly, Europe has a strong need for a comprehensive knowledge base on
potential environmental, societal and economic consequences of shale gas exploration
and exploitation. Knowledge needs to be science-based, needs to be developed by
research institutes with a strong track record in shale gas studies, and needs to cover the
different attitudes and approaches to shale gas exploration and exploitation in Europe.
The M4ShaleGas project is seeking to provide such a scientific knowledge base,
integrating the scientific outcome of 18 research institutes across Europe. It addresses
the issues raised in the Horizon 2020 call LCE 16 – 2014 on Understanding, preventing
and mitigating the potential environmental risks and impacts of shale gas exploration
and exploitation.

1

EIA (2015). Annual Energy Outlook 2015 with projections to 2040. U.S. Energy Information
Administration (www.eia.gov).
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1.2

Study objectives for this report

The main objective of this report is to (1) collect all 2-page factsheets with
recommendations for minimizing the environmental footprint of shale gas operations,
(2) provide a brief summary of the main findings in the M4ShaleGas project.

1.3

Aims of this report

The report aims to provide an overview of recommendations on minimizing the
environmental footprint of shale gas exploration and exploitation based on research
performed in the M4ShaleGas project.

1.4

Scope

Shale gas exploration and exploitation is characterized by specific activities or
operations during different stages of development. These operations inevitably lead to
an environmental footprint. The location, timing, scale and duration of the footprint can
vary, depending on the type of operation. In addition, risks are associated with shale gas
operations, which can be described by the combination of the likelihood that incidents
occur and the impact of potential incidents. There is an ongoing debate among different
stakeholders involved with shale gas development on the footprint, risks and impacts of
shale gas development. The debate particularly focusses on issues regarding the
environmental impact of hydraulic fracturing, the role of shale gas in a transition
towards a more sustainable energy system, and a social license to operate. In the
M4ShaleGas project, the footprints, risks, impacts and public perceptions of shale gas
operations have been analysed using literature reviews of current practices in the
U.S.A., Canada and Europe as well as dedicated experimental and modelling studies.
This collection of factsheets with recommendations on minimizing the environmental
footprint of shale gas exploration and exploitation is based on the research performed
within the M4ShaleGas project. The M4ShaleGas project studies and evaluates the
potential risks and impacts of shale gas exploration and exploitation in four main areas
of potential impact: the subsurface, the surface, the atmosphere, and social impacts. This
report introduces and lists all recommendations by researchers on specific topics. More
comprehensive reports of the research on different topics can be found elsewhere2. It
aims to inform different stakeholders on the main lessons learned in the project by
summarizing the key knowledge gaps, best practices, and main recommendations.
The following section provides the recommendations from all technical subprograms
(SP1-SP4) in the M4ShaleGas project.

2

M4ShaleGas (http://www.m4shalegas.eu).
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FACTSHEETS

Factsheet 1

Recommendations on hydraulic fracturing (D1.5)
by R.J. Cuss, A.C. Wiseall, E. Hough (British Geological Survey)

Factsheet 2

Recommendations for minimising seismic risks and mitigation
measures for induced seismicity (D2.5)
By B. Wassing & J. ter Heege (TNO)

Factsheet 3

Recommendations on the occurrence of seismicity during shale gas
reservoir stimulations (D3.4)
By M. Bohnhoff, P.E. Malin (GFZ)

Factsheet 4

Recommendation of geochemical strategy for monitoring shale play
exploitation (D4.2)
By B. Garcia, V. Rouchon, J.-P. Deflandre (IFPEN)

Factsheet 5

Scientific recommendations for monitoring well leakage (D4.5)
By B. Garcia, V. Rouchon, J.-P. Deflandre (IFPEN)

Factsheet 6

Minimizing risks and impacts of shale gas drilling, completion and
production in Europe (D5.4)
By a. Lavrov, R. Skorpa, A. Stroisz, M. Torsæter (SINTEF)

Factsheet 7

Recommendations for minimising the environmental footprint of
subsurface shale gas operations (D6.3)
By J. ter Heege (TNO)

Factsheet 8

Recommendations on environmental monitoring (D7.4)
By M. Konieczyńska, O. Lipińska (Polish Geological Institute)

Factsheet 9

Recommendations on risk assessment of impacts on groundwater
quantity and quality (D8.5)
By O.S. Jacobsen, A.R. Johnsen, P. Gravesen, N.H. Schovsbo, J.B.
Kidmose (GEUS)

Factsheet 10

Recommendations for the sustainable management of water in shale
gas operations in Europe (D9.4)
By L. Vadillo-Fernández, V. Rodríguez Gómez, F. J. FernándezNaranjo (IGME)

Factsheet 11

Recommendations for liquid waste management in shale gas
operations (D10.4)
By E. Kukulska-Zając, A. Król, M. Gajec (INiG)

Factsheet 12

Recommendations on flowback water composition (D11.4)
By A. Vieth-Hillebrand, F.D.H. Wilke, M. Kühn (GFZ), J. Francu
(Czech Geological Survey)
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Factsheet 13

Recommendations on well site infrastructure and transport (D12.5)
By F. Worrall, S.A. Clancy (Durham University), P. Goodman, N.
Thorpe (Newcastle University)

Factsheet 14

Minimizing the impact of shale gas development on air quality
(D14.4)
By P. Costa & A. Picado (LNEG)

Factsheet 15

Recommendations for shale gas carbon footprint assessment (D15.3)
By M. Hauck & H. Denier van der Gon (TNO)

Factsheet 16

Public perceptions of shale gas development in Europe (D17.4)
By A. Lis (UAM) & C. Brändle (KIT)

Factsheet 17

Shale in the us & Canada: a review of perceptions and engagement
(D18.2)
By M. Thomas & N. Pidgeon (Cardiff University)

Factsheet 18

Recommendations on public perceptions research and public
engagement in shale gas projects (D19.2)
By S. Brunsting, J. Mastop, H. de Boer (ECN)

Factsheet 19

Recommendations for understanding public perceptions and attitudes
of environmental impact of shale gas (D20.2)
By M. Bradshaw (Warwick Business School)
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RECOMMENDATIONS ON HYDRAULIC
FRACTURING
R.J. CUSS, A.C. WISEALL, E.HOUGH

Background

Study

Results

The use of hydraulic fracturing during
shale gas recovery is a controversial topic.
A simple question that is often posed is
“where do the fractures go?” Classical
fracture mechanics would state that
fractures will grow in the direction of the
maximum stress direction, which is
normally in the vertical direction.
However, the use of microseismic
monitoring during hydraulic stimulation
has shown a considerable lateral extent to
the formed fractures and the vertical extent
of the fractures is not as large as theory
would suggest. Therefore, it has been
suggested that hydraulic fracture migration
is limited by a number of processes,
including complex geological layering,
changing material properties, the presence
of higher permeability layers, the presence
of natural fractures, the formation of
hydraulic fracture networks, and the
effects of fluid leak-off. This project aimed
to investigate the controls on hydraulic
fracture formation and growth.

A series of 62 experiments were conducted
to answer three fundamental questions; how
do hydraulic fractures initiate and
propagate? How do hydraulic fractures
interact with bedding and pre-existing
fractures? Can hydraulic fractures become
lithologically bound? Experiments were
undertaken using a combination of analogue
testing (synthetic clay samples) and on
intact shale. The growth of fractures was
directly observed using the Fracture
Visualization Rig (FVR), with water
injected into a pre-formed clay sample held
rigidly by a glass and steel apparatus. Highspeed video recorded the rapid propagation
of hydrofractures in six geometries (single
clay, simple layer, concentric layering, preexisting fractures, square fractures and
complex fractures). Samples were formed of
ball-milled Bowland Shale and/or kaolinite
with quartz filled slots representing
fractures. Results were compared against
cubic samples of clay tested within a Direct
Shear Rig (DSR) and cylindrical samples of
intact Bowland Shale.

The figure above summarizes the
observations of the experimental program.
Dependent on the physical properties of two
adjacent clay-rich layers fractures either
have no change of direction, deviate, offset
or cannot pass through layer interfaces.
Hydraulic fractures can therefore become
litholigcally bound. Pre-existing fractures
become pressurized as hydraulic fractures
reach them, this can lead to offset fracture
growth, formation of multiple new hydraulic
fractures, and formation of new fractures in
different directions to the original
propagating fracture. In complex fracture
networks compartmentalization of the rock
mass can occur with some areas not being
hydraulically fractures. It has been inferred
that litholigcally bound fractures may be
unbound if a pre-existing fracture cuts the
bounding layer. Complex geological
layering, which tends to be horizontally
oriented, overrides the physics that drives
hydraulic fractures in the direction of the
maximum
stress
trajectory
(vertical
direction).
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There is a strong need for well constrained data on properties of individual shale
intervals. This dataset should include tensile strength, Young’s modulus,
compressibility, Poisson’s ratio, and associated geochemical data including total
organic carbon (TOC). A minimum requirement is to obtain indicative ranges of
values for the major units of the sequence; it is preferable to have data on all units
within a succession, including overburden (in order to quantify potential leakage
pathways).
During the exploration phase of a basin, a gap in understanding results from the
general lack of suitably curated, well-preserved core material from depth, including
that which has been obtained by pressure-coring to maintain the stress state of the
samples. This also reduces the effects of drying, chemical, and biological degradation
and is vital in order to compare datasets from the same shale gas play, or between
different ones. It is desirable that core be retrieved in this manner and that the
necessity for producing samples of sufficient dimension be considered when core
logging and slabbing. Data that has been determined from dried, poorly preserved
core needs to be identified to enable comparisons to be made between samples of
similar quality.
An understanding of the role (and cause) of variability and anisotropy in shale is
required in order to assess hydraulic fracture initiation and propagation. The
depositional facies, describing the cementation and diagenesis of the samples, should
be recorded as this will allow comparisons between the same facies to be made.
Where possible, representative samples should be taken throughout the interval of
interest, to include mud-prone facies that may typically be poorly preserved upon
retrieval.
The full role of interfaces and pre-existing fractures should be determined so as to
improve available modelling approaches. The physics driving deviation, arrest,
slowing, branching, and lithological bounding of hydrofractures needs to be
determined and incorporated into modelling approaches.
Many numerical approaches exist; modelling should work towards a common
approach of describing fracture propagation in shale, with a consensus sought as to
what the minimum requirement is for baseline data that should be captured in order to
gain the most comprehensive understanding of the mechanical behaviour of shale
systems. Numerical models tend to over-predict the length of hydraulic fractures that
have formed and that propagation is sub-vertical. Current understanding of fracture
arrest in a complex geological unit, such as shale, needs to improve to numerically
represent the hydraulic fracturing process.
Shale gas site investigations should include both a regional context model and a
detailed model of the rock mass at the point of stimulation. The model should include
an assessment of stratigraphy and be attributed with physical properties (tensile
strength, Young’s modulus, compressibility and Poisson’s ratio), stress state
(magnitude and direction of the max/intermediate/min principal stresses, and pore
pressure), fracture population, sequence stratigraphy, and associated geochemical data
including total organic carbon (TOC). Some of these parameters cannot be obtained
prior to exploration drilling and the models should be updated once data become
available.
A hydraulic fracture propagation model should be used to predict the initiation and
propagation of hydrofractures. This should be continually revised as new information
comes available, using observations of micro-seismic monitoring during stimulation
to improve the model of hydraulic fracture growth.
Regulation should include an independent assessment of all available data, their
applicability, and observations of operations. Hydraulic fracture stimulation
predictions should be scrutinised and an assessment be made of the likely breaching
of sealing units. A thorough appraisal should be made of differences between that
predicted and that observed by microseismic monitoring in real time during
operations. The independent observer should have discretionary power to halt
operations if the deviation from prediction is above a set threshold.
All data obtained during exploration and stimulation should be lodged with the
regulator, or national geological survey, and openly shared so as to create a publically
available definitive database on shale properties.

4 sub-programs:

SP1-subsurface

SP2-surface

SP3-air emissions

SP4-public perceptions
Funding:
The project that has received funding by
the European Union’s Horizon 2020
research and innovation programme
under grant agreement number 640715.
Horizon 2020 Topic LCE-16-2014:
Understanding, preventing and mitigating
the potential environmental impacts and
risks of shale gas exploration and
exploitation.
Project duration:
1 June 2015 – 30 November 2017
Coordination:

The content of this factsheet reflects only
the authors’ view. The Innovation and
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made of the information it contains.

RECOMMENDATIONS FOR MINIMISING
SEISMIC RISKS AND MITIGATION
MEASURES FOR INDUCED SEISMICITY
B. WASSING, J. TER HEEGE

Background

Study

Results

A specific concern related to shale gas
operations is the occurrence of induced
seismicity. Hydraulic fracturing operations
and injection activities for waste water
disposal, which are related to shale gas
operations, may cause seismicity. Even
though felt induced seismicity appears to
be associated with only a small fraction of
the injection wells, records of induced
earthquakes in shale gas plays (e.g., in the
UK and Canada) show that magnitudes of
earthquakes can be significant and can
cause public concern or damage to
(sub)surface infrastructure. It is thus
important to mitigate induced seismicity
during shale gas operations. The potential
of induced seismicity during injection
operations for shale gas production is
expected to be controlled by geological
and operational factors. Aim of this
research is to identify key factors as well
as mitigation measures.

To further our understanding of what drives
seismicity during the injection operations
for shale gas (i.e. hydraulic stimulation and
waste water injection), we performed a
study on an extensive dataset of worldwide
injection-induced seismicity. The dataset
included cases of injection-induced
seismicity related to shale gas operations,
waste water injection, but also injection
cases for conventional and enhanced
geothermal systems, underground gas
storage and secondary oil & gas recovery.
Based on this dataset, we identified a
number of key operational and geological
factors controlling injection-induced
seismicity. The information obtained from
our analyses was used to developed a
workflow that can be used to classify
European shale gas sites in terms of their
induced seismicity potential, and adapt
planned operations to reduce risk of induced
seismicity.

The presence and density of large critically
stressed or active fault structures, especially
those extending into crystalline basement,
and the distance of the planned shale gas
operations to these fault structures are
considered to be key geological factors for
classification of the seismicity potential of
shale gas sites. The net-volume of the
injected fluids is considered to be a key
operational factor. In addition to these
factors others were identified, such as the
presence of seismogenic rocks, promoting
seismicity, or the presence of thick
viscoplastic sedimentary sequences,
reducing the seismicity potential. These key
geological and operational components for
the classification workflow, and mitigation
measures that aim to reduce the seismicity
potential are summarized on the next page.

RECOMMENDATIONS FOR MINIMISING
SEISMIC RISKS AND MITIGATION
MEASURES FOR INDUCED SEISMICITY
B. WASSING, J. TER HEEGE
Science-based Recommendations for
mitigation of induced seismicity









Before operations: Assessment of the induced seismicity potential of the shale gas site
based on key geological and operational factors, as specified in the workflow in
Figure 1.
Planning of the injection activities at a safe distance from large pre-existing critically
stressed, or seismically active, faults.
Optimization of the hydraulic fracturing operations for efficient stimulation with
minimum injected fluid volume; minimizing the zone of induced stress changes, pore
pressure diffusion and affected volume of rock, e.g. by application of flow back
immediately after the injection phase.
(Micro)seismic monitoring with focus on changing rates, magnitudes, b-values, and
events lining up in directions of critically stressed faults. Establish a traffic-light
system before the start of the operations.
Account for uncertainty in analyses in an injection trial period, and compare observed
and predicted response
Site-specific analysis of the shallow sub-surface and surface in terms of vulnerable
constructions and infrastructure, population and building density, construction quality,
and potential for ecological and environmental damage in case of a seismic event.

The Project
M4ShaleGas examines the potential
environmental impacts and risks related
to shale gas exploration and exploitation in
Europe with the goal to build a technical
and social knowledge base on best
practices and innovative approaches for
measuring, monitoring, mitigating, and
managing these impacts.
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Figure 1. Upper: workflow for assessment of induced seismicity potential of shale gas
sites. Lower: Relation between fault size (left) and activity scale or injected volume
(right), seismic moment release and earthquake magnitude.
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RECOMMENDATIONS ON THE OCCURRENCE
OF SEISMICITY DURING SHALE GAS
RESERVOIR STIMULATIONS
M. BOHNHOFF, P.E. MALIN

The diagram exemplifies a toolbox to design an relevant seismic monitoring network design for
respective objectives to monitor seismicity at low detection thresholds and subsequent tasks.

Background

Study

Results

Different to waste-water disposal, the
occurrence of induced seismicity related
to stimulation of shale gas reservoirs has
not been a major concern in the past.
Recently this has changed due to
induced seismic events directly related
to fluid injection with magnitudes M
exceeding M=4 in individual cases. This
has resulted in calls for independent
monitoring before, during and after
reservoir production.

A thorough review on known occurrences
of induced seismicity related to shale gas
reservoir stimulations was performed.
Results are then related to the cases of
induced seismicity in other geo-reservoirs
in the frame of stimulations or wastewater disposal.

The best practices passive microseismic
monitoring program presented here aims
at three project phases, each with stepwise options for development of the
monitoring system.

To date no uniform practice for it exists
despite the fact that in few cases
individual induced earthquakes recently
resulted in considerable anthropogenic
seismic hazard to local population and
infrastructure and few reservoirs are
monitored using dedicated local
networks of seismic sensors.

A best practice for adequate microseismic
monitoring is proposed combining recent
developments in instrumentation, data
processing and network geometry. It
includes various field kits, installations
and workflows to ensure cost-effective
passive reservoir monitoring considering
the needs of case-by-case boundary
conditions.
The study includes a review of new,
emerging, technology such as Optical
Fiber seismic instrumentation for behind
casing.

These options encompass different
phases of a reservoir development plan. It
begins with detecting background
seismicity before stimulation as a prerequisite for estimating the local potential
for induced seismicity. It includes options
for high-resolution monitoring during
reservoir treatment and long-term options
for post-injection times.
Using well established current methods,
individual behind-casing seismometers
can be installed as part of standard well
completions. These can acquire important
data for both long-term management of
induced seismicity as well as leakage and
long-term leak detection. More advanced
methods, based on Optical Fiber
technology is just emerging.

RECOMMENDATIONS ON THE OCCURRENCE
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The recommended best practices seismic monitoring program for shale gas
reservoirs aims at three phases. Each includes step-wise options for development
of the monitoring system. These options cover not only regulatory compliance, but
also advanced characterization and management of the particular reservoir.
Phase 1 aims at determining the background level and rough locations of local
seismicity. It provides means for estimating the seismic potential of the area
using the well-known Gutenberg-Richter relation. This phase can be realized with
one or several local seismic stations to be deployed at the surface or in existing
wells.
Phase 2 involves short-term monitoring of reservoir stimulation operations and
requires a multi-station - preferably borehole based - local seismic network. This
allows for low detection threshold and precise hypocenter determination. If data
are processed fully automatic it will ensure a feedback option for short-term
reduction of flow rates in case of increasingly strong induced seismic events.
Phase 3 aims at long-term passive seismic monitoring for potentially hazardous
earthquakes and along-well gas leakage, and for optimizing resource recovery.
This phase can be accomplished with a limited number of permanent –preferably
behind-casing downhole seismic stations.

TABLE II - common instruments, deployments, and relative costs for 5 x 5 km target area
Type

Usable Instrument
bandwidth
OD

Sensor
cost

BB

40s-20Hz

~250 mm

high

1 Hz

4s-100Hz

~200 mm moderate

4.5 Hz

1-500Hz

70 mm

Low

15 Hz VSP

4-2000Hz

50 mm

lowest

4.5 Hz SET

1-500Hz

70 mm

Low

Relative sensor + deployment cost
surface
posthole deep well
moderate

moderate

Step 1
Step 2
Step 3
suggested deployment
~4@1m

low

low

high

~ 2 @ 30 m

~ 6 @ 30 m

low

low

moderate

~ 1 @ 300 m

~ 4 @ 300 m ~ 12 @ 300 m

high

< 3000 m VSP array

moderate

high

~ 36 @ 100 m buried SET array

Overview on the optional sensor types with relevant sensor characteristics such as
(from left to right) natural frequency, frequency bandwidth, outer diameter, cost level
and suggested number and spacing for the three proposed monitoring phases.
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RECOMMENDATION OF GEOCHEMICAL
STRATEGY FOR MONITORING SHALE PLAY
EXPLOITATION
B. GARCIA, V. ROUCHON, J-P. DEFLANDRE

Figure 1: Zones of interest (ZI) for a geochemical strategy concerning the monitoring of Shale Plays. ZI.1 = the Shale Play itself. ZI.2a =
the fracturing fluid. ZI2.b = the wells and ZI3 = the natural aquifers (deep, shallow and potable).

Background

Study

Results

Producing hydrocarbons from source
rocks requires creating permeability
within the rock matrix by at least
hydraulically fracturing the source rock.
It corresponds to the production of
hydrocarbon products that have not
been naturally expelled from the
pressurized matured source rock and
that remain trapped in the porosity
or/and kerogen porosity of the
impermeable matrix.

Our purpose will be to track any
unsuitable invasion or migration of
chemical species into aquifers, originating
from the production of matured shale
fluids. Our objective is to provide
methodologies to detect any chemical
compositional anomaly in aquifers, in
order to assess environmental impacts.
The approach consists in deploying a
dedicated sampling tool within a well to
recover formation fluids and to run a
series of appropriate analyses to provide a
status on formation fluid characteristics.

The recommendations presented below
describe briefly the protocol for monitoring
the production of shale hydrocarbon
fluids, in considering the source-rock
reservoir itself, the aquifers, and also the
chemical species present in the fluids that
are used for hydraulic fracturing
operations.

In the geological context of a
sedimentary basin, aquifers are always
present in the vicinity such shale
formations: deep aquifers (near the
shale formation) up to shallow and
potable (surface) aquifers.

The reservoir conditions are preserved
and with a specific fluid transfer at
surface, the analyses and
interpretation/recommendations in real
time could be performed.

These recommendations described the
different steps to realize baseline
measurements and processes survey for
long-term monitoring with iteration
operations in order to put in evidence any
leakages/impacts of shale play
exploitation.
Characterization and monitoring are
necessary with some samplings that must
be realized in order to well represent the
“underground/real” conditions

RECOMMENDATION OF GEOCHEMICAL
STRATEGY FOR MONITORING SHALE PLAY
EXPLOITATION
B. GARCIA, V. ROUCHON, J-P. DEFLANDRE

Science-based Recommendations

The Project

Here, the different steps are listed in the chronological order of the strategy to be
deployed and concern the geochemical aspects for a strategy monitoring.

M4ShaleGas examines the potential
environmental impacts and risks related
to shale gas exploration and exploitation
in Europe with the goal to build a
technical and social knowledge base on
best practices and innovative approaches
for measuring, monitoring, mitigating, and
managing these impacts.

Baseline measurements










1-from cuttings and cores samples, realization of a complete characterization of
shale play with the new Shale Play method developed from the Rock-Eval
technique (Romero et al., OGST, 71: 37, 2015). The Hydrocarbon and nonhydrocarbon species will be determined.
2- realization of a complete characterization of fluids used for fracturing
operations
3- realization of a complete characterization of geochemical species present in
the surroundings aquifers (from deep to sub-surface/shallow and potable
aquifers)
4- determination of a monitoring strategy on the long term, as a function of:
4a – the variety of chemical compounds known to occur at different levels of the
fracturing/production process
4b – the nature/origin of these compounds
4c – their localization within the fracturing/production process
4d – their performance for monitoring purposes (signal/noise ratio)

Operations Survey and long-term monitoring



5 – deployment of the methodology presented above with specific samplings
(downhole sampler preserving the reservoir conditions (especially for pressure)
with an appropriate transfer and a geochemical composition determination))
6 – interpretation of the compositional data with a dedicated software (mixing,
phase partitioning, chemical reactivity)

Table 1: Type of analyses to perform in regard to the process period.
Time of operations
Baseline measurements (1 to 2 years)

Type of analyses
Free and sorbed HC’s species
Non-hydrocarbon species
related to shale plays

From cuttings and core samples

Low to medium molecular weight
aliphatic and aromatic HC’s
(<C20)
Medium and High molecular
weight HC’s (C10-C30)
C1 to C5
Free and sorbed HC species

Realization of a complete characterization
of fluids used for fracturing operations

The different aquifers potentially impacted
(deep, sub-surface and potable)

Free and sorbed HC species

Non-hydrocarbon species
related to shale plays
Organic compounds used in
base fluids
Additives used in fracturing
fluids
Non-hydrocarbon species
related to shale plays

Low to medium molecular weight
aliphatic and aromatic HC’s
(<C20)
Medium and High molecular
weight HC’s (C10-C30)
C1 to C5

During operations and for long term
monitoring (3 to 20 years)
The different aquifers potentially impacted
(deep, sub-surface and potable)

Organic compounds used in
base fluids
Additives used in fracturing
fluids
CO2, N2, Noble gases
cations
anions
Minor/Traces elements
Type of analyses
Free and sorbed HC species
Non-hydrocarbon species
related to shale plays
Low to medium molecular weight
aliphatic and aromatic HC’s
(<C20)
Medium and High molecular
weight HC’s (C10-C30)
C1 to C5
Organic compounds used in
base fluids
Additives used in fracturing
fluids
CO2, N2, Noble gases
Cations and anions
Minor/Traces elements
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Funding:
The project that has received funding by
the European Union’s Horizon 2020
research and innovation programme
under grant agreement number 640715.
Horizon 2020 Topic LCE-16-2014:
Understanding, preventing and mitigating
the potential environmental impacts and
risks of shale gas exploration and
exploitation.
Project duration:
1 June 2015 – 30 November 2017
Coordination:

The content of this factsheet reflects only
the authors’ view. The Innovation and
Networks Executive Agency (INEA) or TNO
is not responsible for any use that may be
made of the information it contains.

SCIENTIFIC RECOMMENDATIONS FOR
MONITORING WELL LEAKAGE
B. GARCIA, V. ROUCHON, J-P. DEFLANDRE

The methodology to deploy in term of geochemistry (with iterative operations) in regard to the shale gas exploitation cycle (baseline –
exploitation – after exploitation) for monitoring well leakage.

Background

Study

Results

Producing hydrocarbons from source
rocks requires creating permeability
within the rock matrix by at least
hydraulically fracturing the source rock.
It corresponds to the production of
hydrocarbon products that have not
been naturally expelled from the
pressurized matured source rock and
that remain trapped in the porosity
or/and kerogen porosity of the
impermeable matrix.

Our purpose will be to track any
unsuitable invasion or migration of
chemical species into aquifers, originating
from the production of matured shale
fluids. Our objective is to provide
methodologies to detect any chemical
compositional anomaly in aquifers from
well leakage, in order to assess
environmental impacts. The approach
consists in deploying a dedicated
sampling tool within a well to recover
formation fluids and to run a series of
appropriate analyses to provide a status
on formation fluid characteristics.

The recommendations presented below
describe briefly the protocol for monitoring
the production of shale hydrocarbon
fluids, in considering the source-rock
reservoir itself, the aquifers, and also the
chemical species present in the fluids that
are used for hydraulic fracturing
operations.

In the geological context of a
sedimentary basin, aquifers are always
present in the vicinity such shale
formations: deep aquifers (near the
shale formation) up to shallow and
potable (surface) aquifers.

The reservoir conditions are preserved
and with a specific fluid transfer at
surface, the analyses and
interpretation/recommendations in real
time could be performed.

These recommendations described the
different steps to realize baseline
measurements and processes survey for
long-term monitoring with iteration
operations for the geochemistry point of
view, and permanent operations for the
seismic point of view, both in order to put
in evidence any leakages/impacts of
shale play exploitation along wells.

SCIENTIFIC RECOMMENDATIONS FOR
MONITORING WELL LEAKAGE
B. GARCIA, V. ROUCHON, J-P. DEFLANDRE

Science-based Recommendations

The Project

Baseline measurements:

M4ShaleGas examines the potential
environmental impacts and risks related
to shale gas exploration and exploitation
in Europe with the goal to build a
technical and social knowledge base on
best practices and innovative approaches
for measuring, monitoring, mitigating, and
managing these impacts.

123-

45-

Realize passive seismic measurements.
Realize a complete geochemical characterization of the shale play itself, if
possible from cores, better than from cuttings.
Realize some samplings at strategic locations (from monitoring wells and from
wells used for fracturing operations) and determine the geochemical composition
for specific species. This step is essential to compare data before shale play
exploitation and during their exploitation, also after. With these comparisons,
some possible well leakages could be put in evidence rapidly.
In a general point of view, determine the background signal.
Use the softwares developed for both seismic and geochemistry to anticipate by
calculations the evolution of signals in case of an eventual leakage from wells (by
comparing the baseline with the results of these calculations).

Operations Survey and long-term monitoring:
123-

Realize passive and active seismic measurements, with permanent sensors
(figure 2).
Continue to realize some samplings and iterative operations to evaluate an
eventual evolution of geochemical signal.
Use the softwares to calibrate the data with shale gas production operation and
evaluate if yes or no there is an eventual leakage from the process (by comparing
here, at this step, the signals obtained during the background determination and
signals obtained during operations and after operation).

4 sub-programs:

SP1-subsurface

SP2-surface

SP3-air emissions

SP4-public perceptions
Funding:
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The methodology to deploy in term of passive and active seismic in regard to the shale
gas exploitation to determine an eventual well leakage with permanent sensors.
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MINIMIZING RISKS AND IMPACTS OF
SHALE GAS DRILLING, COMPLETION
AND PRODUCTION IN EUROPE
A. LAVROV, R. SKORPA, A. STROISZ, M. TORSÆTER

Background

Study

Results

Through novel well drilling and
stimulation techniques (horizontal
drilling and multi stage hydraulic
fracturing), shale gas resources can be
economically developed today.

We have studied the current best
practices and emerging technologies for
shale gas well drilling, completion,
production and abandonment with
particular focus on:

Four review reports have been written in
the project covering the following topics:

Several unique technological challenges
are related to shale gas drilling,
completion and production. Maintaining
shale gas well integrity from drilling to
abandonment requires understanding of
how various parameters/choices impact
safety.






We here provide an overview of these,
together with a collection of operational
recommendations for how to best
prevent and mitigate problems.

Current state-of-the-art
Emerging methods and materials
Avoiding and remediating problems
Potential regional differences

Our goal was to compare available shale
gas data from Europe with data from more
mature shale gas regions like the US and
Canada. This was done to find analogies
and predict possible well integrity issues
that can be encountered in Europe. Such
an assessment is important in order to
prepare for avoiding and mitigating such
problems. The study draws upon
published scientific literature, standards
and best practices.

 Summary of the state-of-the-art on
shale gas drilling, completion and
production in North America
 Overview of new and emerging
methods and materials developed
specifically for shale gas wells
 Description of current methods for
avoiding and remediating shale gas
well problems
 Predictions of the most likely shale gas
well problems that can be encountered
in Europe
The most important finding of the project
was that there is a need to share data.
Comprehensive, reliable and publicly
available databases on shale gas plays
(e.g. shale properties) and shale gas wells
(e.g. completion solutions) is necessary to
prepare for safe exploration and
production.

MINIMIZING RISKS AND IMPACTS OF
SHALE GAS DRILLING, COMPLETION
AND PRODUCTION IN EUROPE
A. LAVROV, R. SKORPA, A. STROISZ, M. TORSÆTER
Science-based Recommendations

The Project

General

A database and protocols must be prepared and continuously updated by the
operators, with data pertaining to well integrity (e.g. lithology, shale properties, insitu temperatures and stresses, well design schematics, leakage and sustained
casing pressure data, well-integrity cases histories). The database should be
available in public domain to facilitate research and monitoring performed by
independent contractors and government authorities

Long-term integrity monitoring of both active and abandoned wells

M4ShaleGas examines the potential
environmental impacts and risks related
to shale gas exploration and exploitation
in Europe with the goal to build a
technical and social knowledge base on
best practices and innovative approaches
for measuring, monitoring, mitigating, and
managing these impacts.

Pre-drill phase

Measure the in-situ stresses to optimize location, orientation and design of the
well. Optimize placement and design to eliminate detrimental effects of hydraulic
fracturing in the near-well area

Adjust parameters of the barrier (type, size and length) based on the subsurface
conditions and purpose of the well

Measure in-situ stresses, temperatures, and pore pressure distribution in the
reservoir and in the cap rock during exploration

Perform thorough characterization of fractures and faults within and around the
reservoir, e.g. by routinely using image logs and formation pressure tests in wells

Perform thorough rock mechanical characterization of shale and cap rocks

Perform dedicated and comprehensive field tests, laboratory study and modelling
to determine the in-situ conditions. Investigate the influence of pressure and
temperature changes on surrounding formations and well cement. Identify the
short and long term impact of corrosive agents on the barrier system and rocks.
Select the materials most relevant for the conditions to maximize the lifetime of
barrier. Source track and inspect the quality of materials before use

Design wells to withstand not only a primary multi-fracturing, but also a potential
re-fracturing
Drilling and production phase

Continuously update information about rocks and natural fractures during drilling
and well construction

Optimize mud properties to prevent borehole instabilities, mud losses, fluid influx,
bit balling and hole pack-off

Minimize future casing corrosion by using e.g. special coatings and materials

Perform extended leak-off test at each casing point in order to quantify the
fracture gradient; pressure test all the wells regularly

Use image logs and other available information to mitigate losses into natural
fractures during drilling and cementing

Check quality of cement bonding and cement height in the annulus

Keep casing as centralized as possible during cementing

Prevent gas migration during cement setting in abnormally pressured formations

Modeling tools to predict propagation of fractures in three dimensions are needed
to optimize hydraulic fracturing in horizontal and deviated wells
Completion and abandonment phase

The production tubing in the abandoned well should be plugged with cement to
seal it. Also, top of the well can be cut below the surface, welded shut and buried

Before complete termination, well should be tested for sustained casing pressure
and gas migration within several months after cement plugging. The soil above
should be surveyed for potential contaminations every several years

Obligatory monitoring of abandoned wells should be financially secured in case of
unforeseen events such as overtime barrier failure so that the responsibility does
not rest with the state i.e. public funds.

4 sub-programs:

SP1-subsurface

SP2-surface

SP3-air emissions

SP4-public perceptions
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RECOMMENDATIONS FOR MINIMISING
THE ENVIRONMENTAL FOOTPRINT OF
SUBSURFACE SHALE GAS OPERATIONS
J. TER HEEGE
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Background

Study

Results

The extraction of shale gas requires
drilling of horizontal wells and hydraulic
fracturing of the shale at multiple
locations along the horizontal well
section. Wells are artificial pathways that
connect shale formations to surface
facilities. Proper drilling, construction,
operation and decommissioning is
needed to prevent uncontrolled upward
migration of potentially hazardous
substances to the surface. Hydraulic
fracturing is required to enhance
permeability of the shale and obtain gas
flow from the shales at economic rates.
Injection of fracturing fluids leads to a
fracture disturbed zone that may extend
out of the shale formation and lead to
upward migration of potentially
hazardous substances. Moreover, small
to medium magnitude earthquakes may
be induced along pre-existing faults.
Disposal of waste water from shale
operations by injection in subsurface
formation may lead to similar impacts.

In this study, risks are assessed for
subsurface operations during the full life
cycle of a shale gas project, starting with
an exploration phase and ending after
decommissioning. Risks assessment was
based on a three-component framework:
(1) a Markov Chain-type approach to
describe the transition from a properly
operating shale gas well to absorbing
states where detectable incidents effect
human health, safety and natural
environment, (2) a bow-tie approach to
describe incidents that lead to a transition
between states in terms of its causes and
effects with associated preventive and
control measures, and (3) a risk
assessment matrix that classifies risks
according to their probability of incident
occurrence and impacts. Probabilities of
incidents occurrence and impacts of
incidents are based on available data
from shale gas operations in the U.S.A.
and Canada. Best practice operations and
risk mitigation measures were discussed.

The risk assessment indicates that the
main risks of operations in the subsurface
are (1) contamination of shallow aquifers,
groundwater or drinking water resources
due to upward migration of hazardous
substances along damaged or improperly
constructed wells, and (2) structural
damage as a result of induced seismicity
associated with waste water injection or
hydraulic fracturing. Probabilities are
highest for out of zone fluid migration
during stimulation or waste water
injection, and for along well migration and
leakage due to well damage.
Decommissioned or abandoned wells are
of particular concern. No evidence could
be found for leakage along fracture
disturbed zones up to drinking water
resources if fractured wells are below
~1.5 km depth. Probabilities for
problematic induced seismicity (M > 2)
during waste water injection or hydraulic
fracturing can be high, but impacts vary
depending on local geology.

RECOMMENDATIONS FOR MINIMISING
THE ENVIRONMENTAL FOOTPRINT OF
SUBSURFACE SHALE GAS OPERATIONS
J. TER HEEGE
Science-based Recommendations

The Project



M4ShaleGas examines the potential
environmental impacts and risks related
to shale gas exploration and exploitation
in Europe with the goal to build a
technical and social knowledge base on
best practices and innovative approaches
for measuring, monitoring, mitigating, and
managing these impacts.

Where possible, data on subsurface shale gas operations should be transparent
and made publicly available to allow independent studies and reviews of
environmental impacts and footprints.
The ‘natural baseline’ (e.g., seismicity, groundwater composition) needs to be
assessed in detail before operations have commenced, and changes during and
following operations needs to be assessed relative to that baseline.
Operations and risk mitigation measures must be tailored to individual sites and
acknowledge local geological conditions and properties of shales and surrounding
rock formations. In particular, the properties and stress state of the overburden
and the faults in the vicinity of wells need to be assessed upfront to avoid or
mitigate potential problems with well construction or problematic seismicity.
Predictive models should be used to assess likely subsurface response to
operations and potential impacts before commencement of operations.
Best practice operations based on lessons learned from North American
experience should be used. Where possible, the scale of operations (e.g., number
of wells, fracturing jobs) should be minimized.
Operations must be accompanied by independent monitoring using sensor
networks tailored to the project phase. Monitoring should be used in traffic light
systems (e.g., for seismicity, leakage) with pre-defined thresholds and mitigation
measures that minimize the environmental footprint.
Specific subsurface operations should focus on: (1) ensuring integrity of well
barriers to avoid well leakage, (2) avoid interaction of fracture disturbed zone or
injection-induced pressure front with pre-existing faults or offset wells to avoid
induced seismicity and well leakage, (3) limit the injected volume of fracturing
fluids or waste water in a single formation to avoid damaging induced seismicity.
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risks of shale gas exploration and
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Project duration:
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operations,
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Risk assessment diagram indicating the relative importance of the main risks (R1-R3)
associated with subsurface shale gas operations in North America. Risks for most
operations following current practices are indicated by black circles. Locally, risks may
be higher than average (as indicated by purple stars), i.e. some regions are more
prone to risks associated with induced seismicity and well leakage than others.
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ENVIRONMENTAL MONITORING
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Background

Study

Results

Unconventional hydrocarbons
exploration and production can
theoretically endanger the quality of
soils and water resources in the area of
activities on land surface. Only obeying
strict health safety and environmental
standards and procedures on each well
site which minimize possibility of spills
and leakages and introduce quick
remedy actions in case of any accident
may significantly diminish probability of
unnoticed events which might cause
adverse effect in environmental quality.
But even with highest technology
standards, there is a need for additional
control tools which could track and
detect any unwanted changes in soils
and natural water and groundwater
bodies. Such a tool is even more
necessary to detect any signs of
adverse impact of possible shale gas
development legacy – stray gases and
fluids migration towards fresh water
zone and land surface along wellbore
casings or other potential natural or
induced migration pathways. A properly
designed dedicated environmental
monitoring system in relation to defined
baselines is believed to be able to play
a role of such an early warning control
tool.

At European level, basic principles for
environmental monitoring are
established by European Directives such
as the Water Framework Directive or the
Groundwater Directive. Moreover, there
is a strong aspiration for standardization
and unification of results, which is - in
case of water monitoring - provided by a
codified reporting system. However,
goals, measures and results are diverse
among countries.
There is a huge number of institutions in
EU member states responsible and
engaged in both environmental status
assessment and environmental
monitoring with regard to surface water,
groundwater and soils. They have been
surveyed for their knowledge on shale
gas challenges and views on planning of
environmental monitoring as a tool for
environmental safeguard in shale gas
development.
Available information on technology and
substances currently used for drilling and
hydraulic fracturing processes has been
studied together with facts-based
analyses of spills and leakages risk from
surface and underground operations.
Compilation of such knowledge has
allowed for future effective impact
monitoring systems principles
formulation.

The level of knowledge on shale gas
related issues varies between Member
States institutions responsible for
environmental monitoring and control and
some of them have not found it relevant
to their work so far.
Environmental monitoring as a safety
control measure in shale gas development
may help to find tools to minimize surface
impact of shale gas activities. Surveillance
monitoring with locally adjusted solutions
is the most suitable option. The main
foundations for effective monitoring are:
- properly defined purpose,
- identification of scope and frequency
of observations in each phase of
development, including economic
reasonableness,
- adequate methodologies (e.g.
selected sampling points justification,
adequate limits of determination and
detection, sensitivity, uncertainty and
precision of used methods).
Baseline environmental status must be
recognized before starting any shale gas
activity and the results stored in publicly
available databases. Similarly all details of
used technology and chemicals should be
kept for future references. Monitoring
must be conducted up to certain time after
decommission of wells.

RECOMMENDATIONS ON
ENVIRONMENTAL MONITORING
M. KONIECZYŃSKA, O. LIPIŃSKA

Science-based Recommendations

The Project



Dedicated environmental monitoring for shale gas development is a need. In an early
exploration and production stage in Europe it should be prepared and conducted for
particular well-pads chosen as representative for a location. In next phase, when more
well pads operate, the monitoring program should cover a group of well pads located
within the same location (where as location an area characterized by similar geological
and hydrogeological conditions and land-use patterns is considered).



M4ShaleGas examines the potential
environmental impacts and risks related
to shale gas exploration and exploitation
in Europe with the goal to build a
technical and social knowledge base on
best practices and innovative approaches
for measuring, monitoring, mitigating, and
managing these impacts.

Monitoring scope and network must be planned with regard to local current and
historical land use, geological and hydrogeological conditions, ecosystems needs as
well as to specific features of used well drilling and completion technology. Future
observations must be compared with baseline assessment results obtained prior to any
shale gas activities.



Monitoring needs to cover the entire life-time of shale gas operations, with baseline
state measurements, observations of boreholes drilling & completion activities and
their direct impact on surroundings (noise levels, emissions and air quality, spills and
accidents and effects on soil and water quality), long term survey during production
period and post closure observations. The monitoring scope, frequencies and focus in
each phase can be different.



Monitoring system has to enable detection of changes in quality of soils and fresh
water (both surface and groundwater), identification of such changes causes and
mechanisms and launch of quick and proper remedy actions.



Monitoring of deeper saline aquifers should aim in early warning of induced fugitive
migration of fluids and/or gases from deep geological strata towards the fresh water
zone and land surface.



A soil gas observation network in direct vicinity of working or decommissioned
boreholes as well as other well defined potential migration pathways (such as known
fault zones, old deep mine shafts) should be established for detection of gas migration
towards land surface along casing or other artificial or natural paths. Isotopic ratio
analyses of soil gas constituents (e.g. hydrogen and carbon isotopes in methane) need
to be implemented for a better interpretation of observations results (especially gas
source identification).



All baseline results, technological details with regard to types and quantities of
substances used in shale gas operations as well as subsequent monitoring observations
results should be stored in a well-organized and easily accessible database operated by
a relevant, legally entrusted institution.

4 sub-programs:

SP1-subsurface

SP2-surface

SP3-air emissions

SP4-public perceptions
Funding:
The project that has received funding by
the European Union’s Horizon 2020
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under grant agreement number 640715.



Environmental monitoring ought to be conducted by independent institutions but
financed by shale gas operators indirectly via dedicated fund.

Horizon 2020 Topic LCE-16-2014:
Understanding, preventing and mitigating
the potential environmental impacts and
risks of shale gas exploration and
exploitation.



On site closure, despite the phase of activity, soil productivity parameters must be
assessed versus baseline results to enable a proper site reclamation.

Project duration:
1 June 2015 – 30 November 2017



Additional environmental monitoring might be necessary around waste facilities and
treatment installations to observe potential impact of waste generated by shale gas
activities, especially if legal requirements and control measures cannot ensure tracing
proper handling of flowback fluid.
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RECOMMENDATIONS ON RISK ASSESSMENT OF
IMPACTS ON GROUNDWATER QUANTITY AND
QUALITY
O.S. Jacobsen, A.R. Johnsen, P. Gravesen,
N.H. Schovsbo, J.B. Kidmose

Background

Study

Results

The main objective of the M4ShaleGas
project was to summarize the existing
knowledge related to the surface,
subsurface, atmospheric and social
impacts of shale gas exploration and
production. One of the topics addresses
the environmental impacts related to
groundwater and surface water
contamination. Topics include relevant
methodologies, geological models, and
impacts on groundwater quality and
finally the potential toxic contaminants.
The research activities summarize the
knowledge gap relevant for a European
assessment of application related to
hydraulic fracturing on-shore.

This study assessed the available data
and existing best practices from North
America of the environmental problems
related to groundwater and surface water
contamination. The study includes a
review of scientific literature, including the
reports and scientific papers from the
research and information, to assess
knowledge and experience of the potential
for hydraulic fracturing to change the
quality or quantity of surface and
groundwater resources. Drinking water is
defined in this study as any groundwater
or surface water that may serve as a
source of drinking water for public or
private use. The study has compiled the
reviews with emphasis placed on the
problems and solutions that can be
attributed to hydraulic fracturing and only
minor attention to general pollution risks
of on shore drilling has been given.

The main results shows that groundwater
may be potentially contaminated by
extraction of shale gas both from the
constituents of shale gas itself, from the
fracking liquid injection used for hydraulic
fracturing or from flowback and produced
water released during gas extraction,
which may have a high content of saline
formation water. The large volumes of
water required may reduce groundwater
resources, which influence other uses as
drinking water, industry and agriculture
and also ecosystems dependent on
groundwater influx. On-site spills or leaks
could potentially occur during mixing and
preparation or during transport to the site.
The large amounts of solid waste and
cuttings present a particular risk due to
the content of environmentally harmful
substances and, in some cases,
radioactive substances.
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Science-based Recommendations

The Project

It is recommended that decision-makers when dealing with hydraulic fracturing
activities should be focused on:

M4ShaleGas examines the potential
environmental impacts and risks related
to shale gas exploration and exploitation
in Europe with the goal to build a
technical and social knowledge base on
best practices and innovative approaches
for measuring, monitoring, mitigating, and
managing these impacts.













Water acquisitions for hydraulic fracturing over time and in areas of low
water availability. The baseline study should as a minimum include
groundwater flow properties and its chemical composition. Monitoring design
must be based on a priori local characterization of the hydrological and
hydrogeological conditions. Characterization and monitoring must be
organized according to: 1) Improve knowledge and understanding of the local
area. 2) Documenting this understanding by observations. 3) Be able to
conduct remediation of inappropriate influences.
Spills during handling of hydraulic fracturing liquids and additives. Spills of
produced water during the handling stage have reached groundwater and
surface water resources in some cases. The lack of information of the
composition of chemicals in fracturing fluids, and the fate and transport of
spilled fluids greatly limits the ability to evaluate the potential impacts to
surface water and groundwater resources. Spill prevention plans and
response activities might prevent spilled fluids from reaching groundwater or
surface water and minimize impacts from spilled fluids.
Correct management of flowback and produced water that result in large
volumes of wastewater with high concentrations of chemicals that might
reach groundwater. In order to predict impact from spills or accidents
baseline monitoring data and field studies of hydrogeological properties of
the areas in question are needed. However, knowledge on the chemical
composition of fracturing fluid is equally important and a full disclosure of
additives is needed.
Avoid injection of hydraulic fracturing fluids which could leak directly into
ground water aquifers. Migration via leaks in old or abandoned deep wells is
the most likely pathway that could permit injected chemicals and dissolved
compounds from the shales from depth to contaminate shallower aquifers.
Only minor possibilities exist for hydraulic fracturing to create subsurface
pathways that could permit contamination of shallower aquifers from
injected chemicals and dissolved compounds from the deep shales.
Discharge of inadequately treated hydraulic fracturing wastewater to surface
water should be avoided in any case. Disposal or storage of hydraulic
fracturing wastewater in unlined pits, resulting in contamination of groundwater must not take place. For a safe development, a number of
environmental projects should be initiated, e.g. analyses of existing cases of
the environmental problems with wastewater handling. Further, a potential
classification of liquid wastes as industrial or hazardous, thereby subjecting
them to additional testing and disposal requirements. Finally, a number of
controlled experiments to understand processes that are responsible for or
may result in groundwater contamination from surface spills.
The large amounts of solid waste and cuttings present a particular risk due to
the content of environmentally harmful substances and, in some cases,
radioactive substances. Storage must be carried out with greatest control by
testing solid waste and clear risk-based classification indicating the NORM
level in waste would prompt more stringent waste management practices.
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RECOMMENDATIONS FOR THE
SUSTAINABLE MANAGEMENT OF WATER
IN SHALE GAS OPERATIONS IN EUROPE
L. Vadillo-Fernández, V. RodríguezGómez, F. J. Fernández-Naranjo

Figure from Vadillo-Fernández et al., 2015 (M4ShaleGas report D9.1) and redrawn and modified from Gay et al., 2012, Water
management in shale gas plays (IHS Water White Paper).

Background

Study

Results

Shale gas development can potentially
impact both quantity and quality of the
water resources. Water issues are one of
the environmental hazards mostly
discussed in the literature (changes in
the quantity and quality of drinking water
sources, competition with other uses of
the water and reduction of the ecological
and quantitative status of water bodies.
In addition, the management and
disposal of chemicals, fracturing fluids
and liquid waste (flowback and produced
water) are fundamental issues inasmuch
as spills and leaks can occur. Therefore,
all the water cycle must be controlled
and whatever risk assessment analysis
must consider it in a comprehensive
manner. Previous deliverables have
highlighted the risks scenarios regarding
water and liquid waste management. All
measures and recommendation are
aimed at minimized this risks.

Review of data and existing about
environmental issues regarding water and
wastewater management in U.S. and
Canada experiences and identification of
practices that can be considered as good
or best practices in water and liquid waste
management. Identification and
description of environmental issues and
risk scenarios in the European context.
Identification of measures that can be
implemented to measure, monitor,
mitigate and manage environmental
impacts related to water and liquid waste
management and assessment of their
applicability to the European reality.

Review of available scientific literature,
including North American sources,
assessed the experience of best
techniques and behaviors related to the
water and liquid waste management
related to hydraulic fracturing activities.
We gathered information related to the
effects of hydraulic fracturing of shales on
water resources, the possible impacts
generated by an inadequate water and
waste water management, and the
adequate techniques to mitigate the
effects. Due to the gap of experiences of
European shale development, some
specific measures regarding the technical
aspects of the water and liquid waste
management more broadly defined in the
U.S. have been replaced by general
considerations wherever possible. Some
non-technical considerations have been
estimated as being useful taking into
account the current status in the EU.
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It is recommended that decision-makers when dealing with hydraulic fracturing
activities should be focused on:

M4ShaleGas examines the potential
environmental impacts and risks related
to shale gas exploration and exploitation
in Europe with the goal to build a
technical and social knowledge base on
best practices and innovative approaches
for measuring, monitoring, mitigating, and
managing these impacts.
















Accomplishment by the operators of a Water Management Plan (based on a
complete hydrogeological assessment) for each specific play to control effectively
the entire water cycle. Aspects as the availability of freshwater and information
about the total volume and composition of the water and liquid waste in every
part of the water cycle, must be included. In addition, the determination of tracers
to perform the monitoring must be assessed in this Plan.
Follow the hierarchy principle of the Waste Framework Directive and the
guidelines of the Water Framework Directive regarding water acquisition:
minimising the total volume of water is a best practice. In parallel with this,
reusing flowback for subsequent fracturing operations and using alternative
sources (treated wastewater from municipal treatment plants and brackish water
are conductive for this purpose) would be also best practices. Sharing sources of
water with other operators could help to save water resources.
Reduce of the use of chemicals from the operators and use of non-hazardous
chemicals wherever possible.
Public disclosure of full details of the chemicals used in hydraulic fracturing and
information about the composition of hydraulic fracturing fluid and liquid waste (in
order to perform a specific risk assessment in a case-by-case basis and
guarantee transparency towards the public opinion).
Careful design of the storage facilities (dimensioning, drainage systems, etc.),
development of meticulous equipment maintenance systems and the employee
comprehensive training could avoid a large number of spills.
Protect storage sites with impermeable liners or even to construct a watertight
compartment, with enough volume to retain whatever accidental spill.
Store wastewater in tanks (provided with closed-loop systems).
Store chemicals, fracturing fluids and liquid waste away from surface waters,
aquifers and other sensitive areas, determining buffer zones after a case-by-case
examination.
Design plans for the detection of spills, including periodical inspections and the
definition of the measures applicable when a spill is detected.

Furthermore, administrative entities should consider the application of the Directive
2001/42/EC on the assessment of the effects of certain plans and programs on the
environment (“SEA Directive”) to shale gas operations, since it is the most effective
approach to address cumulative impacts at national and European level. A strategic
environmental assessment is the framework wherein integral protection of water
resources can be establish, for example, making possible to assess the cumulative
impact on drinking water, freshwater and groundwater resources, of simultaneous
shale gas projects in the same region. In addition, the establishment of
prohibited/restricted areas or buffer zones may be implemented at the SEA level (not
project specific).
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RECOMMENDATIONS FOR LIQUID
WASTE MANAGEMENT IN SHALE GAS
OPERATIONS
E. Kukulska-Zając, A. Król, M. Gajec

Background

Study

Results

Proper management of waste generated
during shale gas operations is a crucial
issue while considering safety of natural
environment, mainly due to the fact that
these are new, hardly recognized wastes
in Europe. In Europe there are currently
no legal regulations particularly dedicated to the management of flow-back and
produced water from the exploration and
exploitation of unconventional hydrocarbons. The aim of this study was the
review of applicable legal regulations
and best practices for managing drilling
materials and generated waste from
shale gas operations, presentation of the
results of a literature and laboratory
study of the composition of waste generated during shale gas operations, as
well as the development of guidelines for
the proper management of this type of
waste. The results obtained within the
project should contribute to the
minimization of environmental impact
and avoidance of potential hazards
associated with mining waste generated
during shale gas operations as well as
their improper management.

A review of materials and chemicals used
in shale gas operations and their impact
on natural environment was carried out.
Regulatory frameworks applicable in
Europe and worldwide which apply to the
management of waste produced during
shale gas operations were also reviewed
as well as the literature data regarding the
scope of physicochemical parameters
which are determined in this type of
waste. Also, laboratory tests of
physicochemical parameters and
hydrocarbons content, alcohols, metals,
inorganic anions, sulphur compounds and
other components of fracturing fluids and
flowback water real-life samples, derived
from one of the drilling sites in Poland,
were conducted. Moreover, assessment of
potential environmental impact of these
fluids based on results of laboratory tests
and in relation to existing legislation in the
field of water quality requirements and
waste characteristics was carried out.

The analyses carried out as part of the
project showed that waste from shale gas
operations is usually not inert. Flowback
water is characterized by a slightly acidic
pH index, varying amounts of suspended
solids and organic compounds, significant
amounts of salt and other components
associated with the geological structure of
the rock. The correct classification of
waste is very important for proper waste
management. Recommended basic scope
of the determinations for testing liquid
waste for potential environmental impact
should include: general parameters, alkali
or alkaline-earth metals and heavy metals,
inorganic anions, aliphatic and aromatic
hydrocarbons, and other organic and
inorganic parameters. In addition, when
analysing samples of flowback water, it is
also important to use an analytical
method, which should have a properly
defined limit of quantification and
uncertainty. Reuse of flowback water on
site in the next hydraulic fracturing
process is a preferable way of further
management and reduction of generated
volume of this type of waste.

RECOMMENDATIONS FOR LIQUID
WASTE MANAGEMENT IN SHALE GAS
OPERATIONS
E. Kukulska-Zając, A. Król, M. Gajec
Science-based Recommendations

The Project



M4ShaleGas examines the potential
environmental impacts and risks related
to shale gas exploration and exploitation in
Europe with the goal to build a technical
and social knowledge base on best
practices and innovative approaches for
measuring, monitoring, mitigating, and
managing these impacts.


















Supplement the existing legislation with requirements on how to handle waste such
as flowback and produced water, including uniform requirements for testing/
characterization of this waste.
Supplement the List of Waste with a new type of waste (i. e. flowback and produced
water) with codes suitable for both hazardous and non-hazardous waste.
It is important not to classify flowback water as a wastewater, since as such, it
cannot be reused for hydraulic fracturing or injected underground as disposal
option in accordance with current legislation.
Disclosure for public, more broadly than before, data on the composition
(quantitative and qualitative) of the technological fluids used during shale gas
operations and information on the composition and properties of the waste
generated, as well as information on how to further manage the waste. Data on the
final management of waste would be valuable information for local communities
and would also facilitate control in the correct application of procedures for the
further management of waste authorised for this control body.
Collecting and keeping data on the composition (quantitative and qualitative) of
technological fluids and waste. Storage of this type of information will allow us to
make a clear statement whether possible environmental pollution, occurring even
after time, is related to shale gas operations.
Recommended basic scope of determinations for testing physicochemical
characteristics of flowback and produced water for potential environmental impact
should include: pH, specific conductance, total dissolved solids (TDS), dry residue,
total organic carbon (TOC), chemical oxygen demand (COD), metals (including
heavy metals), inorganic anions, hydrocarbons (including mono- and polycyclic
aromatic hydrocarbons), phenol index, ammonia nitrogen or total nitrogen, anionic
surfactants, substances extractable with petroleum ether or chloroform and
alcohols. Knowledge of the flowback and produced water composition will enable
selection of the appropriate waste treatment method and/or informative decision
on further disposal or storage of the waste.
Develop a flowback water sampling procedure for laboratory testing and guidance
on analytical methods dedicated to the determination of individual substances and
components in these fluids with very complex matrix. Testing of such samples
should not involve methods routinely used for testing water quality.
The analytical methods used in laboratory tests of flowback and produced water
should have an appropriately defined limit of quantification and uncertainty,
allowing for a correct comparison of the obtained test results, e. g. with the criteria
set out in the legal regulations and the results obtained by different laboratories. A
correctly defined limit of quantification is particularly important when determining
the traces of the substances present in the liquid waste samples.
Tests of shale gas operations wastes should be carried out by laboratories
experienced in carrying out analyses of this type of waste and accredited in this
field. These laboratories should also be a third party, i. e. they should not be
associated with the shale gas operator.
Waste connected with shale gas operations should not enter the environment in an
untreated form, even unintentionally, e. g. as a result of failure.
Flowback water should be used on-site for further treatments. The transport of such
waste to other locations for reuse or to mining waste disposal facilities should be
in accordance with waste transport procedures. It is also possible to dispose
flowback water via underground injection.
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RECOMMENDATIONS ON FLOWBACK
WATER COMPOSITION
A. VIETH-HILLEBRAND, F.D.H. WILKE,
M. KÜHN, J. FRANCU
Risk assessment
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Disposal
Water treatment
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Background

Study

Results

Flowback and produced water contain
not only residues of fracking additives
but also chemical species that are
dissolved from the target shales themselves. Shale is a heterogeneous mixture
of minerals, organic matter, and formation water and little is actually understood about the main controls on the
geochemical composition of flowback
and produced water. The possibility that
flowback water could be spilled during
capture and transport or leak through
the borehole casing during shale gas
production or during injection in disposal
pits, causes major public concerns about
the environmental and social
compatibility of shale gas exploration.
Therefore, simulation of flowback water
composition is necessary to provide
scientific base for recommendations
about possible risks for water systems
as well as the environmental footprint of
shale gas exploitation.

fracking fluids, flowback and produced
water, a literature review was performed
with focus on available data from the USA,
Canada and the Europe. Furthermore,
compositions of fracking fluid and
flowback samples from the Wysin-2H well
(Poland) were analyzed. To provide
information about the controls on
flowback water composition, the fluid-rock
interactions between an artificial fracking
fluid (containing butyldiglycol and choline
chloride) and four different shale samples
(Posidonia (D), Alum (DK), Mikulov (CZ),
and Marcellus (USA) shales) were studied
in autoclave experiments. This data was
then used for numerical process
simulations to estimate the geochemical
composition of flowback water. Finally, a
model was developed enabling risk
assessment without the necessity for field
experiments.

showed clearly that fluid-rock interactions
change the chemical composition of the
fluid over time. Depending on the shale
composition, variable quality and quantity
of inorganic elements will be released, the
organic load of the fracking fluid will be
retained probably by sorption and organic
compounds are released that were not
part of the artificial fracking fluid. Results
from the Wysin sample confirmed the
laboratory results with respect to inorganic
constituents, but also showed that most
organic compounds in flowback do not
seem to be derived from the fracking fluid
sample. They may originate from shale,
fluid-shale interactions or transformation
products of the injected chemicals. The
lab-derived data have been used for
calibration of the numerical model
assuming kinetic dissolution of
phyllosilicates as the process driver.

To get do
insightsnot
into the composition
of
The results from autoclave
[fit to textbox,
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to shale gas exploration and exploitation
in Europe with the goal to build a
technical and social knowledge base on
best practices and innovative approaches
for measuring, monitoring, mitigating, and
managing these impacts.














Full disclosure of the applied chemicals for hydraulic fracking is necessary for risk
assessment. Only with knowledge of the compounds that are injected into the
reservoir, it will be feasible to assess the possibility of subsurface reactions in the
shale formation and make assumptions about flowback and produced water
compositions.
The composition of flowback and produced water needs to be known for
application of optimized waste treatment, and/or decision about disposal or
storage of water. This requires chemical monitoring of these different fluids over
time.
Determination of compound concentrations in fracking fluid and flowback
samples is an analytical challenge due to high load of dissolved elements and
organic compounds. Improvements in sample preparation are necessary.
Consistent protocols for sampling and analytical methods need to be applied for a
reliable chemical monitoring of fracking fluid and flowback/produced water
samples.
Both, returned fluids and solids (proppants, rock chips and tube scalings) need to
be sampled and prepared for chemical analysis and monitoring as inorganic,
organic and radioactive elements could be scavenged and sorbed on solid
surfaces or newly precipitated.
The complex composition of organic compounds needs an application of nontargeted analytical methods for screening and compound identification.
The reliability of the analytical results as well as the proficiency of the laboratories
can be enhanced by regular cross-checking and lab tests. By contract or legal
regulation, sample providers and the laboratories have to agree that obtained
data will be published and stored in a publically available data base.
Simulation of flowback water composition using numerical modeling is only
possible with (1) extended geochemical data bases, especially for organic
constituents and (2) improved process understanding of geochemical mobilization
from shales. With accordingly improved models other hypotheses need to be
tested.
On the short time frame it is recommended to deduce a purely data-driven model
based on the existing experimental results. This would benefit input and output
data of the system to find out specific patterns of the flowback and to be
generalized for a broader range of data.
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RECOMMENDATIONS ON WELL SITE
INFRASTRUCTURE AND TRANSPORT
F. WORRALL, S.A. CLANCY,
P. GOODMAN, N. THORPE

Background

Study

Results

The rapid growth of shale gas
developments within the US and now the
possibility of developments within
Europe have raised concerns on the
impact of well site infrastructure and
transport required for shale gas
extraction. Our aims:

 From measuring conventional well pads
in the UK an average surface footprint
was calculated, using this value along
with varying setback distances and
lateral lengths the carrying capacity
was determined.
 Data from the Colorado Oil and Gas
Commission (COGCC) and Texas
Railroad Commission (TRC) were
assessed to determine the probability
of spills onsite.
 Milk and fuel tanker incidents in the UK
were analysed as an analogue to
determine the probability of a spill
offsite.
 Transport impacts were reviewed and
existing models extended to consider
the impact of shale gas development.
 Impacts on habitats were reviewed
based upon US data and information
from analogue industries in Europe.

 The carrying capacity of a license block
decreases as setback distances and
lateral length increases.
 Longer laterals generally allow for more
gas to be recovered, however, in some
more crowded license blocks well pads
with shorter laterals will yield more.
 The rate of reported crude oil spills
recorded by the TRC and the COGCC is
increasing.
 Based on milk tanker data a
development of 100, 10 well, wellpads each well with 1 lateral and with
truck movements focused over the first
two years of drilling would be
approximately 4-12 incidents a year,
with the likelihood of a spill being
between 3-8.
 A new version of the Newcastle Traffic
Impact Model has been developed
(http://research.ncl.ac.uk/uhtim).

 Determine the likely footprint of a
fracking site and the optimum lateral
length that limits disruption on the
surface but maximize technically
recoverable reserves.
 Assess the probability of surface spills
of fracking related fluids.
 Determine the impact of surface
transportation operations.
 Review the risks of shale gas to
biodiversity and ecosystems.
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Multi-well pads, i.e. pads with multiple wells, should be encouraged as they not
only increase regulatory efficiency for operators but also reduces surface
disturbance.



The use of existing roads and right of ways should also be encouraged, as this can
reduce additional surface footprint and cumulative impacts on the landscape.



Appropriate drilling rigs and the most up to date drilling technology should be
used, so drilling is efficient and minimally obstructive as possible.

M4ShaleGas examines the potential
environmental impacts and risks related
to shale gas exploration and exploitation in
Europe with the goal to build a technical
and social knowledge base on best
practices and innovative approaches for
measuring, monitoring, mitigating, and
managing these impacts.



Sensible setbacks (eg. 150 m or more) need to be established and enforced to
protect public safety, in addition to ecological, historical, cultural, recreational and
aesthetic resources.



Developments in areas already disturbed should be encouraged, an optimal
location for wells pads and associated facilities would be industrial parks
designed for this type of industrial activity, and/or in close proximity to major
roads designed to handle frequent heavy goods transportation.



A comprehensive planning process to assess the cumulative impacts of multiple
shale gas developments should occur pre-development.



In general multi-well pads with long laterals reduce the cumulative surface
footprint and generate more gas reserves, however, this is not always the case.
License block need to be assessed on a site by site basis to determine the most
appropriate lateral length.



It must be considered that surface spills and leaks will occur but these will not be
out of line with existing transport systems (eg. milk or oils) and the industry should
design safety systems and training as used for oil tankers.



The traffic impacts are likely to be local rather than national, although care should
be taken to consider cumulative effects that would occur as the number of well
pads expands.
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MINIMIZING THE IMPACT OF SHALE
GAS DEVELOPMENT ON AIR QUALITY
P. COSTA, A. PICADO

Background

Study

Results

Environmental impact associated with
shale gas development is a major
concern to the public, policy makers and
other stakeholders. The knowledge on
the effects and consequences of shale
gas development comes mostly from
shale gas practices in the U.S. It is important to address differences in geological settings and societal environment
between Europe and the U.S., and the
impact of these differences for the
potential future development of shale
gas in Europe. It is also important to
evaluate whether or not the existing EU
Directives and regulations appropriately
address unconventional hydrocarbon
extraction. The overall objective of the
study is 1) to give an overview on the
current scientific knowledge base of the
potential contribution of shale gas
production to gaseous emissions, 2) to
identify knowledge gaps and 3) to
prepare recommendations to minimize
the potential impact of emissions.

The sources and types of emissions
associated with the various phases of
shale gas production were identified and
reviewed. The main knowledge gaps were
identified to be baseline concentration,
methane leakage, well and borehole
integrity. The relevance of atmospheric
concentration baselines was discussed
and the raw shale gas composition was
identified, as shale gas components may
be used to trace gas leakages. Well
integrity is one of the weak spot in the
system, being an important concern in
environmental protection issues. Lacks in
the methods for the evaluation of the
degree of well integrity are still an issue.
Some potential emission reduction
techniques were also discussed. The
existing legislation in EU for controlling
GHG emissions from shale gas operations
was reviewed.

Emitted substances within the various
stages of shale gas production were
identified. CH4, VOC, NOx, SOx, PM,
benzene, HPA and O3 are considered the
main pollutants. Emissions from shale gas
operation are dominant in the extraction
stage and can be attributed to three main
sources: Fossil fuels combustion to drive
engines of the equipment, transport of
equipment, resources and waste, fugitive
emissions escaping during well
construction and production stages and
emissions from natural gas collected and
combusted onsite or vented directly to the
atmosphere. Minimizing the impact of
shale gas production on the atmosphere
requires 1) monitoring ambient air quality
prior to and during operations, 2) prevention and minimization of GHG and toxic
chemicals emissions by identifying
emission sources, and 3) implementing
operational practices to reduce emissions.

MINIMIZING THE IMPACT OF SHALE
GAS DEVELOPMENT ON AIR QUALITY
P. COSTA, A. PICADO
Science-based Recommendations

The Project

Process Stage

Ensuring that personnel and equipment can be sourced locally

Identifying sources or materials locally (including water and sand used in the
hydraulic fracturing process)

Identifying local facilities to recycle, and dispose of waste products

Using efficient transport engines

Using alternative fuels for combustion engines (gas engines or electric engines)

Recycling of flow back water, using more tanks (rather than ponds) to store waste
water and improve pond designs

Assess the quantity of water that will be needed for fracking and how will it be
transported to the well site and from which source

Use of gas engines or local electric grid in the hydraulic fracturing and re-fractured
(if needed) operations

Placing more wells per pad and drilling longer laterals resulting in less pads and
roads

Assess the realistic ranges of production per well by shale formation in Europe

Assess the depth and width of specific well in Europe

Use of reduced emission completions (REC), or green completions to control
methane emissions from the flow back / well completion step

Use of vapour recovery units (VRU’s) and flares

Replacing glycol dehydrators with desiccant dehydrators

Replacing high-bleed pneumatics devices by low-bleed pneumatics devices

Implementation of a Leak Detection and Repair (LDAR) programme (identifying
component; Leak definition; Monitoring components; Repairing components;
Record keeping)

Well integrity rigorous monitoring in the field is needed and results should be
transparently reported

The abandonment procedures for onshore gas wells should be defined and
regulated.

M4ShaleGas examines the potential
environmental impacts and risks related
to shale gas exploration and exploitation in
Europe with the goal to build a technical
and social knowledge base on best
practices and innovative approaches for
measuring, monitoring, mitigating, and
managing these impacts.

Monitoring Stage

Implement a monitoring baseline program prior to shale gas development (to
promote the set-up of a data base for Europe)

Monitor gas compositions at different European scenarios

Assess the potential leakage rates and model methane and ethane
concentrations, determining the elevations

Operators should be made mandatory to monitor potential leakages of methane
or other emissions to the atmosphere before, during and after shale gas
operations

Data collected by operators should be submitted to the appropriate regulator

Assess source distribution including sources other than the oil and gas
operations, such as stationary industrial sources and mobile traffic sources

Use tracers for shale gas methane detection (ethane, possibly in combination with
propane)

Long-term air monitoring, increasing the frequency of sampling

Conduct short-term (acute) air monitoring by collecting 1-hour air samples
An Environmental Risk Assessment should be mandatory for all shale gas operations,
involving the participation of local communities at the earliest possible opportunity and
assess risks across the entire lifecycle of shale gas extraction (including the disposal of
wastes and well abandonment).
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RECOMMENDATIONS FOR SHALE GAS
CARBON FOOTPRINT ASSESSMENT
M. HAUCK, H. DENIER VAN DER GON
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Figure 1. Carbon Footprints [gCO2-eq./MJ delivered] from shale gas produced in European plays (three in Poland: Lublin, Podlasie, Baltic) and the US (horizontal countries on x-axis), delivered to four European regions ((North, Central, Southeast (SE) and
Southwest (SW), vertical regions on x-axis). Contribution of life cycle stages is also shown (blue: production, red: processing,
green: transmission). Horizontal black line indicates conventional gas delivered to the consumption-weighted average of all
European regions.

Background

Study

Results

Greenhouse gas (GHG) emissions to the
atmosphere are critical to assess climate
impacts of shale gas exploration and exploitation. Electricity production using
(natural) gas instead of coal generally
produces less carbon dioxide [IPCC,
2011]. However, the advantage of gas
over coal is not undisputed, as leakage
of CH4 (a potent greenhouse gas) during
exploitation could offset the advantage
of gas over coal. The total of greenhouse
gas emissions over a products life cycle,
e.g. from well exploration to electricity
generation from gas, is often referred to
as carbon footprint (CFP). Different
greenhouse gases can be compared by
expressing the emissions of each gas in
CO2 equivalents based on their Global
Warming Potentials (GWP). A proper
comparison of GHG emissions between
shale gas and other energy sources, specifically for Europe, will aid in assessing
the carbon footprint of fuels.

A review of the existing knowledge on the
carbon footprint of shale gas operations,
mostly from U.S. based studies, was
made. Omitting the combustion phase,
that is indistinguishable for shale gas and
conventional gas, most emissions arise
from losses of gas during production (gas
winning from wells) and preproduction
(the preparation of the wells). The total
production of a well is identified as one of
the largest unknowns for the assessment
of the carbon footprint of shale gas, as a
higher production per well reduces the
CFP. Next, the existing knowledge on
shale gas operations in Europe was implemented in the life cycle assessment tool,
GHGenius ((S&T)2 Consultants Inc., 2013).
GHGenius is able to estimate carbon footprints for conventional gas and oil for Europe. In M4ShaleGas we extended the tool
with 8 potential European shale gas plays
as production regions and extra shale gas
related emission sources during production.

Per MJ delivered total GHG emissions
range from 8 to 29 g CO2-eq/MJ (Figure
1), consistent with the range reported in
literature. Spread in carbon footprints are
mainly related to differences between producing countries. The CFP of shale gas is
generally higher than the average CFP
from conventional gas delivered to Europe
(from Europe and other countries). Total
CH4 leakage rate related to production
ranged from 1% to 1.8% for shale gas
from European regions. That is lower than
the 3% often cited as being the maximum
for natural gas to have a guaranteed lower
carbon footprint than oil or coal. A first
sensitivity analysis indicates the importance of good estimations of the fugitive emissions from hydraulic fracturing
flowback and the large variation in data
on production emissions. On a per kWh
basis our default calculations show only
small differences between carbon footprints of conventional gas and shale gas,
both lower than those of oil and coal.

RECOMMENDATIONS FOR SHALE GAS
CARBON FOOTPRINT ASSESSMENT
M. HAUCK, H. DENIER VAN DER GON
Science-based Recommendations

The Project

Knowledge gaps remain due to lack of data from shale gas operations in Europe, most
important are data on expected production ranges, dimensions of well pads and reduced emissions completions. Compulsory use of reduced emissions completions is
recommended. When used for electricity generation, however, it should be kept in
mind that most GHG emissions arise from combustion of shale gas, influenced by
power plant efficiencies. The carbon footprint tool GHGenius adapted for shale gas can
be used to estimate and compare carbon footprints from shale gas and other fossil
fuels in Europe. Using (shale) gas showed an advantage in cumulative carbon footprints over other fossil fuels for a range of scenarios with upstream leakage rates of
about 5% (Figure 2). However, differences between countries should be taken into account, related to the current origin of fossil energy sources and the expected development of the fossil electricity mix under a baseline scenario.

M4ShaleGas examines the potential environmental impacts and risks related to
shale gas exploration and exploitation in
Europe with the goal to build a technical
and social knowledge base on best practices and innovative approaches for measuring, monitoring, mitigating, and managing these impacts.

Recommendations for further model improvement are:
•
To enable a better comparison with all fossil fuels relevant for electricity generation in Europe, GHG emissions arising from the delivery of coal to Europe should
be included with more detail.
•
Currently, total production per play is derived from the recoverable reserves. This
could be extended by more realistic production scenarios that take into account
political or economic restraints. Economic analysis or policy preferences could
give insight in other possible or likely exploitation scenarios.
•
Since total CH4 leakage rate is a dominant parameter, more data on ranges in
carbon footprints due to uncertainty in leakage rates will increase the accuracy.
[Note that this will also apply to leakage of coal mine gas associated with the coal
used in our comparison between coal and shale gas].
•
In analogy to the US and Canada, more measurement -based data of integrated
GHG losses from European oil, gas or coal exploitation areas are needed..
•
Results showed that transmission emissions are generally related to transmission
length. Data on pipeline length and maintenance state of the network should be
improved to give more accurate estimations.

4 sub-programs:
•
SP1-subsurface
•
SP2-surface
•
SP3-air emissions
•
SP4-public perceptions
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Figure 2. Cumulative Carbon Footprint for fossil electricity supply in the EU several scenarios calculated using the M4Shalegas tool: the EU reference 2016, a Business As
Usual (BAU) scenario based on 2010, an independence scenario where imports get replaced by domestic shale gas, and two coal phase out scenarios, where coal gets replaced by shale gas (SG) or conventional gas (CG). Higher (5% and 10% of production)
upstream losses are included for shale gas to illustrate their potential impact.
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PUBLIC PERCEPTIONS OF SHALE GAS
DEVELOPMENT IN EUROPE
A. LIS & C. BRÄNDLE
Public perceptions review (2011-2015):
findings
 Polish society generally enthusiastic about shale
gas
 German society generally opposed to shale gas
 In the UK many remain undecided
 In the Netherlands high acceptance for test
drilling and high opposition against shale gas
exploitation
 Fear of water pollution and seismic activity
 Hope for economic gains and energy security

Public perceptions of shale gas in PPoland, Germany, the
United Kingdom and the Netherlands
Public perceptions review (2015-2017): findings
 Large number of social science studies on shale gas
development in all four countries
 Public debate in Poland phases out
 Public debate shift towards renewable energy sources in
Germany and the Netherlands
 Public debate on shale gas in the UK has gained
momentum
 Fear of water pollution and seismic activity
 Hope for economic gains and energy security

Social License to Operate: findings
 SLO present in the UK debates on shale gas
 SLO as a useful device for negotiating what
environmental and energy justice involve
 SLO can be a tool for community empowerment
 A shared understanding of SLO should be worked
out by industry together with communities and
other stakeholders
 SLO is based on trust, obtained through
interactions and never once and for good

Background

Study

Results

To understand the potential for
shale gas development in
Europe, one needs to account
for differences in public
perceptions of fracking in
various EU Member States.
Concerns and expectations
related to shale gas exploration
and production are unevenly
distributed across EU countries.
While some countries expect
economic gains and a positive
impact on their country’s energy
security, others take a more
cautious approach and highlight
environmental and health risks.
Shale gas basins are unevenly
distributed among the European
Member States and are not
restricted within national borders
which makes close cooperation
between the involved Member
States essential. As the
European continent is densely
populated, it is most certainly of
vital importance to include both
technical risks and risks as
perceived by the public.

The first report presents public
perceptions of shale gas in Poland, the
UK, Germany and the Netherlands. The
third report is an update review for
years 2015- 2017. They share a similar
structure. The first part offers an
overview of the current literature
available on public perceptions of shale
gas and on social aspects of
development. The following section
focuses on opinion polls and survey
studies on public attitudes. The third
part deals with positions on shale gas
extraction of main stakeholders
(industry, ENGO’s and citizens’
associations, experts, governments and
political parties) and provides a review
of communication activities. The last
section reviews EU-level data on public
attitudes. The second report elaborates
on the concept of a Social License to
Operate (SLO) and its applicability to
shale gas exploration in the EU. It
features an overview of the concept’s
origins, current interpretations, and its
relation to other concepts, such as
corporate social responsibility and
environmental or energy justice.

Surveys and opinion polls between 2011 and 2015
show that proportion of supporters and opponents of
shale gas varies across the case study states. Even
though the number of academic publications dealing
with public perceptions of unconventional gas
production in the EU has increased between 2015
and 2017, the general controversy surrounding
shale gas in the EU seems to have cooled down in
the last two to three years. In both the Netherlands
and Germany, the topic is unlikely be on the political
agenda for the next few years, until the present bans
and restrictions of hydraulic fracturing activities will
be revisited again. In Poland, shale gas exploration
has all but stopped. The only exception is the UK,
England in particular, where shale gas exploration is
going ahead. In light of UK leaving the EU in the
foreseeable future, the current status of shale gas
development in the EU suggests that there will be no
shale gas exploration in the EU by 2020. The SLO as
a concept faces criticism due to the relative
vagueness of the term. This vagueness can be an
advantage as it allows SLO to function as a useful
device for different actors to fill it with the content
that is most important to them, e. g. procedural
justice, ecological issues. The concept is mainly
operationalized from an industry standpoint. But SLO
is also suitable for communities as a procedural
bottom-up tool.

PUBLIC PERCEPTIONS OF SHALE GAS
DEVELOPMENT IN EUROPE
A. LIS & C. BRÄNDLE
Recommendations 1: perceptions

The Project



M4ShaleGas examines the potential
environmental impacts and risks related
to shale gas exploration and exploitation in
Europe with the goal to build a technical
and social knowledge base on best
practices and innovative approaches for
measuring, monitoring, mitigating, and
managing these impacts.







There are a number of important differences between the four-case study EU
Member States, and our reviews are not a substitute for further research in
Europe.
Communication and engagement activities should be organized at various scales:
the local scale is as important as the national scale as communities experience
environmental and social costs most directly.
We found many studies that apply media analysis, a mix of approaches with a
strong focus on quantitative surveys and qualitative interviews. Future work might
consider techniques such as deliberative workshops or ethnographic approaches,
which can offer more insight into co-produced meanings, complex and contingent
judgements.
The continually shifting shale landscape, including oil and gas price fluctuations,
political change, and growing evidence of negative environmental impacts, mean
that research should continue to chart public perceptions and acceptability.

Recommendations 2: engagement








The SLO should be implemented as a framework to empower local communities.
In order to better benefit from the concept of SLO, the industry should arrive at a
shared understanding of the concept of the SLO together with other stakeholders
and establish common procedures for building trust and social capital.
The SLO should be built with the long-term perspective of maintaining relations of
trust with local and national publics.
Social and political aspects of shale gas development in Europe influence
conditions of the industry in Europe and its potential to develop and for this
reason, the voice of various stakeholders should not be neglected.
Projects in the EU that address shale gas development or other controversial
technologies for resource exploration should involve social science research in
order to understand better the underlying social and political challenges.
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SHALE IN THE US & CANADA: A REVIEW
OF PERCEPTIONS AND ENGAGEMENT
M. THOMAS & N. PIDGEON
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Public perceptions review: findings







mixed levels of awareness and support
negative associations with the term ‘fracking’
mistrust of industry and government
perceived inequitable risk/benefit distribution
perceived benefits tend to be economic
perceived risks tend to be environmental/social
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Shale development in the US and Canada
public perceptions and engagement
Engagement review: findings






many parties carry out engagement activities
a variety of formats are used
companies often engage in one-way information provision
little engagement is at the earliest stages of development
most elicits responses of interested and affected parties
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Background
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Results

We can learn much that will help
to anticipate the emergence of
public representations of shale
gas in Europe by reviewing what
has already occurred in the US
and Canada where shale
operations are more established.

In our first report, we reviewed 55
research articles from 2009 until 2015,
investigating public perceptions of
shale gas / oil extraction via hydraulic
fracturing in the US and Canada. Based
on our initial reading of these articles
and those relating to wider energy
literature, we developed nine themes,
including: awareness/knowledge,
attitudes, risk/benefit perceptions, and
regulation. The articles were then
examined to gain insights into how
these themes manifested, and their
findings were then synthesised.

Studies report mixed levels of awareness of shale
operations, tending towards higher awareness in
areas with existing development. Individuals tend to
have negative associations with the term ‘fracking’,
but public views are mixed as to whether benefits
outweigh the risks or vice versa. Perceived benefits
tend to be economic (e.g. individual gains, job
creation), while perceived risks tend to be
environmental and/or social (e.g. impacts on water).
Papers also point to ethical issues (e.g. risk/benefit
distribution, procedural justice, quality of life). Levels
of support/opposition vary. Views on regulation also
vary, but there is widespread distrust of responsible
parties (particularly industry and government),
stemming from perceived unfairness, heavy-handed
corporate tactics, and a lack of transparency.

Engagement with shale
development is not easy, due to
many factors including
inequitable impacts, scientific
uncertainty and mistrust of
industry and government.
However, potentially affected
people have a right to be heard,
and public engagement can
improve decision making and
increase the acceptability of
decisions. From a community
perspective, effective
engagement with industry can
lead to lease deals and fracking
bans. From an industry
perspective, companies are
increasingly recognising that
effective engagement is
essential to obtain a ‘social
license’ to operate.

In our second report, we reviewed 26
engagement efforts carried out by US
and Canadian companies, alliances,
government agencies, academics and
activists. For each, we summarised: the
methods used, the stage of
development in which engagement
occurred, the issues explored, the
participants, and whether there was
provision for multi-way communication.
We then drew on these findings,
alongside insights from the literature, to
make recommendations for future
engagement.

Many parties (e.g. government, community groups,
companies) are carrying out engagement using a
variety of formats (e.g. public meetings, citizen
science, qualitative research). Much does not occur
at the earliest stages of development, and rarely
asks the most fundamental question -whether shale
development should proceed at all- instead
commonly focusing on questions of impact
minimisation, regulation and gaining support. The
majority tend to elicit responses of interested and
affected parties, with less attention paid to the views
of the wider public.

SHALE IN THE US & CANADA: A REVIEW
OF PERCEPTIONS AND ENGAGEMENT
M. THOMAS & N. PIDGEON
Recommendations 1: perceptions








There are a number of important differences between the North American
and European context, and the studies reviewed here are not a substitute for
further research in Europe.
We found that studies tend to focus on areas in which shale extraction is
established, where concerns often centre on localized issues like water
contamination and traffic. A focus on national contexts may elicit wider
considerations such as climate change and energy security.
While a mix of approaches were used in the cases that we reviewed, there is
a strong focus on quantitative surveys and qualitative interviews. Future work
might consider techniques such as deliberative workshops or ethnographic
approaches, which can offer more insight into co-produced meanings,
complex and contingent judgements.
The continually shifting shale landscape, including oil prices fluctuations,
political change, and growing evidence of negative environmental impacts,
mean that research should continue to chart public perceptions.

The Project
M4ShaleGas examines the potential
environmental impacts and risks related
to shale gas exploration and exploitation in
Europe with the goal to build a technical
and social knowledge base on best
practices and innovative approaches for
measuring, monitoring, mitigating, and
managing these impacts.

See also Thomas, M., Pidgeon, N., Evensen, D., Partridge, T., Hasell, A., Enders, C., Harthorn,
B.H. and Bradshaw, M. 2017. Public perceptions of hydraulic fracturing for shale gas and oil in
the United States and Canada. WIRES Climate Change, e450. 10.1002/wcc.450

Recommendations 2: engagement















While the following guidelines lend themselves particularly to engagement
where members of the public are participants (e.g. industry engagement),
many also apply to that led by members of the public (e.g. activism).
We recommend that engagement forms a key aspect of potential
development, with investment of adequate time and resources.
Consideration might be given to who participates and how they participate.
Conveners may wish to consider the ‘type’ of participant (e.g. regulator,
landowner, lay public), how large the sample should be, and how
local/national contexts might shape their responses.
We recommend that engagement begins at the earliest stages of
development, and that organisers reflect on how the timing of an
engagement activity might influence participants’ responses.
Methods may be selected and adapted according to the specific
circumstances, participants and goals of the engagement. Methods range
from blog posts, through qualitative interviews, citizen science, town hall
meetings and protest marches.
Organisers might wish to facilitate multi-way communication and
deliberation, allowing for the consideration of a variety of viewpoints and
potential solutions.
We recommend that openness and transparency be maintained throughout.
For example, forums and results should be adequately publicised, and
organisers should remain truthful and unbiased during the engagement
process.
We also recommend a strong commitment to acting on recommendations
that emerge, and providing feedback to participants.

Merryn Thomas: Understanding Risk Group and Tyndall Centre for Climate Change
Research, School of Psychology, Cardiff University; ThomasMJ6@Cardiff.ac.uk
Nick Pidgeon: Understanding Risk Group and Tyndall Centre for Climate Change
Research, School of Psychology, Cardiff University PidgeonN@Cardiff.ac.uk
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RECOMMENDATIONS ON PUBLIC
PERCEPTIONS RESEARCH AND PUBLIC
ENGAGEMENT IN SHALE GAS PROJECTS
S. BRUNSTING, J. MASTOP, H. DE BOER

Public opinion of a desirable energy future for their country
Shale gas is one of the least preferred strategies for the reduction of CO2 emissions, together with nuclear energy
and carbon capture and storage (CCS).

National public opinion of energy technologies

Local public opinion
National opinion  Local opinion

Common assumption: NIMBYism

Risk

Economic
benefits

Proximity

BUT: other factors influence or substitute this
relationship:
Energy security

Aesthetic
impact

Perceived risk of the operation
Local economic & visual impacts

Decreased
dependency on
foreign energy

Facilitates fossil
fuel usage

Procedural & outcome fairness
Trust in the developers & government

Background

Study

Results

The European Commission's Energy
Roadmap 2050 identifies natural gas as
a replacement for coal and oil in the
short- and medium-term and as a critical
energy source for the transformation of
the energy system to a system with lower
CO2 emissions with increasing
contributions from renewable energy and
increased energy efficiency. However, in
the near future public opinion in Europe
is unlikely to become more supportive of
shale gas. At best, shale gas will
reluctantly be accepted as a necessity. It
is therefore vital that those who seek to
develop shale gas technology in Europe
have access to state of the art
knowledge about public perceptions and
engagement, and about techniques for
the reliable measurement and
monitoring of the public opinion.

We reviewed research on public
perceptions of shale gas, as well as three
large-scale technologies with technical
and spatial similarities to shale gas:
nuclear energy, (onshore) wind energy,
and carbon capture and storage (CCS):
risk, visual impact, and continuation of
unsustainable practices associated with
fossil fuels.

Values and world views play a major role
in what people see as a desirable energy
future for their country. In the context of
energy systems, relevant societal values
include long-term improvement, efficiency,
security, health, reliability, transparency,
social justice, and fairness.

We identified the main factors shaping
general versus local public opinions,
addressed their different nature, and the
issue of measuring both, which requires
different techniques.
We provided recommendations for public
perceptions research and public
engagement efforts related to shale gas
development in Europe.

Shale gas, CCS, and nuclear energy have
in common that respondents to national
representative research in the context of
climate and energy systems change
generally regard these technologies as the
least preferred strategies for the reduction
of CO2 emissions.
The relation between attitude towards a
project and proximity to the project site is
explained by other factors than NIMBYism.

RECOMMENDATIONS ON PUBLIC
PERCEPTIONS RESEARCH AND PUBLIC
ENGAGEMENT IN SHALE GAS PROJECTS
S. BRUNSTING, J. MASTOP, H. DE BOER

Science-based Recommendations

The Project

Acceptability of Shale Gas in Europe

M4ShaleGas examines the potential
environmental impacts and risks related
to shale gas exploration and exploitation in
Europe with the goal to build a technical
and social knowledge base on best
practices and innovative approaches for
measuring, monitoring, mitigating, and
managing these impacts.

It may be possible for shale gas to fit with people’s value systems as a transition
technology, but only if it can be shown to contribute to ending the fossil fuel era by
softening negative impacts of a swift energy transition. To foster public acceptability of
the vision as stated in the European Commission's Energy Roadmap, the most
important question to be discussed at European and Member State level appears to
be:
What checks and balances are in place to guarantee that shale gas exploitation will be
a temporary activity that will not be continued longer than strictly necessary?

Public perceptions research
Measuring uninformed, as well as informed opinions, can be useful, but only with
appropriate public opinion research methods. Always seek academic expertise.
A major advantage of methods for informed public opinion measurement is that such
methods may also serve as public engagement tools to discuss shale gas in the
context of climate change, energy transition, and alternative technologies. Though not
necessarily more pro-shale gas, discussions following such a method are likely to be
more nuanced and views tend to be less polarized than in traditional public meetings,
enabling a more rationalized and balanced discussion about shale gas.
Measuring local public perceptions requires an entirely different approach than
measuring national public perceptions. Social Site Characterisation offers a method to
inform and enable early public engagement, without raising unnecessary concerns.

Public engagement efforts
The following lessons can be learned from literature on public engagement:







Put stakeholder relations first – talk process, not project.
Be honest and explicit about the goals of public engagement. Do not overpromise.
There is no way to guarantee that political decisions will follow the logic or the
recommendations of a public engagement process.
Fit the methods for public engagement to the goals. Do not use formats that will
make citizens feel listened to, involved, and empowered, if you do not plan to
grant them any of these things.
Define key milestones and evaluation moments during the engagement process.

To enable structural improvement based on previous experiences, there is a need for a
common normative framework for evaluation of public engagement efforts.
Little attention has been given to implementing organisations of public engagement
efforts, particularly how their internal institutional dynamics, organisational practice,
characteristics, competences and resources affect the resulting engagement and
communication strategy. Improving the process of public engagement requires a
better understanding of these issues, as well as of current limitations of public
engagement toolkits as identified by implementing organisations:




Mechanisms for negotiation and cost-benefit sharing
How to conduct early community involvement
How to handle conflict escalation
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RECOMMENDATIONS FOR UNDERSTANDING
PUBLIC PERCEPTIONS AND ATTITUDES OF
ENVIRONMENTAL IMPACT OF SHALE GAS
M. BRADSHAW
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Background

Study

Shale gas holds out the possibility of
contributing to Europe’s energy security,
while also raising profound questions of
ethics, governance and above all public
perceptions and acceptability. We set
out to understand: 1. how various
European publics might construe and
respond to the issues of shale gas and
its associated risks and extraction
operations contextualised against any
potential benefits; 2. which issues
underlie responses (e.g. concerns about
risks, trust or governance); 3. what
lessons for regulation can be gleaned
from experience with shale so far in
North America (US & Canada); 4. what
experience can be learned from
experience with other controversial
energy technologies (e.g. nuclear, CCS,
onshore wind etc.); and 5. how public
engagement, participation,
communication and dissemination of
information can be improved to allow the
public to reach better informed
decisions.

Our research was divided into three
phases. The first phase involved the
review of peer reviewed research on
public perceptions and understandings of
shale gas in North America and a review
of current research in a European context.
A third review considered lessons that
might be learnt from public understanding
and perceptions of other large-scale
energy infrastructures: nuclear power,
carbon capture and storage and onshore
wind. The second phase involved a critical
engagement with the concept of the
‘Social Licence to Operate.’ We chose this
concept as it is evoked by: national
governments, industry and communities.
The third, focused on best practice in
public engagement. A study was produced
of public engagement activities in relation
to shale gas development in North
America. A parallel report looked at best
practice methods for understanding public
perceptions. We also updated the initial
review of research in Europe.

Results
First, in relation to public perceptions and
understandings. 1. There is a significant
share of the public that are either for or
against shale gas development, but the
largest number remain undecided. 2.
Research in Europe shows that people
living in closer proximity to potential shale
gas development express more
reservations about it, although continued
reliance on fossil fuels and the impact on
climate change are also concerns
amongst the wider population. 3. The
public are not convinced that there is a
case for shale gas development and
would rather see investment in low
carbon alternatives, especially after the
Paris Agreement. In relation to public
engagement: 1. It is important to
understand the local context, the key
community issues, and the local political
landscape. 2. Early and ongoing pubic
engagement, that is two-way and acted
upon is essential. 3. At present, there is
general lack of trust of national
government, less so regional and local
government, the industry and the
regulators. The latter are often perceived
to be ‘too close’ to industry and in favour
of development.

RECOMMENDATIONS FOR UNDERSTANDING
PUBLIC PERCEPTIONS AND ATTITUDES OF
ENVIRONMENTAL IMPACT OF SHALE GAS
M. BRADSHAW

Science-based Recommendations

The Project
M4ShaleGas examines the potential
environmental impacts and risks related
to shale gas exploration and exploitation
in Europe with the goal to build a
technical and social knowledge base on
best practices and innovative approaches
for measuring, monitoring, mitigating, and
managing these impacts.

UK Government Survey of Public Attitudes.
Public Perceptions and Understanding




There is a clear need for independent and rigorous information to support a
better-informed debate; however, it should not be assumed that more information
would lead to a more positive perception of shale gas development.
There is a need to broaden the debate to consider wider issues of energy and
climate change to place the shale gas question within the wider frame of energy
futures.

Public Engagement





The government, industry and regulators need to understand the importance of
early, appropriate and on-going engagement and need to invest sufficient
resources.
Honesty and transparency are essential in gaining public trust.
Although the social license has no legal status, it can be an effective tool to
enable engagement and empower local communities, who may decide to withhold
a social license to operate.

4 sub-programs:

SP1-subsurface

SP2-surface

SP3-air emissions

SP4-public perceptions
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Model of a Social Licence to Operate.
Source : https://www.slideshare.net/GRIFPA/griausconfa-strategic-approach-to-stakeholder-engagment-dr-leeora-black.

