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Mission Statement
• 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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M4ShaleGas Funding Framework
• Horizon 2020 Topic LCE-16-2014
– Understanding, preventing and mitigating the potential
environmental impacts and risks of shale gas
exploration and exploitation

• Specific challenge
– Gas shales are low permeability rocks which have to be

fractured pervasively to create high-permeability
pathways for gas to migrate towards the wells. In
particular, the fracturing process is subject to debate as
it requires the injection of large amounts of water and
chemicals. Proper handling of injection and flow back
fluids is crucial. Optimum approaches for shale gas
operations need to be outlined and further developed.
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The Grant
• Project

– M4ShaleGas (reference 640715)

• Funding scheme

– Research and Innovation Action (RIA)

• European Commission Budget
– 3,000,000 Euro

• Period

– 1 June 2015 – 30 November 2017 (30 months)

• Coordinated by

– Netherlands Organization for Applied Scientific Research
(TNO)
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Consortium
• 18 Consortium Members
• 10 European Countries
• All members of the EERA JP Shale Gas
10-country
Consortium
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External Project Bodies
• External Advisory Board
– Five partners from Europe, U.S.A,
and Canada
– Exchange of knowledge and
experiences
– Reviews of key project activities
and reports

• Industry Panel (members to be
confirmed)

– Exchange of knowledge and

experiences
– Sharing of data and best practices
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Project Vision
• M4ShaleGas examines potential risks and

impacts of shale gas exploration on the
environment, the climate and the society.

• M4Shalegas aims to:
– build an extended knowledge base for Europe
– formulate scientific recommendations for best

practices
– contribute to minimising the environmental
footprint of shale gas exploration and exploitation
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Methodology - General
• Review of available data and best

•
•
•
•
•

practices from U.S.A./Canada
Collection and review of data from
European shales
Model development, simulations and
constraints from experiments
Risk and impact assessment
Comparison with conventional gas
industrial activities
Develop science-based best-practice
recommendations
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Methodology – Risk Assessment
• Compile an inventory of quantified

•
•
•

•

risks
By definition: Risk = probability of
occurrence x impact
Develop recommendations on
measures to minimize or mitigate risks
Take into account EU geological and
geopolitical settings
Take into account difference in
technical and perceived risks
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4 Scientific Sub-Programs
M4ShaleGas studies the environmental impact of shale gas
development in 4 sub-programs
(SP) with 20 work packages.
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SP1

Impact of subsurface activities:
hydraulic fracturing, induced
seismicity, well integrity

SP2

Impact of surface activities:
water, soil and well site
activities

SP3

Impact on air quality and climate

SP4

Public perceptions of
environmental impacts

Project Introduction

/10

SP1 – Hydraulic Fracturing, Seismicity & Wells

Sept. 2015

•

Extent of fracture disturbed
zone, risks of leakage along
induced fracture networks

•

Controls on felt seismicity,
properties and stress state of
faults, classification of shale gas
sites

•

Risks of well leakage,
monitoring and early warning
systems

•

Drilling hazards, well integrity,
well and drilling materials and
procedures
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SP1 – Impact of Subsurface Activities
BGS

Fracture initiation and propagation

Experiments on fracture initiation and propagation | Analogue experiments to
observe fracture growth in clay rich minerals | Predictions of fracture disturbed
zone by hydraulic fracturing models

TNO

Fault reactivation and induced seismicity

Develop extended dataset on induced seismicity | Classification of shale gas sites
in terms of seismic risks | Experiments on the controls of fault reactivation

GFZ

Seismic monitoring of hydraulic fracturing and gas
production

Seismic network design and state-of-the-art in waveform data evaluation
techniques
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SP1 – Impact of Subsurface Activities
IFPEN

Designing monitoring networks and early warning
systems for well leakage

Geochemical monitoring of deep control aquifers | Optimum design for detection
of gas and fluid leakage along wells

SINTEF

Drilling hazards and well integrity

Review of best practices and regulations | Review of most probable causes for loss
of well integrity | Emerging methods and materials for European shale gas wells

TNO

Sept. 2015
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SP2 – Impact on water, soil, and well site
•

Baseline monitoring

•

Analysis/prediction of
wastewater compounds

•

Methods of wastewater
treatment

•

Use of chemicals in
fracfluids

•

Risk of drinking water
pollution

•

Logistics of shale gas
operations

•

Noise and visual
impacts

Source: www.drillingcontractor.org

Source:
www.thegwpf.org
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SP2 – Impact on water, soil, and well site
PGI

Baseline and monitoring data assessment of surface,
groundwater, and soils

Review environmental (baseline) monitoring systems | Research policies in
different countries for water use/resources/injection | Analyse potential soil and
groundwater contamination (e.g. with CH4)

GEUS

Risk assessment of impacts on groundwater quantity and
quality

Inventory of contamination from wells or surface spills of fluids | Risk assessment
methodologies on impacts on groundwater quality using geological models and
coupled groundwater-surface water models

IGME

Sustainable approaches for wastewater management

Review management waste water (treatment, handling, storage, transport and
disposal) and alternatives and emerging technologies
Sept. 2015
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SP2 – Impact on water, soil, and well site
INiG

Measurements of flow back water and waste
composition

Determination of physicochemical parameters to assess harmfulness of flow back
water, cuttings, mud and other waste

GFZ

Simulating the potential composition and mobility of
compounds in fluids

Quantitative estimation and prediction of flowback water compounds | Testing the
mobility of compounds in rock-fluid experiments in the lab | Modelling dynamic
interactions between shale formation and groundwater systems

Durham U
Newcastle U

INiG
Sept. 2015

Impact of well site infrastructure and transport

Integration of results, recommendations, dissemination
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SP3 – Impacts on air quality and climate
•

Learning from U.S.A./Canada experiences
(left)

•

Learning from conventional gas – How
different is shale gas?

•

Identify causes of emission to air from
shale gas activities including fugitive gas
emissions and flaring

•
•
•

PM and NOx air pollution from machinery

•

Case study on monitoring atmospheric
composition

Best practices to minimize emissions

Establish list of tracers to detect shale gas
air emissions or leakage

Strong elevation of CH4 concentrations downwind of shale gas sites

Map of flight track over the Colorado Front Range on 29 May 2012, color-coded with CH4 mole
fraction, and the locations of oil and gas wells (gray dots) (top) and the upwind (light blue) and
downwind (red) measurements sampled (bottom). Source: Pétron, G. et al. (2014), J. Geophys.
Res. Atmos., 119, 6836–6852.
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SP3 – Impacts on air quality and climate
•

•

•

Develop a transparent
Carbon Footprint
comparison for shale
gas in Europe
The CO2 benefit of
gas over coal, esp. in
electricity production
– is too big to be
ignored
Leakage of CH4 can
off-set this benefit –
the tipping point is
estimated at ca. 3%
leakage. This is within
uncertainty of actual
leakage rates as
reported from the
U.S.A.
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Factor 2 difference
coal - gas

(Source: Moomaw et al., IPCC SERIES Annex II, 2011)

CO2 footprint and global climate forcing

Aggregated results of a literature review of Life Cycle
Assessments of GHG emissions from electricity
generation technologies using different energy sources.
How will shale gas fit into this figure?
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SP3 – Impact on Air Quality and Climate
LNEG

Monitoring and mitigating emissions to atmosphere

Review of data and existing best practices on monitoring and reducing emissions
into the air | Methodologies for establishing concentration baselines before
exploitation and emissions during operations | Establish list of tracers to detect
shale gas air emissions | Case study on monitoring atmospheric composition

TNO

CO2 footprint and impact on global climate forcing

Review and compilation of the available (predominantly North American) literature
on carbon footprint of shale gas | Development of a simple tool/model to calculate
the CO2 footprint | Assessment of CO2 footprint and recommendations

LNEG
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SP4 – Public Perceptions

Source: Financial Post New Brunswick, October 26, 2012
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•

Experiences in Europe

•

Experiences in U.S.A.
and Canada

•

Learning from related
technologies (CCS, oil
and gas)

•

Public confidence in
shale gas methods
(hydraulic fracturing)

•

How to inform and
explain to the public?

•

How to manage public
concern?
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SP4 – Public Perceptions
KIT

Examine existing European data on public perceptions
towards shale gas

Review of the existing data on public attitudes w.r.t. shale gas in the EU |
Identification of main issues of public concern | Identification of various attitudes
w.r.t. shale gas in different EU Member States

Cardiff
Univ.

Examine North American experience with public
perceptions of shale gas activities

Review and collate North American experiences | Triangulate North American
experiences with set of lessons learned to Europe

ECN

Learning from public perceptions of related technologies

Lessons learned from nuclear power, wind power, CCS activities | Recommendations for public engagement, and for monitoring/understanding public attitudes

Warwick
Univ.
Sept. 2015
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More Information?
• Project’s website

– http://www.m4shalegas.eu

• The Project Manager

– Holger Cremer (TNO | holger.cremer@tno.nl)

• The Project Principal Scientist and SP1 lead
– Jan ter Heege (TNO | jan.terheege@tno.nl)

• The SP2 lead

– Anna Król (INiG | anna.krol@inig.pl)

• The SP3 lead

– Paula Costa (LNEG | paula.costa@lneg.pt)

• The SP4 lead

– Michael Bradshaw (WBS | michael.bradshaw@wbs.ac.uk)
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Disclaimer
• This presentation is part of a project that has

received funding by the European Union’s Horizon
2020 research and innovation programme under
grant agreement number 640715

• The content of this presentation reflects only the

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