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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
This report aims to integrate the reviews and research on emissions and CO2 footprint from WP14 and
WP15 and to provide the scientific basis for the recommendations to minimise impacts on atmosphere
and mitigate CO2 footprint of shale gas operations in Europe. It is included in the best practice for the
control of fugitive emissions and for a cost-effective strategic program of monitoring and emission
estimation, using all data and conclusions of previous reports. Different topics are addressed. The
evaluation of the different shale gas-related emissions takes into account all air emissions related to the
different stages of shale gas operations. The total production of a well is identified as one of the largest
unknowns for the relative assessment of the carbon footprint of shale gas. With respect to emissions to
air, mitigation options are available for most shale gas operations. The Reduced Emission or Green
Completions option are discussed being the most prominent the capture (and use) of fugitive gas, instead
of venting to the atmosphere. Flaring of the gas is another option, which reduces methane emissions by
combustion, releasing CO2. The main knowledge gaps were identified and a general conclusion is that
well integrity remains the weak spot in the system, being the primary concern in environmental
protection issues. More attention needs to be given to this issue. It is also important to evaluate whether
or not the existing EU Directives and regulations appropriately apply to unconventional hydrocarbon
extraction. Environmental impacts and potential effects on public health are expected from this industrial
activity. This report also summarizes the existing (mainly US-based) knowledge on air quality impact
and effects on public health. It is imperative to estimate and implement monitoring strategies aiming to
reduce emissions and related effects. Regarding fugitive emissions, the main approach that can be taken
to monitor these emissions is the use of EN standards. However, other methods may be applicable such
as: measurement at source, remote measurement methods or calculations and estimations. Remarks and
recommendations are also present.
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1

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 make
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.

1.2

Aims of this report

The main aim is to report on the best practice for the control of fugitive emissions and
for a cost-effective strategic program of monitoring and emission estimation, using all

1

EIA (2015). Annual Energy Outlook 2015 with projections to 2040. U.S. Energy Information
Administration (www.eia.gov).
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data and conclusions of previous reports. In fact the scope of Deliverable 16.3 is the
integration of reviews and research on emissions and CO2 footprint from WP14 and
WP15 providing a scientific basis for the recommendations to minimise impacts on
atmosphere and mitigate CO2 footprint of shale gas operations in Europe.

1.3

Structure of the report

This report is divided in 11 chapters. The first one is an introductory chapter where the
objectives of the M4ShaleGas and of this report are presented. The overview of the
emissions on shale gas operations is presented in Chapter 2. Chapter 3 describes the
existing legislation that can be applied for controlling GHG emissions from shale gas
operations. The estimating and monitoring strategy for emissions to air, including
monitoring methodologies and baseline measurements is assessed in Chapter 4. In
Chapter 5 the emission reduction technics available are described. The best practice for
the control of fugitive emissions is described in Chapter 6. In Chapter 7 is presented a
cost-effective strategic program of monitoring and emission estimation. The identified
knowledge gaps and potential solutions are listed in Chapter 8 and Chapter 9
respectively. Remarks and recommendations are presented in Chapter 10 and the
References are listed in Chapter 11.
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2

EMISSIONS FROM SHALE GAS OPERATIONS

As shale gas operations in Europe are rare, because few explorative drillings have taken
place, realistic data about emissions from shale gas operations is scarce (Cooper et al.,
2016). Therefore, for modelling work shale gas is usually considered to be not so
different from conventional gas, with the exception of some extra activities related to
the (pre-) production of the gas and also the fact that many more wells are needed for
shale gas because the low permeability of the source rock.
Activities before the start of production like well preparation are referred to as preproduction. These include drilling (horizontal or vertical) and hydraulic fracturing
during well completion and potentially re-fracturing during the well lifetime (e.g.
Moore et al. 2014). After gas is injected at high pressure transmission pipelines, no
distinction can be made any more between conventional natural gas and shale gas. As
shale gas emissions data is scarce, it is usually assumed that the emissions from an
exploration and vertical drilling for shale gas are similar to those of natural gas
However, extra emissions from complementary horizontal drilling and hydraulic
fracturing should be added (Broderick et al., 2011; Tagliaferri et al., 2017). Based on
shale gas production GHG emissions may be estimated (Costa et al., 2016a) and Altfeld
and Schley (2012).

2.1

Shale gas reserves

Hauck et al. (2017) identified nine major shale gas plays in seven EU Member States.
The areas of the plays were calculated in Hauck et al. (2017) using GIS and play
contours by EIA (2013) and the maximum production per play was based on estimated
technically recoverable reserves by EIA (2013). Considering that one well pad covers
25km2 (a 5 x 5 km square) and that 25 (20-30) wells are drilled in one pad and the area
per play, the required number of wells per play was estimated (Cremonese, 2016). In
Table 1 are presented the estimated surface areas and reserves.
Table 1. Recoverable reserves and surface areas for shale gas plays in Europe (Hauck et al.,
2017).
Country
UK
Poland
Poland
Poland
NetherlandsA
NetherlandsA
Denmark
Sweden
Germany
France

Play
Bowland Basin
Lublin Basin
Podlasie Basin
Baltic Basin
Posidonia Shale
Geverik Member (Epen Formation)
Alum Shale
Alum Shale
Posidonia Shale
Paris Basin

D16.3 Control for estimating and monitoring fugitive emissions

Reserve (m3)
7.1E+11
2.6E+11
2.7E+11
2.9E+12
9.3E+10
2.6E+11
9.0E+11
2.8E+11
4.8E+11
3.5E+12

Surface (km2)
24,785
28,626
9,436
47,935
6,551
10,118
15,731
7,004
23,646
26,297
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A

For the Netherlands, including the Dutch continental shelf, the estimated risked recoverable reserve and
SG play's contours according to EIA have been replaced by other more recent and accurate data provided
by petroleum geologists from TNO. Based on ongoing research at TNO (e.g. Zijp et al., 2015), the SG
data for the Netherlands is continuously updated and form the basis on which TNO annually reports on
the Dutch energy reserves to the Ministry.

2.2

Type of air pollutants, their sources and release

Methane is identified as a compound of major concern on GHG emissions and climate
change, due to its strong global warming potential and to the high contents in shale gas.
Methane emissions during production and processing of shale gas are assumed to be
similar to those from conventional natural gas (Council of Canadian Academies, 2014).
There are some technical difficulties in measuring methane leakage accurately, thus
some authors defend that this issue may be overcome by emissions estimation (Petron et
al. 2012 and Tollefson, 2013). However, the different conclusions reached in several
publications (Howarth et al., 2011, Burnham et al., 2012; Cathles et al., 2012) show the
complexity in estimating emissions with accuracy, so direct measurements in the
potential source should be considered.
In addition to the GHGs methane (CH4) and carbon dioxide (CO2), nitrogen oxides
(NOx), volatile organic compounds (VOCs) and hazardous air pollutants (HAPs) can be
released due to fugitive emissions from shale gas production. In Europe, the main air
pollutants taken in consideration in terms of Ambient Air Quality are regulated by the
European Commission through:
- Directive 2008/50/EC, 21 May 2008: Ambient air quality and cleaner air for Europe
(CAFE) that includes: sulphur dioxide (SO2), nitrogen dioxide and oxides of nitrogen
(NOX), carbon monoxide (CO), benzene, ozone, lead and particulate matter (PM);
- Directive 2004/107/EC, 15 December 2004: Limitation of emissions of arsenic,
cadmium, mercury, nickel and polycyclic aromatic hydrocarbons in ambient air.
Directive 2015/1480/CE introduces improved rules concerning reference methods, data
validation and location of sampling points for the assessment of ambient air quality and
amends several earlier rules and procedures. Furthermore, the evaluation of mandatory
quality assurance programmes for EU Member States has been entrusted to Joint
Research Centre (JRC).
The emissions of VOCs and HAPs may cause cancer or other serious health effects, or
adverse environmental and ecological effects (ICF International, 2014). In VOCs are
included aromatic hydrocarbons, halogenated compounds, aldehydes, alcohols, and
glycols. HAPs cover toxic air pollutants that include: acetaldehyde, acrolein, benzene,
ethylbenzene, formaldehyde, hydrogen sulphide, methanol, toluene and xylene. The
compounds included in HAPs list that are considered important in shale gas emissions
are benzene, toluene, ethylbenzene and xylenes.
CO2, SOx and NOx are the main emissions from fossil fuel combustion to provide
energy to equipment used in shale gas production, like diesel engines used for drilling,
D16.3 Control for estimating and monitoring fugitive emissions
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hydraulic fracturing and natural gas compression, and during flaring operations.
Incomplete combustion leads to other emissions such as CO, methane, VOCs and PM.
Moreover, natural gas fired engines may be a substantial source of formaldehyde as
well, which is considered a secondary pollutant (US Department of Energy, 2009).
Primary PM are mainly formed during combustion, but can also be formed from dust or
soil entering the air during pad construction, due to earth movement and traffic on
access roads (US Department of Energy, 2009)). In the presence of sunlight, NOx
associated with shale gas exploration and production operations may react with VOCs
and produce Ozone (O3) (Robinson, 2014)).
As CH4 is the principal component of natural gas, it may be released to the atmosphere
due to the release of gases during flowback. CH4 may be released as a fugitive emission
from gas processing equipment (such as pneumatic controls, valves, well heads and
others) or it may escape into ground water due to fracking activities. VOCs are also
associated with fugitive emissions and flaring from shale gas extraction, but in small
concentrations (Zammerilli et al., 2014, Bunch et al., 2014). However, as mentioned
before, the main source of VOCs is incomplete combustion, but VOCs may also be
emitted during the dehydration step of natural gas US Department of Energy, 2009).
HAPs may also be associated with fugitive emissions, but as they were not measured in
significant amounts in the gas stream, their emission is usually low. The gas treatments
applied to the gas can reduce the presence of some of these pollutants (AEA, 2012).
The majority of studies state that GHG emissions from power generation using shale
gas are lower than those from coal combusting, but higher than those due to
conventional gas utilisation (Jiang et al., 2011; Stephenson et al., 2011; Jenner, 2013;
Cathles et al., 2012; AEA, 2012; Zammerilli et al., 2014; Bunch et al., 2014). However,
some studies have reported that GHG emissions from shale gas may be larger than those
from conventional natural gas, oil, or coal viewed over the time scale of 20 years,
mainly because of high leakage rates of CH4 during shale gas production (Howarth et
al., 2011). Nevertheless, the emission values presented by several authors need a wide
analysis to understand the energy and carbon emission of different sources required for
the different operations, including sub-surface manipulation, product clean-up and
separation and other activities. As the emission values will depend on the specific
extraction and processing systems devised, a careful analysis is required.
Emissions valuation needs to consider the complete cycle: (1) Emissions from preproduction stage, (2) emissions from production stage, transport, distribution and
storage, (3) Emissions in the end of production and closure.
The preproduction stage includes: exploration, site clearing, road construction, drilling,
hydraulic fracturing, well completion and waste treatment. Thus, GHG emissions from
pre-production stage comprise: emissions from roads and well-pad construction; from
diesel engines and compressors used during drilling. These emissions are mainly due to
combustion operations. Emissions of other air pollutants, like: PM, CO, SOx, VOCs and
HAPs are associated with combustion activities and fugitive emissions.

D16.3 Control for estimating and monitoring fugitive emissions
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There are two main sources of emissions in the production phase, being conventional
equipment (e.g. dehydration equipment, pumps and compressors) and leakage from gas
distribution pipes. Most emissions come from compressors, but there are also significant
methane emissions from the dehydration operations (NYSDEC, 2011). As most of the
emissions in this stage arise from equipment also used for conventional gas production,
there are no significant differences between shale gas and conventional gas production.
Table 2 presents the type of shale gas emission sources for the different air pollutants,
by stage.
Table 2. Air pollutants and their sources.
Air Pollutants
CO2, NOx, SOx

Stage
Pre-production
Production

CO
PM

Pre-production
Pre-production

NMVOC

Pre-production
Production
End of production
and closure

HAP (Acetaldehyde, Acrolein,
Benzene, Ethylbenzene,
Formaldehyde, n-Hexane,
Hydrogen sulphide, Methanol,
Toluene and Xylene)
O3

Pre-production
Production
End of production
and closure

CH4

Pre-production
Production
End of production
and closure

Pre-production
Production

Type of Source
Fossil fuel combustion to provide energy to
equipment, such as diesel engines used for
drilling, hydraulic fracturing and natural
gas compression
Flaring operations
Incomplete combustion
Incomplete combustion
Flaring
Dust or soil entering the air during pad
construction, due to earth movement, and
traffic on access roads
Incomplete combustion
Dehydration step of natural gas. It is also
associated with fugitive emissions from
shale gas extraction, but in small
concentrations.
Venting of condensate tanks
Fugitive emissions
Engine emissions (Formaldehyde)

Exploration and production operations When sunlight reacts with NOx and VOC,
it develops excessive ground-level
(tropospheric) ozone as a secondary
contaminant
Fugitive emissions

To meet pipeline, safety, environmental and quality specifications, raw shale gas needs
to be processed and treated before it is injected in distribution grids. Thus, the following
compounds need to be removed: H2S, SO2, CO2, N2, heavy hydrocarbons and water.
The processes used to achieve this goal depend on the compounds to be removed, their
D16.3 Control for estimating and monitoring fugitive emissions
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concentrations and on other properties of the gas streams, such as temperature, pressure
and flow rate. H2S and CO2 are usually removed by absorption into aqueous amine
solutions, as this process is appropriate for treating moderate to high concentrations of
the acid-gas component for high-pressure gas streams. Alternatively, physical solvents
like methanol, polymer DEGP, or selexol may be used. For very high CO2 contents, as
occurring in gas from CO2 rich reservoirs, membrane technology may be used initially
for CO2 removals. The gas may be further treated by another method to reach extremely
low CO2 levels (Bullin and Krouskop, 2009).
If the gas is saturated with water, dehydration is needed to increase the gas HHV and to
prevent pipeline corrosion and solid hydrates formation. Glycol is usually used and its
regeneration is achieved by applying heat and reducing the pressure of the water rich
glycol. Another possibility is the use molecular sieves, where the water is removed by
contact with a solid adsorbent (Bullin and Krouskop, 2009). This process reduces water
contents to extremely low levels, as needed for cryogenic separation processes.
The closure of the wells consists of sealing the well, removal of the surface material and
the restore the production site to its previous condition. These operations, named as
plugging and abandonment of the well, occur at the end of the productive life of a well
or when the exploration has been unsuccessful. In this stage, the well is sealed to
prevent leakage to the surface of hydrocarbon and other fluids from the well, or their
migration between different formations. Appropriate plugging is essential to avoid
leaks. Measures to plug and abandon wells have to be always undertaken, mainly to
make the operating site safe for further use and to prevent pollution release to water and
land.

2.3

Impact on health

Local and regional air quality can be affected by shale gas exploitation activities. As
mentioned before, drilling operations are responsible for the release of hazardous air
pollutants, along with particulate matter and ozone, plus its precursors, which have
harmful effects on health and on the environment (California Environmental Protection
Agency Air Resources Board, 2012).
Exposure to high concentrations of air pollutants has adverse health effects (EPA, 2013)
being the risks even higher in the proximity of shale gas operations, namely drilling
operations (Bamberger and Oswald, 2012; Colborn et al., 2011; Colorado Department
of Public Health and Environment 2010; Ferrar et al. 2013; McDermott-Levy et al.
2013; McKenzie et al., 2012; Queensland Government, 2013, Werner et al., 2015).
Epidemiological studies are usually difficult, rare, and expensive, requiring robust data
that are typically absent or inadequate for assessment. The same applies to precise and
accurate estimates of emissions, fate and transport, exposure levels, as well as impact
data on relatively large populations of exposed individuals over extended durations of
time. Therefore, the impacts of natural gas operations are quite challenging and difficult
to prove.

D16.3 Control for estimating and monitoring fugitive emissions
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Health effects associated with environmental impact includes symptoms of upper
respiratory tract illnesses, burning eyes, headaches, vomiting, diarrhea, rashes, and
nosebleeds (Bamberger and Oswald, 2012; Colorado Department of Public Health and
Environment, 2010; McDermott-Levy et al., 2013; Queensland Government 2013;
Saberi, 2013; Subra, 2009, 2010). Werner et al. (2015) present a strength-of-evidence
analysis of scientific reports on the environmental health impacts of unconventional
natural gas development. The environmental hazard, exposure, and health related to
public main concerns are also addressed. This review also shows a lack of robust studies
on direct health outcomes caused by the activities related to unconventional natural gas
development. It presents knowledge gaps and public concern on environmental health
issues (Werner et al., 2015).

2.4

Climate impact

The available information about shale gas carbon footprint comes mostly from U.S.
studies and measurements. The carbon footprint is important to quantify climate impact.
Different greenhouse gases may be compared to express the emissions of each gas in
CO2 equivalents, based on their Global Warming Potentials. Several studies indicate
that the carbon footprint of generating electricity using shale gas as a fuel ranges from
420 to 850 g CO2-eq/kWh, near to the range reported for conventional gas (480-750 kg
CO2-eq/kWh) in the United States. In general, as combustion of gas in power plants
generally contributes to about 80% of total GHG emissions, differences in power plant
efficiencies are very important regarding differences in carbon footprints. The total
production of a well is identified as one of the largest unknowns for the assessment of
the carbon footprint of shale gas. GHG emissions range between 7g and 27 g CO2-eq
per MJ of gas delivered if the combustion phase is not considered. Most of GHG
emissions arise from losses of gas during production (gas production from wells) and
preproduction (the preparation of the wells).
As gas produced from unconventional wells has approximately the same methane
content as that produced from conventional wells, it can be assumed that combustion
yield to similar climate effect (e.g. Stephenson et al., 2011). However, the leakage of
methane during exploration and production of shale gas may be substantially different.
The available information and international experiences from North America may be
used as a base to estimate CO2 footprint during different shale gas exploitation phases
(exploration drilling, production, transportation, etc.). GHG emissions resulting directly
from shale gas operations are estimated for vented emissions, emissions from
combustion of fossil fuels on site and fugitive emissions.
The possible climate impact of shale gas can only be assessed by analysing all the
emissions associated with the life cycle of shale gas (i.e. from exploration to end-use,
including end of exploration and well closure). However, this data is not always
accessible and has a high degree of uncertainty. The main studies assess only the GHG
emissions, but more attention should be given to the other types of air pollutants (e.g., CH4,
NMVOC, NOx, SOx, PM, benzene, HPA, O3).

D16.3 Control for estimating and monitoring fugitive emissions
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3

LEGISLATION

Public concern about the environmental impact of extraction and production operations
of shale gas is growing, together with the worry about GHG emissions from shale gas.
In the United States there are ongoing debates on these issues and there are several
different regulatory proposals on the governance of shale gas on environmental, health,
and safety issues (Konschnik, 2014). While new regulation is under debate, agencies
attempt to apply the rules designed for conventional natural gas development to shale
gas operations. Despite the hard work Regulators face big challenges due to a rapidly
changing industry with a great number of players, operating wells across a large number
of states (Konschnik, 2014).
The GHG emissions data from oil and gas wells are required to be reported, mainly on
NMVOC and methane. In the EU there are a number of directives to prevent or to
reduce general emissions into the air, water and land and to prevent the generation of
waste. These directives are applied in European member states through transposition
into national law, the extent of which depends on each member state. However, in
relation to shale gas there are very few requirements applicable specifically to GHG
emissions from shale gas projects.
The Environmental Impact Assessment Directive (EIA) (Council Directive 85/337/EEC
on the assessment of the effects of certain public and private projects on the
environment codified by 2011/92/EU and amended by the Directive 2014/52/EU) sets
requirements about climate change effects and air emissions. It requires Member States
to ensure that information is supplied about estimated air emissions and significant
environmental impacts resulting from the project. The EIA Directive requires that
public and private projects that may have significant effects on the environment should
be subject to an EIA. The main obligation of an EIA is to identify, describe and assess
the direct and indirect effects of the project on different factors of the environment. In
Article 3 for example are included air and climate, and its interactions.
Additionally, this EIA Directive provides for competent authorities to give an opinion
on the information supplied which should at least include a description of the measures
foreseen to avoid, reduce and if possible, remedy significant adverse side effects.
Besides these requirements, some doubts remain, for instance if Member States would
require an EIA for shale gas operations and if so how Member States should implement
the EIA, e.g. implementation of the methodology to be used to quantify GHG emission
baseline scenarios. In case of doubts as to the absence of knowledge on significant
effects, an EIA must be carried out according to the precautionary principle.
In Europe, operations on shale gas are in its beginning. The development and
application of legislation can be rather complex among member states.

D16.3 Control for estimating and monitoring fugitive emissions
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4

ESTIMATING AND MONITORING STRATEGY FOR
EMISSIONS TO AIR FROM SHALE GAS

4.1

Monitoring Methodologies

In July 2003, the European commission released a Reference Document on “The
General Principles of Monitoring”, in the scope of the IPPC Directive. This Reference
Document went through an updating and revising process and a Revised Final Draft of
the “JRC Reference Report on Monitoring of Emissions to Air and Water from IED
installations” is available since Jun 2017. This document addresses general principles of
monitoring and other important issues related with the monitoring of emissions and
associated parameters. These are the basis for deciding on the monitoring approach and
frequency, as well as on the gathering, treatment and reporting of monitoring data.
Another important issue is the promotion of the accuracy, reliability, representativeness
and comparability of the monitoring data from industrial installations.
The general topics are:
i) clear definition of the monitoring objective(s);
ii) monitoring approaches and the choice of target pollutants and parameters to monitor;
iii) quality assurance: qualifications of laboratories and involved personnel; the use of
standard methodologies i.e. EN, ISO and other standards, as well as estimation of the
uncertainty associated with the measurement;
iv) measurement planning.
The objectives of monitoring should be clear before monitoring begins i.e. the
monitoring strategy should be designed to accomplish the identified objectives. The
objectives should be clearly stated and be taken into account in the monitoring plan and
in the reporting of the monitoring results
The main approach that can be taken to monitor fugitive emissions is the use of EN
standards. However, other methods may be applicable such as: measurement at source,
remote measurement methods or calculations and estimations.
The choice of the methodology to be used is the result of a balance between the
availability of the method, the reliability, representativeness and comparability of the
results, the level of confidence, the costs and the environmental benefits.
Since emission monitoring should provide adequate information on concentration
variations, in time, not only are the specific pollutants monitored, but also other
parameters that may serve to qualify the fugitive emissions such as reference conditions.
4.1.1

Air quality control

The most critical aspect of monitoring is data quality. Reliable data are needed for
assessing and comparing the performances of emission control techniques, for decisionmaking concerning allowable levels of emissions, and for the prevention of accidents,
etc. Thus, quality assurance is essential for the whole data production chain and for any
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type of monitoring. Since 2005, several changes have occurred in the regulatory
framework and in the standardisation of measurement methods that have had a
significant effect on the quality assurance of measurements and the quality of data
received.
The accreditation standard used for the accreditation of testing laboratories is CEN, EN
ISO/IEC 17025:2005 and requires that each laboratory applies a proven quality
management system. This standard also covers the validation of methods, data
treatment, the determination of the measurement uncertainty, and the reporting of
results. Applying the rules given in CEN, EN ISO/IEC 17025:2005 guarantees a certain
level of quality assurance in accredited laboratories, and of the results provided by them
(CEN, EN ISO/IEC 17025:2005).
The measurement uncertainty should be estimated as described through the Guidelines
for estimating measurement uncertainty (CEN, EN ISO 20988:2007) and/or the Guide
to the Expression of Uncertainty in Measurement (JCGM, 2008).
The standard EN ISO/IEC 17025:2005 requires a high level of personal and technical
qualifications for technical staff. The accreditation standard also requires laboratories to
participate in inter-laboratory comparisons or proficiency testing programmes.
Indicative or simplified test methods are usually not used for compliance assessment.
Nevertheless, there might be cases when it is advisable to use them in addition to
standardised methods. They might also be appropriate when an indication of the
emissions is sufficient, e.g. between periodic measurements carried out for compliance
assessment.
Another important factor that can have an influence on the use of standardised methods
is the potential environmental risk associated with the pollutant in combination with the
location of the installation. If the environmental risk is high, because there are sensitive
subjects in the surroundings, it is advisable to always use standardised methods to
ensure a higher level of transparency and reliability, and probably to gain a higher level
of acceptance of the results by the public or in court cases, if the use of standardised
methods is not already required by laws, regulations and permits.
The uniform use of EN standards will guarantee comparable, reliable and reproducible
measurement results all over Europe, in particular if the EN standards are applied by
accredited laboratories that are regularly audited and that participate in proficiency
testing programmes. ISO or national standards might be used if they ensure the
provision of data of an equivalent scientific quality. The usefulness of simplified
indicative methods is very limited.
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4.1.2

European standards

By June 2017, the published European Standards for fugitive emissions were:
- CEN, EN 15446:2008 applies to the measurement of fugitive emissions of volatile
organic compounds (VOCs) from process equipment. VOCs are defined as all products
of which at least 20 wt-% show a vapour pressure higher than 0.3 kPa at 20 °C. The
method, often referred to as the 'sniffing method', uses portable instruments to detect
VOC leaks from individual sources. Any detector type is allowed (e.g. based on
catalytic oxidation, infrared absorption, flame ionisation, or photo ionisation), provided
it meets the specifications and performance criteria of the standard. In addition, EN
15446:2008 describes a procedure to estimate the emission rate from individual sources
and the total emissions of the installation over a given reporting period (generally a
year) by means of a set of correlations that converts the measured concentration into
mass emission rate.
- CEN, EN 16253:2013 describes the use of active Differential Optical Absorption
Spectroscopy (DOAS) with a continuous radiation source for the determination of
gaseous compounds (e.g. NO2, SO2, O3, Hg, benzene, toluene, xylene and other VOCs)
in ambient air or in diffuse emissions. DOAS systems support direct multi-constituent
measurements. This standard is based on the absorption of near ultraviolet, visible
and/or near infrared light by gaseous compounds along an open monitoring path
between a radiation source and a spectrometer. The measurement is conducted at
wavelengths typically ranging from 250 nm to 2500 nm and with a high spectral
resolution of 0.1–1 nm. DOAS might be used as an alternative measuring technique, on
which emission estimations can be based in those cases when direct measurements
cannot be used adequately for the monitoring of diffuse emissions, such as emissions
from area sources (EN 16253:2013).
The 'Air quality' Technical Committee of CEN (CEN/TC 264) is presently developing
and validating methods for monitoring fugitive emissions. These methods includes:
optical gas imaging (OGI), differential absorption LIDAR (DIAL) and solar occultation
flux (SOF), as well as calculation/estimation methods.
Methane is classified as a GHG and is also a VOC, but it is not included in the
definition of NMVOC (Non-Methane Volatile Organic Compounds) as used in air
quality reporting. There are two published CEN standards for measuring methane:
- EN ISO 25139:2011 (Manual method): based on samples collection in an inert bag or
canister, followed by analysis using gas chromatography in a laboratory;
- EN ISO 25140:2010 (Automated method): uses an FID (Flame Ionization Detector)
fitted with a catalytic converter which removes all organic compounds in the sample
gas, except methane. Portable FID is also available for applications in fugitive
emissions monitoring. However this simpler, unheated and portable FID has not the
same accuracy and precision as the more complex and heated FID.
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4.1.3

Other methods

i) Measurement at source:
- Optical Gas Imaging (OGI) – primarily used to easily identify VOC leaks.
ii) Remote measurement methods:
 Optical remote sensing
Optical remote sensing (ORS) methods are a specific type of remote measurement
methods which are conducted away from the point or area where the pollutant is
emitted. ORS methods measure the concentration of air pollutants based on their
interaction with electromagnetic radiation. When combined with meteorological data,
ORS methods allow for a calculation of the emission rates of pollutants downwind of
diffuse emission sources (EC, 2017a). Several ORS methods have been used (EC,
2017a):
• DOAS (Differential Optical Absorption Spectroscopy): DOAS is described in CEN
EN 16253:2013.
• FTIR spectrometers and tuneable diode lasers (TDLs) are similar to DOAS as they
also rely on the absorption of light by the pollutant(s). The difference is that FTIR
spectrometers record the light intensity over a wide spectral IR range using a Fourier
transformation, while in TDLs, the wavelength of the laser is tuned over a selected
absorption band of the pollutant (EC, 2017a).
• DIAL (differential absorption LIDAR): DIAL uses lasers directed into the
atmosphere to measure aerosols, dust, or gaseous compounds. Spatial concentrations are
obtained from the reflected or backscattered light at two wavelengths: one at the
absorption band of the pollutant(s) and the other just outside of it. The latter is used to
measure the background light scattering. The ratio of the backscattered light intensity at
the two wavelengths is measured and combined with the time delay of the return signal.
The ratio allows the concentrations of the pollutant(s) to be determined while the time
delay is used to determine the location. By measuring the backscattered light at different
angles from the source, the data can be processed to show the two-dimensional plume
shape of an emission (EC, 2017a).
The main advantage of DIAL over other ORS methods is its ability to spatially locate
the concentrations of the pollutant(s). However, the costs of using DIAL are reported to
be high (EC, 2017a).
• SOF (solar occultation flux): SOF is a passive ORS method which uses the sun as a
broadband light source. A SOF system contains three components: a spectrometer to
measure the solar radiation (usually an FTIR spectrometer), a sun tracker to maintain
the instrumental orientation to the solar zenith, and a GPS for the accurate measurement
of the location relative to the gas plume. The SOF system is mounted on a mobile
D16.3 Control for estimating and monitoring fugitive emissions
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vehicle which moves along a given geographical itinerary, crossing the wind direction
and cutting through emission plumes (EC, 2017a).
According to the several field validation measurements presented in the Refining of
Mineral Oil and Gas (BREF) (EC, 2015) the following results were obtained:
• Repeated DIAL measurements downwind of a calibrated (10 kg/h) source of methane
agreed to within +/- 10 % of emitted value;
• Comparison with a line of pumped absorption tube samplers inside a chemical plant
agreed with DIAL measurements of aliphatic hydrocarbons to within +/- 12 %, and
toluene to within +/- 15 %;
• VOC emission measurements from a petrochemical storage facility made by DIAL
and standard point sampling methods agreed to within +/- 8 %.
 Tracer gases
This method consists of releasing a tracer gas at different identified points or areas and
at various heights above the surface of the installation. Then the pollutant (e.g. VOCs)
and tracer gas concentrations are measured downwind of the installation by portable
instruments, which may rely on ORS. The emission rates can be estimated from simple
flux assumptions with near stationary conditions and assuming insignificant
atmospheric reactions or deposition of gases between the leakage points and the
sampling points (EC, 2017a).
 Ambient air quality measurements
The qualitative monitoring of diffuse emissions may be performed by ambient air
quality measurements downwind of the installation (e.g. by diffusive sampling or by
analysis of wet and dry depositions), which then allows an estimation of the evolution
of diffuse emissions over time, provided that they can be distinguished from
background concentrations and other sources (EC, 2017a).
 Reverse dispersion modelling
Reverse dispersion modelling (RDM) allows the estimation of the emissions of a source
or an installation from downwind measured air quality data and meteorological data. To
cover all potential emission sources, it is common practice to monitor at several points.
High plume emissions may not be covered by this approach. The (exact) location of a
leak might be difficult to indicate with this method.
iii) Calculations: use of emissions factors
Calculation methods based on emission factors and algorithms are reported to be
unreliable and give significantly underestimated results.
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4.1.4

Uncertainties

In the Technical Guidance Notes of the UK Environment Agency, a series of possible
sources of uncertainties in monitoring programs are identified:
• The leakage in the sample handling line and losses to the walls of the sampling
system must be quantified;
• The typical sources of uncertainty for instrumental methods include lack of linearity,
zero drift, span drift, sensitivity to sample volume flow, to atmospheric pressure, to
ambient temperature, to electrical voltage. Also, interferences from other gaseous
components present in the flue gas, repeatability standard deviation in laboratory at span
level, and calibration gas should be considered (Broomfield et al., 2014);
• The temperature and pressure measurements of sample gas volume at the gas meter
have associated uncertainty. So, the uncertainty of the water vapour and oxygen
concentrations must be included before reporting the result obtained at reference
conditions.
4.1.5

Measurement Planning

The planning and reporting aspects when using direct emission measurements at diffuse
sources should follow the standard CEN, EN 15259:2007. Figure 1 presents the key
stages for periodic measurements.
Summarizing, a clearly defined monitoring objective, an appropriate monitoring plan
based on standardised methods and a quality assurance system will lead to reliable,
representative and comparable monitoring data.
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Figure 1. Key aspects of measurements of periodic emissions (CEN 2007 – EN 15259).

4.2

Baseline Measurement

Baseline observations may supply a standard before the eventual effect of shale gas
production on the environment. The main objective of baselines is to identify clearly the
environmental effect of shale gas production, by comparing the atmospheric
composition before and after shale gas is produced.
A baseline is also important to quantify emissions in a specific scenario where there is a
projection of possible activities to be implemented in future. The baseline scenario is
hypothetical and depends on a number of factors, like: demand for services, availability
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of various resources to implement the activity, environmental and other policies relevant
to the activity to be implemented (Shrestha et al. 2005).
However, baseline measurements of air quality are missing in several regions, both in
areas where shale gas exploration has taken place and where there is a strong possibility
of future shale gas exploration. So far, shale gas extraction has advanced in most cases
without sufficient environmental baseline data being collected (e.g., nearby groundwater
quality, critical wildlife habitat). This situation increases the difficulty of properly
identifying, quantifying and characterising environmental impacts associated with shale
gas exploitation. Different sources may influence air quality such as: cars, trucks,
aircraft, biomass boilers and incinerators. Total emissions from the different sources and
the distance to the receptor influences air pollution concentrations and air quality
impacts.
There are no relevant data in literature about baseline measurements established before
the shale gas exploration, however, the baseline monitoring of water, air and soil should
be established at the moment that a potential site is identified.
A baseline air monitoring program has to characterise targeted air pollutants, most
frequently described from monitoring and emission measurements, and also those
expected from hydraulic fracturing activities. Ambient air conditions before the start-up
of potential emission sources from shale gas operations needs to be established. The
baseline monitoring should occur before and during well development, production and
gas treatment. Only by this procedure it is possible to characterise air quality impacts.
This program has to be scheduled for at least one year accounting for ambient variations
and the baseline sites have to be located at a spatial scale defined as “urban” or
“regional” (NCDENR, 2013). Any monitoring programme should be designed to supply
information on background levels. The baseline air monitoring program is essential to
assess the total emissions related with shale gas operations. The availability of longer
time data is valuable to understand the variation within the year and between years.
The main objectives of a baseline include (NCDENR, 2013):
 Measure target pollutant concentrations at least for one-year;
 Collect enough data for the annual average concentrations estimation;
 Implement monitoring program in line with existing monitoring systems to
enable data comparability;
 Apply standard monitoring protocols ensuring consistent high quality data;
 Use conventional data reduction, data summary and analysis techniques to
characterize the data.
Any changes of baseline due to oil and gas production should be used to inform policy
makers, improve regulations, and ensure compliance with existing or adjusted
legislation. Such study shall cover a timescale permitting both approval and
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implementation of the baseline monitoring module of the programme prior to the start
of drilling operations (Broomfield et al., 2014).
The baseline air monitoring program should include data about typical composition of
main shale gas components, namely methane, hydrogen, carbon monoxide, carbon
dioxide, nitrogen, and other different hydrocarbons, mainly ethane, propane and butane.
Other impurities should also be included, like: hydrogen sulphide, sulphur dioxide,
heavy hydrocarbons, helium, condensates and water.

4.3

Monitoring Strategy for Emissions to Air from Shale Gas

As mentioned before, to evaluate the impact of shale gas exploration on the atmosphere
it is fundamental to monitor ambient air quality before and during operations. Thus, the
installation of a low cost sampling strategy is imperative. This needs to be suitable for
establishing pre-operations baseline data and for an integrated monitoring program to
measure the emissions from shale gas operation sites. A monitoring program should
address emissions that may affect the regional air quality. The monitoring must provide
a snapshot of the emissions and concentrations and also register the changes over time
(Jacobs, 2014).
Though the understanding of emissions of toxic air pollutants associated with natural
gas production is limited (Allen, 2014), the toxic air pollutants evaluation can be done
by using the same tools applied to greenhouse gases and air pollutants, including
bottom-up and top-down emission inventory assessments, dispersion and photochemical
modelling, and life-cycle analyses.
Methane is the main component of shale gas and it is also a powerful greenhouse gas. It
is difficult to identify methane presence due to leakage from shale gas activities, due to
the large amounts of methane from other sources, such as cattle, landfills, and wetlands.
In future, any large scale European shale gas production will occur in an area with many
other different sources of methane like e.g. animal husbandry, wetlands and landfills.
This complicates the monitoring and timely recognition of potential high methane
leakage rates during shale gas production. To solve this problem unique tracers such as
isotopes or co-emitted (hydrocarbon) species may be used (Petron et al., 2012).
Röckmann et al. (2016) recently published a method of applying the isotope ratio
technique in Europe to distinguish methane sources. However, isotopic analysis is
expensive and complicated.
For any new shale gas exploration, methane baseline measurements are crucial. The
existence of adequate methane baseline will be useful for all stakeholders because it
provides the baseline that sets the context for assessing any future measured data
(Broomfield et al., 2014).
The presence of other hydrocarbons means that the origin is natural gas and/or shale
gas. Ethane has been identified as a useful tracer for shale gas leakage as it is nearly
always present in natural gas, comprising a significant part of the gas’ content of higher
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hydrocarbons (C2+). Ethane is essentially inert with a photochemical lifetime of several
weeks with respect to photochemical loss on time scales of transport from the sources to
the location of monitors (1-2 days). Across Europe ethane concentrations have a
seasonal cycle, with the lowest concentrations (around 1000 ppt or lower) in summer
and the highest (3000-4000 ppt monthly average) in winter. Nevertheless, ethane
concentrations fluctuate quickly. These fluctuations, probably due to the fluctuation of
source strength or changing wind direction, are the most important cause of differences
between years. However, the seasonal pattern is roughly the same for each year. To be
sure that an increase in ethane concentrations is due to a leakage, it would have to
continue for a longer period (e.g. a few months). In addition it is still reactive enough
not to have a too large background concentration (like e.g. methane). This makes ethane
a suitable tracer. Examples of using ethane for natural gas plume detection are found in
e.g. Petron et al., 2012 and Roscioli et al., 2015.
Contents of specific species like formaldehyde, chloroform, carbon tetrachloride, and
other halogenated organics may be measured (Olaguer, 2012; Rich et al., 2013).
Formaldehyde can be related to engine emissions (Olaguer, 2012). But the presence of
chlorinated organic compounds is not yet clear, because these compounds are not
expected to be present in oil and natural gas or in their combustion products (Rich et al.,
2013). These compounds may be part of the fracturing fluid or a reaction product
formed during the interaction between the fracturing fluids and the reservoir fluids and
surfaces at high temperatures and pressures. Their detection in air samples may be due
to venting during processes such as flow backs (Allen, 2014).
A more intensive monitoring programme is advisable to be able to analyse all data very
carefully, taking into account also the meteorological conditions of the site (Broomfield
et al., 2014).
To summarise, the next recommendations about monitoring should be followed:
•

A baseline monitoring is essential: monitoring of air quality should begin as
soon as a site for shale gas exploration has been identified.

•

To guarantee reliable, representative and comparable monitoring data, a quality
assurance system is necessary.

•

Long-term air monitoring, increase the frequency of sampling, and develop a
complete list of contaminants associated with oil and gas development;

•

Long term sampling programs should be implemented once short term sampling
programmes are unlikely to give data representative of general conditions, e.g.
meteorological conditions and source variations, which have significant effects
on pollutant concentrations that are significantly affected by temporal
variability;
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4.4

•

Open-path monitoring methods are the most suitable for fugitive emissions
because they are usually emitted relatively close to the ground level, and are
often monitored adjacent to the site boundary. However, in some occasions
monitoring appreciably above ground level should be performed, e.g. when there
is the need to remove the dominance of ground-level emissions in order to assess
the impact of elevated releases;

•

Conduct short-term (acute) air monitoring by collecting 1-hour air samples in
order to evaluate health risks posed by intermittent peak exposures;

•

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

•

Management of the risk posed by potential exposures to air toxics as a result of
increase in oil and gas development activities (e.g. additional monitoring,
sample analysis, and action as appropriate);

•

Operators should 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.
These data could inform wider assessments, such as the carbon footprint of shale
gas extraction;

•

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 life cycle of shale gas
extraction (including the disposal of wastes and well abandonment).

Estimating of Fugitive Emissions

GHGenius (Hauck and Denier van der Gon, 2015; Hauck et al. 2017) is able to estimate
carbon footprints for conventional gas and oil delivered to four European regions
(North, Central, Southwest, Southeast). This tool may be useful to estimate carbon
footprint of shale gas produced in Europe for consumption within Europe. GHGenius is
extended with 8 European shale gas plays as production regions and extra emission
sources during production such as fugitives from hydraulic fracturing or combustion
emissions from horizontal drilling. Results are presented in CO2-eq. per MJ delivered,
but can also be calculated for a kWh of electricity generated.
Broderick et al. (2011) reported the need of considering, besides data of conventional
gas, extra emissions sources. An overview of the values and sources used for the
calculation of extra shale emissions during gas production is shown in Table . Extra
emissions refer to extra fuel use, which was directly added to fuel use numbers in
GHGenius, and to extra fugitive emissions related to fracturing procedures. Energy use
and emissions are calculated per unit of gas produced. Extra shale emissions were
considered for the following processes:
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 Extra fuel use during production due to horizontal drilling: These are due to the
product of the drilling width and the use of diesel per meter drilled.
 Extra fuel use during production for hydraulic fracturing: These may be
calculated based on an average diesel use for one hydraulic fracturing event. The
total fuel use depends on the number of (re-) fracturing events. All wells are
fractured once for startup of the production and it is assumed that 50% of the
wells are re-fractured once during their lifetime. The extra diesel use per well may
be calculated as the product of the diesel use per well and the number of (re-)
fracturing events.
 Extra fuel use due to transport of water and chemicals during production: Total
volumes and distances transported per (re-)fracturing event may be derived from
Broderick et al. (2011).
 Extra fugitive emissions from well completion and workovers (fracturing and
flowback): Broderick et al. (2011) reported that a range of 0.6%-3.2% of total
production could leak during flowback, based on Howard et al. (2011). They also
stated ranges of production volumes per well as fugitive emission volumes.
Table 3. Values and sources used for the calculation of extra shale specific emissions during gas
production.
Uncertainty
Value
Source
range
Fuel use for horizontal drilling
837760 kJ diesel per meter drilled
Broderick et al., 2011
2000 m horizontal drilling length per
well
Hydraulic fracturing and flowback
Fuel use for pumping
110,000 l diesel/event

Number of hydraulic fracturing
events: 1.5 (50% of the wells refracture once)
Fuel use for transport
Volume transported per fracturing
event: 20,000 m3
Transport distance: 60km
0.001 kJ diesel per tkm transported
Fugitive emissions
0.77%A of production volume

Costa et al., 2016

1-2B

Broderick et al. (2011) based on
wells in the Marcellus shale reported
by New York state
Broderick et al. (2011)

9,00029,0000m3

Assumption based on range on
Broderick et al. (2011)
Broderick et al. (2011)
Ecoinvent lifecycle inventory
database

0.6%-3.2%

References in Broderick et al. (2011)

A: Due to interdependence of emissions and production volumes, this value is highly
uncertain.
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The greenhouse gas emissions of shale gas in relation to that of coal depend on
upstream losses. Sanchez and Mays (2015) and Howarth et al. (2012) summarize
several studies that report upstream losses. Values range from 0.42-10% for
conventional and unconventional natural gas sources may be considered. To evaluate
the relationship between shale gas and the other fossil sources in a worst case scenario,
additional calculations may be included, losses during production were usually set to be
between 5% and 10% of the production stage output.
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5

EMISSION REDUCTION TECHNIQUES

To minimise the impact of shale gas exploration into the atmosphere it is needed to
prevent the emissions of greenhouse gases and toxic chemicals. To control this process
it is fundamental to monitor ambient air quality before and during shale gas exploration
operations, by identifying emission of all sources and sizes. Thus, it is necessary to
develop and implement a low-cost sampling strategy, appropriate for establishing prefracturing baseline data and also for integrating assessment of emissions from shale gas
operation.
Most shale gas operations have mitigation options, however they are not always
implemented, due to cost constraints. Reduced Emission or Green Completions (REC)
is one of tools available, where fugitive gas is captured and used instead of vented to the
atmosphere. Another option is flaring the gas, where by the combustion of the gas,
methane emissions are reduced, though the release of CO2. The best available
techniques for GHG emission reductions were summarized Foster and Perks, 2012,
which include efficient use of resources and transport minimization.
The implementation of REC in USA, together with more legislation and good practices,
like avoiding the operation of pneumatic valves on shale gas, have led to emissions
reduction (0.2 – 4%) in the leakage rates in the period of 2014 and 2015 in relation to
the earlier shale gas exploration.
Heege, et al., 2014, when analysing the Dutch situation, concluded that the available
technologies for emission reductions, such as flaring or capture and reuse are not always
cost-effective. These authors stated that no life cycle stages were identified where large
leakages are unavoidable. Large leakages still exist, as in the USA, the spread in
emissions is very large with many low emitting wells and few wells with very high
emissions. Preventing of venting during production is important to achieve emissions
reductions.
For well drilling, alternative fuels like gas or electricity should be considered for
combustion engines to attain higher efficiency and safety and at the same time emission
reductions. This is especial important when gas is available as fuel. Green or reduced
emissions conclusions (REC) requires the separation of the solid (sand), fluid (water)
and gas (natural gas) phases of the flow back to be able to process and sell the vented
gas. When this is not possible, because for instance of low pressure or high
concentrations of inert gasses or not required, gas could be flared instead of vented. In
USA, EPA states that 90% of the currently emitted gas could be recovered this way.
During production, emissions from storage tanks for produced water (from
volatilization of the gas in the liquids with temperature or pressure changes) can be
reduced about 95%, by using vapour recovery units, the alternative is combustion.
In Table 4 are presented mitigation options for different process phases.
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Table 4. Mitigation options by process phase.
Phase

Mitigation option

Site preparation

Drilling as many wells as possible using one rig move;
Optimising the well spacing for efficient recovery of natural gas;
Planning for efficient rig and fracturing equipment moves from one pad to another;
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;
Planning to reduce the number of vehicle journeys and using efficient transport
engines.
Three-way catalytic oxidizers may be used on drilling rig engines (reduce non-CO2
emissions);
Appropriate well design and supervision, including choice and depth of casings, seals
and monitoring.
REC and early warning monitoring during production and end-of-life (MacKay and
Stone, 2013).
Capture emissions from completions; liquid unloading or venting from pneumatic
devices and optimization of plunger lifts (GAO, 2010).
REC or green completions (AEA, 2012):
Capture of fugitive gas and its use, instead of venting to the atmosphere;
Separation of the three phases of the flow back;
Temporary installation of equipment designed to handle the high initial flow of water,
sand, and gas.
It may be necessary the use of a continuous ignition source. Completion combustion
devices are, already, used to control VOC in many industrial applications. They can be
as simple as a pipe with a basic ignition source. These devices (pit flares) are not
controlled and it is not possible to test or monitor its efficiency (O’Sullivan and
Paltsev, 2012). The self-sustained flaring may not be possible due to variable
conditions during flow back, so a continuous supply of gas may not be possible.
Furthermore the exposed flame may expose a fire hazard or other impacts in some
situations, for example dry windy conditions and proximity to nearby occupied
buildings. However such issues may be mitigated by appropriate management
techniques including location of the well pad and design and location of the flare.
Most of the emissions come from the compressors where reductions with the
improvement of the technologies applied the conventional equipment can be useful.
For pneumatic devices such as controllers in separators, storage tanks and dehydrators,
high bleeding can be replaced by low bleeding and better maintenance, with an
effectiveness of about 90% (but not everywhere possible).
The use of desiccant (not glycol) dehydrators for dehydration may reduce drying
emissions.
Better reciprocating compressors (with replacement of rod packaging system) instead
of centrifugal compressors (with dry seals).
The reduction of emissions due to leakage from gas distribution pipes will involve
improvements in the gas supply infrastructure off-site.
Leak reduction via leak detection and reduction programs can have efficiencies of 4596%.
The emissions from storage tanks of produced water can be reduced by,
approximately, 95% using vapour recovery units.

Drilling phase

Hydraulic
fracturing
Well completion
and flow back

Completion
combustions
(flares)

Production,
transport,
distribution and
storage
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There are techniques available for management of methane emissions from
unconventional gas exploration and production. The best available techniques for
natural gas refining include a range of measures which can help an operator to avoid
and mitigate emissions. The most important are summarised next (AEA, 2012):


Environmental Management System, which can provide a focus for monitoring
performance, benchmarking, continuous improvement plans, energy
management, emissions assessment and reporting to stakeholders. An externally
accredited system provides credibility and assurance that the processes and plans
are being applied;



Application of good practice for maintenance and cleaning;



Development of environmental awareness;



Implementation of monitoring systems, including Leak Detection and Repair.

The management of the risks caused by shale gas development is fundamental and
should include the following features (Council of Canadian Academies, 2014):
1. Technologies to develop and produce shale gas - Equipment and products to be
developed for shale gas production should be adequately designed, installed
according with specifications, tested and maintained for reliability;
2. Management systems to control the risks to the environment and public health The safety management of equipment and processes associated with the
development and operation of shale gas sites must be comprehensive and
precise;
3. Effective regulatory system - Rules to run the development of shale gas must be
based on appropriate scientific recommendations, regulations with strong
performance monitoring, independent inspection, and enforcement;
4. Regional planning – Local and regional environmental conditions, including
existing land uses and environmental risks, have to be taken into account in the
drilling and development plans, for cumulative impacts to be assessed;
5. Involvement of local citizens and stakeholders - Public involvement is needed,
not only to inform the local residents of development achieved, but also to
receive their contribution on what values should be protected, to reflect their
concerns, and to earn their trust. The environmental data should be available to
all stakeholders and provided by a trustable source.
It is essential to supply credible and science based information to develop and
implement regulations and to support environmental monitoring programs.
Other management areas relevant to GHG emissions from unconventional gas include:

D16.3 Control for estimating and monitoring fugitive emissions

Copyright © M4ShaleGas Consortium 2015-2017

Page 27






Consider transport distances, access roadway provision and compression /
processing emission options for sitting of well pads;
Availability of gas for drilling technology;
Avoiding constraints on deploying on flare or capture technology for wellcompletion;
Transport of recovered gas from completion activities to processing facilities.

In Table 5 are shown the mitigation measures per emission source from ICF
International (2014).
Table 5. Mitigation measures form ICF International and GAO.
Mitigation
technology

Specific to
Unconventional
Gas Wells?
Yes

Rank

Emission Source

1

Gas well venting/flaring during well
completions with hydraulic fracturing.
Gas well venting during well workovers with
hydraulic fracturing.

Reduced Emission
Completions (REC)

2

Conducting Directed
Inspection and
Maintenance

No

3

Equipment leaks from valves, connectors,
open ended lines, pressure relief valves,
pumps, flanges, and other equipment leak
sources (such as instruments, loading arms,
stuffing boxes, compressor seals, dump lever
arms, and breather caps).
Natural gas driven pneumatic pump venting

No

4

Well venting for liquids unloading

5

Dehydrator vents

Convert Natural GasDriven Chemical
Pumps to Instrument
Air Driven or to
Electrical Pumps
Installing Plunger Lifts
Systems in Gas Wells
Optimise Glycol
Circulation and Install
Flash Tank Separators
in Glycol Dehydrators
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No
No

Copyright © M4ShaleGas Consortium 2015-2017

Page 28

6

BEST PRACTICE FOR THE CONTROL OF FUGITIVE
EMISSIONS

6.1

Hydrocarbons BREF

The Hydrocarbons Exploration and Extraction BREF (Hydrocarbons BREF - Best
Available Techniques (BAT) Reference document) will summarize BAT already
applied under economically viable conditions in the Hydrocarbons sector and is still
under development. The Hydrocarbons BREF will address the extractive oil and gas
industry and will focus on the installations linked to actual wells i.e. the development
and operation of the offshore facility or onshore well pad (including directly related
activities such as onsite storage prior to distribution). In this context, the BREF will
focus on BAT to manage impacts of releases of pollutants and best risk management
techniques to manage risks of releases of substances as a result of incidents for the
purpose of protecting human health and the environment. The “Guidance Document”“Best Available Techniques (BAT) guidance document on upstream hydrocarbon
exploration and production” is estimated to be published by December 2018.
The background paper for 2nd Technical Working Group meeting of the Guidance
document lists the proposed scope of activities to be covered in the Guidance Document
i.e. the identification of the activities with greatest potential for impact on the
environment, building in particular on those activities that are generally considered in
environmental impact assessments.
The proposed list of activities related to air emissions for onshore well pads will focus
on (EC, 2016):
- Activity 1: Site identification – pre operation
- Activity 11: Energy management – Drilling and production
- Activity 14: Flaring – Well drilling/completion, production
- Activity 16: Emission discharge control and monitoring – Production
- Activity 17: Venting, fugitive emissions – Production
- Activity 18 - Processing/handling of reservoir fluids (incl. oil storage/loading)
(unplanned release) – Production
Table 6 summarizes for each of the activities identified above a description of the
environmental issues associated with the activity, including information on how these
can be addressed.
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Table 6. Proposed list of activities to be covered by the Hydrocarbons BREF (EC, 2016).
Onshore activity
N.º 1: Site
identification – pre
operation

N.º 11: Energy
management – Drilling
and production
(onshore)

N.º 14: Flaring – Well
drilling/completion,
production

N.º 16: Emission
discharge control and
monitoring –
Production

N.º 17: Venting,
fugitive emissions –
Production

N.º 18:
Processing/handling of
reservoir fluids (incl.
oil storage/loading)
(unplanned release) –
Production

Issue
The initial phase in onshore oil and gas operations includes the identification of
resources, performing surveys and development of conceptual models. Improper
or insufficient site characterisation can affect the understanding of the
relationship between geological processes and the flow of groundwater bodies,
for example. Site characterisation includes the establishment of
environmental baseline conditions. This issue is primarily proposed for
inclusion in the Guidance Document as a mitigation measure against
environmental impacts later in the lifecycle.
Appropriate energy management during the onshore drilling and production
stages can lead to significant energy use savings and therefore, reduced
emissions to air and cost reductions for operators. Besides other measures and
techniques (e.g. design, process integration, maintenance), energy management
can lead to improved energy efficiency of the facility. Furthermore, the ability
to connect to electricity networks or to use on-site generation plays a significant
role in the efficiency of energy use at the site level.
As was noted in early exchanges with the TWG, one option for energy
production for onshore facilities is to use grid energy for use on site. However,
this does not negate the ability for operators to look to minimise energy use on
site
Any gas or VOCs that are released from the reservoir during drilling may be
flared or vented if insufficient quantities are captured. In a conventional well
completion, the ‘flowback’ period (well clean up) may also involve flaring or
venting of gas to the atmosphere. Flaring of emissions from well
drilling/completion and production would contribute to releases to air impacting
air quality. Emissions from flaring can include carbon dioxide, carbon
monoxide, methane, VOCs, NOx, SOx, hydrogen sulphide and other pollutants.
As is the case for offshore activities the ‘flowback’ period (also known as well
clean up) may also involve flaring or venting of gas to the atmosphere
Monitoring and controlling discharged emissions to air (e.g. CO2, NOx,
NMVOC and methane) during the production stage gives a better insight into
the emissions and can lead to a better identification of reduction techniques. The
evaluation of the need for and design of sensors is an example of controlling
and monitoring process parameters. Ensuring appropriate monitoring and
control of chemical consumption and discharges is key to understanding and
controlling discharges
Gas may be vented in a planned manner as part of the production process. For
newer installations, the production process can be designed to minimise the
need for gas venting. Fugitive emissions and emissions from venting include all
emissions of hydrocarbons (CH4 and NMVOC) other than combustion
processes. The main sources on these emissions are principally linked to
leakages at valves and flanges, emissions from the atmospheric vent system,
emissions from miscellaneous decentralized systems, etc. Management of gas
flows on the installation are generally tightly controlled. The likely frequency of
needing to vent within unplanned conditions should be rare. Emissions, left
unchecked, can have local, national and international consequences from both
greenhouse gas and non-greenhouse gas emissions
The storage, handling, transfer (loading) of oil and gas has the potential for
release to air and water through e.g. leaks in storage tanks, pumps, hoses,
valves, flanges, etc. as well as accidental spills during operations

D16.3 Control for estimating and monitoring fugitive emissions
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In the first activity proposed in the list of activities to be covered by the Hydrocarbons
BREF, the site characterization includes the establishment of environmental baseline
conditions as a mitigation measure against environmental impacts later in the lifecycle.

6.2

Refining of Mineral Oil and Gas BREF

The Refining of Mineral Oil and Gas BREF has a specific section for diffuse/fugitive
emissions from this sector since VOC emissions from refineries come mainly from
diffuse emissions. The methodologies for dealing with fugitive emissions are similar to
those proposed in the Report on Monitoring BREF (ROM BREF), and previously
presented (EC, 2017a).

6.3

Large Volume Organic Chemical Industry BREF

The measurement of fugitive emissions from the Large Volume Organic Chemical
(LVOC) Industry follows the same methodologies described in the Refining of Mineral
Oil and Gas BREF and in the ROM BREF. From this industry experience, the BREF
states that the overall uncertainty in industrial field conditions was evaluated at around
30 – 50 %, most of it from wind speed evaluation. It is expected that making wind
measurements at various heights in, or close to, the DIAL scan plane it will be possible
to reduce this uncertainty. However, the extrapolation of short-term measurement
techniques to provide values of annual emissions for inventory purposes when
significant emission variations with time is expected will introduce potential errors in
the estimation (EC, 2017).

D16.3 Control for estimating and monitoring fugitive emissions

Copyright © M4ShaleGas Consortium 2015-2017

Page 31

7

COST-EFFECTIVE STRATEGIC PROGRAM OF
MONITORING AND EMISSION ESTIMATION

Fugitive VOC monitoring should be based on exhaustive screening methods and real
measurements. The recent improvements of component-scale conventional methods
together with specific opportunities introduced by short and long range optical and
airborne remote techniques should be taken into account. In Table 7 is presented an
overview of performances, costs, advantages and drawbacks of diffuse VOC measuring
techniques from the Refining of Mineral Oil and Gas BREF (EC, 2015) as a base for the
shale gas exploration monitoring.
Table 7. Overview of performances, costs, advantages and drawbacks of diffuse VOC
measuring techniques (EC, 2015).
Method
EN 15446

Detection
limit
10 ppm at leak
source
<10 mg/h for
correlated
mass flow
Increasing
with wind

Indicative costs
(EUR)
- 5 000 – 25 000 for
one detector,
depending on
complexity
60 000 per
campaign
(2 000) for a 30 000
component site

Advantages

Drawbacks

- Low detection limit
- Low instrumentation
cost
- Applicable in
hazardous/congested
areas

- Not applicable to diffuse area
sources
- Direct mass flow measurement
not possible
- Low reproducibility (standard
deviation 50 %) and
repeatability (standard deviation
35 %) on measured
concentration
- Low reproducibility (standard
deviation 40 %) and
repeatability (standard deviation
25 %) on indirect mass flow
calculations
- High manpower requirement
and operational costs (500
components per day per
surveyor)
- Fully applicable to
components only accessible by
staircases or ladders (typically
around 80 %).
- Presence of a background
surface imperative for the active
system
- Sensitivity related to actual
thermal gradients: OGI is less
efficient with uniform
temperature conditions
- Not applicable to explosive
atmospheres, but can be used
under permit to work scheme;
- Not applicable with rain or
fog.

600 000 for a mini
6-month
campaign in a
complex
refinery

OGI

0.4 – 60 g/h
(<35mK at 30
°C)
depending on
operational
conditions
3 000 – 10 000
ppm

70 000 – 110 000
for one
camera

- High mobility
- Low manpower
requirement (5 000
components per day
per surveyor)
- Large monitoring
scope, including
remote or nonaccessible large leaks
detection
- Limited training
required for operators
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Method
DIAL

SOF

Detection
limit
10 – 50 ppbv
at
200 m for a 50
m wide plume
- Increasing
through dust
and water
vapour plumes

Indicative costs
(EUR)
- A single 1 – 2
week campaign
costs around 30 000
– 100 000 including
data processing and
report
- Device investment
>0.2 million

Advantages

Drawbacks

- Well established
- Open path ‘singleended’ system
independent from sun
direction
- Day and night
- Significant area
sources can be
localised with
horizontal plane
scanning (e.g. tank
farm)
- Possible ‘free space’
on-site calibration
using
calibrated gas mixtures

0.5 – 1 mg/m2
1 kg/h can be
detected at 50
m distance

- A single 2 week
campaign costs
around 60 000
including data
processing and
report
- Device investment
>0.2 million

- Recent but well
established
- Well adapted to
whole site estimates
- Significant area
sources can be
localised
- Comparatively
simpler, quicker and
cheaper than DIAL in
favourable
meteorological
conditions

- Limited commercial
availability
- Logistics (12 m long – 7 to 12
t lorry)
- Heavy rain and fog not
suitable
- No precise location of
individual point sources
- Uncertainty of mass flow
calculations (wind)
- ‘Snap shot’ measuring: must
be repeated to take into account
temporal variations (e.g. tank
farms)
- Upwind sources cannot be
simultaneously determined
without upstream scan (time and
logistics constraints)
- Limited commercial
availability
- Only daytime and sunny
conditions
- No precise location of
individual point sources
- No range resolved data for
alkane species
- No direct measurement for
aromatics
- Uncertainty of mass flow
calculations (wind + unknown
VOC plume height)
- As for DIAL‘snapshot’
measuring and upwind sources.

These methods are complementary and all potentially useful to build up an efficient
monitoring programme. Some are appropriate for the detection and/or the quantification
of spot sources, whereas others are devoted to area sources, and even site-scale global
emissions.
The site level monitoring of the overall VOC diffuse emissions from refineries proposed
in the Refining of Mineral Oil and Gas BREF should be derived from a well-balanced
approach using all complementary techniques described above and can be conducted
mostly using the following steps (EC, 2015):
o Fugitive emissions from leaking components can be evaluated within the
implementation of a rigorous LDAR programme, using sniffing methods associated
with correlation curves better established at the site level from the bagging of key
equipment or, when not available, correlation curves developed for specific
component types (e.g. by US EPA). Non-accessible sources are taken into account,
as described in EN 15446, using these factors;
D16.3 Control for estimating and monitoring fugitive emissions
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o OGI cameras should be introduced within ‘smart’ LDAR programmes for easier and
faster identification of significant leaking components, in particular in remote areas,
allowing for better LDAR prioritisation and focus. This includes the identification of
leaks from storage tank roof seals and fittings which cannot be detected by LDAR or
by DIAL/SOF technique;
o Permanent or chronic emissions from area sources (e.g. tank farms, WWTPs) still
estimated from emission factors should be regularly validated by actual physical
measurements, using point samplers (e.g. pumped sorbent tubes) or time correlation
tracers (TCT);
o A regular full screening and quantification of site emissions undertaken with an
appropriate combination of complementary methods, e.g. SOF and/or DIAL
campaigns, using the results for trend evaluation in time, cross-checking and
updating/validation of the ongoing LDAR programme.
When the final document on the “Best Available Techniques (BAT) guidance document
on upstream hydrocarbon exploration and production” is published and the on-going
development and validation of methods for monitoring fugitive emissions (OGI, DIAL,
SOF, and calculation/estimation methods) is concluded by CEN, an update should be
made to the Program of Monitoring present above in order to align and harmonize the
monitoring programmes all over Europe accordingly.

D16.3 Control for estimating and monitoring fugitive emissions

Copyright © M4ShaleGas Consortium 2015-2017

Page 34

KNOWLEDGE GAPS

8

It is fundamental to have clear and reliable information about shale gas operations and
their environmental impacts, especially if shale gas is going to play an important role in
Europe’s energy mix in the near future. However the available knowledge is not entirely
consensual and there is also a debate on the greenhouse gas emissions of shale gas
(mainly CO2 and CH4) and its energy return on investment compared to other energy
sources. It is important to evaluate the environmental footprint of shale gas in Europe as
a whole and in each member state. Nowadays there is not enough knowledge about the
footprint in regions with a variety of geological and geopolitical settings as it happens in
Europe. The release of methane and its impact on global climate is also a very important
issue on the potential European shale gas industry.
There are some uncertainties when emissions are expressed on basis of one MJ
delivered from a specific well, because the total production of a well is sometimes
unknown, which makes the life cycle emission comparisons with coal and other fossil
fuels difficult. Besides this, these emissions are most uncertain over the gas life cycle,
as measurements have a wide range. On the other hand, leakage during shale gas
production is uncertain, especially during flowback after hydraulic fracturing.
Emission values depend on the specific extraction process and processing systems
created. Thus, the values reported by several authors may be different and require an
study to understand the energy and carbon emission of different sources, including sub‐
surface manipulation, product clean‐up and separation and other activities.
Well integrity is an important issue concerning environmental protection issues. Gas
leakage measurements (e.g., surface casing vent flows, noise logs to detect behind-thecasing flow) are also very important to evaluate gas leakage rates (Council of Canadian
Academies, 2014).
Another gap is due to the lack of robust information about direct health outcomes
caused by the activities of unconventional natural gas development. Knowledge gaps
and public concern on environmental health issues were identified on Werner et al.,
2015.
The following gaps were also identified (AEA, 2012; Council of Canadian Academies,
2014):






Depth and width of specific well in Europe ;
Number of wells per pad;
Ranges of production per well by shale formation in Europe;
Re-fracturing (workover) events on average or for a specific well and effects
of the re-fractures on overall production;
Water needed for fracking, transportation to the well site source and its
treatment;
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Information about wells in Europe (there is the doubt if they have sufficient
gas pressure to allow application of green completion);
Information on chemicals for fracking fluid and amounts;
Wellbore cementation;
Processing infrastructure for captured gas on well completion;
Availability and experience in equipment/technology to capture the gas
released on well completion and re-fracturing activity;
Gas composition at various European plays;
Lack of transparency of emissions of methane from specific fugitive or
vented sources, or from specific activities on the site;
Environmental and health studies - cumulative effects of development on
communities and land and risks of human exposure to chemical substances;
Absence of important baseline information about environmental conditions
in shale gas regions;
Evaluation of transportation distance of water, materials and gas which
influence emissions.
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POTENTIAL SOLUTIONS FOR KNOWLEDGE GAPS

9

In Europe there is a strong need for a complete knowledge about potential
environmental, societal and economic consequences of shale gas exploration and
exploitation in Europe. This knowledge must be science-based, developed by research
institutions with solid information about shale gas studies, and has to include different
approaches of shale gas exploration and exploitation.
In the last years many improvements have been made to decrease the potential
environmental impacts of shale gas exploration, such as:







Placing more wells per pad;
Drilling longer laterals resulting in less pads and roads;
Using lesser and different chemicals (more benign);
Recycling of flow back water, using more tanks (rather than ponds) to store
waste water;
Improvements in pond designs;
Using alternative fuels for combustion engines (gas engines or electric engines).

However, more investment is needed in research, especially related to monitoring the
environmental and health impacts and to the implementation of safety procedures in the
case of accidental releases that cannot be reduced to zero.
The more significant knowledge gaps are related to well integrity, lack of baseline
measurements and methane leakage (connected to raw gas compositions), so these
topics will have to be addressed in more detail.
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REMARKS AND RECOMMENDATIONS

10

Adequate legislation for shale gas exploration procedures to decrease its environmental
impact is fundamental as highlighted in ICF International (2014). In USA different
states apply different legislation with implications on the results of emissions reported.
The following recommendations for a European shale gas policy and measures should
be followed:














Communication and sound research for perception and risk mitigation;
Continuous monitoring over all stages;
Quality assurance of monitoring data;
Results openly disclosed;
Development of requirements for proper equipment usage;
Clearly define where flaring/venting is allowed in extraordinary cases;
Play-based regulations and attention for cumulative risks;
Flexible enough for play difference (e.g. low pressure);
Coordination throughout regulatory layers.
Voluntary approach to reduced on-site fugitive emissions;
Shale gas included in Industrial Emissions Directive (IED);
Shale gas included in Environmental Impact Assessment (EIA) directive;
Specific framework for shale gas.

In Table 8 are shown some recommendations and the equivalent advantages to
minimize the emissions to air and to monitor the emissions to air associated with shale
gas operations. These issues were already addressed in detail in previews M4ShaleGas
project reports (D14.1, D14.2, D15.1, D15.2 and D16.1). The main objective of the
recommendations in Table 8 is the minimisation of emissions to air associated with
shale gas operations. Some monitoring strategies are also mentioned. As many measures
taken to decrease emissions to air (particularly methane and other VOC) also diminish
emissions of greenhouse gasses (mainly methane and CO2), both emissions are
discussed together. Recommendations for additional research to increase the knowledge
base for quantifying emissions to air and carbon footprints related to shale gas
operations are also presented in Table 8.
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Pre-production

Topic

Table 8. Recommendations and advantages to minimize the emissions to air.
Recommendations

Advantages

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
Planning to reduce the number of vehicle journeys
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 refractured (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) and flares

Production

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
(Include: identifying component; Leak definition; Monitoring components;
Repairing components; Record keeping)
Implement a monitoring baseline program prior to shale
gas development (to promote the set-up of a data base for Europe)
Monitoring gas compositions at different European scenarios
Assess the potential leakage rates and
model methane and ethane concentrations, determining the elevations

Monitoring

Operators should be made mandatory to monitoring 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

D16.3 Control for estimating and monitoring fugitive emissions

Reduction of GHG emissions from
pre-production stage
- Combustion sources: bull dozers,
graders, loaders, trucks used to
deliver equipment and materials
(e.g. water, sand) to the site and
clearing equipment, powered by
diesel engines;
- Non-combustion sources: fugitive
dust/particulate.

Reduce GHG combustion
emissions.
Reduce GHG combustion emissions
.
Reduction of the release of the
methane, within the natural gas,
into the atmosphere .
Significant reduction of emissions
from storage tanks.
Reduction of methane and BTEX
(benzene, toluene, ethylbenzene,
and xylene) emissions.
Effectiveness reduction of methane
emission.
Reduction in the frequency of leaks
and promptness in the leaks repair.
Establish ambient air conditions
prior to start-up of potential
emission sources from operations
Identify gas leakages based on the
shale gas components.
Allow to predict possible changes
in methane and ethane
concentrations in the atmosphere
These data could inform wider
assessments, such as a location
specific the carbon footprint of
shale gas extraction.
Distinguish the shale gas methane
from other sources.
Elaborate a complete list of
contaminants associated with oil
and gas development.
Allows the better evaluation of
health risks posed by intermittent
peak exposures.
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Knowledge gaps and public concern on environmental health issues related to
unconventional gas development activities still exist. The direct health outcomes caused
by shale gas activities is still unknown. Thus, the understanding of potential health
impacts, including baseline monitoring and studies to identify, and predict the
environmental health impacts are imperative. Before the approval of a gas development
project, direct and clear public health assessments should be included in the
Environmental Impact Assessment.
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