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Executive summary

Introduction

Exploration and production of natural gas and oil within Europe has in the past been mainly
focused on conventional resources that are readily available and relatively easy to develop.
This type of fuel is typically found in sandstone, siltstone and limestone reservoirs.
Conventional extraction enables oil or gas to flow readily into boreholes.

As opportunities for this type of domestic extraction are becoming increasingly limited to
meet demand, EU countries are now turning to exploring unconventional natural gas
resources, such as coalbed methane, tight gas and in particular shale gas. These are
termed ‘unconventional’ resources because the porosity, permeability, fluid trapping
mechanism, or other characteristics of the reservoir or rock formation from which the gas is
extracted differ greatly from conventional sandstone and carbonate reservoirs.

In order to extract these unconventional gases, the characteristics of the reservoir need to be
altered using techniques such as hydraulic fracturing. In particular high volume hydraulic
fracturing has not been used to any great extent within Europe for hydrocarbon extraction.
Its use has been limited to lower volume fracturing of some tight gas and conventional
reservoirs in the southern part of the North Sea and in onshore Germany, the Netherlands,
Denmark and the UK.

Preliminary indications are that extensive shale gas resources are present in Europe
(although this would need to be confirmed by exploratory drilling). To date, it appears that
only Poland and the UK have performed high-volume hydraulic fracturing for shale gas
extraction (at one well in the UK and six wells in Poland); however, a considerable number of
Member States have expressed interest in developing shale gas resources. Those already
active in this area include Poland, Germany, the Netherlands, the UK, Spain, Romania,
Lithuania, Denmark, Sweden and Hungary.

The North American context

Technological advancements and the integration of horizontal wells with hydraulic fracturing
practices have enabled the rapid development of shale gas resources in the United States —
at present the only country globally with significant commercial shale gas extraction. There,
rapid developments have also given rise to widespread public concern about improper
operational practices and health and environmental risks related to deployed practices. A
2011 report from the US Secretary of Energy Advisory Board (SEAB) put forward a set of
recommendations aiming at "reducing the environmental impact "and "helping to ensure the
safety of shale gas production.”

Almost half of all states have recently enacted, or have pending legislation that regulates
hydraulic fracturing. In 2012, the US Environmental Protection Agency (EPA) has issued
Final Oil and Natural Gas Air Pollution Standards including for natural gas wells that are
hydraulically fractured as well as Draft Permitting Guidance for Oil and Gas Hydraulic
Fracturing Activities Using Diesel Fuels. The EPA is also developing standards for waste
water discharges and is updating chloride water quality criteria, with a draft document
expected in 2012. In addition, it is implementing an Energy Extraction Enforcement Initiative,
and is involved in voluntary partnerships, such as the Natural Gas STAR program. The US
Department of the Interior proposed in April 2012 a rule to require companies to publicly
disclose the chemicals used in hydraulic fracturing operations, to make sure that wells used
in fracturing operations meet appropriate construction standards, and to ensure that
operators put in place appropriate plans for managing flowback waters from fracturing
operations).
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The general European context

In February 2011, the European Council concluded that Europe should assess its potential
for sustainable extraction and use of both conventional and unconventional fossil fuel
resources.” A 2011 report commissioned by the European Parliament drew attention to the
potential health and environmental risks associated with shale gas extraction.

At present, close to half of all EU Member States are interested in developing shale gas
resources, if possible. Member States active in this area include Poland, Germany,
Netherlands, UK, Spain, Romania, Lithuania and Denmark. Sweden, Hungary and other EU
Member States may also be interested in developing activity in this area. However, in
response to concerns raised by the general public and stakeholders, several European
Member States have prohibited, or are considering the possibility to prohibit the use of
hydraulic fracturing. Concurrently, several EU Member States are about to initiate
discussions on the appropriateness of their national legislation, and contemplate the
possibility to introduce specific national requirements for hydraulic fracturing.

The recent evolution of the European context suggests a growing need for a clear,
predictable and coherent approach to unconventional fossil fuels and in particular shale gas
developments to allow optimal decisions to be made in an area where economics, finances,
environment and in particular public trust are essential.

Against this background, the Commission is investigating the impact of unconventional gas,
primarily shale gas, on EU energy markets and has requested this initial, specific
assessment of the environmental and health risks and impacts associated with the use of
hydraulic fracturing, in particular for shale gas.

Study focus and scope

This report sets out the key environmental and health risk issues associated with the
potential development and growth of high volume hydraulic fracturing in Europe. The study
focused on the net incremental impacts and risks that could result from the possible growth
in use of these techniques. This addresses the impacts and risks over and above those
already addressed in regulation of conventional gas exploration and extraction. The study
distinguishes shale gas associated practices and activities from conventional ones that
already take place in Europe, and identifies the potential environmental issues which have
not previously been encountered, or which could be expected to present more significant
challenges.

The study reviewed available information on a range of potential risks and impacts of high
volume hydraulic fracturing. The study concentrated on the direct impacts of hydraulic
fracturing and associated activities such as transportation and wastewater management.
The study did not address secondary or indirect impacts such as those associated with
materials extraction (stone, gravel etc.) and energy use related to road, infrastructure and
well pad construction.

The study has drawn mainly on experience from North America, where hydraulic fracturing
has been increasingly widely practised since early in the 2000s. The views of regulators,
geological surveys and academics in Europe and North America were sought. Where
possible, the results have been set in the European regulatory and technical context.

The study includes a review of the efficiency and effectiveness of current EU legislation
relating to shale gas exploration and production and the degree to which the current EU
framework adequately covers the impacts and risks identified. It also includes a review of
risk management measures.

t European Council, Conclusions on Energy, 4 February 2011
(http://www.consilium.europa.eu/uedocs/cms_Data/docs/pressdata/en/ec/119141.pdf)
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Preliminary risk assessment

The main risks were assessed at each stage of a project (well-pad) development, and also
covered the cumulative environmental effects of multiple installations. The stages are:

1. Well pad site identification and preparation
Well design, drilling, casing and cementing
Technical hydraulic fracturing stage

Well completion

Well production

N e

Well abandonment.

The study adopted a risk prioritisation approach to enable objective evaluation. The
magnitude of potential hazards and the expected frequency or probability of the hazards
were categorised on the basis of expert judgement and from analysis of hydraulic fracturing
in the field where this evidence was available to allow risks to be evaluated. Where the
uncertainty associated with the lack of information about environmental risks was significant,
this has been duly acknowledged. This approach enabled a prioritisation of overall risks.

The study authors duly acknowledge the limits of this risk screening exercise, considering
notably the absence of systematic baseline monitoring in the US (from where most of the
literature sources come), the lack of comprehensive and centralised data on well failure and
incident rates, and the need for further research on a number of possible effects including
long term ones. Because of the inherent uncertainty associated with environmental risk
assessment studies, expert judgement was used to characterise these effects.

The study identified a number of issues as presenting a high risk for people and the
environment. These issues and their significance are summarised in the following table.
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Table ES1: Summary of preliminary risk assessment

Project phase

Well
it . Well
Site design N Overall

Environmental

identification Well abandonment

aspect drilling, Fracturing : Production rating across
and : completion and post-
. casing, all phases
preparation . abandonment
cementing
Individual site
Groundwater Not Low Moderate- Hiah Moderate- Not High
contamination applicable High 9 High classifiable 9
Surface water Moderate- . . .
contamination Low Moderate High High Low Not applicable High
Water Not Not Not .
ate .0 .0 Moderate _o Moderate | Not applicable Moderate
resources applicable | applicable applicable
Release to air Low Moderate | Moderate | Moderate | Moderate Low Moderate
Land take Moderate ’\.IOt I\.IOt NOt Moderate N.O.t Moderate
applicable | applicable | applicable classifiable
R.ISk.to . N.O.t Low Low Low Moderate N.O.t Moderate
biodiversity classifiable classifiable
Noise impacts Low Moderate | Moderate N.O.t Low Not applicable Modgrate a
classifiable High
. . N Low -
Visual impact Low Low Low .Ot Low Low-moderate ow
applicable Moderate
L Not Not Not .
Seismicity applicable | applicable Low Low applicable Not applicable Low
Traffic Low Low Moderate Low Low Not applicable Moderate
Cumulative
Groundwater Not Moderate- . . Not .
- . L . High High o High
contamination applicable ow High 9 9 classifiable 9
rface water Moderate- . N .
Su ace_ qte Moderate Moderate . High Moderate .Ot High
contamination High applicable
Water Not Not High Not High Not High
resources applicable | applicable applicable applicable
Release to air Low High High High High Moderate High
. Not Not Not . Not .
Very high . . . High o High
Land take yhg applicable | applicable | applicable 9 classifiable 9
Risk to Not . Not .
. . o L M M High o High
biodiversity classifiable ow oderate oderate 9 classifiable 9
L . Not Not .
N L High M i L . High
oise impacts ow g oderate classifiable ow applicable g
. . N
Visual impact Moderate Moderate | Moderate .Ot Low Low-moderate | Moderate
applicable
Seismicity NOt ’\.IOt Low Low NOt NOt Low
applicable applicable applicable applicable
Traffic High High High Moderate Low Not High
9 9 9 applicable 9

Not applicable: Impact not relevant to this stage of development
Not classifiable: Insufficient information available for the significance of this impact to be assessed
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General risk causes

In general, the main causes of risks and impacts from high-volume hydraulic fracturing
identified in the course of this study are as follows:

e The use of more significant volumes of water and chemicals compared to
conventional gas extraction

e The lower yield of unconventional gas wells compared to conventional gas wells
means that the impacts of HVHF processes can be greater than the impacts of
conventional gas exploration and production processes per unit of gas extracted.

¢ The challenge of ensuring the integrity of wells and other equipment throughout the
development, operational and post-abandonment lifetime of the plant (well pad) so as
to avoid the risk of surface and/or groundwater contamination

e The challenge of ensuring that spillages of chemicals and waste waters with potential
environmental consequences are avoided during the development and operational
lifetime of the plant (well pad)

e The challenge of ensuring a correct identification and selection of geological sites,
based on a risk assessment of specific geological features and of potential
uncertainties associated with the long-term presence of hydraulic fracturing fluid in
the underground

e The potential toxicity of chemical additives and the challenge to develop greener
alternatives

¢ The unavoidable requirement for transportation of equipment, materials and wastes to
and from the site, resulting in traffic impacts that can be mitigated but not entirely
avoided.

e The potential for development over a wider area than is typical of conventional gas
fields

e The unavoidable requirement for use of plant and equipment during well construction
and hydraulic fracturing, leading to emissions to air and noise impacts.

Environmental pressures
Land-take

The American experience shows there is a significant risk of impacts due to the amount of
land used in shale gas extraction. The land use requirement is greatest during the actual
hydraulic fracturing stage (i.e. stage 3), and lower during the production stage (stage 5).
Surface installations require an area of approximately 3.6 hectares per pad for high volume
hydraulic fracturing during the fracturing and completion phases, compared to 1.9 hectares
per pad for conventional drilling. Land-take by shale gas developments would be higher if
the comparison is made per unit of energy extracted. Although this cannot be quantified, it is
estimated that approximately 50 shale gas wells might be needed to give a similar gas yield
as one North Sea gas well. Additional land is also required during re-fracturing operations
(each well can typically be re-fractured up to four times during a 40 years well lifetime).
Consequently, approximately 1.4% of the land above a productive shale gas well may need
to be used to exploit the reservoir fully. This compares to 4% of land in Europe currently
occupied by uses such as housing, industry and transportation. This is considered to be of
potentially major significance for shale gas development over a wide area and/or in the case
of densely populated European regions.

The evidence suggests that it may not be possible fully to restore sites in sensitive areas
following well completion or abandonment, particularly in areas of high agricultural, natural or
cultural value. Over a wider area, with multiple installations, this could result in a significant
loss or fragmentation of amenities or recreational facilities, valuable farmland or natural
habitats.

Ref: AEA/ED57281/Issue Number 17 Vii



/5 AEA Support to the identification of potential risks for the environment and human health arising from
hydrocarbons operations involving hydraulic fracturing in Europe

Releases to air

Emissions from numerous well developments in a local area or wider region could have a
potentially significant effect on air quality. Emissions from wide scale development of a shale
gas reservoir could have a significant effect on ozone levels. Exposure to ozone could have
an adverse effect on respiratory health and this is considered to be a risk of potentially high
significance.

The technical hydraulic fracturing stage also raises concerns about potential air quality
effects. These typically include diesel fumes from fracturing liquid pumps and emissions of
hazardous pollutants, ozone precursors and odours due to gas leakage during completion
(e.g. from pumps, valves, pressure relief valves, flanges, agitators, and compressors).

There is also concern about the risk posed by emissions of hazardous pollutants from gases
and hydraulic fracturing fluids dissolved in waste water during well completion or
recompletion.  Fugitive emissions of methane (which is linked to the formation of
photochemical ozone as well as climate impacts) and potentially hazardous trace gases may
take place during routeing gas via small diameter pipelines to the main pipeline or gas
treatment plant.

On-going fugitive losses of methane and other trace hydrocarbons are also likely to occur
during the production phase. These may contribute to local and regional air pollution with the
potential for adverse impacts on health. With multiple installations the risk could potentially
be high, especially if re-fracturing operations are carried out.

Well or site abandonment may also have some impacts on air quality if the well is
inadequately sealed, therefore allowing fugitive emissions of pollutants. This could be the
case in older wells, but the risk is considered low in those appropriately designed and
constructed. Little evidence exists of the risks posed by movements of airborne pollutants to
the surface in the long-term, but experience in dealing with these can be drawn from the
management of conventional wells.

Noise pollution

Noise from excavation, earth moving, plant and vehicle transport during site preparation has
a potential impact on both residents and local wildlife, particularly in sensitive areas. The site
preparation phase would typically last up to four weeks but is not considered to differ greatly
in nature from other comparable large-scale construction activity.

Noise levels vary during the different stages in the preparation and production cycle. Well
drilling and the hydraulic fracturing process itself are the most significant sources of noise.
Flaring of gas can also be noisy. For an individual well the time span of the drilling phase will
be quite short (around four weeks in duration) but will be continuous 24 hours a day. The
effect of noise on local residents and wildlife will be significantly higher where multiple wells
are drilled in a single pad, which typically lasts over a five-month period. Noise during
hydraulic fracturing also has the potential to temporarily disrupt and disturb local residents
and wildlife. Effective noise abatement measures will reduce the impact in most cases,
although the risk is considered moderate in locations where proximity to residential areas or
wildlife habitats is a consideration.

It is estimated that each well-pad (assuming 10 wells per pad) would require 800 to 2,500
days of noisy activity during pre-production, covering ground works and road construction as
well as the hydraulic fracturing process. These noise levels would need to be carefully
controlled to avoid risks to health for members of the public.

Surface and groundwater contamination

The study found that there is a high risk of surface and groundwater contamination at various
stages of the well-pad construction, hydraulic fracturing and gas production processes, and
during well abandonment. Cumulative developments could further increase this risk.
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Runoff and erosion during early site construction, particularly from storm water, may lead to
silt accumulation in surface waters and contaminants entering water bodies, streams and
groundwater. This is a problem common to all large-scale mining and extraction activities.
However, unconventional gas extraction carries a higher risk because it requires high-volume
processes per installation and the risks increase with multiple installations. Shale gas
installations are likely to generate greater storm water runoff, which could affect natural
habitats through stream erosion, sediment build-up, water degradation and flooding.
Mitigation measures, such as managed drainage and controls on certain contaminants, are
well understood. Therefore the hazard is considered minor for individual installations with a
low risk ranking and moderate hazard for cumulative effects with a moderate risk ranking.
Road accidents involving vehicles carrying hazardous materials could also result in impacts
on surface water.

The study considered the water contamination risks of sequential as well as simultaneous
(i) well-drilling and (ii) hydraulic fracturing.

i.  Poor well design or construction can lead to subsurface groundwater contamination
arising from aquifer penetration by the well, the flow of fluids into, or from rock
formations, or the migration of combustible natural gas to water supplies. In a
properly constructed well, where there is a large distance between drinking water
sources and the gas producing zone and geological conditions are adequate, the
risks are considered low for both single and multiple installations. Natural gas well
drilling operations use compressed air or muds as the drilling fluid. During the drilling
stage, contamination can arise as a result of a failure to maintain storm water
controls, ineffective site management, inadequate surface and subsurface
containment, poor casing construction, well blowout or component failure. If
engineering controls are insufficient, the risk of accidental release increases with
multiple shale gas wells. Cuttings produced from wells also need to be properly
handled to avoid for instance the risk of radioactive contamination. Exposure to these
could pose a small risk to health, but the study concluded that this would only happen
in the event of a major failure of established control systems. No evidence was found
that spillage of drilling muds could have a significant effect on surface waters.
However, in view of the potential significance of spillages on sensitive water
resources, the risks for surface waters were considered to be of moderate
significance.

ii. The risks of surface water and groundwater contamination during the technical
hydraulic fracturing stage are considered moderate to high. The likelihood of properly
injected fracturing liquid reaching underground sources of drinking water through
fractures is remote where there is more than 600 metres separation between the
drinking water sources and the producing zone. However, the potential of natural and
manmade geological features to increase hydraulic connectivity between deep strata
and more shallow formations and to constitute a risk of migration or seepage needs
to be duly considered. Where there is no such large depth separation, the risks are
greater. If wastewater is used to make up fracturing fluid, this would reduce the water
requirement, but increase the risk of introducing naturally occurring chemical
contaminants and radioactive materials into aquifers in the event of well failure or of
fractures extending out of the production zone. The potential wearing effects of
repeated fracturing on well construction components such as casings and cement are
not sufficiently understood and more research is needed.

In the production phase, there are a number of potential effects on groundwater associated
however with the inadequate design or failure of well casing, leading to potential aquifer
contamination. Substances of potential concern include naturally occurring heavy metals,
natural gas, naturally occurring radioactive material and technologically enhanced radioactive
material from drilling operations. The risks to groundwater are considered to be moderate-
high for individual sites, and high for development of multiple sites.
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Inadequate sealing of a well after abandonment could potentially lead to both groundwater
and surface water contamination, although there is currently insufficient information available
on the risks posed by the movement of hydraulic fracturing fluid to the surface over the long
term to allow these risks to be characterised. The presence of high-salinity fluids in shale
gas formations indicates that there is usually no pathway for release of fluids to other
formations under the geological conditions typically prevailing in these formations, although
recently published research indicates that pathways may potentially exist in certain
geological areas such as those encountered in parts of Pennsylvania, emphasising the need
for a high standard of characterisation of these conditions.

Water resources

The hydraulic fracturing process is water-intensive and therefore the risk of significant effects
due to water abstraction could be high where there are multiple installations. A proportion of
the water used is not recovered. If water usage is excessive, this can result in a decrease in
the availability of public water supply; adverse effects on aquatic habitats and ecosystems
from water degradation, reduced water quantity and quality; changes to water temperature;
and erosion. Areas already experiencing water scarcity may be affected especially if the
longer term climate change impacts of water supply and demand are taken into account.
Reduced water levels may also lead to chemical changes in the water aquifer resulting in
bacterial growth causing taste and odour problems with drinking water. The underlying
geology may also become destabilised due to upwelling of lower quality water or other
substances. Water withdrawal licences for hydraulic fracturing have recently been
suspended in some areas of the United States.

Biodiversity impacts

Unconventional gas extraction can affect biodiversity in a number of ways. It may result in
the degradation or complete removal of a natural habitat through excessive water
abstraction, or the splitting up of a habitat as a result of road construction or fencing being
erected, or for the construction of the well-pad itself. New, invasive species such as plants,
animals or micro-organisms may be introduced during the development and operation of the
well, affecting both land and water ecosystems. This is an area of plausible concern but
there is as yet no clear evidence base to enable the significance to be assessed.

Well drilling could potentially affect biodiversity through noise, vehicle movements and site
operations. The treatment and disposal of well drilling fluids also need to be adequately
handled to avoid damaging natural habitats. However, these risks are lower than during
other stages of shale drilling.

During hydraulic fracturing, the impacts on ecosystems and wildlife will depend on the
location of the well-pad and its proximity to endangered or threatened species. Sediment
runoff into streams, reductions in stream flow, contamination through accidental spills and
inadequate treatment of recovered waste-waters are all seen as realistic threats as is water
depletion. However, the study found that the occurrence of such effects was rare and
cumulatively the risks could be classified as moderate.

Effects on natural ecosystems during the gas production phase may arise due to human
activity, traffic, land-take, habitat degradation and fragmentation, and the introduction of
invasive species. Pipeline construction could affect sensitive ecosystems and re-fracturing
would also cause continuing impacts on biodiversity. The possibility of land not being
suitable for return to its former use after well abandonment is another factor potentially
affecting local ecosystems. Biodiversity risks during the production phase were considered
to be potentially high for multiple installations.

Traffic

Total truck movements during the construction and development phases of a well are
estimated at between 7,000 and 11,000 for a single ten-well pad. These movements are
temporary in duration but would adversely affect both local and national roads and may have
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a significant effect in densely populated areas. These movements can be reduced by the
use of temporary pipelines for transportation of water.

During the most intensive phases of development, it is estimated that there could be around
250 truck trips per day onto an individual site — noticeable by local residents but sustained at
these levels for a few days. The effects may include increased traffic on public roadways
(affecting traffic flows and causing congestion), road safety issues, damage to roads, bridges
and other infrastructure, and increased risk of spillages and accidents involving hazardous
materials. The risk is considered to be moderate for an individual installation, and high for
multiple installations.

Visual impact

The risk of significant visual effects during well-pad site identification and preparation are
considered to be low given that the new landscape features introduced during the well pad
construction stage are temporary and common to many other construction projects. The use
of large well drilling rigs could potentially be unsightly during the four-week construction
period, especially in sensitive high-value agricultural or residential areas. Local people are
not likely to be familiar with the size and scale of these drills, and the risk of significant effects
was considered to be moderate in situations where multiple pads are developed in a given
area.

The risk of visual effects associated with hydraulic fracturing itself is less significant, with the
main changes to the landscape consisting of less visually intrusive features. For multiple
installations, the risk is considered to be moderate from the site preparation to the fracturing
phases. During the post-abandonment phase, it may not be possible to remove all wellhead
equipment from the site; however, this is considered to pose a low risk of significant visual
intrusion, in view of the small scale of equipment remaining on site.

Seismicity

There are two types of induced seismic events associated with hydraulic fracturing. The
hydraulic fracturing process itself can under some circumstances give rise to minor earth
tremors up to a magnitude of 3 on the Richter Scale, which would not be detectable by the
public. An effective monitoring programme can be used to manage the potential for these

events and identify any damage to the wellbore itself. The risk of significant induced seismic
activity was considered to be low.

The second type of event results from the injection of waste water reaching existing
geological faults. This could lead to more significant underground movements, which can
potentially be felt by humans at ground level. This would not take place at the shale gas
extraction site.

European Legislation
The objectives of the review of the current EU environmental framework were threefold:

e To identify potential uncertainties regarding the extent to which shale gas exploration
and production risks are covered under current EU legislation

e To identify those risks not covered by EU legislation

e To draw conclusions relating to the risk to the environment and human health of such
operations in the EU.

An analysis of all EU 27 Member States’ legislation and standards was outside the scope of
this study, as was the consistency of Member States’ implementation of the EU legislation
reviewed.

In all, 19 pieces of legislation relevant to all or some of the stages of shale gas resource
development were identified and reviewed.
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A number of gaps or possible inadequacies in EU legislation were identified. These were
classified as follows:

¢ Inadequacies in EU legislation that could lead to risks to the environment or human
health not being sufficiently addressed.

¢ Potential inadequacies —uncertainties in the applicability of EU legislation: the

potential for risks to be insufficiently addressed by EU legislation, where uncertainty
arises because a lack of information regarding the characteristics of high volume
hydraulic fracturing (HVHF) projects.

¢ Potential inadequacies —uncertainties in the existence of appropriate requirements at
national level: aspects relying on a high degree of Member State decision-making for

which it is not possible to conclude under this study whether or not at EU level the

risks are adequately addressed.

The legislative review identified the following gaps or potential gaps in European legislation
(please see the discussion of limitations of the analysis in Section 3.1):

Table ES2: Summary of gaps and potential gaps in European legislation

Gap or potential gap

‘ Impact Risk associated with gap/potential gap

Gaps in legislation

Environmental Impact
Assessment Directive
(2011/92/EV)

Annex | threshold for gas
production is above HVHF
project production levels.
Result: no compulsory EIA.

All, especially relevant
to key impacts from
landtake during
preparation, noise
during drilling, release
to air during fracturing,
traffic during fracturing
and groundwater
contamination

A decision on the exploration and production may
not be based on an impact assessment. Public
participation may not be guaranteed, permits may
not be tailor-made to the situation

Impacts may not be known and assessed.
Measures to mitigate possible impacts may not be
applied through consent process or permitting
regime.

Environmental Impact
Assessment Directive
(2011/92/EU)

Annex Il no definition of
deep drilling; exploration
phase would not be covered
under Annex |l classification
“Surface industrial
installations for the
extraction of coal,
petroleum, natural gas and
ores, as well as bituminous
shale”. Result: no
compulsory EIA

All, especially relevant
to key impacts from
landtake during
preparation, noise
during drilling, release
to air during fracturing,
traffic during fracturing
and groundwater
contamination

A decision on the exploration and production may
not be based on an impact assessment. Public
participation may not be guaranteed, permits may
not be tailor-made to the situation

HVHF project involving shallow drillings not
covered by EIA. For these projects, impacts may
not be known and assessed. Measures to
mitigate possible impacts may not be applied
through consent process or permitting regime.

Preventative measures may not be undertaken.

Aquifers in surroundings not known, leading to
unanticipated pollution.

Environmental Impact
Assessment Directive
(2011/92/EV)

No explicit coverage of
geomorphological and
hydrogeological aspects, no
obligation to assess
geological features as part
of the impact assessment

Especially relevant for
groundwater
contamination,
seismicity, land
impacts, release to air

No assessment of geological and hydrogeological
conditions (e.g. natural and manmade faults,
fissures, hydraulic connectivity, distance to
aquifers, etc) in the frame of the impact
assessment or screening, resulting in sub-optimal
site selection and risks of subsequent pollution

Monitoring of groundwater quality of aquifers in
surrounding of the site may not be done and
preventative measures not undertaken.

Aquifers in surroundings not known, leading to
unanticipated pollution.

Water Framework
Directive (2000/60/EC)

WFD programmes of
measures are not required
to be enforced until

Abstraction of water
and impacts due to
water contamination

Inadequate monitoring and measures to prevent
these impacts
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Gap or potential gap

Risk associated with gap/potential gap

22.12.2012

Impact

Water Framework
Directive (2000/60/EC)

For substances which are
not pollutants, the WFD
does not prevent direct
fracturing into groundwater
that may ultimately impact
aquifers

Pollution of
groundwater

“Pollutants” are defined as “any substance liable
to cause pollution, in particular those listed in
Annex VIII.”

Permit conditions may not require monitoring or
measures to prevent hydraulic fracturing leading
to impacts on aquifers

Mining Waste Directive
(2006/21/EC)

No reference document on
Best Available Techniques
(BREFs)

Waste management
as covered by MWD —
treatment of hydraulic
fracturing fluids during
and after fracturing

No shared opinion on Best Available Techniques
nor enforcement of those techniques

Higher levels of pollution arising from the
management of mining waste

Directives on Emissions
from Non-Road Mobile
Machinery (Directive
97/68/EC as amended)

Lack of emission limits for
off-road combustion plant
above 560 kW

Air pollution especially
during drilling and
fracturing

Measures may not be taken to prevent high
emissions to air, leading to localised increased air
pollution, although purpose of legislation is to
regulate machine standards not emissions during
use.

IPPC Directive (2008/1/EC)
and IED (2010/75/EC)

No BREF for drilling
equipment

Air pollution especially
during drilling and
fracturing

Measures may not be taken to prevent high
emissions to air, leading to localised increased air
pollution. This potential gap arises because of
uncertainty over the hazardous character of
fracturing fluids which would determine the
applicability of the IPPC Directive (2008/1/EC) to
hydraulic fracturing installations

The Outdoor Machinery
Noise Directive2000/14/EC

Gaps in limits to prevent
noise for specific equipment

Noise during drilling

Drilling equipment used in HVHF processes
however is not included in the equipment cited in
this directive. Compressors used for drilling have
a power capacity over 350 kW, which is the limit
for this directive

Air Quality Directive
(2008/50/EC)

Not specific about remedial
measures or prohibition of
polluting activities

Air pollution during
drilling and fracturing
and traffic impacts

No measures to reduce emissions to air. Levels
of air pollution may be above impact levels or air
quality standards.

Environmental Liability
Directive (2004/35/EC)

Damage caused by non
Annex Il activities not
covered unless it is damage
to protected species and
natural habitats resulting
from a fault or negligence
on part of operator.
Impacts caused by diffuse
pollution are not covered,
unless a causal link can be
established

Landtake, air impacts
during drilling and
fracturing and traffic

Some environmental impacts may not be covered.

Uncertainties in application

IPPC Directive (2008/1/EC)
and IED (2010/75/EC)

Activity not mentioned or
may not be covered under
hazardous waste or
combustion capacity

Emissions to air, water
and soil

No permit obligation under IPPC and no BREF
under IPPC or IED .This potential gap arises
because of uncertainty over the hazardous
character of fracturing fluids which would
determine the applicability of the IPPC Directive
(2008/1/EC) to hydraulic fracturing installations
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Gap or potential gap Risk associated with gap/potential gap

The monitoring requirements as mentioned in
IPPC directive may not be applied. Integrated
measures designed to prevent or to reduce
emissions in the air, water and land, including
measures concerning waste, in order to achieve a
high level of protection of the environment may
not be taken. Monitoring of emissions to air might
not take place.

Impact

Mining Waste Directive
(2006/21/EC)

Uncertainty over
classification of Category A
waste facility

Major accidents,
groundwater and
surface water
pollution, air impacts

The classification may be inadequately performed

Major accidents might occur without proper
prevention and emergency plans.

Seveso Il Directive
(96/82/EC)

Uncertainty over whether
the Directive covers high
volume hydraulic fracturing
(HVHF), subject to storage
of natural gas or of specific

Major accidents
involving dangerous
substances (e.g. water
pollution events)

Major accidents might occur without proper
prevention and emergency plans.

chemical additives on-site.

Issues currently at the disc

retion of Member States

The Strategic All No SEA would be made

Environmental Information on possible environmental effects
Assessment Directive would not be available and therefore would not be
(2001/42/EC) used in an authorisation/consent process or
Remains up to Member permits

States to decide whether

or not a plan or

programme might have

significant effects

Environmental Impact All No EIA would be made. The environmental
Assessment Directive impacts would not be assessed and properly
(2011/92/EU) described. The measures that can prevent or
Member States must mitigate the impacts will not be presented
decide whether an ElA is

required (Article 4(2)) for

activities covered by

Annex II.

Hydrocarbons All Member States may not take account of

Authorization Directive
(94/22/EC)

No compulsory account of
environmental aspects

environmental impacts during the authorisation
process

Mining Waste Directive
(2006/21/EC)

Member States decide on
the permit and the control
measures

Waste management as
covered by MWD —
treatment of hydraulic
fracturing fluids during
and after fracturing

There may be inadequate measures for the
monitoring and control of impacts related to
management of mining waste

IPPC Directive
(2008/1/EC)

Member State decisions
on monitoring and
inspection

Emissions to air,
especially during drilling
and fracturing, and
releases to water during
fracturing

There may be inadequate measures for the
monitoring and control of impacts related to air
and water emissions

Air Quality
Directive(2008/50/EC)

Member States
responsible for making

Emissions to air,
especially during
drilling, fracturing and
traffic, and releases to

No specific measures for emission abatement
may be required.

Air pollution may not be prevented or mitigated
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Gap or potential gap

plans to meet the AQ
standards

water during fracturing

Risk associated with gap/potential gap

Water Framework
Directive (2000/60/EC)

Water use during
fracturing

There may be unmitigated or poorly controlled
impacts arising from water use during abstraction

Member State
determination of control
measures related to
abstraction

Noise Directive
(2002/49/EC)

Up to Member States to
set noise levels and to
make plans to meet these
levels

Noise during drilling
and fracturing and
traffic during fracturing

No specific measures for noise abatement may be
required.

Noise may not be prevented or mitigated

Study recommendations

As highlighted above, the risks posed by high volume hydraulic fracturing for unconventional
hydrocarbon extraction are greater than those of conventional extraction. A number of
recent reports have looked at opportunities and challenges of unconventional fossil fuels and
shale gas developments, and found that developing unconventional fossil fuel resources
generally poses greater environmental challenges than conventional developments. Robust
regulatory regimes would be required to mitigate risks and to improve general public
confidence (e.g. the "Golden Rules for a Golden Age of Gas" special report from the
International Energy Agency, or an independent German study on shale gas entitled
“Empfehlungen des Neutralen Expertenkreis” (“Recommendations of the neutral expert
group”).

Measures for mitigation of these risks were identified from existing and proposed legislation
in the US and Canada where shale gas extraction is currently carried out. Measures set out
in industry guidance and other publications were also reviewed and included where
appropriate.

A number of the recommendations made by the US Department of Energy (SEAB 2011a
NPR) are relevant for regulatory authorities in Europe. In particular, it is recommended that
the European Commission should take a strategic overview of potential risks. This will
require consideration of aspects such as:

¢ Undertaking science-based characterisation of important landscapes, habitats and
corridors to inform planning, prevention, mitigation and reclamation of surface effects.

e Establishing effective field monitoring and enforcement to inform on-going assessment
of cumulative community and land use effects

e Restricting or preventing development in areas of high value or sensitivity with regard
to biodiversity, water resources, community effects etc.

As set out in Section 3.17 and in the table above, it is recommended that the European
Commission considers the gaps, possible inadequacies and uncertainties identified in the
current EU legislative framework. It is also recommended that Member States’ interpretation
of EU legislation in respect of hydraulic fracturing should be evaluated.

This study has identified and made recommendations on specific risk management
measures for a number of aspects of hydrocarbon developments involving HVHF, and in
particular:

e The appropriate siting of developments, to reduce above and below-ground risks for
specified projects
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e Measures and approaches to reduce land disturbance and land-take

o Measures to address releases to air and to effectively reduce noise during drilling,
fracturing and completion

e Measures to address water resource depletion
e Measures to reduce the negative effects caused by increased traffic movements

¢ Measures to improve well integrity and to reduce the risk of ground and surface water
contamination

e Measures to reduce the pressure on biodiversity

A number of recommendations for further consideration and research are made with regard
to current areas of uncertainty. These include:

¢ Consideration and further research over relevant provisions of the Carbon Capture
and Storage Directive (2009/31/EC) covering aspects such as: site characterisation
and risk assessment, permitting arrangements, monitoring provisions, transboundary
co-operation, and liability.

e The use of micro-seismic monitoring in relation to hydraulic fracturing

¢ Determination of chemical interactions between fracturing fluids and different shale
rocks, and displacement of formation fluids

¢ Induced seismicity triggered by hydraulic fracturing
o Development of less environmentally hazardous drilling and fracturing fluids

¢ Methods to improve well integrity through development of better casing and
cementing methods and practices

o Development of a searchable European database of hydraulic fracturing fluid
composition

e Research into the risks and causes of methane migration to groundwater from shale
gas extraction

e The development of a system of voluntary ecological initiatives within sensitive
habitats to generate mitigation credits which could be used for offsetting future
development.
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1 Overview of hydraulic fracturing in
Europe

1.1 Introduction

This report for the European Commission sets out the key environmental and health risk
issues associated with the potential development and growth of high volume hydraulic
fracturing in Europe. The study focuses on the net incremental risks which could result from
the possible growth in use of high volume hydraulic fracturing in Europe, over and above
those risks which are already addressed in regulation of conventional gas practices.

In order to do this, the study identifies activities involving high volume hydraulic fracturing
and their potential environmental issues which have not previously been encountered in
Europe, or which could be expected to present more significant environmental challenges.

This chapter includes the following components:
e Section 1.2: a description of the study objectives

e Section 1.3: a description of the EU context for shale gas extraction and hydraulic
fracturing

e Section 1.4: a discussion of unconventional gas extraction techniques

In chapter 2, the key environmental risks and potential impacts are described. Drawing on
the risks identified in chapter 2, chapter 3 describes the identification and appropriateness of
applicable EU legislation, providing insights into likely and potential gaps, inadequacies and
further uncertainties.

Chapter 4 presents an overview of risk management measures summarised mainly on the
basis of the North-American experience. Key risk management measures are discussed in
chapter 5 in relation to regulatory gaps, inadequacies and uncertainties identified in chapter
2. A glossary of some relevant terms is provided in Appendix 1.

In this report, peer reviewed references are denoted “ PR ” and non-peer reviewed
references are denoted “ NPR .

1.2 Objective of the study

At present, a considerable number of EU Member States are interested in developing shale
gas resources, if possible. Member States active in this area include Poland, Germany,
Netherlands, UK, Spain, Romania, Lithuania and Denmark. Sweden, Hungary and other EU
Member States may also be interested in developing activity in this area. However, in
response to concerns raised by the general public and stakeholders, several European
Member States have prohibited, or are considering the possibility to prohibit the use of
hydraulic fracturing. Concurrently, several EU Member States are about to initiate
discussions on the appropriateness of their national legislation, and are considering the
possibility of introducing specific national requirements for hydraulic fracturing.

In its meeting of 4 February 2011, the European Council concluded that Europe should
assess its potential for sustainable extraction and use of conventional and unconventional
fossil fuel resources.? A 2011 report commissioned by the European Parliament drew

2 European Council, Conclusions on Energy, 4 February 2011 (http://www.consilium.europa.eu/uedocs/cms_Data/docs/pressdata/en/ec/
119141.pdf)
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attention to environmental risks associated with shale gas extraction (Lechtenb6hmer et al.
2011, NPR). More recently, a number of reports that looked at opportunities and challenges
of unconventional fossil fuels and shale gas developments have found that producing
unconventional fossil fuel resources generally imposes a larger environmental footprint than
conventional developments. These studies indicate that robust regulatory regimes would be
required to mitigate risks and to improve general public confidence (e.g. International Energy
Agency 2012 NPR ; Exxon Mobil 2012a NPR).

Against this background, the Commission requested a specific assessment of the
environmental and health risks associated with the use of hydraulic fracturing for
hydrocarbon extraction, and in particular, shale gas extraction.

Throughout this report, the term “risk” refers to an adverse outcome which may possibly
occur as a result of the use of hydraulic fracturing for hydrocarbon extraction in Europe.
Risks may be mitigated by taking steps to reduce the likelihood and/or significance of the
adverse outcome. The term “impact” refers to all adverse outcomes — that is, those which
will definitely occur to a greater or lesser extent, as well as those which may possibly occur.
For example, the use of high volume hydraulic fracturing will definitely result in traffic
movements, and this can be described as an “impact.” High volume hydraulic fracturing may
result in spillage of chemicals, and this can be described as a “risk”.

This study focuses on environmental and health risks. The potential climate impacts of shale
gas exploration and production are not addressed in this study, but will be addressed in a
separate study commissioned by DG CLIMA.

1.3 EU Context

1.3.1 Conventional and unconventional fossil fuels

Conventional and unconventional hydrocarbons can be considered on the basis of the
resource triangle provided below (see Figure 1). Conventional resources (illustrated at the
apex of the triangle) represent a small proportion of the total hydrocarbons but are less
expensive to develop and produce. In contrast, unconventional hydrocarbons depicted by
the lower part of the triangle tend to occur in substantially higher volumes but require more
costly technologies to develop and produce.

Exploration and production in Europe has in the past mainly been focused on the apex of the
triangle. However, opportunities at the top of the triangle are becoming increasingly
inadequate to meet demand. As well as importing natural gas from outside Europe, the
industry is thus pursuing opportunities lower in the triangle as long as market conditions are
such that the opportunities are considered to be economically viable, and can attract
investment.
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Figure 1: The hydrocarbon resource triangle
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"Conventional” gas is trapped in reservoirs in which buoyant forces keep hydrocarbons in
place below a sealing caprock. The combination of good permeability and high gas content
typically permits natural gas (and oil) to flow readily into wellbores through conventional
methods that do not require artificial stimulation. Conventional reservoirs are typically
sandstone, siltstone and carbonate (limestone) reservoirs (British Geological Survey, 2011
NPR). In contrast, releasing natural gas from unconventional formations and bearing rocks
requires typically a system of natural and/or artificial fractures.

Shale gas, along with tight gas and coalbed methane, is an example of unconventional
natural gas (see Figure 1). The term “unconventional” does not refer to the characteristics or
composition of the gas itself, which are the same as “conventional” natural gas, but to the
porosity, permeability, fluid trapping mechanism, or other characteristics of the reservoir or
bearing rock formation from which the gas is extracted, which differ from conventional
sandstone and carbonate reservoirs. These characteristics result in the need to alter the
geological features of the reservoir or bearing rock formation using artificial stimulation
techniques such as hydraulic fracturing in order to extract the gas.

Oil could potentially also be extracted from unconventional reservoirs such as oil shales
using hydraulic fracturing techniques. However, there is at present no indication of a
significant increase in shale oil production in Europe or the US. This study therefore focuses
on unconventional gas extraction.

Shale gas

Gas shales are geologic formations of organic-rich shale, a sedimentary rock formed from
deposits of mud, silt, clay, and organic matter, in which substantial quantities of natural gas
could be present. As described above, the shales are continuous deposits typically
extending over areas of thousands of square kilometres, (US EIA 2011 NPR Sections V, VI
and VII), have very low permeabilities and low natural production capacities. The extremely
low permeability of the rock means that shales must be artificially stimulated (fractured) to
enable the extraction of natural gas.

Gas generation in a shale formation occurs by two main processes. Both require the
presence of organic rich material in the shale:
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1. Biogenic production related to the action of anaerobic micro-organisms at low

temperatures and,

2. Thermogenic production associated with higher temperatures and pressures and,

greater burial depths

Biogenic processes tend to produce less gas per unit volume of sediment than thermogenic
processes (New Mexico Bureau of Geology and Mineral Resources, undated NPR).
Consequently, wells used for extraction of biogenic shale gas tend to be low volume and at
shallower depths (<600 m), although this is not necessarily the case (Clayton, 2009 NPR).

The main differences between conventional reservoirs and unconventional shale gas
reservoirs are:

In conventional reservoirs the hydrocarbons have migrated (upward) from a source
rock (e.g. coal or shale). In contrast, in a shale gas reservoir, the natural gas is held
within the source rock. Because of the large areas of clay deposition in tidal flats and
deep water, shale gas reserves can cover wider areas extending to tens of thousands
of square km(US EIA 2011 NPR Sections V, VI and VII) and typically have low gas
content per rock volume;

In conventional reservoirs a stratigraphic trap or cap rock is always present (e.g. salt
or shale). With unconventional reservoirs in Europe, a cap rock is not always
present. When used in conventional reservoirs, fracturing fluids are thus always
contained by the stratigraphic trap. In unconventional reservoirs such as shale gas,
this is not always the case.

The permeability in unconventional reservoirs is significantly lower than the
permeability in unconventional (shale gas) reservoirs. Unconventional reservoirs have
a very low permeability, which ranges typically from 10 to 10 millidarcy (md)® in the
case of tight gas, or 10” to 5.0x10* md in the case of shale gas. By contrast, the
permeability of a conventional reservoir ranges from 10" to 10* md (Holditch 2006 PR
Figure 1; Reinicke 2011 NPR p4). The higher permeability of conventional reservoirs
means that hydrocarbons are able to flow freely to the bored well casing. USEIA
(2012 NPR) defines conventional gas production as "natural gas that is produced by
a well drilled into a geologic formation in which the reservoir and fluid characteristics
permit the oil and natural gas to readily flow to the wellbore").

In Europe, the majority of conventional oil and gas extraction has taken place
offshore. In contrast, the majority of shale gas exploration and potential is onshore.
This results in a different range of risks, potential environmental and human
exposure, and consequences to those which need to be addressed for offshore
extraction.

Considerable potential for expansion in shale gas exploration and production has been
identified in industry forecasts (PGNIG (2011 NPR) quoting Douglas-Westwood, 2011 NPR).
The United States Department of Energy (2011 NPR) estimated technically recoverable
shale gas reserves to amount to approximately 13 trillion cubic metres, approximately
equivalent to 35 years of natural gas consumption in Europe. However, questions remain
regarding the long-term viability of the industry in the light of ongoing availability of
conventional resources, questions about the lifetime of unconventional wells and preliminary
results from exploratory drilling in Poland (e.g. New York Times, June 2011 NPR ; Exxon
Mobil 2012b NPR). Only exploratory drilling can confirm the economic potential of
unconventional gas in Europe.

The low permeability of shale gas plays means that horizontal wells paired with hydraulic
fracturing are required in order for natural gas recovery to be viable. The typically extensive

® Darcy (or darcy unit) and Millidarcy (md, or one thousandth of a darcy), are units of fluid permeability used by geologists to
characterise geological formations, in particular oil and gas reservoirs.
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area of shale gas formations opens the possibility of extensive development of large gas
fields. This is in contrast to conventional gas extraction, which has been localised in nature
within the European gas fields (see USGS, 1997 NPR).

The majority of prospective shale gas formations in Europe can be expected to be deep — for
example, shale gas formation plays in Poland and the Baltic states are at a depth of below
2km. However, the situation is more complex in relation to the Alum Shale in the Baltic area,
and the extremely complex geology in Romania and Bulgaria. In particular, Alum Shale
reaches the near surface (<10m) in the Baltic area. In complex, folded and fractured geology
where the target formation might be close to the surface, the likelihood of any near surface
formation retaining sufficient gas to be exploitable is much lower. This is because of the
need for the formation to have been previously buried deep enough to reach the
temperatures required for gas generation, and the need for the formation to retain
impermeable rock of high integrity. Consequently, near-surface shale gas deposits are
possible in Europe, although they are not likely to be widespread. Recent industry reports
indicate that shale gas has been confirmed at shallow depths of 75 — 85 metres in the Ekeby
area, onshore Sweden (Natural Gas Europe, 2012 NPR).

Appendix 4 provides further information on conventional and unconventional hydrocarbon
extraction and resources in Europe.

1.3.2 Energy sources in Europe
Primary energy consumption in Europe between 1990 and 2008 is summarised in Figure 2.
Figure 2: Sources of primary energy consumption in Europe
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Natural gas accounted for approximately 25% of primary energy consumption in Europe in
2008. The vast majority of this gas production was from conventional reservoirs. No specific
figures are available for unconventional gas or oil production in Europe, most likely because
the contribution of unconventional sources is an extremely small proportion of total gas
production.

1.3.3 Definition of high volume hydraulic fracturing

From a technical viewpoint, hydraulic fracturing is the process by which a liquid under
pressure causes a geological formation to crack open. The main use of interest for the
purpose of this project is the use of hydraulic fracturing for extraction of hydrocarbons
(natural gas or oil). The process is also known as “HF”, “fracking,” “fraccing” or “fracing,” but

is referred to as “hydraulic fracturing” or “fracturing” in this report.

Within the scope of this study, hydraulic fracturing is to be understood as the cycle of
operations from the upstream acquisition of water, to chemical mixing of the fracturing fluid,
injection of the fluid into the formation, the production and management of flowback and
produced water, and the ultimate treatment and disposal of hydraulic fracturing wastewater.

Hydraulic fracturing is used for vertical wells in conventional oil and gas formations to a
limited extent in Europe and to a considerable extent in the US. Hydraulic fracturing is used
in vertical and directional wells in unconventional formations.

Use of horizontal wells

It had long been recognized that substantial supplies of natural gas were embedded in shale
rock. Horizontal drilling techniques were developed at the Wytch Farm shale oil and gas site
in the UK during the 1980s. In 2002/2003, hydraulic fracturing and horizontal drilling enabled
commercial shale gas extraction to commence in the US (SEAB, 2011a NPR ; New York
State 2011 PR Section 1). Directional/horizontal drilling techniques and hydraulic fracturing
techniques developed in the US allow the well to penetrate along the hydrocarbon bearing
rock seam. This maximises the rock area that, once fractured, is in contact with the well bore
and so maximises well production in terms of the flow and volume of gas that may be
collected from the well.

To drill and fracture a shale gas well, operators first drill down vertically until they reach the
shale formation. Within the target shale formation, the operators then drill horizontally or at
an angle to the vertical to create a lateral or angled well through the shale rock. The US EPA
(2012a NPR) indicates that horizontal well length may be up to 2000 metres. New York
State DEC (2011 PR p5-22) suggests that well lengths are normally greater than 1200
metres. In the Marcellus Shale formation in Pennsylvania, a typical horizontal well may
extend from 600 to 2,000 metres and sometimes approaches 3,000 metres (Arthur et al.,
2008 NPR). The USEPA (2011a PR) reports that horizontal wells used for unconventional
gas extraction can extend more than 1.5 km below the ground surface (Chesapeake Energy,
2010 NPR), while the “toe” of the horizontal leg can be up to 3 km from the vertical leg
(Zoback et al., 2010 NPR). This suggests that a typical horizontal section can be expected
to be 1200 to 3000 metres in length

Directional drilling is also used in coalbed methane recovery. In this case, the drilling follows
the coal seam, and is not necessarily horizontal. The term “horizontal” drilling is normally
used in respect of shale gas, and is used to represent both horizontal and directional drilling
in this report.

Definition of high volume horizontal fracturing

Because of the longer well lengths, higher pressures and higher volumes of water are
required for horizontal hydraulic fracturing compared to conventional fracturing. The
quantities of water used depend on well characteristics (depth, horizontal distance) and the
number of fracturing stages within the well. Vertical shale gas wells typically use
approximately 2,000 cubic metres water (US Department of Energy 2009 NPR pp 74-77). In
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contrast, horizontal shale gas wells typically use 10,000 to 25,000 m* water per well, based
on the following assessments:

e New York State DEC (2011 PR p3-6) indicates that a single multi-stage well would
typically use 10,800 to 35,000 m® fluid per well.

e DOE (2009 NPR p64) reports that shale gas wells typically use 10,000 — 17,000 m®
water per well, with typically 4-5 stages per well. This information is referenced by
US EPA (2011a PR p22)

e BRGM suggests that horizontal wells typically use 10,000 to 20,000 m® fluid per well
(BRGM 2011 NPR, p59).

e The SEAB (2011a NPR) suggests that a shale gas well requires 4,500 to 22,500 m?
fluid per well.

The use of higher volumes of water in this way is known as high volume horizontal (or
directional) fracturing. This differentiates the use of hydraulic fracturing for unconventional
gas extraction from current hydraulic fracturing activities in Europe. High volume hydraulic
fracturing requires significantly more water than current hydrocarbon extraction techniques,
and could potentially enable the development of extensive shale gas plays in Europe which
would not otherwise be commercially or technically viable. Consequently, attention has been
focused in this study on high volume hydraulic fracturing.

In this context, the term “high volume” has been interpreted following the definition in the
New York SGEIS (State of New York, 2011 PR Glossary and section 3.2.2.1): “The

stimulation of a well using 300,000 gallons or more of water as the base fluid in fracturing
fluid.” This figure corresponds to 1,350 m® cumulatively in the hydraulic fracturing phase.

An appropriate definition for the European context was identified by comparing the fluid
volumes used in recent test drillings against the volumes used in past hydraulic fracturing
activities. This enabled a definition to be identified which differentiates the use of hydraulic
fracturing for unconventional gas extraction from the past use of hydraulic fracturing in
conventional oil and gas wells. In the European context, it appears that a definition of 1,000
m? per stage would be a more appropriate working definition, based on the following
observations:

e For the test drillings carried out by Cuadrilla in Boxtel, the Netherlands, a hydraulic
fracturing volume of 1000m®hour is estimated for 1 to 2 hours, per stage. No specific
information on the number of stages or actual fluid volumes are available as
exploration is currently on hold in the Netherlands, but it is expected that the total
amount of water used will be about the same as in the UK (9000 - 29000 m*/well)
(Broderick et al 2011 NPR).

¢ For the hydraulic fracturing carried out by Halliburton at Lubocino-1 well in Poland,
1600 m°fluid was used in a single stage.

e The Danish Energy Agency (2012 NPR) provided information on two examples of
hydraulic fracturing processes using some 7,000 m? fluid to fracture 11 zones in the
first example, and 8,000 m? fluid to fracture 11 zones in the second example. The
fracturing was carried out for tight gas extraction and involved somewhat lower
pressures, of 580 bar.

The volumes of fluid used for coal-bed methane fracturing are typically 200 m? to 1500 m®
per well (USEPA 2011a PR p22). As coal-bed methane fracturing typically takes place
across multiple stages in a directional well, this amounts to less than 1,000 m? per stage
(USEPA 2011a PR p22). The volumes of fluid used for fracturing of tight gas reservoirs are
also typically less than 1,000 m® per stage (Chambers et al, 1995 NPR ; Danish Energy
Agency 2012 NPR). Consequently, these activities lie outside the scope of this project.
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1.3.4 Hydraulic fracturing practices
The US EPA describes hydraulic fracturing as:

“a well stimulation process used to maximize the extraction of underground
resources, including oil, natural gas, geothermal energy, and even water. The oil and
gas industry uses hydraulic fracturing to enhance subsurface fracture systems to
allow oil or natural gas to move more freely from the rock pores to production wells
that bring the oil or gas to the surface.

The process of hydraulic fracturing begins with building the necessary site
infrastructure including well construction. Production wells may be drilled in the
vertical direction only or paired with horizontal or directional sections. Vertical well
sections may be drilled hundreds to thousands of feet below the land surface and
lateral sections may extend 1000 to 6000 feet [300 to 2000 metres] away from the
well.

Fluids, commonly made up of water and chemical additives, are pumped into a
geologic formation at high pressure during hydraulic fracturing. When the pressure
exceeds the rock strength, the fluids open or enlarge fractures that can extend
several hundred feet away from the well.

After the fractures are created, a propping agent is pumped into the fractures to keep
them from closing when the pumping pressure is released. After fracturing is
completed, the internal pressure of the geologic formation cause the injected
fracturing fluids to rise to the surface where it may be stored in tanks or pits prior to
disposal or recycling. Recovered fracturing fluids are referred to as flowback.
Disposal options for flowback include discharge into surface water or underground
injection.”
(Taken from “Hydraulic fracturing background information,”
http://water.epa.gov/type/groundwater/uic/class2/hydraulicfracturing/wells _hydrowhat.cfm)

Typical and maximum fracture lengths are discussed in Section 1.4.2.

Hydraulic fracturing has been used in the United States for over 60 years. By the end of the
1970s, hydraulic fracturing of tight gas wells had become a proven technique for developing
commercial wells in low-permeability or tight gas formations. Hydraulic fracturing is also
widely used for conventional gas extraction in North America (CAPP, 2011 NPR) The
combination of multi-stage hydraulic fracturing and horizontal drilling for hydrocarbon
extraction has been in use for commercial extraction of shale gas in North America since
2002/2003 (SEAB, 2011a NPR p8). In Europe, the use of hydraulic fracturing for recovery of
conventional gas (that is, reservoirs with an average permeability of more than 1 milliDarcy
(mD)) is not common. This is principally because it has not in the past been economic or
necessary for field development.

The gas extraction sector has developed a number of different oil- and water-based fluids for
use in hydraulic fracturing and related treatments (US EPA 2004 NPR page 4-2). For ideal
performance, fracturing fluids should possess the following four qualities:

e Be viscous enough to create a fracture of adequate width.
o Maximize fluid travel distance to extend fracture length.
¢ Be able to transport large amounts of proppant into the fracture.

¢ Require minimal gelling agent to allow for easier degradation or “breaking” and
reduced cost.

Due to the high costs involved, horizontal drilling and hydraulic fracturing have in the past not
routinely been used for conventional hydrocarbon extraction in Europe. The use of hydraulic
fracturing for hydrocarbon extraction in Europe has been limited to lower volume fracturing of
some tight gas and conventional reservoirs in the southern part of the North Sea and in
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onshore Germany, Netherlands, Denmark and the UK. These activities did not in general
constitute High Volume hydraulic fracturing as defined in Section 1.3.3 above.

1.4 Shale gas extraction

This section provides a description of the shale gas extraction process, based directly or
indirectly on experience from North America.

1.4.1 Stages in shale gas field development

Philippe and Partners (2011 NPR p7-8) describe five stages of development of a shale gas
project covering exploration (stages 1 to 4) and commercial production (stage 5):

1. Identification of the gas reservoir. During this stage the interested company performs
initial geophysical and geochemical surveys in a number of regions. Seismic and
drilling location permits are secured.

2. Early evaluation drilling. At this stage, the extent of gas bearing formation(s) is/are
measured via seismic surveys. Geological features such as faults or discontinuities
which may impact the potential reservoir are investigated. Initial vertical drilling starts
to evaluate shale gas reservoir properties. Core samples are often collected.

3. Pilot project drilling. Initial horizontal well(s) are drilled to determine reservoir
properties and completion techniques. This includes some multi-stage hydraulic
fracturing, which may comprise high volume hydraulic fracturing. The drilling of
vertical wells continues in additional regions of shale gas potential. The interested
company executes initial production tests.

4. Pilot production testing. Multiple horizontal wells from a single pad are drilled, as part
of a full size pilot project. Well completion techniques are optimised, including drilling
and multistage hydraulic fracturing and micro seismic surveys. Pilot production
testing starts. The company initiates the planning and acquisition of rights of way for
pipeline developments.

5. Commercial development. Provided the results of pilot drilling and testing are
favourable, the company takes the commercial decision to proceed with the
development of the field. The developer carries out design of well pads, wells,
pipelines, roads, storage facilities and other infrastructure. The well pads and
infrastructure are developed and constructed, leading to the production of natural gas
over a period of years or decades. As gas wells reach the point where they are no
longer commercially viable, they are sealed and abandoned. During this process,
well pad sites are restored and returned to other uses.

1.4.2 Stages in well development

This section sets out the process of well development for an individual unconventional gas
well during the pilot drilling, pilot production testing and commercial development phases,
based on the following six stages (adapted from New York State DEC 2011 PR p5-91 to 5-
137):
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Figure 3: Stages in well development
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Figure 4 provides an illustration of the two key stages in the hydraulic fracturing process.

Figure 4: lllustration of Well Development Stage 2
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Staae 3: Technical hvdraulic fracturina
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These stages are described in more detail below.
Stage 1: Site identification and preparation
Site identification

The operator identifies sites to be used as well pads. An individual well pad may typically
have 6 to 10 well heads, each of which extends in a different direction from the site, covering
underground an area of up to 250 hectares (New York State 2011 PR p 5-17). Further land
would be needed at the surface for supporting infrastructure such as roads, pipelines and
storage facilities. SEAB (2011a NPR p33) reports that up to 20 wells have been constructed
on a single pad, and King (2012 PR) reports that a single 2.4 hectare well pad is used to
collect shale gas from a 2,400 hectare area, although the construction of well pads with only
1to 2 wells is still a widespread practice at present in some states in the USA. The planned
shale gas development in the UK is intended to operate with 10 well heads per pad
(Broderick et al 2011 NPR p19). The site selection stage can have an important influence on
the potential environmental and health impacts, as discussed in Chapter 2. During the first
four stages of gas field development set out in Section1.4.1, a small number of sites will be
identified. During the commercial production stage, a much greater number of sites may be
identified (potentially up to 2,400 well pad sites within a single concession with a typical
separation of approximately 1.5 km, as discussed in Chapter 2).
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Site preparation

Site preparation activities consist primarily of clearing and levelling an area of adequate size
and preparing the surface to support movement of heavy equipment (New York State DEC
2011 PR p5-10). Site access routes need to be designed and constructed. The well pad site
area is typically up to 3.0 hectares (New York State DEC 2011 PR p5-6), with further land
requirements needed for site access routes, pipelines and other infrastructure. Ground
surface preparation typically involves staking, grading, stripping and stockpiling of topsoil
reserves, then placing a layer of crushed stone, gravel, or cobbles over geotextile fabric.

Site preparation also includes establishing erosion and sediment control structures around
the site, and constructing pits as needed for retention of drilling fluid and, possibly,
freshwater.

Stage 2: Well design; drilling; casing; cementing; perforation
Well design; drilling; casing; cementing

Except for the use of specialized downhole tools, horizontal drilling is performed using similar
equipment and technology as vertical drilling (New York State DEC 2011 PR p5-25 to 5-17).
Wells for shale gas development using high-volume hydraulic fracturing will be drilled with
rotary rigs. Operators may use one rig to drill an entire wellbore from the surface to toe of
the horizontal bore, or may use two or three different rigs in sequence. At a multi-well site,
two rigs may be present on the pad at once, but more than two are unlikely because of
logistical and space considerations. New York State DEC (2011 PR p6-191 to 6-192)
estimates that a maximum of four wells could be drilled at a single pad in any 12 month
period.

The first drilling stage is to drill, case, and cement the conductor hole at the ground surface.
This process takes approximately 1 day, with the depth and size of the hole depending on
the ground conditions.

A vertical pipe is set into the hole and grouted into place. The second drilling stage is to drill
the remainder of the vertical hole. This can take up to 2 weeks or longer if drilling is slow or
problems occur. A surface casing is constructed which extends below the lowest aquifer and
is sealed to the surface. Additional casing should be provided for the surface layers (USEPA
2011 NPR p14; New York State DEC 2011 PR p5-91 to 5-92). A further intermediate casing
extends to the top of the hydrocarbon-bearing formation. Cement is pumped between the
intermediate casing and the intervening formations to isolate the well bore from the
surrounding rock, act as a barrier to upward migration through this space, and provide
support to the intermediate casing. The third drilling stage is to drill the horizontal bore.
Again, this stage would take up to 2 weeks or longer if delays occur. This gives a total
duration of the drilling stage of up to 4 weeks (Broderick et al 2011 NPR p29). The
production casing extends into the shale gas formation itself and along the horizontal bore.

In other cases, “open hole” completions are carried out, in which the production casing
penetrates the top of the producing zone only. No casing is provided for the horizontal
section of the wellbore within the production zone. This approach can be adopted in
formations capable of withstanding production conditions. The environmental risks of open
hole completions are not significantly different to those posed by standard well designs,
because the only differences are within the producing measure.

Perforation

Once the cement hardens, shaped charges are pushed down the pipe to perforate the
pipework and cement layer at the required locations. In some cases, pre-perforated liners
are used (University of North Dakota EERC, accessed 2012 NPR ; Surjaatmadja et al., 2007
PR). Surjaatmadja et al. indicate that there are limitations for using pre-perforated liners with
hydraulic fracturing, and pre-perforated liners are not widely used in the US on-shore.
Anecdotal evidence suggests that in-place perforation provides more accuracy for placing
the perforations. Perforation is not required for open hole completions.
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Installation of wellhead

The last steps prior to fracturing are the installation of a wellhead which is designed and
pressure-rated for the fracturing operation. The system is then pressure tested (New York
State DEC 2011 PR p5-92).

Stage 3: Technical hydraulic fracturing
Hydraulic fracturing fluid

Fracturing fluid is produced by mixing proppant and other additives into the substrate. Water
is the most widely used substrate. Propane gel based fluids are also available, but these are
not widely used at present (Inside Climate News 2011 NPR). This requires the
transportation of water, additives and proppant to the site. Transportation is normally by
truck, although transportation of water by pipeline is becoming increasingly common in the
USA (New York State DEC 2011 PR p5-84; Auman 2012 NPR). Appropriate transportation
is needed for all materials, and in particular, potentially hazardous additives.

The sources of water used during hydraulic fracturing activities include surface water and
ground water, which can be supplemented by recycled water from previous hydraulic
fracturing. Water, proppant and additives must be stored securely at the site, and then

mixed in the appropriate proportions, while avoiding spillage of any materials (US EPA 2011a
PR p28). The additives are designed primarily to modify the fluid characteristics to improve
the performance of the fracturing fluid. King (2012 PR) indicates that a slick water fracturing
fluid typically includes:

i. Water — About 98% to 99% of total volume
ii. Proppant —about 1% to 1.9% of total volume, usually sand or ceramic particles
iii. Friction reducer — about 0.025% of total volume, often polyacrylamide

iv. Disinfectant (biocide) — about 0.005% to 0.05% of total volume. Common biocides
include glutaraldehyde, quaternary amine or tetrakis hydroxymethyl phosphonium sulphate
(THPS) These chemicals are giving way to the use of UV light, ozone and chlorine dioxide.

v. Surfactants used to modify surface or interfacial tension, break or prevent emulsions —
about 0.05% - 0.2% of total volume

vi. Gelation chemicals (thickeners) such as guar gum and cellulose polymers are not
commonly used, but may be used in hybrid fractures which use both ungelled and gelled
water

vii. Scale inhibitors — typically phosphate esters or phosphonates
viii. Hydrochloric acid may be used in some cases to reduce fracture initiation pressure
ix. Corrosion inhibitor, used at 0.2% to 0.5% of acid volumes, and only used if acid is used.

New York State DEC (2011 PR) confirms that fracturing fluids typically consist of about 98%
to 99% water and proppant, together with 0.5% to 2% additives (New York State, 2011 PR
p5-40 and Table 5.6), as set out in Table 1.

Table 1: Fracture fluid additives (taken from New York State, 2011 PR, table 5.6)

Additive Type

Description of Purpose

Examples of chemicals

Proppant “Props” open fractures and allows gas / | Sand [Sintered bauxite; zirconium oxide;
fluids to flow more freely to the well bore. | ceramic beads]
Acid Removes cement and drilling mud from Hydrochloric acid (HCI, 3% to 28%) or

casing perforations prior to fracturing fluid
injection, and provides accessible path to
formation.

muriatic acid
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Additive Type

Breaker

Description of Purpose

Reduces the viscosity of the fluid in order
to release proppant into fractures and
enhance the recovery of the fracturing
fluid.

Examples of chemicals

Peroxydisulphates

Bactericide / Biocide / Antibacterial Agent

Inhibits growth of organisms that could
produce gases (particularly hydrogen
sulphide) that could contaminate
methane gas. Also prevents the growth
of bacteria which can reduce the ability of
the fluid to carry proppant into the
fractures.

Glutaraldehyde; 2,2-dibromo-3-
nitrilopropionamide

Buffer / pH Adjusting Agent

Adjusts and controls the pH of the fluid in
order to maximize the effectiveness of
other additives such as crosslinkers.

Sodium or potassium carbonate; acetic
acid

Clay Stabilizer / Control / KCI

Prevents swelling and migration of
formation clays which could block pore
spaces thereby reducing permeability.

Salts (e.g., tetramethyl ammonium
chloride), Potassium chloride (KCI)

Corrosion Inhibitor (including Oxygen
Scavengers)

Reduces rust formation on steel tubing,
well casings, tools, and tanks (used only
in fracturing fluids that contain acid).

Methanol; ammonium bisulphate for
Oxygen Scavengers

Crosslinker

Increases fluid viscosity using phosphate
esters combined with metals. The metals
are referred to as crosslinking agents.
The increased fracturing fluid viscosity
allows the fluid to carry more proppant
into the fractures.

Potassium hydroxide; borate salts

Friction Reducer

Allows fracture fluids to be injected at
optimum rates and pressures by
minimizing friction.

Sodium acrylate-acrylamide copolymer;
polyacrylamide (PAM); petroleum
distillates

Gelling Agent Increases fracturing fluid viscosity, Guar gum; petroleum distillates
allowing the fluid to carry more proppant
into the fractures.

Iron Control Prevents the precipitation of metal oxides | Citric acid

which could plug off the formation.

Scale Inhibitor

Prevents the precipitation of carbonates
and sulphates (calcium carbonate,
calcium sulphate, barium sulphate) which
could plug off the formation.

Ammonium chloride; ethylene glycol

Solvent

Additive which is soluble in oil, water &
acid-based treatment fluids which is used
to control the wettability of contact
surfaces or to prevent or break
emulsions.

Various aromatic hydrocarbons

Surfactant

Reduces fracturing fluid surface tension
thereby aiding fluid recovery.

Methanol; isopropanol; ethoxylated
alcohol

The US House of Representatives (2011 NPR page 7) found that the following chemicals
were most frequently encountered in fracturing fluids used between 2005 and 2009. A full
list of 750 chemicals is provided in Appendix A to the US House of Representatives report.
This list of chemicals does not distinguish in terms of the quantities of chemicals or their

potential hazards:

¢ Methanol (Methyl alcohol) (as surfactant)

¢ Isopropanol (Isopropyl alcohol, Propan-2-ol) (as surfactant)

o Crystalline silica - quartz (SiO,) (as proppant)

e Ethylene glycol monobutyl ether (2-butoxyethanol) (as surfactant)

e Ethylene glycol (1,2-ethanediol) (as scale inhibitor)

Ref: AEA/ED57281/Issue Number 17

14




/5 AEA Support to the identification of potential risks for the environment and human health arising from
hydrocarbons operations involving hydraulic fracturing in Europe

o Hydrotreated light petroleum distillates (as friction reducer)
¢ Sodium hydroxide (Caustic soda) (as pH adjusting agent)

The chemicals reported as being used by Cuadrilla Resources at its Preese Hall-1 well in the
UK are provided in Appendix 3.

Based on discussions held at the Society of Petroleum Engineers (SPE) Workshop
“Reducing Environmental Impact of Unconventional Resource Development”, April 2012 (
NPR), operators are developing methods of reducing the number and quantity of chemicals
in hydraulic fracturing fluids, and improving the environmental performance of fluid additives.
Hydraulic fracturing service providers and chemical suppliers are developing schemes to
evaluate the potential human health and environmental impacts of hydraulic fracturing
chemicals. These schemes follow the UN Globally Harmonized System of Chemical
Classification and Labelling. These systems allow operators to select chemicals based on
their hazard as well as cost and effectiveness. The risks posed by flowback waters from
shale gas wells are linked to the constituents of fracturing fluids, but are also driven by the
presence of naturally occurring substances in flowback water.

Injection of fracturing fluid

When perforations are present at the appropriate point, fracturing fluid is pumped into the
well at high pressure.

The proppant is forced into the fractures by the pressured water, and holds the fractures
open once the water pressure is released. For conventional fracturing, the fracture pressure
gradient is typically 0.4-1.2 psi/foot (0.09 — 0.27 bar/metre) (derived from project team
experience). For instance, for a typical conventional well, this would correspond to
approximately500 bar, and pressures would generally be below 650 bar. The range of fluid
pressures used in high volume hydraulic fracturing is typically 10,000 to 15,000 psi (700 —
1000 bar),and exceptionally up to 20,000 psi (1400 bar). This compares to a pressure of up
to 10,000 psi (700 bar) for a conventional well. In the tight gas example from the Danish
authorities, pressures of up to 8,400 psi (580 bar) were applied.

Fracture lengths can be expected to vary depending on the geological properties of the rock
matrix and the fracture treatment. Operators have a commercial incentive to restrict the
extent of fractures to the gas-bearing formation (NETL, 2012a NPR). Davies et al. (2012 PR)
reported a maximum fracture length from several thousand shale gas fracturing operations in
the US of 588 metres. The majority of fractures were less than 100 m in length. It is not
known how many of these operations were high volume hydraulic fracturing operations, or
whether these findings would be applicable in the European setting. Similar data are
reported by Fisher and Warpinski (2012 PR Figure 2), indicating a maximum vertical fracture
extent of approximately 600 metres. The analysis carried out by Fisher and Warpinski
indicated that fracturing carried out close to the surface tended towards the formation of
horizontal fracturing, which would reduce (although not eliminate) the risk of fractures
interacting with water resources in shallower shale gas formations.

The fractures allow natural gas and oil to flow from the rock into the well.
Stage 4: Well completion and management of wastewater
Well completion and flowback handling

Following the release of pressure, injected fracturing fluids are returned to the surface as
flowback. Hydraulic fracturing fluid is typically returned to the surface over a period of
several days (Broderick et al. (2011) NPR p26) to two weeks or more (USEPA 2011a PR
page 23; SEAB 2001a NPR). Recovered fracturing fluid and produced waters from wet
shale formations are collected and sent for treatment and disposal or re-use where possible.
The latter can contain substances that are found in the formation, and may include dissolved
solids, gases (e.g. methane, ethane), trace metals, naturally occurring radioactive elements
(e.g. radium, uranium), and organic compounds.
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Wastewater — a term used to designate collectively fracturing fluids returned to the surface
as flowback and produced water — continues in many cases to flow to the surface from shale
gas wells during the well completion phase and during the production phase of the well.
After the initial recovery of hydraulic fracturing fluid, waste water usually consists of fluids
displaced from within the shale play (referred to as “produced water”) with decreasing
quantities of hydraulic fracturing fluid. Experience in the US is that between 0% and 75% of
the injected fracturing fluid is recovered as flowback (DOE 2009 NPR p66; EPA 2011 p42
NPR ; Webb 2012 PR ; a similar range was suggested by consultees).

As shale formations were originally laid down in marine environments, produced water tends
to be of high salinity. APl (2010 NPR) reports that “water salinity can range from brackish
(5,000 parts per million (ppm) to 35,000 ppm TDS), to saline (35,000 ppm to 50,000 ppm
TDS), to supersaturated brine (50,000 ppm to >200,000 ppm TDS.” Hydraulic fracturing
wastewaters in Europe are expected to generally have a high salinity due to their
predominant marine origin, which may result in issues for disposal and re-use. Preliminary
data from test drilling in the north-west of England suggests total sodium chloride levels in
the range 23,000 ppm to 103,000 ppm (Broderick et al. 2011 NPR Table A.2). This covers a
wide range of salt contents, but at the upper level is of high salinity.

Hydraulic fracturing wastewater may be stored in tanks or pits prior to disposal or recycling.
In the US, hydraulic fracturing wastewater is frequently disposed to well injection facilities, or
following treatment to surface waters. A proportion of these waters can be re-used in some
cases, with operators citing goals of up to 100% recycling (New York State DEC 2011 PR
p.1-2). Techniques for recycling hydraulic fracturing wastewater are subject to rapid
development. DOE (2009 NPR p70) reported that, “With further development, such
specialized treatment systems may prove beneficial, particularly in more mature plays such
as the Barnett; however, their practicality may be limited in emerging shale gas plays.
Current levels of interest in recycling and reuse are high, but new approaches and more
efficient technologies are needed to make treatment and re-use a wide-spread reality.”
However, because recovery of fracturing fluid is incomplete (typically below 75%), fresh
water was reported as comprising 80-90% of the water used at each well for high-volume
hydraulic fracturing (New York State DEC 2011 PR p.1-2 and p5-122). The limiting factors
on re-use are the salinity and presence of other contaminants (North American regulator
consultation response 2012 NPR), the volume of flowback water recovered, and the timing of
upcoming fracture treatments (New York State DEC 2011 PR p5-122).

Friction reducers are now available which can be used in highly saline waters. A
combination of technical developments and commercial factors has resulted in increased
wastewater recycling. Yoxtheimer (2012 PR) reported that 67% of wastewater generated
from the Pennsylvania Marcellus Shale was recycled in the first half of 2011, increasing to
77% in the second half of 2011, although there is uncertainty over the typical rate of recycling
in the US, which may be significantly lower.

Typical levels of contaminants found in flowback water from shale gas extraction are set out
in Table 2 (Alley et al. 2011 PR).

Table 2: Levels of contaminants in flowback water from shale gas extraction

Parameter Minimum(mg/L)  Maximum(mg/L)
pH 1.21 8.36
Alkalinity 160 188
Nitrate nd 2670
Phosphate nd 5.3
Sulphate nd 3663
Radium 226 (pCi/g) 0.65pCi/g 1.031pCilg
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Parameter Minimum(mg/L)  Maximum(mg/L)
Hydrogen carbonate nd 4000
Aluminium nd 5290
Boron 0.12 24
Barium nd 4370
Bromine nd 10600
Calcium 0.65 83950
Chloride 48.9 212700
Copper nd 15
Fluoride nd 33
Iron nd 2838
Potassium 0.21 5490
Lithium nd 611
Magnesium 1.08 25340
Manganese nd 96.5
Sodium 10.04 204302
Strontium 0.03 1310
Zinc nd 20

As well as these contaminants, flowback waters may also contain sand, heavy metals, oils,
grease fracturing fluid additives, and naturally occurring radioactive materials (DOE 2011
NPR p21, New York State (2011 PR) p5-101, US EPA 2011a PR p43).

During the production phase, the well is connected to the gas network. During the
exploratory phases, the gas is collected and flared, although the preference is for flaring to
be minimised by connecting the well to the gas main as soon as this can be done.

The pre-production stages may last 500 to 1500 days at an individual well pad (Tyndall
Centre 2011 NPR p28).

Stage 5: Production

Before gas production can commence, pipeline infrastructure must be developed to collect
natural gas for transfer to the existing natural gas pipeline infrastructure.

Once the well is connected to the gas main, gas can be dehydrated, and then passed to the
collection system. Ongoing maintenance and monitoring is required to confirm that the gas
production process is proceeding satisfactorily without adverse environmental or health
effects.

The flow to the well can be expected to decrease rapidly following the initial phase. New
York State DEC (2011 PR p5-139) quotes operator estimates suggesting the following gas
production rates from a new well in the Marcellus shale:

e Year 1: initial rate of 92,000 to 250,000 m®day declining to 32,000 to 100,000 m*/day
e Years 2 to 4: 32,000 to 100,000 m*day declining to 14,000 to 35,000 m*/day

e Years 5to 10: 14,000 to 35,000 m*day declining to 8,000 to 16,000 m*/day

e Years 11 and after: 8,000 to 16,000 m®day declining at 5% per annum.
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An operator may choose to re-fracture a well in order to increase the rate of gas production,
if this is considered worthwhile from a commercial perspective (ICF, 2009 NPR p20).
Experience in the US suggests that wells are likely to be re-fractured infrequently — either
once every 5 to 10 years, or not at all. The situation in the US regarding re-fracturing is not
clear at present (New York State DEC 2011 PR p5-98), and it is not clear whether this
experience is transferrable to the European context. For the present study, it has been
assumed that re-fracturing may be carried out once over a 10 year period, while recognising
that this is an area of uncertainty. Well lifetime may be between 10 years and 30 years (New
York State DEC 2011 PR p6-276) or 40 years (US National Parks Service 2009 NPR). This
is also subject to considerable uncertainty at present, with indications that well lifetime may
be shorter than anticipated. A lifetime of up to 40 years suggests that wells may be
refractured between zero and four times during their operational lifetime.

Stage 6: Abandonment

When the well is no longer economic to operate, it is taken out of service temporarily or
permanently. Abandonment takes place in accordance with established procedures in the oll
and gas production industry. Abandonment procedures for use in the conventional oil and
gas industry in Europe have been specified by national regulators (e.g. Norsok Standard D-
010 is applied in Norway; see also Oil and Gas UK 2012 NPR). Abandonment procedures
include the installation of a surface plug to stop surface water seepage into wellbore. A
cement plug is installed at the base of the lowest underground source of drinking water to
isolate water resources from potential contamination by hydrocarbons or other substances
migrating via the well bore. A cement plug is also installed at the top of the shale gas
formation.

1.4.3 Comparison of high volume hydraulic fracturing and conventional
hydrocarbon extraction practices

Table 3 below sets out the stages of a high volume hydraulic fracturing activity, and
summarises the differences between this and conventional hydrocarbon production (adapted
from USEPA 2011a PR and New York State DEC 2011 PR).

Early evaluation drilling referred to in Section 1.4.1 would not require hydraulic fracturing.
Drilling carried out at the pilot testing stage would require hydraulic fracturing. As of 2012 in
Europe, pilot testing only has been carried out for shale gas. As discussed previously, the
majority of drilling and hydraulic fracturing activity would be carried out during the production
stage.

Table 3: High Volume Hydraulic Fracturing: Stages, Steps, and Differences from
Conventional Hydrocarbon practices

Development Step Decision factors Differences from Conventional Hydrocarbon
& Production practices
Stage

Site Selection  [Site identification Production yield versus None

land development cost

Preparation Site selection Number of wells required Many more shale gas wells are required for

recovery of a given volume of gas than for
recovery of the same volume of gas from
conventional reservoirs. Of the order of 50 shale
gas wells might be needed to recover the same
volume of gas as a typical North Sea well (see
[Section 2.1.2).

Proximity to buildings / other None
nfrastructure None
Geologic considerations None

Proximity to natural gas pipelines  [None
Feasibility of installing new

pipelines
Site area (around 3 hectares/well |More space required during hydraulic fracturing
needed during fracturing) for tanks / pits for water / other materials required

for fracturing process (New York State 2011 PR
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Development

& Production
Stage

Step

Decision factors

Differences from Conventional Hydrocarbon
practices

p5-6)

IAccess roads / requirement
mprovements

More lorry movements during hydraulic fracturing
than conventional production sites due to need to
transport additional water, fracturing material
(including sand/ceramic beads) and wastes

Availability and cost of water
supply and wastewater disposal

Obtaining large volumes of water (10,000 to
25,000 m*® per well) (seel.3.3)

Disposing of large volumes of contaminated water
(up t019,000 m*flowback water per well assuming
up to 75% recovery, together with produced
water) (Derived from Broderick et al 2011 NPR)

Availability of space to store make
up water and wastewater

IStorage of large volumes of water (10,000 to
25,000 m® per well) (see 1.3.3)

\Will require sufficient trucks / tanks onsite to
manage flowback (e.g. 250 — 625 trucks at 40 m®
per truck) (derived from New York State DEC
011 PR p6-302)

Site preparation

Number of wellheads per pad and
per hectare

Well pad design to control run off
and spills and contain leaks
IAmount of water / proppant
needed for production activities

Installation of additional tanks / pits sufficient to
laccommodate up to 25,000 m® of make-up water
6-10 wells/pad (New York State 2011 PR p3-3)
whereas 1 well/pad has been more common for
conventional production

Fewer wellpads/hectare: 1 multi-well horizontal
well pad can access c. 250 hectares, compared
to c.15 hectares for a vertical well pad (New York
State 2011 PR p5-17)

\Well Design,
drilling, casing
and cementing

Selection of
horizontal vs vertical
ell

\Well drilling

Separation of aquifer from
hydrocarbon bearing formation by
mpermeable layers

Existence of fault / fracture zones
Maximising access to
hydrocarbon in strata

Both conventional and unconventional wells may
be drilled through water bearing strata and need
to achieve the same performance standards. The
hydraulic fracturing process places additional
stresses on the well casing, which may require
changes to the well design and/or additional
monitoring

Depth to target formation (vertical
or horizontal)

Horizontal drilling produces longer well bore
(vertical depth plus horizontal leg) requires more
mud and produces more cuttings/well. Typically
0% more mud and cuttings for horizontal well
compared to a vertical well, depending on depth
land lateral extent ( New York State 2011 PR p5-
B4). However, horizontal wells allow access to a
greater extent of shale gas formation, and are
more effective for exploitation of a given shale gas
formation.

Horizontal drilling requires specialist equipment:
larger diesel engine for the drill rig uses more fuel
|and produces more emissions. Equipment is on
site for a longer time (typically 25days for
horizontal well compared to 13days for vertical
well; New York State DEC 2011 PR p6-192).

However, horizontal wells have a smaller land
surface footprint than conventional vertical
wells(USEPA 2011a PR 3.2.1). Consequently,
horizontal drilling from a limited number of well
heads would in principle be preferable to vertical
drilling from a larger number of well heads. In
practice, horizontal drilling techniques are
normally used to open up reservoirs which would
not otherwise be viable with vertical drilling
techniques, and so this comparison is not directly
relevant.
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Development

& Production
Stage

Step

Casing

Decision factors

construction (competent
conditions only):casing would
normally be required

IConductor (for wellhead)

Surface (to isolate near-surface
aquifer from production)

Intermediate (to provide further
solation)

Production (in target formation)

Centred casing to enable
cementing

ICasing required or open hole

Differences from Conventional Hydrocarbon
practices

ICasing material must be compatible with
fracturing chemicals (e.g., acids)
ICasing material must also withstand the higher
pressure from fracturing multiple stages

Cementing

ICorrect cement for conditions in
well (e.g. geology and
groundwater) and fracturing
pressure

Hydraulic fracturing has the potential to damage
cement: may pose a higher risk during re-
fracturing, although unclear at present (EPA 2011
NPR p82)

Well
Completion

Hydraulic Fracturing:
\Water sourcing

Quantity of water required for
hydraulic fracturing

Quiality of water required for
hydraulic fracturing

Source and availability of water
Impact on water resources and
surface water flows

Intensity of activity in watersheds /
geologic basins

Requirement to abstract and transport water to
wellhead for storage prior to hydraulic fracturing
loperations

Hydraulic Fracturing:
Chemical Selection

[Tailoring of fracturing fluid to
properties of the formation /
project needs

Tailoring chemicals to make up
water quality (e.g., highly saline
flowback, acid mine drainage)

ICurrent information indicates that the composition
of chemicals used in high volume fracturing is
similar to that used in conventional fracturing
(New York State DEC 2011 PR p5-54). Less
harmful additives are being developed and used
at lower concentrations in both conventional and
unconventional applications (King 2011 PR p39).
Record-keeping and disclosure of chemicals is
also improving (e.g. see www.fracfocus.orq).

Chemical
[Transportation

[Transport of large volumes of water, chemicals
land proppant to well pad (up to 25,000 m® water
per well, together with a further 8-15% proppant
and 0.5-2% chemical additives; New York State
DEC 2011 PR p5-51)

Chemical storage

Size, type, and material of tanks
or other containers

More chemical storage required for high volume
hydraulic fracturing (as for transportation above)

Chemical Mixing

Quality control on site to ensure
correct mixture and avoidance of
potentially harmful spills

Mixing of water with chemicals and propping
lagent (proppant)

Hydraulic Fracturing:
Perforating casing

Use and type of explosive (not
required if open-hole drilling is
carried out)

IConventional wells are hydraulically fractured in
North America, although this is uncommon in
Europe. The amount and extent of perforations
may be greater for high volume HF

Hydraulic Fracturing:
\Well injection of
hydraulic fracturing
fluid

Number of stages required

Need to inject small amount of
fluid before fracturing occurs to
determine reservoir properties and
enable better fracture design

Pressure required to initiate
fracturing with fracturing fluid
without proppant dependent on
depth and mechanical properties
of formation

Monitoring and control of hydraulic
fracturing process.

Number, size, timing and
concentration of delivery slugs of
fracturing fluid and proppant

Monitoring requirements and interaction of
fracturing fluid with formation also occur in
conventional wells but more extensive in high
volume fracturing due to longer well length in
contact with formation (up to 2,000 metres for
HVHF compared to up to a few hundred metres
for conventional well depending on formation
thickness)

More equipment required: series of pump trucks,
fracturing fluid tanks, much greater intensity of
activity.

Hydraulic Fracturing:
Pressure reduction in
ell / to reverse fluid

flow recovering

flowback and

IChemical additions to break
fracturing gels (if used)
Planning for storage and
management of flowback

‘Flowback” of fracturing fluid and produced water
containing residual fracturing chemicals, together
with materials of natural origin: brine (e.g., sodium
chloride), gases (e.g., methane, ethane, carbon

dioxide, hydrogen sulphide, nitrogen, helium),
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Development

& Production
Stage

produced water

Decision factors

ecovered before the well starts

gassing (varies from 0%-75% but
strongly formation dependent).

Planning for storage and
management of smaller volumes
of wastewater generated during
production (decreasing flow rates
and increasing salt
concentrations)

Differences from Conventional Hydrocarbon
practices

trace elements (e.g. mercury, lead, arsenic),
naturally occurring radioactive material (e.g.
radium, thorium, uranium), and organic material
(e.g. acids, polycyclic aromatic hydrocarbons,
\volatile and semi-volatile organic compounds)
(USEPA 2011a PR Table 5)

\Well completion
(continued)

IConnection of well
pipe to production
pipeline

During exploration phase, natural
gas is likely to be flared

Wells should be connected to
lproduction pipeline immediately in
production phase.

In principle, no difference to conventional wells.
However, potential for impacts in areas which
would not otherwise be commercially viable

Reduced Emission
ICompletion

ICapture gas produced during
completion and route to
production pipeline or flare it if
pipeline is not available

Larger volume of flowback and sand to manage
than conventional wells (10,000 to 25,000 m® per
well) (Derived from Broderick et al 2011 NPR)

\Well pad removal

IAmount of wastewater storage
lequipment to keep on site

Remove unneeded equipment
and storage ponds

Regrade and re-vegetate well pad

Larger well pad (with more wells/pad) with more
ponds and infrastructure to be removed, as
described above

\Well Production

Construction of

May need to construct a pipeline

Exploitation of unconventional resources may

pipeline to link new wells to gas network result in a requirement for gas pipelines in areas
wWhere this infrastructure was not previously
needed

Production May need to refracture the well to  |Produced water will contain decreasing levels of

ncrease recovery. This could
take place up to four times over a
40 years well lifetime.

Wastewater management (e.g.
discharge to surface water bodies,
reuse or disposal via underground
njection including transport to
disposal site)

fracturing fluid as well as hydrocarbons

IConventional wells are often in wet formations that
require dewatering to maintain production. In
these wells, produced water flow rates increase
with time. In shale and other unconventional
formations, produced water flow rates tend to
decrease with time.

\Well Site
IAbandonment

Remove pumps and
downhole equipment

Plugging to seal well

Need to install surface plug to

stop surface water seepage into
ellbore and migrating into

ground water resources

Need to install cement plug at

base of lowermost underground

source of drinking water

Need to install cement plugs to

solate hydrocarbon,

njection/disposal intervals

IAbandonment of unconventional wells is similar to
labandonment of conventional wells.

Post-
labandonment

Potential for methane
lseepage to occur in
the long-term if seals
lor liners break down

Proper design and construction of
ell plugs and liners.

Long-term monitoring programme
of abandoned wells

IAbandonment of unconventional wells is similar to
labandonment of conventional wells.

1.5 Short chronological summary of use of hydraulic
fracturing and horizontal drilling

Shale gas was first extracted in the 1920s in the US. Horizontal well drilling was first carried
out in 1929. The first use of hydraulic fracturing for hydrocarbon extraction was in 1947 in a
short vertical well. The process rapidly developed to commercial use in the US during the
1950s and 1960s. High volume hydraulic fracturing was first used in the Barnett Shale in
Texas, U.S. in 1986. The first economical horizontal well in the Marcellus Shale,
Pennsylvania was drilled in 2003 (Harper 2008 PR ; Montgomery 2010 PR ; Givens 2005

NPR).
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Hydraulic fracturing appears to have been introduced in Europe in the early 1980s. Multi-
stage hydraulic fracturing in tight gas reservoirs has been carried out in horizontal wells in
the Soehlingen field in Germany, and in the South Arne field in Denmark (Rodrigues and
Neumann, 2007 NPR ; Danish Energy Ministry 2012 NPR). Hydraulic fracturing has been
carried out elsewhere in Germany (Reinicke 2011 NPR p11), as well as the Netherlands
(NOGEPA, 2012 NPR) and the United Kingdom (UK Department of Energy and Climate
Change, 2012 NPR). These fracturing operations did not use sufficient fluid to be classified
as HVHF.

Exploratory drilling for shale gas with hydraulic fracturing in Germany, Poland and the UK
commenced in 2010. Appendix 5 provides further information on shale gas development in
Europe.
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2 Impacts and risks potentially
associated with shale gas
development

2.1 Introduction

2.1.1 Background

The US Department of Energy identified four major areas of concern for potential human and
ecosystem impacts with regard to the use of hydraulic fracturing for shale gas production
(SEAB, 2011a NPR):

e Possible pollution of drinking water from methane and chemicals used in fracturing
fluids;

e Air pollution;
e Community disruption during shale gas production; and
o Cumulative adverse impacts

The potential significance of local effects, together with cumulative and regional effects of
multiple drilling, hydraulic fracturing, production and delivery activities on the environment
was also highlighted by the International Energy Agency (2012 NPR p14), which noted in
particular the potential cumulative effects on water use and quality, land use, air quality,
traffic and noise as well as the issue of waste water management

New York State DEC (2011 PR p11-2 to 11-9) identified impacts associated with the
following resources:

o Potential effects on people (e.g. via noise, radioactive materials, air emissions)
o Water resources

e Sensitive ecosystems and species

e Air quality

e Visual quality of the landscape

e Transportation

The USEPA (2011a PR p viii) focused specifically on the relationship between hydraulic
fracturing and drinking water resources.

The range of potential hazards identified in these key references were considered
systematically at each stage of the HVHF process, to enable the risks associated with each
aspect of HVHF to be characterised in a preliminary manner, considering the limits of the
exercise, as indicated below.

When considering environmental risks and impacts, it is important to consider the probability
and severity of a possible event. King (2012 PR) suggests categorising events according to
the significance of impacts on people and the environment, and according to experience of
the frequency of their occurrence, consistent with more general guidance on environmental
risk assessment (e.g. UK Department for Environment, Transport and the Regions, 2000
NPR). The activities identified by King (2012 PR) as potentially significant are:
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e transport of fracturing materials to the well

¢ the specific act of fracturing

e recovery of hydraulic fracturing wastewater from the well ; and
e the transport of wastewater from the well

A wider range of impacts was considered in the present study, in accordance with the project
specification.

2.1.2 Study approach and limitations

The study uses a preliminary risk screening approach to identify the most significant risks
which require consideration in the study. This is described in Section 2.2. This review
considered all potential issues identified during the literature review, discussion with
consultees, and from the knowledge of the project team. The review focused in particular on
the issues which differ for HYHF compared to conventional oil and gas extraction.

The preliminary risk screening approach was applied by developing criteria for evaluating the
potential significance and likelihood of impacts occurring. Each potential issue was
considered against these criteria to the extent permitted by the available information. The
study authors duly acknowledge the limits of this risk screening exercise, considering notably
the absence of systematic baseline monitoring in the US (from which most of the examined
literature sources come from), the lack of comprehensive and centralised data on well failure
and incident rates, and the need for further research on a number of possible effects
including long term ones. Greater weight was given to information available in peer reviewed
publications, the number of which is limited. In carrying out this analysis, it was assumed
that controls normally applied in the oil and gas extraction industry in Europe would be
applied to shale gas extraction.

Ideally, a comparison of risks and impacts with conventional gas extraction would be made
on the basis of the impacts per unit of energy extracted. Within the constraints of this
project, it was not possible to develop this analysis, and furthermore the data on the scale of
impacts and their frequency are not available or sufficiently robust to enable this analysis to
be carried out for the majority of potential impacts under consideration. In particular, there is
no clear indication of the volume of gas likely to be recoverable from shale gas wells in
Europe (the “Estimated Ultimate Recovery” or EUR”). New York State DEC (2011, p5-139)
quotes a range of 60 to 280 million m* EUR per well for the US. Lechtenbéhmer et al. (2011
NPR) and US EIA (2010 NPR) indicate that the figure of 60 million m* is more likely to
represent an upper limit for EUR from the Marcellus shale, and lower recoveries would be
applicable from other US formations. These gas volumes may not be economically
recoverable in practice. It is not possible to state whether this wide range would be
representative of EURs in Europe. For comparison with conventional gas extraction, a
conventional North Sea gas well might result in recovery of up to 2,800 million m* of natural
gas based on unconfirmed information — that is, it is likely that many more wells would be
needed to extract unconventional gas compared to conventional gas.

2.1.3 Cumulative impacts

The development of shale gas plays opens the possibility of development of gas extraction
infrastructure over a wide area. Consequently, cumulative risks need to be taken into
account in the risk assessment. This was carried out by separately evaluating the risks
posed by development of individual installations, and the risks posed by development of an
entire shale gas play. Shale gas infrastructure may cover an area of several tens of
thousands of square kilometres. For example, in Poland, concessions may extend up to
1,200 km?, and there is no limit to the number of concessions that an individual company
may hold (Baginski, 2010 NPR p150). Chevron reports the acquisition of a 6,100 km?
concession in Romania (Chevron, 2012a NPR).
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The current trend towards the use of multi-well pads, in which up to 10 wells may be placed
on a single pad mitigates these impacts to some extent. New York State (2011 PR p5-17)
indicates that one well pad may allow approximately 250 hectares of shale formation to be
accessed (a similar value of 259 hectares was derived from DOE, 2009 NPR). This would
correspond to a typical separation between well pads of approximately 1.5 km. Over an area
of 6,000 km?, this would correspond to up to 2,400 multi-well installations, occupying
approximately 1.4% of the land area. The potential for cumulative effects was assessed on
the basis of development of this scale. The rate of well pad development is likely to be
limited by the availability of plant and equipment. For the purposes of this assessment, it
was assumed that development of an individual shale gas concession could proceed at up to
5% of the rate of well development in the US as a whole (PGNiG 2011 NPR quoting
Douglas-Westwood 2011 NPR) — that is, approximately 850 wells per year with development
of up to 85 well pads per year.

This is comparable to the highest number of wells forecast to be drilled in any EU state for
the period up to 2020 (1090 wells for Poland) (PGNIG 2011 NPR quoting Douglas-Westwood
2011 NPR). This is also comparable to the total of approximately 710 shale gas wells drilled
in Pennsylvania during 2009 (Cuadrilla Resources Ltd 2011 NPR p12). The area of
Marcellus Shale formation in Pennsylvania is approximately 250,000 square kilometres, of
which only a fraction has been developed (Cuadrilla Resources Ltd 2011 NPR p40). This
suggests that the assumed rate of intensive development of a shale gas play in Europe is
likely to be an over-estimate of the rate of development that would arise in practice.

This assessment allowed risks to be preliminary screened to identify those of greater
significance. Potentially significant risks were then considered in the context of the
legislative analysis described in Chapter 3.

2.1.4 Study scope and boundaries

Following the description of the hydraulic fracturing process in Chapter 1, the following
aspects fall under the scope of the assessment:

e water withdrawal

e transport of fracturing materials to the well

e mixing of chemicals and use in the specific act of fracturing

e recovery, treatment and disposal of wastewater

¢ well abandonment and post-abandonment,

e cumulative effects associated with development over a wide area

The study considers the direct environmental and health issues associated with these
aspects of shale gas extraction. The study is not a “life-cycle” assessment, and
consequently the risks associated with secondary processes are outside the scope of the
study (e.g. the specific risks/impacts, resources and energy consumed in order to
manufacture sand and other proppants, gravel, stone and chemical additives for well pad
construction; or to construct and maintain road and pipeline infrastructure; or to produce
fracturing fluids).

The potential impacts associated with traffic have been highlighted as a distinct issue from
the impacts associated with the gas extraction process itself and associated infrastructure.
Some of the impacts associated with traffic (such as emissions of air pollution, noise impacts
and land take) can be expected to be similar in nature to those of the gas extraction process,
whereas others (such as impacts on community severance or accident risks) differ in nature.
The nature of the sources and the relevant control measures are sufficiently different for it to
be useful to consider traffic-related impacts as a distinct but related issue.
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The study inevitably draws on experience from the US, but where possible the findings from
the US have been set in the European regulatory and technical context.

This study is not designed to draw conclusions on the potential significance of hazards posed
by specific installations in Europe or the US. The approach taken is to draw on published
information in relation to environmental and health risks, and make a preliminary judgment in
terms of the potential significance of the hazards under consideration for the use of HVHF in
Europe. The basis for reaching each preliminary judgment is set out in the text following
each classification in the sections below.

2.1.5 Summary of impacts

Tables A5.1, A5.2 and A5.3 in Appendix 6 summarise the potential environmental impacts of
hydrocarbons operations involving high-volume hydraulic fracturing (adapted from USEPA
2011a PR and other references).

These tables classify potential impacts as follows:

e Impacts which are unique to hydraulic fracturing, but which are likely to be more
significant for high-volume hydraulic fracturing than for other hydraulic fracturing
activities;

¢ Impacts which are common to hydraulic fracturing and conventional exploration /
extraction practices in Europe, but which are more significant with hydraulic
fracturing;

¢ Impacts which are common to both hydraulic fracturing and to conventional practices
in Europe.

2.2 Risk prioritisation

2.2.1 Risk prioritisation framework

A preliminary risk prioritisation approach has been adopted to enable potential impacts to be
evaluated.

King (2012 PR) sets out a useful basis for risk prioritisation in the context of shale gas
development. This follows established principles of screening and prioritisation for
environmental risk and impact assessment and management (e.g. UK Department for
Environment, Transport and the Regions, 2000 NPR).

The risk prioritisation was carried out by classifying environmental hazards and hazards for
people on the following basis:

e Slight: Slight environmental effect— e.g. a planned or unplanned discharge which
does not result in exceedances of an environmental quality standard

e Minor: Minor environmental effect — e.g. a planned or unplanned discharge which
could result in exceedances of an environmental quality guideline in the immediate
vicinity of the release point, but which would not be expected to have significant
environmental or health effects

e Moderate: Localised environmental effect — e.g. a discharge or incident resulting in
potential effects on natural ecosystems in the vicinity of the release point or incident;
ongoing effects on people in the vicinity of a site due to impacts such as noise, odour
or traffic

e Major: Major environmental effect — e.g. an ongoing discharge resulting in persistent
exceedances of European environmental quality standard; permanent degradation of
a protected habitat
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e Catastrophic: Massive environmental effect — e.g. a pollution incident resulting in
harm to the health of members of the public over a wide area due to contamination of
drinking water supplies; accident resulting in death or serious injury to workers and/or
members of the public.

¢ No data: Insufficient data to allow a preliminary judgment to be reached

The frequencies or probabilities of hazards occurring were classified on the following basis
(adapted from King, 2012 PR):

e Rare: Encountered rarely or never in the history of the industry; not forecast to be
encountered under foreseeable future circumstances in view of current knowledge
and existing controls on oil and gas extraction.

e Occasional: Encountered several times in this industry; could potentially occur under
foreseeable future circumstances if management or regulatory controls fall below best
practice standards

e Periodic: Occurs several times a year in this industry; a short-term impact would be
expected to occur with the use of hydraulic fracturing for hydrocarbon operations

o Frequent/definite: Occurs several times a year at a specific site; a long-term impact
would be expected to occur with the use of hydraulic fracturing for hydrocarbon
operations

¢ No data: Insufficient data to allow a preliminary judgment to be reached

In environmental risk assessment studies of hazard significance and probability, it is often
necessary to use some judgment because of uncertainty associated with the evidence base.
This was the case for the present study. The frequency or probability of hazards occurring
was estimated from reported analysis of hydraulic fracturing activities in the field where this
was available. As indicated above, independent and comprehensive information for instance
on well failures and incident rates is limited, which makes this risk prioritisation exercise a
preliminary one, pending additional data. Indeed the absence of evidence of hazards does
not necessarily mean evidence of the absence of hazards. Where expert judgment needed
to be used, this was noted in the text.

Considering the hazard significance and associated probability enables risks to be prioritised
and screened, as set out in Table 4 (adapted from King 2012 PR , after DeMong et al., 2010
PR).

Table 4: Risk ranking table

Slight Minor Moderate Major Catastrophic| No data

Rare Moderate Moderate High

Occasional Moderate High High

Not

Periodic/short iy
classifiable

term definite Moderate High

Frequent/long-

term definite Moderate

No data Not classifiable

Where more than one scenario is envisaged, the combination giving rise to the highest
ranking is presented. Risks can then be screened and prioritised as follows:

e Green: Low risk

e Yellow: Moderate risk
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e Orange: High risk
e Red: Very high risk

This approach is useful for evaluating individual risks, and has been applied in the following
sections to characterise the potential risks which could occur if specific mitigation in relation
to the risks posed by shale gas extraction is not carried out.

2.2.2 Well lifetime and re-fracturing

Conventional and unconventional gas well production rates tend to drop after a period of
time. An operator may choose to re-fracture the well, in order to increase the gas flow rate.
As discussed in Chapter 1, this may take place approximately once every 10 years, or
between 0 and 4 times over a well lifetime of up to 40 years while recognising that this is an
area of uncertainty.

In practice, the evaluation in this chapter is not sensitive to the assumed frequency of re-
fracturing, because the study is designed to be applicable to a wide range of circumstances
involving the potential for development of multiple well pads in a local area such as a
municipality, and across a wider area of thousands of square kilometres.

2.3 Stages in shale gas development

A shale gas development project is carried out in five main stages (Philippe and Partners,
2011 NPR p7-8; see Section 1.4) covering exploration (stages 1-4) and production (stage 5):

1. Identification of the gas resource.
Early evaluation drilling.
Pilot project drilling.

Pilot production testing.

o b~ 0D

Commercial development.

The exploration phase initially consists of drilling and fracturing a small number of vertical
wells (typically only two or three wells) to determine if shale gas is present and can be
extracted. A ‘plug and perforate completion’ technique tends to be used in the exploration
phase. The well is lined and then perforated at certain points. Sections with the perforations
are isolated with cement plugs before being fractured. The plugs are drilled through to allow
the gas to flow to the surface where the potential for further development can be appraised.

If the initial indications are favourable, more wells (typically 10 to 15 wells) are drilled and
fractured to characterise the shale, examine how fractures will tend to propagate and
establish if the play could produce gas economically. Further wells (typically up to 30 wells)
may be drilled to ascertain the long-term economic viability of the play (Royal Society and
Royal Academy of Engineering (UK) 2012 PR).

The exploration phase is important in relation to the impacts of these pilot drilling and
fracturing activities themselves, as well as in influencing the areas where full-scale shale gas
extraction will take place.

For an individual unconventional gas well, the process of well development is as follows
(again as described in Chapter 1.4.2):

1. Well pad site identification and preparation
2. Well Design, Drilling, Casing and Cementing
3. Technical Hydraulic Fracturing Stage

4. Well Completion (flowback)
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5. Well Production
6. Well Abandonment

The remaining part of this chapter focus on the above six stages of well development and the
key risks associated with each individual stage and for the total project.

2.4 Stage 1. Well pad site identification and preparation

Stage 1

2.4.1 Surface water contamination risks

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor rare low

Cumulative effects of multiple installations moderate rare moderate

Peer reviewed research

Runoff and erosion during early site construction may lead to silt accumulation in surface
waters (This has a greater potential risk in HYHF because of larger well pads and storage
impoundment construction). New York State DEC 2011 PR (page 6-14) highlights the
particular risk of stormwater runoff leading to contaminants such as nutrient phosphorus and
nitrogen, hydraulic oil, fuel and lubricating fluids entering water bodies, streams and
groundwater. Common to industrial activity and construction sites generally, this impact
relates to the extent of groundworks and the nature of surface construction (roads, concrete
areas etc). The larger footprint of high volume multi-well pad installations (up to 3.0
hectares/pad; New York State 2011 PR p5-6) compared with those for conventional gas
(c.1.9 hectares/pad) as well as larger storage impoundments make this an elevated risk of
the former when assessed on a “per site” basis.

For similar reasons, shale gas installations have greater scope for habitat impacts directly
associated with stormwater runoff, through the impact this has on the erosion of streams,
sediment build-up, water quality degradation and potentially flooding. These stormwater
impacts can be mitigated to an extent through managed drainage and controls on potential

groundwater contaminants.
Other research

Other research was not used in this evaluation.

Preliminary judgment

As the risks to habitat sites are well understood for similar installations resulting in minimal
impacts, the potential significance was considered to be “low”.

The potential cumulative effects on water quality due to development of multiple sites over an
area of hundreds or thousands of square kilometres are a potential concern. As potential
impacts could be additive, the potential significance of cumulative effects was considered to

be “moderate”.

2.4.2 Release to air

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation slight short-term definite low
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|Cumu|ative effects of multiple installations | slight | short-term definite low

Peer reviewed research

Heavy machinery/installations used for site preparation and construction give rise to exhaust
emissions. At the site construction stage, these are not significantly different to emissions
from any other similar construction activity, although the larger well pad site area in the case
of HYHF means that emissions would be greater for HVHF than for conventional gas
extraction. Adopting the findings of New York State (2011 PR p5-6) that the well pad may be
approximately 60% larger for HVHF than for conventional gas, releases to air may be also
expected to be approximately 60% higher. Attention is normally focused on diesel engine
emissions during the drilling and fracturing stages (Howarth and Ingraffea, 2011 NPR) rather
than the site preparation phase, and are of less concern during site preparation. In this
context, diesel engine emissions do not pose a significant environmental or health risk, and
were assessed as a hazard of “slight” significance.

Similarly, there is a risk of fugitive emissions to air in the event of an equipment fuel or oil
spillage, but this risk would be common to any similar activity and controlled via normal
procedures for the oil and gas industry.

The well pad construction phase may be expected to last up to 4 weeks per well pad (New
York State 2011 PR p5-135).

Other research

Lechtenbéhmer et al. (2011 NPR) concur that diesel engine emissions during the drilling and
fracturing stages are an area of concern, and hence are not of significance at the site
preparation stage.

Broderick et al (2011 NPR , p28) concur that the well pad construction phase may be
expected to last up to 4 weeks per well pad.

Preliminary judgment

A consistent view was identified that emissions to air during site preparation are of less
concern than emissions during later stages in the project. In this context, diesel engine
emissions would not pose a significant environmental or health risk, and were assessed as a
hazard of “slight” significance.

Although no specific information was available with regard to the risks posed by fugitive
emissions to air following a fuel or oil spillage, because these risks would be common to any
similar activity, it was judged that this potential impact would be of “slight” significance.

Although no specific information was available in relation to cumulative impacts, in view of
the limited significance of emissions to air during well pad site preparation, and with a typical
well pad separation of approximately 1.5 km, it is judged unlikely that the cumulative effect of
emissions to air during this phase could pose a significant risk to air quality in the context of
wider sources of emissions to air such as road traffic. This was therefore assessed as a
hazard of “slight” significance.

2.4.3 Land take

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor short-term definite moderate

Cumulative effects of multiple installations major short-term definite very high
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Peer-reviewed research

According to New York State DEC (2011 PR p5-6) land disturbance directly associated with
high-volume hydraulic fracturing will consist primarily of constructed gravel access roads,
well pads and utility corridors. It explains how well numbers and pattern layouts contribute to
the overall pad size. Well pad equipment includes pits, impoundments, tanks, hydraulic
fracturing equipment, reduced emission completion equipment, dehydrators and production
equipment such as separators, brine tanks. Additionally, construction of pipelines would
require land-take during the construction and operational phases. Pipelines may be buried
which could enable this land to be returned to the previous use, or other beneficial use such
as agriculture or road verges.

In the present study, the potential risks and impacts associated with the production of
materials needed for road construction, such as minerals (gravel, stone, etc) and energy
inputs associated with the production of these materials, are not assessed (see
Section2.2.1).

Surface installations require an area of approximately 3.0 hectares per pad for high volume
hydraulic fracturing during the fracturing and completion phases, compared to 1.9 hectares
per pad for conventional drilling (New York State DEC 2011 PR Table 5.1) The additional
area for HVHF well pads is needed to accommodate the equipment and storage tanks/pits
required for up to 30,000 m® of make-up water, together with chemical additives and waste
water.

Multi-well pads are now in widespread use for shale gas extraction. This enables a single
pad to accommodate 6-10 wells (New York State 2011 PR p3-3), resulting in a lower land
take impact compared to 1 well/pad for conventional production. This enables a single multi-
stage horizontal well pad to access approximately 250 hectares of shale gas play, compared
to approximately 15 hectares for a vertical well pad (adapted from New York State 2011 PR
p 5-17). Assuming 3.6 hectares per multi-well pad (see below), this suggests that
approximately 1.4% of the land above a productive shale gas reservoir may need to be used
to fully exploit the reservoir, or more if other indirect land-uses (e.g. central storage facilities
and pipelines) are taken into account.

It may not be possible to fully restore a site in a sensitive area following well completion or
well abandonment. For example, sites in areas of high agricultural, natural or cultural value
could potentially not be fully restorable following use.

As well as the well pads themselves, the associated infrastructure (access roads and
pipelines) also results in land take and habitat fragmentation. For example, Sutherland et al.
(2011 PR) highlight that over 30% of the 8,900 km? forests of the State of Pennsylvania have
been made available for natural gas extraction, although only around 1.4% of this area (or
less than 0.5% of the total forest area) would be taken for use in well pad development.

The use of land for gas development could be viewed as incurring an “opportunity cost” due
to its unavailability for other, potentially more beneficial, uses. These opportunity costs have
not been taken into account in this study.

Other research

The New York State DEC estimate of well pad area is consistent with a study carried out by
the Nature Conservancy (2011 NPR p18) who estimate that 3.6 hectares of forest land would
be taken per well pad, including roads and other infrastructure.

US DOE (2009 NPR) confirms the land requirements for conventional installations and
installations using HVHF.

Lechtenbéhmer et al.(2011 NPR page 21)highlight the potential significance of land take and
habitat fragmentation due to associated infrastructure (access roads and pipelines).
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Preliminary judgment

Land-take associated with an individual site is within the normal range of commercial and
infrastructure developments in Europe, and it was judged that this can be considered as a
minor impact. The cumulative land-take impact of 1.4% for full development of a gas
reservoir compares to 4% of land in Europe currently occupied by “artificial areas” such as
housing, industry and transportation. This is judged to be of potentially major significance,
and would be a short-term impact likely to be associated with the full development of any
large shale gas concession and therefore classified as “short term definite” likelihood.

2.4.4 Biodiversity impacts

Risk Characterisation Hazard Probability Risk ranking
classification classification
Individual installation minor not classifiable not classifiable

Cumulative effects of multiple installations

not classifiable

not classifiable

not classifiable

Peer-reviewed research

The term "biodiversity” refers to the variability among living organisms from all sources; ...
this includes diversity within species, between species and of ecosystems (adapted from the
Convention on Biological Diversity). For the purposes of this project, “biodiversity” refers to
the range of species supported by the ecosystem(s) surrounding a shale gas development or
area of shale gas development, and the evaluation considers the risks to these species and
ecosystems which could potentially result in a loss of biodiversity.

Gas extraction can affect biodiversity via a number of routes (New York State DEC 2011
Section 6.4; Entrekin et al. PR 2011). These include:

e removal of habitat (addressed in Section 2.4.3 above) or degradation of habitat (e.g.
as a result of excessive water abstraction); or fragmentation (e.g. as a result of
fencing, road construction)

¢ introduction of invasive species;
e noise and other disturbance
e water and land pollution

An invasive species is a species that is not native to the ecosystem under consideration and
whose introduction causes or is likely to cause economic or environmental harm or harm to
human health. Invasive species can be plants, animals, and other organisms such as micro-
organisms, and can impact both terrestrial and aquatic ecosystems (New York State DEC
2011 PR p 6.4.2). New York State DEC highlights the potential effects on biodiversity due to
invasive species as a potential concern.

The main impacts at the site preparation stage would be associated with habitat loss or
fragmentation, following land take as described in Section 2.4.3. At this stage, the risks
posed by sediment runoff into streams and potential contamination of streams from
accidental spills should be considered, in order to minimise the risk of impacts at a later
stage in the process (Entrekin et al., 2011 PR p8). Entrekin et al. conclude that there are
preliminary indications of detectable effects of sedimentation of watercourses due to shale
gas development, and consider that scientific data are needed to ensure protection of water
resources.

Other research

Lechtenbohmer et al.(2011 NPR page 19) found that there were no documented effects of
shale gas extraction on biodiversity. The EPA (2012 NPR p9) highlighted a local issue linked
to the introduction of algae into local water courses, resulting in major fish kills. Locally-
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gathered evidence indicates that gas extraction can affect biodiversity via the introduction of
invasive species and via habitat loss (e.g. Heatley, 2011 NPR) but this evidence has not
been published for external verification.

The Nature Conservancy (2011 NPR page 18) confirmed that development of well pads in
forest areas in Pennsylvania affects a wider area than the site area itself. It was estimated
that the area indirectly affected would be approximately an additional 2.4 hectares for every
hectare of well pad area, or an additional 9 hectares per well pad.

Preliminary judgment

The risks to biodiversity arise due to accidental releases and habitat loss (up to 1.4% of
habitat may be lost, with a further 3.4% of habitat indirectly affected). In view of the absence
of published peer-reviewed research in this area, the risks to biodiversity posed by these
impacts remains an area of plausible concern, but without a clear evidence base.

It was judged that the impacts on biodiversity associated with individual sites are likely to be
limited to the vicinity of the site, supported by the conclusions of Entrekin et al. (2011 PR
p8)and Nature Conservancy (2011 NPR). It was judged that cumulative effects of
development of multiple sites could be more widespread, but it was not possible to classify
the potential significance of these impacts.

It was judged that impacts associated with disturbance and potential for introduction of
invasive species would be less than at other stages in the process. No information on the
likelihood of impacts occurring during this stage of shale gas development was identified.

2.4.5 Noise

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation slight periodic low

Cumulative effects of multiple installations minor rare low

Peer-reviewed research

Noise from excavation, earth moving, other plant and vehicle transport could affect
residential amenity and wildlife, particularly in sensitive areas during the period of site
preparation — typically up to four weeks (see Section 2.4.2).

The levels of noise during site preparation were estimated by New York State DEC (2011 PR
p6-289 to 6-300).

Other research
None referenced
Preliminary judgment

The levels of noise identified by New York State DEC (2011 PR) could be controlled to avoid
risks to health for members of the public. Site operatives and visitors may need additional
controls to ensure that no adverse effects on health occur due to noise during this stage.

The issues associated with site preparation would be typical of the scale of impacts
associated with any comparable construction activity and are therefore judged to be of
“slight” significance for individual development. The separation of approximately 1.5 km
between multi-well pads would result in significant attenuation for receptors potentially
affected by multiple developments, and there is judged to be a low risk of cumulative impacts
due to noise during site development.
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2.4.6 Visual impact

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation slight periodic low

Cumulative effects of multiple installations minor occasional moderate

Peer-reviewed research

Visual impacts are described by New York State DEC (2011 PR p6-263) as impacts that
“would typically result from the introduction of new landscape features into the existing
settings surrounding well pad locations that are inconsistent with (i.e., different from) existing
landscape features in material, form, and function." New York State DEC reviewed a number
of field studies of visual impacts of shale gas production facilities, and concluded that, in the
context of development in New York state, “the visibility of new landscape features
associated with well sites tends to be minimal from distances beyond 1 mile” (p6-283). New
York State DEC went on to summarise the range of features which may result in a visual
impact over the lifetime of a shale gas development.

Other research
None referenced
Preliminary judgment

The use of heavy plant, stockpiles, fencing, site buildings etc could potentially result in
adverse visual intrusion during site preparation, particularly in sensitive areas of high
landscape value, or in close proximity to residential areas.

The new features introduced as a result of well pad construction would be temporary in
nature, and in general familiar to local populations, even if they may represent a new feature
in a particular landscape, and are therefore judged to represent a “slight” impact. These
features are likely to proceed sequentially as a shale gas play is developed. The sequential
development of well pads would reduce the potential for cumulative effects which could result
from simultaneous development of a number of pads in a given area, but would equally tend
to make the impacts a longer-term feature in the landscape. Cumulative effects are therefore
judged to represent a “minor” hazard.

2.4.7 Traffic

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation slight short term definite low

Cumulative effects of multiple installations minor long term definite high

Peer-reviewed research

New York State DEC (2011 PR) summarises the potential effects of road traffic as follows:
“The introduction of high-volume hydraulic fracturing has the potential to generate significant
truck traffic during the construction and development phases of the well. These impacts
would be temporary, but the cumulative impact of this truck traffic has the potential to result
in significant adverse impacts on local roads and, to a lesser extent, state roads where truck
traffic from this activity is concentrated.”

The New York State DEC (2011 PR Table 6.60) indicates that the total number of truck
movements during drill pad construction is likely to be approximately 135 one-way trips per
well, or about 7% of the total truck movements. This suggests approximately 500 — 800 truck
movements for the development of a 10 well pad. This number of movements over a pad
construction period of approximately 4 weeks (see Section 2.4.2) would not be

Ref: AEA/ED57281/Issue Number 17 34




/5 AEA Support to the identification of potential risks for the environment and human health arising from
hydrocarbons operations involving hydraulic fracturing in Europe

environmentally significant in itself, although it would be noticeable in a rural or residential
area (New York State DEC 2011 PR p6-308).

Other research

Broderick et al (2011 NPR) state that the data for New York combined with data in relation to
exploratory drilling in the UK “...suggests a total number of truck visits of 7,000-11,000 for
the construction of a single ten well pad ... Local traffic impacts for construction of multiple
pads in a locality are, clearly, likely to be significant, particularly in a densely populated
nation...”

Preliminary judgment

The maximum permitted vehicle weight in the US is 80,000 pounds (67 CFR 658.17),
equivalent to 36 tonnes, although heavier longer combination vehicles are also permitted. In
the EU, the maximum permitted vehicle weight is 44 tonnes gross (Directive 96/53/EC).
Hence, the number of heavy vehicle movements in an EU context may be approximately
83% of those set out in New York State DEC (2011 PR), equivalent to 20 to 30 movements
per day.

It is judged that this number of vehicle movements associated with site preparation would be
a small proportion of the numbers of vehicles likely to give rise to significant environmental or
health impacts. On this basis, it is judged to represent a “slight” impact. The impacts include
air emissions, noise and visual impact, as well as transport system effects such as
infrastructure damage, congestion and effects on road safety during the period of site
preparation.

If a number of well pads are developed in a given area, the potential for adverse effects
would be more significant, as there would potentially be a sustained increase in numbers of
goods vehicle movements in a local area. The cumulative impacts may be considered on the
basis of the estimated site separation of approximately 1.5 km. The most sensitive situation
is likely to be a route located through a town centre leading to a shale gas development area.
A single route could plausibly be needed for the development of the order of 100 well pads,
covering an area of 15 km x 15 km. This could result in a combination of increased vehicle
numbers, or an extension of the period of site development by a factor of up to 100,
equivalent to approximately 8 years. This is considered to be a “minor” potential impact in
view of the longer development period. Any impact is likely to be more severe on unsuitable
roads and for longer haulage distances.

2.5 Stage 2: Well Design, drilling, casing and cementing
Stage 2

In this section, the options of sequential well drilling and simultaneous well drilling have been
considered. Each well is likely to take up to two weeks to drill, and one or two wells may be
drilled at a time at an individual well pad (Broderick et al 2011 NPR p28). If wells are drilled
sequentially, it may take three to five months to complete drilling at a single well pad with six
to ten well bores. If two wells are drilled simultaneously, the drilling process would take six to
ten weeks to complete, but activity would be more intense during this period.

2.5.1 Groundwater contamination and other risks

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor rare low

Cumulative effects of multiple installations minor rare low
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Peer-reviewed research

During the well construction and development phase there is a risk of subsurface
groundwater contamination due to drilling muds, additives and naturally-occurring chemicals
in well cuttings. New York State DEC (2011 PR p6-40) identifies these risks as:

e Turbidity (suspension of solids within the water supply) arising from aquifer
penetration, which it notes is short term in nature. The report (p2-24) highlights an
incident in which an operator caused turbidity in drinking water supplies during well
construction as a result of a “non-routine incident” in which a drill bit became stuck in
a partially drilled well;

e Flow of fluids into or from rock formations — discussed below for hydraulic fracturing

¢ Natural gas migration. New York State DEC 2011 PR cites the preceding GEIS (New
York State 1992 PR) which observes that natural gas migration to water supplies
poses a hazard because it is combustible and an asphyxiant. It notes that whilst the
impact may manifest itself during the production phase, the root cause lies in well
construction integrity. Good construction practices can help to mitigate this risk.

Other research

The EPA (2012 NPR p8) noted a potentially higher risk of methane migration with air drilling
compared to drilling using liquid muds, and recommended further research in this area.

SEAB (2011a NPR page 19) noted that where there is a large depth separation between
drinking water sources and the producing zone the chances of contamination reaching
drinking water is remote in a properly constructed well.

A surfactant additive used in well drilling was found to be emerging from a spring and
contaminating a watercourse in Pennsylvania in 2010 (PFBC 2011). The source was
identified as a shale gas well site situated above the spring discharge, at a distance of
approximately 600 metres The surfactant was pumped into the well during the drilling
process and was then flushed laterally through the underground rock strata by heavy rain
runoff.

Preliminary judgment

Poor well construction can have important environmental consequences due to the effect
that inadequate design or execution can have on the risks associated with hydraulic
fracturing. These risks are described in more detail in section 2.6.1. The risk rating here is
provided for risks occurring during the well construction and development phase.

The causes of groundwater contamination associated with the well design, drilling, casing
and cementing stage generally relate to the quality of the well structure. The risk of
contamination would increase in situations where casings are of inadequate depth. As
discussed in section 2.6.1, wellbore casings provide the primary line of defence against
contamination of groundwater, and any loss of integrity from catastrophic failure of well
casing to poor cement seals can lead to a contamination event. Poor casing quality can thus
lead to pollution of groundwater during subsequent well development stages, such as
hydraulic fracturing, flowback or gas production activities. Furthermore, the risks due to
surface spills, discussed in section 2.5.2would also apply for drilling wastes.

The risks from these activities would increase linearly with the number of wells and the time
period over which the risk exposure arises. Any significant increase in groundwater pollution
during this phase could potentially affect health in the event that members of the public were
exposed to pollution in drinking water.

The risks to groundwater posed by well construction for HVHF during the well construction
stage are similar to those posed by well construction for conventional natural gas extraction.
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In view of the limited extent of potential effects and the established issues under
consideration, impacts are considered to be of “minor” potential significance. In view of the
limited number of incidents associated with the drilling and casing stage of the process in the
peer reviewed and other literature, the frequency was considered to be “rare” for both
individual facilities and cumulative impacts. It is also important to achieve a high standard of
well integrity to ensure impacts are properly controlled during subsequent stages in the
process, as discussed in Sections 2.6, 2.7 and 2.8 below.

2.5.2 Surface water contamination risks

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation moderate rare moderate

Cumulative effects of multiple installations moderate rare moderate

Peer-reviewed research

Natural gas well drilling operations use compressed air or muds during the drilling process as
the drilling fluid. Compressed air may be used for vertical wells, and horizontal wells are
normally drilled with muds (New York State DEC 2011 PR p5-32). The quantities of muds
involved are likely to be greater for a horizontal shale gas well than for a conventional vertical
well of similar depth, although the quantities would not be unusual in the context of wells
encountered in the oil and gas extraction industry. A well with a 1,200 metre horizontal
section would give rise to approximately 47 m® of mud and cuttings from the horizontal
section (adapted from New York State 2011 PR p5-34). A multi-well pad would give rise to
this quantity of material from each well.

Wells also produce cuttings which need to be properly handled. For example, a vertical well
with surface, intermediate and production casing drilled to a total depth of 2,100 metres
produces approximately 120 cubic metres of cuttings, while a horizontally drilled well with the
same casing program to the same target depth with an example 1,200 metre lateral section
produces a total volume of approximately 170 cubic metres of cuttings (i.e., about 40%
more). A multi-well site would produce approximately that volume of cuttings from each well
(adapted from New York DEC 2011 PR p5-34).

During the drilling stage, contamination can arise as a result of failure to maintain stormwater
controls (potentially leading to site-contaminated runoff), ineffective site management,
inadequate surface and subsurface containment, poor casing construction or more generally
well blowout or component failure events (New York State 2011 PR page 6-15). The greater
intensity and duration of well pad activities for multiple shale gas wells increases the potential
for accidental release if engineering controls are not sufficient. As well as management and
engineering practices, these risks can be reduced by avoiding locating drilling fluids in
primary or principal aquifer areas.

Measurement of radioactivity of cuttings from the Marcellus Shale and Barnett Shale found
that levels were not significantly elevated above background (New York State 2011 PR p5-
34).

Other research

USEPA (2011a PR) states that “drilling muds are known to contain a wide variety of
chemicals that might impact drinking water resources. This concern is not unigue to
hydraulic fracturing and may be important for oil and gas drilling in general.”

The US EPA (2012a NPR p4) highlights that horizontal wells would overall result in a lower
volume of cuttings than vertical wells for development of a given area.

The Paleontological Research Institute (2011 NPR p5) also found that levels of radioactivity
in cuttings were not significantly elevated above background, although the US EPA (2012a
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NPR p4 and p5) reports other data sets from the Marcellus Shale with higher levels of
Naturally-Occurring Radioactive Material (NORM).

Preliminary judgment

Exposure to materials with elevated radiological activity could potentially be of concern with
regards to health, but this would only take place in the event of failure of established control
systems. There is insufficient information on the potential for radiological impacts in gas-
bearing shales in Europe to enable a judgment to be made on the potential significance of
this issue in Europe, although established procedures are in place to address radiological
risks.

It is important to ensure proper storage and disposal of cuttings. Established procedures are
in place for management of waste from hydrocarbon extraction activity, for example, under
the Mining Waste Directive (see Chapter 3). The introduction of wide scale shale gas
extraction would result in a significant increase in the quantities of potentially contaminated
material requiring storage, handling, treatment and disposal. Depending on the nature of
shales in Europe, this material may have elevated levels of radioactivity.

There is no centralised database of information on spillages of muds during shale gas drilling
activities, although it may be expected that any potentially significant incidents would be
reported. No evidence was found that a spillage of muds has caused a significant impact on
surface waters — for example, this was described by Lechtenbthmer et al.(2011 NPR p27) as
a “possible” source of water contamination. Bearing in mind that absence of evidence of
impacts is not the same as evidence of absence of impacts, the frequency was classified as
“rare” albeit subject to some uncertainty. In view of the potential significance of impacts of
spillages on sensitive water resources, the risks were considered to be of “moderate”
significance.

2.5.3 Release to air

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor occasional moderate

Cumulative effects of multiple installations major occasional high

Peer-reviewed research

As described in New York State DEC 2011 PR (page 6-114), drilling operations can lead to
air emission from 1) combustion from diesel-powered plant on site; and 2) truck activities
near the well pad. The overall impact of these is affected by the period over which the
activities take place.

New York State DEC 2011 PR (page 6-105) identifies the primary pollutants as particulate
matter (PM), NO,, CO, VOCs and SO,, and estimates, based on industry data, emissions for
drilling, completion and production under flaring and venting scenarios. While there is a
complex picture of diverse impacts and stages, the overall assessment of hazardous air
pollutants shows greatest impacts associated with flaring of wet gas, production of wet gas
and drilling in all scenarios. Wet gases from some fields have relatively high levels of higher
molecular weight VOCs (Academic sector consultation response 2012 NPR). In dry gas
scenarios, drilling is the largest single emitting activity when pollutants are aggregated.
These figures are indicative and New York State DEC 2011 PR should be examined for
further details and also regarding the extensive modelling performed to calculate expected
air quality impacts from potential developments.

The main issue of potential concern with regard to emissions to air during well drilling is the
risk of emissions of diesel exhaust fumes from well drilling equipment (Howarth and
Ingraffea, 2011 NPR ; Academic sector consultation response 2012 NPR).
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Other research

The period of well drilling is typically four weeks per well(Broderick et al 2011 NPR).
Lechtenbohmer et al. (2011 NPR)concur that the main issue of potential concern with regard
to emissions to air during well drilling is the risk of emissions of diesel exhaust fumes from
well drilling equipment.

Emissions from numerous well developments in a local area or wider region could potentially
have a significant effect on air quality. For example, diesel emissions are considered likely to
be a contributory factor to winter ozone episodes in rural Wyoming and Ohio (Argetsinger,
2011 NPR ; University of Wyoming, 2012 NPR ; Academic sector consultation response
2012 NPR).

Preliminary judgment

The potential effects of emissions from diesel-powered plant would in principle be greater for
HVHF than for conventional gas extraction because of the larger well volumes, as described
in Section2.5.2. Emissions from diesel-engined plant are well understood and emissions
from plant up to 560 kW are controlled in Europe. In view of this, the emissions from
individual installations are judged to be of “minor” significance. No significant adverse effects
on health would be expected to arise from a properly designed and operated individual
installation.

In view of the evidence from non-peer reviewed but independent sources of the cumulative
effects of emissions to air from hydrocarbon facilities on environmental levels of ozone, the
potential significance of these impacts was described as “major.” The atmospheric chemistry
environment in Europe differs from that in continental North America, in that ozone is
typically associated with summertime photochemical activity rather than calm winter
conditions (Derwent et al. 2003 PR). Nevertheless, it is considered in principle possible for
emissions to air to have a comparable indirect effect on summer ozone levels in Europe,
although it is not possible to quantify the scale of this potential effect on air quality and hence
on health. Exposure to elevated levels of ozone can have an adverse effect on respiratory
health, and this impact was also considered to be potentially “major”.

Additionally, there is a risk of fugitive emissions to air in the event of an equipment fuel or oil
spillage, but this risk would be common to any similar activity. There is no centralised
database of information on such spillages during shale gas drilling activities. No evidence
was found that fuel spillages pose a significant risk to air quality. It was judged that the
potential effects of any intermittent spillage would not be significant in the overall context of
gas extraction processes.

2.5.4 Biodiversity impacts

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor rare low

Cumulative effects of multiple installations minor rare low

Peer-reviewed research

Gas well drilling could potentially affect biodiversity primarily via noise and disturbance
caused by the drilling process itself, together with associated vehicle movements and site
operations. However, the evidence in relation to biodiversity impacts is that any impacts are
associated with other stages of the well development process — e.g. via land-take at well pad
construction stage (New York State 2011 PR p6-67). Consequently, the impacts at this
stage are considered to be of “minor” significance.
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Adequate handling, treatment and disposal of well drilling fluids as described in Section 2.5.2
is needed to avoid potentially significant impacts on biodiversity, and more data is needed to
fully understand these effects (Entrekin et al., 2011 PR).

Other research

As discussed above, drilling at a multi-well pad could take place for up to 5 months
(Broderick et al 2011 NPR p28) assuming wells are drilled sequentially.

Preliminary judgment

As noted in Section 2.4.4, there is no evidence in the peer-reviewed literature for effects of
shale gas extraction on biodiversity, although informal publications and presentations provide
plausible indications that adverse effects on biodiversity could occur due to activities other
than well drilling. Well drilling could potentially cause local disturbance as described in
Section 2.5.5 below, but would not give rise to concerns related to wider scale effects
associated with other aspects of shale gas extraction. On this basis, it is judged that there is
a minor potential for cumulative impacts on biodiversity associated with well drilling at
multiple well pad installations.

2.5.5 Noise

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor occasional moderate

Cumulative effects of multiple installations moderate occasional high

Peer reviewed research

New York State DEC (2011 PR p6-289 to 6-297) indicates that well drilling is one of the more
significant sources of noise, other than during the fracturing process itself. This would also
need to be seen in the context of ongoing noise from sources including well pad construction,
hydraulic fracturing and road traffic.

Other research

The process lasts up to 4 weeks per well (Broderick et al 2011 NPR table 2.5), but drilling is
continuous for 24 hours per day over this time. Broderick et al consider that drilling is the
stage of greatest continuous noise pollution. Furthermore, if a number of wells are
developed on a single pad, this would extend the period that this impact takes place to up to
five months.

Preliminary judgment

If two wells are drilled simultaneously at a well pad, this could result in a doubling of the
noise source, with a resultant increase in noise level experienced in the local area by up to 3
dB(A). Because of the sensitivity of the human ear to sound, an increase of 3 dB(A) would
be detectable, but would not be perceived as a doubling of sound level. With this increase,
the noise levels would continue to be less significant although longer lived than those
associated with the hydraulic fracturing process. Effective noise abatement controls are well
established in the oil and gas industry (New York State DEC 2011 PR p6-289 to 6-297). Itis
expected that established noise controls would be applied during drilling, and consequently
this impact was judged to be of “minor” significance.

Noise from well drilling could potentially affect residential amenity and wildlife, particularly in
sensitive areas. Noise impacts over the shale gas pre-production stages are discussed in
section 2.6.7 and highlight that whilst construction and drilling noise levels can be significant,
they are lower than for the hydraulic fracturing stage itself.

The levels of noise during drilling forecast by New York State DEC (2011 PR p6-289 to 6-
300) could be controlled to avoid risks to health for members of the public. Site operatives
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and visitors may need additional controls to ensure that no adverse effects on health occur

due to noise during this stage.

If a number of well pads are developed in a given area close to sensitive residential areas or
habitats, the potential for adverse effects would be more significant, as there would
potentially be a sustained increase in noise levels for an extended period. A typical
separation of 1.5 km between well pads would provide significant attenuation of cumulative
noise impacts. These cumulative impacts were judged to be of potentially “moderate”

significance.

2.5.6 Visual impact

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation slight periodic low

Cumulative effects of multiple installations minor occasional moderate

Peer-reviewed research

The use of well drilling rigs could potentially result in adverse visual intrusion over the
approximately 4 week period of well drilling, particularly in sensitive areas of high landscape
value, or in close proximity to residential areas (New York State DEC (2011) PR section
6.9.2.2).

Other research
An example drilling rig is shown as the highest vertical feature in Figure 5.
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Figure 5: Drilling rig used in well excavation, Eagle Ford Shale, Texas
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Preliminary judgment

The new features introduced as a result of well pad construction would be temporary in
nature, but would typically be unfamiliar to local populations, and would represent a new
industrial feature in a particular landscape. Individual wellpads would be separated by
approximately 1.5 km. Furthermore, the development of a number of wells on a single pad
would extend the period that this impact takes place. In view of the limited duration
associated with drilling at individual well pads, this impact is judged to be of “slight”
significance.

These features are likely to proceed sequentially as a shale gas play is developed. The
sequential development of well pads would reduce the potential for cumulative effects which
could result from simultaneous development of a number of pads in a given area, but would
equally tend to make the impacts a longer-term feature in the landscape. Consequently,
development of a shale gas play could affect a landscape over a longer period. Cumulative
impacts were therefore judged to be potentially of “minor” significance.

2.5.7 Traffic

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation slight short term definite low

Cumulative effects of multiple installations minor long term definite high

Peer-reviewed research

New York State DEC (2011 PR Table 6.60) indicates that the total number of truck
movements during well drilling is likely to be approximately 515 one-way trips per well, or
about 26% of the total truck movements. This suggests approximately 5,000 truck
movements for the development of a 10 well pad. This number of movements over a pad
construction period of approximately three to five months would not be environmentally
significant in itself, although it would be noticeable in a rural or residential area (New York
State DEC 2011 PR p6-308).

Other research

Broderick et al (2011 NPR) state that the data for New York combined with data in relation to
exploratory drilling in the UK “...suggests a total number of truck visits of 7,000-11,000 for
the construction of a single ten well pad ... Local traffic impacts for construction of multiple
pads in a locality are, clearly, likely to be significant, particularly in a densely populated
nation...”

Preliminary judgment

The number of heavy vehicle movements in an EU context may be approximately 83% of
those set out in New York State DEC (2011 PR), equivalent to approximately 50 movements
per day.

It is judged that this number of vehicle movements associated with site preparation would be
a small proportion of the numbers of vehicles likely to give rise to significant environmental or
health impacts. On this basis, it is judged to represent a “slight” impact. The impacts include
air emissions, noise and visual impact, as well as transport system effects such as
infrastructure damage, congestion and effects on road safety during the period of site
preparation.

If a number of well pads are developed in a given area, the potential for adverse effects

would be more significant, as there would potentially be a sustained increase in numbers of
goods vehicle movements in a local area. Following the approach adopted in Section 2.4.7,
it is judged that the cumulative traffic impacts may be considered a “minor” potential impact.
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2.6 Stage 3: Technical Hydraulic Fracturing
Stage 3

Constituents of fracturing fluid

Peer reviewed research

Many chemicals have been used across the hydraulic fracturing industry. However, only a
small number of chemicals are used in an individual fracturing operation — typically 6 — 12
chemicals, depending on the nature of the fluid used (King, 2012 PR).

Other research

The constituents of hydraulic fracturing fluids are examined in USEPA (2011a PR page 30),
although it states this list to be incomplete given the lack of information regarding the
frequency, quantity and concentration of chemicals used. It identifies a research activity to
gather additional data on hydraulic fracturing fluid composition, although acknowledges that
this information may be seen as commercially confidential by the companies using the fluids.
USEPA (2011a PR page 31) sets out a programme to examine the chemical, physical and
toxicological properties of these chemicals, citing the US House of Representatives
Committee on Energy and Commerce (2011 NPR) which identified 2,500 hydraulic fracturing
products containing 750 chemicals in use between 2005 and 2009 in the US. These
included 29 chemicals that were known human carcinogens, regulated under safe drinking
water legislation or listed as hazardous air pollutants under clean air legislation.

SEAB (2011a NPR page 23) examines the issue of composition of fracturing liquids and
notes that some US States have adopted disclosure regulations for chemicals added to
fracturing liquids, as well as there being (as of August 2011) Federal interest in this issue.
2.6.1 Risks of groundwater contamination

Leakage via wellbore or induced fractures

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installations

(more than 600 m separation between moderate rare moderate

fracturing zone and groundwater)

Individual installation

(less than 600 m separation between moderate occasional high

fracturing zone and groundwater)

Cumulative effects of multiple installations major rare moderate

Peer-reviewed research

Considerable measures are taken during hydraulic fracturing to prevent leakage of the
fracturing liquid into the groundwater due to inadequacies in the well casing or due to the
extension of induced fractures into zones which could potentially result in movement of
contaminants to groundwater. Hydraulic fracturing can also affect the mobility of naturally
occurring substances in the subsurface, particularly in the hydrocarbon-containing formation
(EPA 2011a PR). The substances of potential concern include the chemical additives in
hydraulic fracturing fluid, produced water, gases, trace-elements, naturally occurring
radioactive material and organic material. Some of these substances may be liberated from
the formation via complex biogeochemical reactions with chemical additives found in
fracturing fluid (Falk et al., 2006 PR ; Long and Angino, 1982 PR quoted in EPA 2011a PR).
If fractures extend beyond the target formation and reach aquifers, or if the casing around a
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wellbore is inadequate in extent or fails under the pressure exerted during hydraulic
fracturing, contaminants could potentially migrate into drinking water supplies.

Recent evidence indicates that a separation of the order of 600 m would result in a remote
risk of properly injected fluid resulting in contamination of potable groundwater (Davies et al.,
2012 PR). Similar data are reported by Fisher and Warpinski (2012 PR Figure 2), indicating
a maximum vertical fracture extent of approximately 600 metres. Another recent study finds
evidence however that in particular locations methane and fugitive gases from deep
geological layers can migrate upwards into shallow strata through natural pathways (Warner
et al. (2012) PR). This indicates a need for systematic processes to characterise the geology
to enable any such migration risks to be understood and taken into account in the site
selection and design process. This study followed on from a study of methane contamination
in aquifers overlying the Marcellus and Utica shale formations of north-eastern Pennsylvania
and upstate New York (Osborn et al. 2011 PR) which is discussed in Section 2.8.1. No
evidence for contamination of drinking-water samples with deep saline brines or fracturing
fluids was found by Osborn et al.

The analysis carried out by Fisher and Warpinski indicated that fracturing carried out close to
the surface tended towards the formation of horizontal fracturing, which would reduce
(although not eliminate) the risk of fractures interacting with water resources in shallower
shale gas formations.

The lack of baseline monitoring carried out in the US prior to shale gas development may
partly explain why the evidence of contamination associated with shale gas extraction is
complex and uncertain.

Other research

SEAB (2011a NPR page 28) states, in the context of the potential effects of methane
contamination, “leakage to water reservoirs is widely believed to be due to poor well
completion, especially poor casing and cementing..... there need to be multiple engineered
barriers to prevent communication between hydrocarbons and potable aquifers. In addition,
the casing program needs to be designed to optimize the potential success of cementing
operations. Poorly cemented cased wells offer pathways for leakage; properly cemented
and cased wells do not." In this context, the term “reservoirs” refers to underground aquifers.

SEAB (2011a NPR, p19) highlights that regulators and geophysical experts agree that the
likelihood of properly injected fracturing liquid or naturally occurring contaminants reaching
underground sources of drinking water through fractures is remote where there is a large
depth separation between drinking water sources and the producing zone. According to
SEAB, this view is confirmed by the existence of few, if any, documented examples of such
migration. The SEAB does not specify what a “large depth” would constitute.

Preliminary indications are that most but not all shale gas reservoirs in Europe exhibit a
separation of more than 600 metres between the depth of shale gas formations and aquifer
resources (US Department of Energy EIA, 2011 NPR).

In contrast, where there is no such large depth separation, nor cap rock between the aquifer
and the gas play, the risks are greater. At one such site setting (Pavillion, Wyoming),
hydraulic fracturing occurred in gas production wells at a depth as shallow as 372 metres
below ground surface (EPA, 2011c NPR (draft)). Overlying the gas field, there is an aquifer
in a formation where water wells are excavated to depths of 15m to 230m or more. These
wells are the principal source of domestic, municipal and agricultural water in the area of
Pavillion. Groundwater contamination has been found in this area. The US EPA (2011c
NPR) draft report concluded that the data indicate likely impact to ground water which can be
explained by hydraulic fracturing. The USEPA’s draft report concluded that the observed
contamination was linked to inadequate vertical well casing lengths and a lack of well
integrity (USEPA 2011c NPR p37, p38). However, the initial sampling will need to be

Ref: AEA/ED57281/Issue Number 17 44



/5 AEA Support to the identification of potential risks for the environment and human health arising from
hydrocarbons operations involving hydraulic fracturing in Europe

completed in a next phase of testing. (Wyoming State Governor; the Northern Arapaho and
Eastern Shoshone Tribes, and US EPA Administrator, 3 March 2012 NPR).

The geological setting at Pavillion is unique in the US, and fracturing was carried out directly
from vertical wells, whereas fracturing which is the focus of this study is carried out from the
horizontal section of wells.

Broderick et al (2011 NPR page 81) notes that once installed, wellbore casings provide the
primary line of defence against contamination of groundwater, and states that any loss of
integrity from catastrophic failure of well casing to poor cement seals can lead to a
contamination event. It notes, however, that loss of casing integrity events would require
physical failure of both steel casing and cement. In this respect Broderick et al (2011 NPR
pages 81 and 82) emphasise the role of high quality cementing as protection against
contamination.

The US EPA (2011a PR p35) highlights the potential impacts on well integrity of multiple-
stage fracturing processes and of repeated fracturing of a well over its lifetime. As discussed
in Section 2.2, it is assumed that hydraulic fracturing may be repeated up to four times during
the operational lifetime of a well to maintain the flow of hydrocarbons to the well. The EPA
indicates that the potential effects of repeated hydraulic fracturing treatments on well
construction components (e.g., casing and cement) are not well understood. This is an area
where additional information is needed to draw firm conclusions with regard to potential
impacts, and is highlighted as an issue of high potential significance.

Preliminary judgment

The issue of groundwater contamination as a result of the technical hydraulic fracturing stage
will be highly site specific and can be to a degree mitigated through site selection processes
as mentioned above. Measures may include limiting extraction to shale gas formations at
significant depth and ensuring the presence of low permeable geological strata between the
producing zone and aquifers in use as a source of drinking water. Furthermore, there is little
information on the potential impacts on well integrity of repeated fracturing of a well over its
lifetime.

In view of the currently available evidence that there have been few past incidents of
contamination which were associated with practices which would not be carried out under
HVHF and the controls which are now well established in the industry, it is judged that the
frequency of incidents of groundwater contamination during hydraulic fracturing due to
wellbore leakage is rare. The frequency would increase when considering drilling across an
entire shale gas concession with approximately 24,000 wells.

It is judged that the magnitude of a contamination event is no more than “moderate,” defined
as “a localised environmental effect." Because of the low likelihood of contamination events
taking place on adjacent wells, it is judged that the magnitude of cumulative impacts would
be unchanged compared to the magnitude for individual events with more than 600 m
separation between the fracturing zone and groundwater. For individual sites with less than
600 m separation between the fracturing zone and groundwater, the risk was judged "high".

Migration through faults and pre-existing manmade structures

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installations

(more than 600 m separation between moderate rare moderate

fracturing zone and groundwater)

Individual installation

(less than 600 m separation between moderate occasional high

fracturing zone and groundwater)

Cumulative effects of multiple installations major rare moderate
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Peer-reviewed research

As discussed above, the potential exists in principle for the fugitive gases, chemical additives
in the fracturing liquid or the liberated, naturally occurring substances to reach underground
sources of drinking water raises concerns over the risks to human health. This could
potentially occur, for example, if extended fractures are linked to aquifers via faults or pre-
existing manmade structures.

Recent evidence discussed above indicates that in most cases a separation of the order of
600 m would result in a remote risk of properly injected fluid resulting in contamination of
potable groundwater, though site-specific geological circumstances would need to be
considered. Besides leakage through artificial pathways, Warner et al (2012 PR) show that
there is also a possibility of leakage of fluids or gases through natural geological structures,
cracks, fissures or interconnected pore spaces.

Other research

Research indicated that predicted and actual fracture lengths often differ (Daneshy, 2003
NPR ; Warpinski et al. 1998 NPR , quoted in EPA 2011a PR ; Damjanac et al, 2010 NPR).
Due to this uncertainty in fracture location, fracturing may lead to fractures intersecting local
geologic or man-made features, potentially creating subsurface pathways that allow fluids or
gases to contaminate drinking water resources.

Broderick et al (2011 NPR page 81) identified common subsurface pathways as the outside
of the wellbore itself, incomplete or plugged wellbores from abandoned wells, fractures and
other natural cracks, fissures and interconnected pore spaces. As described above,
Broderick et al (2011 NPR pages 81 and 82) emphasise the role of high quality cementing as
protection against contamination.

Preliminary judgment

Control measures may include preliminary surveys to ensure the absence of natural
pathways in the geological strata). The potential also exists for pre-existing manmade
structures (e.g. abandoned oil and gas wells) in the vicinity of injection zones or wells to
serve as conduits increasing the reach of contaminated groundwater. The existence of
abandoned wells is a significant issue in the US, where oil and gas extraction has proceeded
for decades. The existence and location of many of these wells is not recorded. Abandoned
gas wells also exist in Europe, although indications are that there are fewer such wells in
Europe than in the US. It is considered likely that unrecorded abandoned wells may be a
more significant issue in Eastern Europe than in Western Europe, but no evidence to
substantiate this view could be identified.

Based on the examined literature, there appears to be no identified records of incidents of
contamination due to hydraulic fracturing linked to faults and pre-existing manmade
structures. Itis judged that the frequency of incidents of groundwater contamination during
hydraulic fracturing via this pathway would be rare when there is more than 600 metres of
separation between the fracturing zone and groundwater, and could be reduced further by
the specification of appropriate minimum separation distances (see Chapter 4).

The evidence from other stages in the process and via other pathways is that contamination
is likely to be limited to the immediate vicinity of the relevant wells. In view of this, it is judged
that the magnitude of a contamination event is no more than “moderate,” defined as “a
localised environmental effect.” Because of the low likelihood of contamination events taking
place on adjacent wells, it is judged that the magnitude of cumulative impacts would be
unchanged compared to the magnitude for individual events. For individual installations with
less than 600 m separation between the fracturing zone and groundwater, the risk was
judged to be "high".
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Accidental surface spills

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation moderate not classifiable not classifiable

Cumulative effects of multiple installations major not classifiable not classifiable

A further aspect of groundwater contamination during hydraulic fracturing is that related to
accidental spills and leakages. Section 2.6.2 sets out the potential sources of spillages
during hydraulic fracturing.

Peer-reviewed research

New York State DEC (2011 PR p6-15) highlights the risks to subsurface soils and aquifers
via this pathway.

Other research

Broderick et al (2011 NPR page 81) highlight the key factors affecting the potential severity
of groundwater contamination, citing the significance of the aquifer for abstraction; the extent
and nature of contamination; the concentration of hazardous substances; and connection
between groundwater and surface waters. US EPA (2011a PR p28) highlights the risk of
contamination of soil and near-surface aquifer via this pathway, and has focused further
research in this area. The Department of Energy SEAB (2011a NPR p19-20) also highlights
the risks to subsurface soils and aquifers via this pathway.

Preliminary judgment

The potential significance of impacts posed by a single well pad is considered likely to be
localised in nature but with potential for transport away from the site. Taking the issues
outlined above into consideration, this impact is judged to be potentially of “moderate”
significance.

Multiple development would pose risks of more widespread contamination if not properly
managed, which is considered to be potentially of “major” significance.

No information was identified on the frequency of liquid spillage, and it was therefore not
possible to classify the frequency of risks to groundwater posed by spillages.
2.6.2 Risks of surface water contamination
The relevant issues are:
e Accidental spillage of fracturing fluid and other fluids at the surface;
e Wellbore leakage; and

Accidental surface spills and vehicle accidents (see Section 2.6.10)

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation moderate occasional high

Cumulative effects of multiple installations major rare moderate

Peer-reviewed research

New York State DEC 2011 PR (page 6-15) identifies that the amount of fracturing liquid used
is considerably greater for horizontal drilling compared with more conventional vertical
drilling. As discussed in Chapter 1, typically 10,000 to 20,000 m* fracturing fluid may be
used per well (New York State 2011 PR p3-6), compared with 1,350 to 2,700 m?® for a vertical
well (New York State 2011 PR p3-6). New York State 2011 PR p6-15 quotes an analysis
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carried out by the state which indicates that the proposed additives for high volume
horizontal drilling are similar to those used for vertical drilling. It therefore concludes that the
risks (from spillage) are proportionally higher for horizontal drilling, although notes previous
work (New York State 1992 GEIS PR) that there are no qualitatively different exposure
situations for horizontal drilling.

New York State DEC 2011 PR (page 6-15) highlights that other spillage events could arise
from tank ruptures, piping failures, equipment or surface impoundment failures, overfills,
vandalism, accidents, fires, drilling and production equipment defects or improper operations.
It expands on the causes and management practices related to these:

e The causes and modes of release events are similar for hydraulic fracturing additives
as for drilling fluids. Contamination can arise as a result of failure to maintain
stormwater controls, ineffective site management, inadequate surface and subsurface
containment, poor casing construction or more generally well blowout or component
failure events. Risks can be reduced by siting hydraulic fracturing fluids away from
primary or principal aquifer areas. The risk is increased under high-volume hydraulic
fracturing because of the larger fluid volumes.

e Leaks and spills of flowback water could also pose environmental or human health
risks. The potential causes of releases are similar to those for the primary injection
fluid, with the added risks associated with flowback water containment and
processing equipment, including hoses or pipes to convey flowback water to tanks
and trucks or leakage from those vessels. Flowback water will include fracking liquid
additives as well as constituents from the local environment and well equipment.
Produced water from wet shales could include dissolved solids, metals, biocides,
lubricants, organics and naturally occurring radioactive materials and degradation
products.

New York State DEC (2011 PR) also refers to the risks posed by truck accidents, although
these risks are not quantified.

Other research

DOE (2009 NPR p64) and BRGM (2011 NPR p59) confirm that typically 10,000 to 20,000 m*
fracturing fluid may be used per well.

The frequency of spillage events is not well known. USEPA (2011a PR page 29) cites
numerous media reports of spills but also points to a lack of robust data on the frequency or
causes of such events. A key concern for accidental fluid release is the potential impact on
surface waters as well as public water supplies. The risks of drinking water contamination
from spills are affected by the processes for managing contaminated water and the actions
taken to mitigate the effects of any spills or leakages. SEAB (2011a NPR page 20) states
that additional measures are being taken by some operators and regulators to manage this
risk, including the use of mats, catchments and groundwater monitors associated with the
hydraulic fracturing installation, together with buffers around surface water resources. Whilst
the specific measures may be considered site specific the principles and approaches to
managing these risks may be treated as generic best practice.

Preliminary judgment

A spillage at a single well pad or a vehicle accident could potentially affect surface water at
some distance away from the site. Taking the issues outlined above into consideration, this
impact is judged to be potentially of “moderate” significance.

Multiple development of wellpads at approximately 1.5 km separation would pose more
significant risks due to the number of activities being undertaken, which is considered to be
potentially of “major” significance.

The existence of reported spillages indicates that the frequency of occurrence should be
considered “occasional” although improved data would be useful in this regard. The
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likelihood of cumulative impacts is judged to be “rare” because it is less likely that multiple
events would affect one surface water body: reported incidents refer to single events only.

Wellbore leakage

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation moderate rare moderate

Cumulative effects of multiple installations major rare moderate

Peer-reviewed research

A common concern with hydraulic fracturing is leakage of the fracturing liquid through
fractures into the groundwater (as discussed in Section 2.6.1 above) and ultimately into
drinking water. The key control measures for this are set out in Section 2.6.1.

Other research
None reviewed
Preliminary judgment

Wellbore leakage at a single well pad could potentially affect surface water at some distance
away from the site. This impact is judged to be potentially of “moderate” significance.

Multiple development of wellpads at approximately 1.5 km separation could pose a more
significant and widespread risk to surface waters, which is considered to be potentially of
“major” significance.

The absence of reports of surface water contamination due to wellbore leakage during
technical hydraulic fracturing indicates that the frequency of occurrence should be
considered “rare” although improved data would be useful in this regard. The likelihood of
cumulative impacts is also judged to be “rare” because it is unlikely that multiple events
would affect one surface water body.

2.6.3 Water resource depletion

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor occasional moderate

Cumulative effects of multiple installations moderate occasional high

Peer-reviewed research

The hydraulic fracturing process is water intensive and abstraction impacts can be
significant. In the broader context, however, New York State DEC 2011 PR (page 6-9) notes
that water abstraction from conventional oil and gas drilling is a very small percentage of
overall water withdrawal, and the contribution of gas extraction with hydraulic fracturing
would be expected to be low (less than 0.25% of the total water resource use in New York
State based on the peak forecast usage rate for the oil and gas industry in the state; New
York State DEC 2011 PR p6-12). In view of the wide range of other water uses, a similar
pattern would expect to prevail in Europe. However, New York State DEC also points out
that there is potential for adverse effects when water withdrawals occur on low flow or
drought conditions or in unsustainable locations New York State DEC 2011 PR (page 6-10).
A proportion (25% to 100%) of the water used in hydraulic fracturing is not recovered, and
consequently this water is lost permanently to re-use, which differs from some other water
uses in which water can be recovered and processed for re-use. The potential impacts
described cover:
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¢ Reduced stream flow affecting the availability of resources for downstream use, such
as for public water supply.

¢ Adverse impacts on aquatic habitats and ecosystems from affects such as degradation
of water quality, reduced water quantity, changes to water temperature, oxygenation
and flow characteristics, including the effects of sediment and erosion under altered
responses to stormwater runoff.

e An interplay with downstream dischargers, affecting their ability to discharge where
limits are related to stream flow rate, or the overall concentration of pollutants where
discharge rates remain unaffected.

e Impacts on water quality, affecting the use which can be made of surface waters

New York State DEC 2011 PR (page 6-9) considers the potential volume of abstraction in
New York and states this to be unknown due to uncertainty in the number of wells that could
be operated. This highlights that the overall cumulative impact from hydraulic fracturing is as
much determined by the local density of well sites as the characteristics of the fracking
process itself. As an example of the figures involved, New York State DEC 2011 PR (page
6-10) reports that between July 2008 and February 2011, average water usage for high-
volume hydraulic fracturing within the Susquehanna River Basin in Pennsylvania was 19,000
m°per well based on data for 553 wells.

The quantity of water withdrawn is influenced by the re-use of flowback water from previous
fracturing operations, which New York State DEC 2011 PR (page 6-10) estimated to typically
account for 10%-20% of the injected fracturing fluids. Recent estimates indicate recycling of
approximately 77% of wastewater in the second half of 2011 in Pennsylvania, compared to
10% two years previously (Yoxtheimer, 2012 PR), although there is uncertainty over the
typical rate of recycling in the US, which may be significantly lower.

Yoxtheimer (2012 PR) described how many of the challenges associated with processing the
flowback for re-use have been overcome, in particular by the introduction of friction reducers
which permit the re-use of high salinity water.

Other research

The evaluation of potential impacts is supported by Broderick et al (2011 NPR page 90).
This study highlighted that local effects could be much more significant and areas already
under the strain of water scarcity may be affected especially as longer term climate change
impacts of water supply and demand are taken into account.

USEPA (2011a PR pages 25 and 27) cites similar impacts. In highlighting the potential of
diversion of drinking water supplies, it references stakeholder concerns regarding high volume
withdrawals from small streams in the headwaters of watersheds supplying drinking water in
the Marcellus Shale area. This impact on the drinking water system can lead to the need for
engineering solutions for reduced aquifer levels — for example lowering of pumps or
deepening of wells as required in the area of the Haynesville Shale. Further consequences of
reduced water levels mentioned include:

e The potential for chemical changes to aquifer water, including altered salinity, as a
result of the exposure of naturally occurring minerals to an oxygen rich environment.

e stimulated bacterial growth, causing taste and odour problems in drinking water.

o upwelling of lower quality water or other substances (e.g. methane — shallow deposits)
from deeper and subsidence or destabilization of geology

Following recent low rainfall, water withdrawal permits for shale gas well development in the
Susquehanna River Basin in Pennsylvania have been temporarily suspended (SRBC, 2012b
NPR). This substantiates the concerns expressed by New York State DEC (2011 PR).
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The water abstraction volumes identified by New York State DEC (2011 PR) are consistent
with the range of 4,500 to 22,500 m®per well cited in SEAB (2011a NPR p19). USEPA
(2011a PR pages 22 and 25) cites similar figures.

USEPA (2011a PR page 23) estimates that 25-75% of the original fluid injected in the first
two weeks after a fracture is recovered. North American regulator consultation response,
(2012 NPR) confirmed that processing and re-use of flowback has improved substantially in
recent years. Because of the incomplete fluid recovery, re-used fluid is typically blended with
a similar volume of fresh water.

Preliminary judgment

In view of the above discussion, the potential impact of a single site on water resources is
judged to be “minor.” The potential exists for development of multiple sites within a single
water catchment. This would require careful management to ensure that development takes
place at an appropriate pace. If this management is not in place, development of multiple
sites could pose a “moderate” risk to water resources in some areas. The frequency of these
potential effects are judged to be “occasional,” defined as “could potentially occur ... if
management or regulatory controls fall below best practice standards.”

2.6.4 Release to air

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor occasional moderate

Cumulative effects of multiple installations moderate occasional high

Peer-reviewed research

As discussed in section2.5.3, New York State DEC 2011 PR (page 6-114) identifies the main
sources of air emissions from drilling, completion and production activities and examines
their relative significance. Sources of emissions include diesel fumes and truck activities
near the well pad. Emitted substances include PM, NO,, CO, VOCs and SO,. Emissions of
diesel fumes from fracturing fluid pumps were highlighted by Howarth and Ingraffea (2011
NPR).

Other research

The issues of potential concern with regard to emissions to air during hydraulic fracturing
comprise the following:

e Emissions of diesel fumes from fracturing fluid pumps (Lechtenbéhmer et al. 2011
NPR)

e On-site handling (by conveyor and blender) of proppant (sand) which can emit
significant quantities of dust. Kellam (2012 NPR) reported that 0.25% (by weight) of
proppant sand was emitted to the air as fine dust during fracturing fluid make up
operations.

Preliminary judgment

As discussed in Section 2.5.3, impacts during hydraulic fracturing from individual sites are
considered to be of “minor” significance, but the cumulative impact from multiple sites could
potentially be of greater significance. The major contributor to regional air quality issues is
likely to be the completion and production stages, and the cumulative impact from the
technical hydraulic fracturing stage was judged to be “moderate”.

Additionally, there is a risk of fugitive emissions to air in the event of an equipment fuel or oil
spillage, but this risk would be common to any similar activity and not significant in the overall
context of gas extraction processes. There is no centralised database of information on such
spillages during shale gas drilling activities. No evidence was found that fuel spillages pose
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a significant risk to air quality in the context of other sources of emissions to air. On this
basis, the risks of fugitive emissions following a spillage were judged to be of minor
significance.

2.6.5 Land take

Land is required for storage of hydraulic fracturing fluids and waste water, together with
vehicle access, pipelines and associated plant and equipment. This is addressed in Section
2.4.3.

2.6.6 Biodiversity impacts

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor rare low

Cumulative effects of multiple installations moderate rare moderate

On-site storage and transportation of water can affect biodiversity due to land take,
disturbance and/or by the introduction of non-native invasive species. This is discussed in
Section 2.4.4.

Peer-reviewed research

New York State DEC (2011 PR p6-3) cites the effect of shale gas exploitation activities on
ecosystems and wildlife. The impacts will be strongly location dependent but general effects
can be defined. These include fragmentation of habitat, potential transfer of invasive species
and impacts on endangered or threatened species. Entrekin et al (2011 PR p8) describe the
risks to wildlife posed by sediment runoff into streams, reductions in streamflow,
contamination of streams from accidental spills, and inadequate treatment practices for
recovered wastewaters as “realistic threats”.

Other research

The EPA (2012 NPR p9) highlighted a local issue linked to the introduction of algae into local
water courses, resulting in major fish kills.

Three examples of uncontrolled release of fluids with actual or potential effects on
biodiversity and agriculture are quoted by Michaels et al. (2011 NPR).

Preliminary judgment

The impact will be related to the footprint of the development sites, including the effects of
access roads and utility services. These are discussed in section 2.4.3. In addition,
contamination of local water sources and the effects of water depletion can all harm local
ecosystems. The potential causes of these effects are described in sections 2.6.1 and 2.6.3.

In view of the existence of limited evidence of effects of hydraulic fracturing on biodiversity,
the frequency is considered to be “rare.” The biodiversity impacts of potential concern (e.g.
Michaels et al. 2011 NPR ; New York State DEC 2011 PR p6-3) are associated with
cumulative development over a wider area, and are judged to be of “moderate” significance.

2.6.7 Noise

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor short-term definite moderate

Cumulative effects of multiple installations minor short-term definite moderate

Peer-reviewed research
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Noise emissions associated with operation of well and associated equipment could affect
residential amenity and wildlife, particularly in sensitive areas. New York State DEC 2011
PR (pages 6-289 to 6-300) describes the noise impacts from hydraulic fracturing. The noise
level differs with the stages in the preparation and production cycle. At 75 metres, for
example, the maximum calculated composite noise level for construction equipment is
70dBA. For horizontal drilling the corresponding maximum noise level is 64dBA. The
hydraulic fracturing process, however, can produce noise levels of 90dBA at that distance.
This is calculated on the basis that up to 20 diesel pumper trucks are required to operate
simultaneously to inject the required water volume to achieve the necessary pressure. The
operation takes place over a period of several days for each well and would be repeated at a
site for multiple wells and pads. This noise has the potential to temporarily disrupt and
disturb local residents and wildlife.

Other research

Broderick et al (2011 NPR , p92) examined noise pollution, with a focus on the extent of
activities rather than their noise levels, focusing on Cuadrilla Resources’ Preese Hall
exploratory site in the UK. It states that each well pad (assuming 10 wells per pad) would
require 800 to 2,500 days of noisy activity during pre-production. This covers ground works
and road construction as well as the hydraulic fracturing process. Drilling, which it states as
the stage of greatest continuous noise pollution, is required for 24 hours per day for four to
five weeks at each well.

Preliminary judgment

The levels of noise during fracturing forecast by New York State DEC (2011 PR p6-289 to 6-
300) would need to be carefully controlled to avoid risks to health for members of the public.
Site operatives and visitors may need additional controls to ensure that no adverse effects on
health occur due to noise during this stage. Because controls on noise are widely used in
the oil and gas industry, it is judged that the potential significance of noise issues with these
controls in place is “minor”.

2.6.8 Seismicity

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation slight rare low

Cumulative effects of multiple installations minor rare low

Peer-reviewed research

New York State DEC 2011 PR (page 6-319) describes two types of induced seismic events
associated with hydraulic fracturing. One is micro-seismic events resulting from the physical
fracturing process. These are sufficiently small to require very sensitive monitoring
equipment to be detected. This is an inherent part of the fracturing process and data on
these events is used to guide the fracturing process. Indeed SEAB (2011a NPR page 21)
recommends micro seismic surveys as a means to understand fracture growth and limit
methane leakage (as opposed to the management of seismic risks). For hydraulic fracturing,
New York State DEC 2011 PR (page 6-321) notes that seismic activity is only detectable at
the surface by very sensitive equipment, and that the magnitude can be minimised by
avoiding pre-existing faults. It also describes the potential for sheer slip, in which slippage
occurs on bedding planes, which it states to be several orders of magnitude less than that
which would be felt by humans. It reviews operating experience and reports on consultations
with experts to conclude that the possibility of fluids injected during hydraulic fracturing the
Marcellus or Utica Shales reaching a nearby fault and triggering a seismic event is remote.
A recent peer reviewed European report nevertheless provides recommendations on the
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need to introduce traffic light monitoring systems to mitigate induced seismicity (Royal
Society and Royal Academy of Engineering PR 2012, p.6).

The second type of event results from injection fluids reaching existing geological faults,
leading to more significant ground accelerations, potentially felt by humans at the ground
surface. These types of events can arise in any process involving the injection of
pressurised liquids underground. For example, New York State DEC 2011 PR (page 6-321)
notes that carbon sequestration can cause such events, with magnitudes typically less than
3, and the events connected to circumstances that could be avoided through site selection
and injection design.

Well integrity could potentially be affected by seismic activity — either activity induced by the
hydraulic fracturing process, or other seismic events. This is managed by the normal
processes for monitoring and maintaining well integrity. Induced seismicity from hydraulic
fracturing is of very small magnitude and would not be expected to adversely affect wellbore
integrity.

Other research

Broderick et al (2011 NPR page 93) reviewed the discussion in the previous draft New York
State DEC study (2009 PR) but went on to describe experiences at the Cuadrilla Resources’
Preese Hall exploratory site in the UK. At that location hydraulic fracturing was halted in May
2011 following instrumental detection of seismic events of magnitude 1.5 and 2.3 in the
vicinity. Subsequent studies suggested a link between the fracturing activities and the
seismic events (de Pater and Baisch 2011 NPR). As reported by Broderick et al (2011
NPR), one study indicated a maximum induced magnitude of around 3, for that location,
which was considered insufficient to cause surface structural damage but to potentially
damage the wellbore itself. The UK Government has published research which sets out a
proposed monitoring and control approach (DECC 2012 NPR) and anticipates lifting the
temporary embargo on hydraulic fracturing operations in the UK with this system in place.
Seismic activity was also recorded in Oklahoma in January 2011 (Holland 2011 NPR). It was
concluded that the recorded earth tremors could possibly be linked to hydraulic fracturing
activity in a nearby water disposal well. The study reported two previous events in
Oklahoma, in which a link to hydraulic fracturing had been suggested over the period 1977 to
2011.

Preliminary judgment

In view of these evaluations and the low frequency of reported incidents, it is judged that the
frequency of significant seismic events is “rare” and the potential significance of this impact is
“slight.” Multiple development could increase the risk of seismic events due to one operation
affecting the well integrity of a separate operation, although in view of the low frequency of
the reported events and the established measures for monitoring well integrity, the risks are
judged to remain low.

2.6.9 Visual impact

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation slight short-term definite low

Cumulative effects of multiple installations slight long-term definite moderate

Peer-reviewed research

New York State DEC 2011 PR (page 6-275) reviewed visual impacts associated with
hydraulic fracturing activities at well sites. It identifies landscape features as access roads,
pipelines, water impoundment areas, storage vessels and other hydraulic fracturing
equipment, vehicles and buildings. It notes that these impacts would be short-term, but
could repeat periodically over the life of a multi-well location. The visual impact is of more
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consequence in developments at more rural locations. A more comprehensive summary of
visual impacts is presented in New York State DEC 2011 PR (page 6-285) for Horizontal
Drilling and Hydraulic Fracturing in the Marcellus and Utica Shale Area of New York,
although many of the impacts have more general applicability.

Other research

Broderick et al (2011 NPR page 92) also identifies visual impacts, citing the UK Cuadrilla
development at Blackpool as involving a footprint of 1ha per well pad for up to 80 pads.
Broderick et al. concur that the visual impact is of more consequence in rural locations.

Preliminary judgment

In view of the perception-based nature of these impacts, and lower visual impact compared
with the drilling stage, they are judged to be “slight”. Impacts can be expected to occur with
an individual site over a short period, and for multiple development over an extended period.
On this basis, the likelihood of impacts was judged to be “short-term definite” for individual
sites and “long-term definite” for multiple sites.

2.6.10 Traffic

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor occasional moderate

Cumulative effects of multiple installations moderate occasional high

Peer-reviewed research

The traffic impacts of shale gas pre-production are examined in New York State DEC 2011
PR (pages 6-300 to 6-316). It estimates the number of loaded truck trips per horizontal well
during construction. Two scenarios are considered, one in which all water (fracking fluid and
backflow) are transported by truck, and one in which pipelines are used in part of that
activity. In the former, a total of heavy 1,148 truck trips are envisaged, with the largest single
activities associated with hydraulic fracturing (175 for the transportation of equipment and
500 for transport of water to site). This figure reduces to 625 where pipelines are assumed
to be available for water and waste transport. Furthermore, the temporal distribution of these
activities is uneven, so the total number of trips during the heaviest period could be as high
as 250 per day (including lighter trucks). The maximum permitted weight of articulated
vehicles is slightly greater in Europe than in the US, and so the number of vehicle
movements may be slightly less. .

New York State DEC 2011 PR goes on to examine some of the potential impacts of this level
of transport. These include:

¢ Increased traffic on public roadways. This could affect traffic flows and congestion.
¢ Road safety impacts.

e Damage to roads, bridges and other infrastructure. This could lead to decreased road
guality and increased costs associated with maintenance for roads not designed to
sustain the level of traffic experienced.

o Risks of spillages and accidents involving hazardous materials.

In addition to the above, the road vehicles would cause air emissions with the potential for
localised air quality impacts, as well as increasing the potential for community severance
(reduction in community interaction due to roads with high traffic volumes) and potentially
affecting residents’ quality of life. The noise impacts are described above.
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Other research

For more widespread development, EPA (2012 NPR p14) suggests that there may be a
sustained impact at this level.

Road traffic accident statistics in Europe focus on fatalities rather than on the number of
vehicle accidents (see http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics). These
statistics indicate an ongoing decline in the rate of fatal accidents associated with truck
transportation in Europe.

Preliminary judgment

Even at the levels described above, the impact in traffic terms associated with an individual
site would be no more than “minor” in view of the short duration, although it would potentially
be noticeable by local residents.

An increase in road transportation of potentially hazardous chemicals and waste materials
would result in an increased risk of environmental pollution due to accidents, although these
risks cannot be quantified at present. The established controls on transportation of
dangerous goods such as Directive 2008/68/EC on the inland transport of dangerous goods
would reduce the risks posed by vehicle accidents.

Following the views of the EPA (2012 NPR p14), the impact of traffic associated with more
widespread development, including the risks posed by traffic accidents, could be considered
of “moderate” significance.

2.7 Stage 4: Well Completion

Stage 4

2.7.1 Groundwater contamination and other risks

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation moderate occasional high

Cumulative effects of multiple installations major occasional high

During the well completion phase, operators need to handle flowback and produced water to
ensure that accidents, runoff and surface spillages do not occur, which would pose risks of
groundwater contamination. If flowback water is used to make up fracturing fluid, this would
increase the risk of introducing naturally occurring chemical contaminants and radioactive
materials to groundwater. Relevant naturally occurring substances could include:

e Salt

e Trace elements (mercury, lead, arsenic)

e NORM (radium, thorium and uranium)

e Organic material (organic acids, polycyclic aromatic hydrocarbons)

Peer-reviewed research

New York State DEC (2011 PR Table 6.1) lists a large number of chemicals recorded in
flowback water, or present in fracturing fluid which may be present in flowback waters, and
concludes that “... high-volume hydraulic fracturing operations, although temporary in nature,
may pose risks to Primary and Principal Aquifers...”
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Other research

As noted in Section 2.6.6, three examples of uncontrolled release of fluids with actual or
potential effects on biodiversity and agriculture are quoted by Michaels et al. (2011 NPR).

Preliminary judgment

These risks are similar to those discussed during the hydraulic fracturing phase in Section

2.6.1.

In view of the risks posed by metals and NORM in flowback fluid and the findings of New
York State DEC quoted above, the potential impacts are judged to be of “moderate”
significance for individual installations, and “major” significance in relation to cumulative
impacts. On the basis of reported instances of uncontrolled releases in non-peer reviewed
research, it is judged that the likelihood of impacts from individual sites and for cumulative
impacts should be considered as “occasional” — defined as “could potentially occur ... if
management or regulatory controls fall below best practice standards.”

2.7.2 Surface water contamination risks

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation moderate occasional high

Cumulative effects of multiple installations moderate occasional high

Peer-reviewed research

Treatment in municipal sewage treatment plant can affect the plant due to the salt content of
the water. If not properly handled, this can reduce the overall effectiveness of the sewage
works. New York State (2011 PR p6-62) highlights the scale of water treatment resources
that would be needed to maintain adequate treatment capacity. Also, some parameters
which are likely to be present in flowback water may not be properly treated in a standard
sewage treatment facility. New York State DEC highlights the potential for accumulation of
NORM in sewage sludges.

Howarth and Ingraffea (2011 NPR) cite examples of water contamination of tributaries of the
Ohio River with barium, strontium and bromides from municipal wastewater treatment plants
receiving wastewater from hydraulic fracturing processes.

Other research

As described in Chapter 1, flowback waters are collected and recycled in the hydraulic
fracturing process, or sent for treatment and disposal. The options for recycling are limited to
some extent because of a build-up of salts and contaminants in flowback fluid which
ultimately makes the fluid unsuitable for use without dilution (North American regulator
consultation response, 2012 NPR). Arthur (2008 NPR p19-20) highlights the development of
research and pilot-scale projects for flowback water recycling. This work has accelerated in
recent years, with 77% of wastewater estimated to have been recycled in Pennsylvania in
the second half of 2011 (Yoxtheimer, 2012 NPR). However, there is uncertainty over the
typical rate of recycling in the US, which may be significantly lower.

A number of options are available for disposal of flowback water:

o Direct discharge to surface rivers and streams can affect water quality, particularly in
the light of the high salt content. This practice is banned in the U.S. and would not be
permitted in Europe under the terms of the Mining Waste Directive.

o Waste water may be injected into disposal wells if such facilities are available and if it
is not prohibited by law (see discussion in Chapter 3)
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e Waste water may be treated in on-site facilities or in separate sewage works including
commercial facilities designed for treatment of produced water from wet shale
formations. Extensive desalination treatment, such as evaporation/distillation, allows
discharge of the treated water to surface waters. Less extensive chemical
precipitation treatment is used to remove suspended solids and divalent cations
(magnesium, calcium, strontium, barium and radium) to facilitate wastewater reuse
(Yoxtheimer, 2012 NPR).

Arthur (2008 NPR p19) refers to the need for development of new waste water treatment
technologies.

Lechtenbohmer et al. (2011 NPR section 5.4.2) refers to the treatment of waste water as an
issue that “may also complicate projects” and cites an example in which the rate of disposal
of gas drilling wastewaters had to be reduced by 95% as a result of non-compliance with
water quality standards. Lechtenbdhmer et al. highlighted in particular the risks potentially
posed by metals and NORM in waste waters.

Examples of spillages and accidental discharges are cited by Michaels et al. (2011 NPR) —
for example, 109 spillages were reported in Colorado during a three year period.

Preliminary judgment

In view of the risks posed by metals and NORM in waste waters, the potential impacts are
judged to be of “moderate” significance.

In view of the reported incidents of discharges to water in peer reviewed and non-peer
reviewed research, it is judged that the likelihood of impacts from individual sites and for
cumulative impacts should be considered as “occasional” — defined as “could potentially
occur ... if management or regulatory controls fall below best practice standards.”

2.7.3 Release to air

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor occasional moderate

Cumulative effects of multiple installations major occasional high

Individual installation:

Hazard classification: minor Probability classification: occasional Risk ranking: moderate

Cumulative effects of multiple installations:

Hazard classification: major Probability classification: occasional Risk ranking: high

Peer-reviewed research

As discussed in section 2.5.3, New York State DEC 2011 PR (page 6-114) identifies the
main sources of air emissions from drilling, completion and production activities and
examines their relative significance. Sources of emissions include combustion from engines
and flares; venting; and truck activities near the well pad. Emitted substances include PM,
NO,, CO, VOCs and SO,. Flowback gas would normally be dry although wet gas, requiring
removal of condensable hydrocarbons, could be encountered.

Other research

The issues of potential concern with regard to emissions to air during hydraulic fracturing

comprise the following:

e Emissions of hazardous air pollutants, ozone precursors and/or odours due to gas
leakage during completion (Lechtenbéhmer et al., 2011 section 2.3.1; Michaels et al.
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2011 NPR p19). Leakage may take place from pumps, valves, pressure relief valves,
flanges, agitators, and compressors (EPA 2011b NPR Sections 4.2 and 8.1).

e Emissions of hazardous air pollutants, ozone precursors and/or odours from gases
dissolved in flowback water during well completion or recompletion (EPA 2011b NPR
Section 4). The short-term storage of flowback water on site can lead to considerable
emissions of VOCs (Academic sector consultation response 2012 NPR). The amount
of VOCs and methane released varies over the flow back period. Reduced
Emissions Completions can use open tank storage, which may result in flashing and
evaporative emissions.

e Fugitive emissions of methane and other trace gases may take place from routeing
gas generated during completion via small diameter pipeline to the main pipeline or
gas treatment plant. This is likely to be more severe from wells developed during the
pilot stages than from production stage wells, by which stage robust pipeline
infrastructure should be in place (EPA 2011b NPR Section 4.4.2.1). Emissions to air
could also occur from flaring of methane during exploratory phases prior to the
construction of gas collection infrastructure (British Columbia OGC 2011 NPR).

Preliminary judgment
Relevant naturally occurring substances could include:

o Gases (natural gas (methane, ethane), carbon dioxide, hydrogen sulphide, nitrogen
and helium)

¢ Organic material (volatile and semi-volatile organic compounds)
e Naturally-occurring radioactive material (NORM)

The potential effects of emissions during well completion can be expected to be greater for
HVHF than for conventional gas extraction because of the wider range of potential sources of
process and fugitive emissions. Emissions to air from a properly designed and operated
individual facility would not be expected to have a significant adverse effect on health,
although a residual risk does remain.

As discussed in Section 2.5.3, impacts from individual sites are therefore considered to be of
“minor” significance, but based on non-peer reviewed evidence from the US, the cumulative
impact from multiple sites could potentially be of “major” significance. Exposure to elevated
levels of ozone can have an adverse effect on respiratory health, and this potential
cumulative impact on health was also considered to be potentially “major”.

2.7.4 Land take

Following completion, some of the land used for a well pad and associated infrastructure can
be returned to the prior use, or to other uses. However, well established natural habitats
cannot necessarily be fully restored following use of the land for shale gas extraction.
Consequently, it may not be possible to fully restore a site, or to return the land to its
previous status resulting in habitat loss (New York State DEC (2011) p6-68), resulting in a
long-term impact as described in previous sections and in Section 2.8.5.

2.7.5 Biodiversity impacts

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor rare low

Cumulative effects of multiple installations moderate rare moderate
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Contamination of local water sources due to spillages or inadequate treatment of waste
waters can potentially harm local ecosystems, similarly to the impacts described in 2.6.6.
The potential causes of these effects are described in sections 2.6.1, 2.6.2 and 2.7.2.

2.7.6 Noise

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation not classifiable | short-term definite | not classifiable

Cumulative effects of multiple installations | not classifiable | short-term definite [ not classifiable

Peer-reviewed research

Noise from the well completion process could arise from on-site plant and machinery, but is
likely to be lower than at other stages in the gas extraction process, and of limited duration
(New York State DEC 2011 PR p 6-289 to 6-300).

Preliminary judgment

No peer-reviewed evidence was found in relation to noise from gas flaring. Noise from flares
can be minimised using appropriate flare design. Residual noise from flares could not be
controlled using engineering measures in the same way that plant and equipment noise can
be controlled because of the nature of the source.

No adverse effects on public health would be expected to arise due to noise from plant and
equipment provided established controls used in the oil and gas industry are applied.
However, because of the uncertainty associated with flaring noise, it is judged that noise
impacts are not classifiable.

2.7.7 Seismicity

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor rare low

Cumulative effects of multiple installations minor rare low

Peer-reviewed research
None reviewed
Other research

Recent evidence indicates that injection of waste water into disposal wells may have been
associated with minor earth tremors of magnitude 2.7 to 4.0 on the Richter scale (Ohio
Department of Natural Resources, 2012 NPR ; Arkansas Sun Times, 2011 NPR).

Preliminary judgment

Injection of waste water into aquifers is not permitted in Europe, although disposal into
geological formations with no connection to aquifers may be permitted as discussed in
Chapter 3.

If injection of waste water from hydraulic fracturing into disposal wells were permitted, earth
tremors of the magnitude recorded in Ohio would not normally have significant
consequences at the surface, and are judged to be of minor significance. On the basis of
some reported occurrences of minor earth tremors, the frequency of seismic impacts is
judged to be rare.
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2.7.8 Traffic

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation slight short-term definite low

Cumulative effects of multiple installations minor short-term definite moderate

Peer-reviewed research

The traffic impacts of shale gas pre-production are examined in New York State DEC 2011
PR (pages 6-300 to 6-316). It estimates the number of loaded truck trips per horizontal well
during completion. 100 truck movements per well are estimated to be needed for waste
water disposal. This figure reduces to 17 movements where pipelines are assumed to be
available for water and waste transport. This represents a small proportion of overall truck
movements, but would contribute to the net impacts of traffic associated with a well
development.

Other research
None reviewed
Preliminary judgment

In view of the low number of traffic movements associated with well completion phase, the
impacts associated with an individual well pad are judged to be slight, and those associated
with wider area development are judged to be minor.

2.8 Stage 5: Well Production

Stage 5
2.8.1 Groundwater contamination and other risks
Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installations
(more than 600 m separation between moderate rare moderate
fracturing zone and groundwater)

Individual installation

(less than 600 m separation between moderate occasional high
fracturing zone and groundwater)
Cumulative effects of multiple installations moderate occasional high

Risks to groundwater are principally those posed by failure or inadequate design of well
casing leading to potential aquifer contamination. The substances of potential concern
comprise naturally occurring substances such as heavy metals, together with natural gas,
naturally occurring radioactive material (NORM), and technologically enhanced NORM
(TENORM) from drilling operations.

Peer-reviewed research

Osborn et al (2011 PR) investigated methane in shallow groundwater used as a drinking
water resource in aquifers overlaying the Marcellus and Utica shales of NE Pennsylvania.
Samples taken close to active gas extraction sites were compared with samples distant from
any active gas extraction. Higher levels of methane were identified in samples taken near
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active wells than at more distant sites. The isotopic signature of the methane samples taken
near active wells was found to be characteristic of deeper deposits. Whilst this suggests a
link between the elevated methane levels and the gas extraction process, there was no
evidence of mixing of aquifer water with either fracturing fluids or shale formation waters and
thus it was concluded that the water chemistry was consistent with historical baseline data.

Osborn et al. considered the possible mechanisms for elevated concentrations of
thermogenic gas to be found in the aquifers. The three mechanisms they propose are: first,
physical movement of gas rich fluids from the shale, but this would have to be rapid, and they
therefore rule this out based on their negative results from chemical analysis to identify
evidence of mixing of aquifer water with deep formation water. Second, the fracturing
process could create new fracture pathways from the shale to the aquifer and methane gas
being released to solution due to pressure reduction during extraction. This could then allow
gas phase methane to migrate through the fissure network. Indeed there is evidence that
rapid vertical gas migration is possible, particularly where there are old unused gas wells that
are uncased and abandoned in the neighbourhood, and where the overlying formations are
naturally highly fractured, and faulted. Third, the authors conclude that a more likely
explanation would be that the methane may have leaked from leaky gas casings at depths of
up to hundreds of metres below ground, followed by migration of the methane both laterally
and vertically towards the water wells. This finding has been challenged by Molofsky et al.
(2011 PR), who found that the isotopic signatures of thermogenic methane identified by
Osborn et al. (2011 PR) were more consistent with shallow deposits overlying the Marcellus
shale. Molofsky et al interpreted these results to mean that the methane detected in the
Duke study could have originated entirely from shallower sources above the Marcellus which
are entirely unrelated to hydraulic fracturing. Osborn et al. reported methane present at
lower levels at locations distant from active gas extraction wells, and concluded that this was
likely to have resulted from natural release of methane from source rocks in view of its more
biogenic signature. The Duke University team is continuing its research, sampling
approximately 150 water wells in Northeast Pennsylvania (see Warner et al. (2012 PR)
discussed in Section 2.6.1).

Considine et al. (2012 PR) reviewed all the Notices issued by the Pennsylvania Department
for Environmental Protection between 2008 and 2011 in relation to incidents at shale gas
extraction sites. The 2,988 notices issued related to 845 environmental events, of which 25
were considered to be major events. Six events were not fully mitigated, of which two related
to contamination of groundwater. The causes of these events were linked to inadequate well
casing.

Other research

A number of studies have highlighted potential links between shale gas extraction and
groundwater contamination. However, reliable examples of contamination are limited, partly
because of the difficulty of distinguishing between naturally or previously occurring
contamination, and contamination associated with shale gas extraction operations. The US
EPA (2011c NPR, in draft) found that hydraulic fracturing of tight and conventional gas fields
may have resulted in contamination of a drinking water aquifer at Pavillion in Wyoming. This
incident was linked in the EPA draft report to inadequate vertical well casing lengths and a
lack of well integrity (USEPA 2011c NPR p37, p38). However, the findings of this study are
preliminary and will be followed by further ongoing research (see Section 2.6.1).

It is well established that methane can be present in shallow aquifers independent of shale
gas extraction activity (e.g. Breen et al., 2007). SEAB (2011a NPR) found that the research
carried out by Osborn et al. (2011 PR) provided credible evidence of elevated levels of
methane originating in shale gas deposits in wells surrounding a shale production site and
recommended further investigation of this issue.

Re-fracturing may be needed during the production phase. It is estimated that re-fracturing
may take place up to four times from an individual well, as described in Section 2.2. The
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USEPA (2011a PR p82) highlights concerns that the potential effects of repeated pressure
treatments on well construction components (e.g., casing and cement) are not well
understood.

Preliminary judgment

It is anticipated that any potential failure of the well would be monitored during the re-
fracturing process, and remedial measures implemented to address any issues identified
using established industry processes (e.g. APl 2009 NPR is used as a reference standard for
shale gas production operations in the US). Nevertheless, in view of the possible evidence
for methane migration into potable groundwater (Osborn et al. 2011) and uncertainty around
the risks associated with re-fracturing, the potential for increased risk due to re-fracturing
remains an area of uncertainty, and hence has been assigned a risk ranking of “high” for
installations with less than 600 m distance between fracturing zone and groundwater and
"moderate" for installations with more than 600 m distance. In other respects, the risks and
impacts associated with re-fracturing would be similar to those described in Section 2.6.

Because potential emissions to groundwater would only occur in the event of a failure of
control systems, it is judged highly unlikely that multiple incidents would affect the same
location. On this basis, cumulative impacts are not judged likely to be significantly different
to the impacts associated with individual installations.

2.8.2 Surface water contamination risks

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor rare low

Cumulative effects of multiple installations minor occasional moderate

Peer-reviewed research

Production water is the fluid returning from the borehole during the production phase (US
EPA 2011a PR page 1; New York State DEC 2011 PR p6-17). This brine requires interim
storage, transport, processing and disposal or re-use. Accidental releases can arise as a
result of tank ruptures, equipment or surface impoundment failures, overfills, vandalism, fires
and improper operations. The production brine can have elevated levels of naturally
occurring radioactive materials (higher than for flowback liquid) such as radium, thorium and
uranium.

Well blowout has been reported as giving rise to four major environmental incidents in
Pennsylvania between 2008 and 2012. When blowout or uncontrolled venting occurs, fluids
and gases may be released from the wells(Considine et al. 2012 PR). The quantities of fluid
cannot be quantified, but discharges identified by Considine et al were sufficient to result in
significant pollution of surface waters, requiring remedial action.

Re-fracturing may be needed during the production phase on up to four occasions, as
described in Section2.2. This could potentially pose additional risks to surface waters in the
event that repeated pressure treatment affects the integrity of the well(US EPA 2011a PR).
In this case, the integrity and capacity of the well would need to be assessed, to enable a
site-specific assessment of risks and impacts to be carried out (King 2012 PR, p2).

Other research
None reviewed
Preliminary judgment

The risks posed by the handling and treatment of production water are similar to those
described in Section 2.7.2 above.
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Because of the risks potentially associated with re-fracturing, it is judged that there would
remain a higher risk of impacts compared to the risks described in Section 2.6.2.

2.8.3 Water resource depletion

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor occasional moderate

Cumulative effects of multiple installations moderate occasional high

Re-fracturing may be needed during the production phase on up to four occasions, as
described in Section2.2. In this case, the impacts would be similar to those described in

Section 2.6.

2.8.4 Release to air

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor periodic moderate

Cumulative effects of multiple installations major occasional high

Peer-reviewed research

Flaring has been carried out during the first 24 hours of flowback operations while a well
produces a high ratio of flowback water to gas (New York State DEC 2011 PR p5-134).
Flaring may result in emission to air of combustion gases, and of some unburnt
hydrocarbons, depending on the efficiency of the flaring process.

Well blowout has been reported as giving rise to four major environmental incidents in
Pennsylvania between 2008 and 2012 resulting in the release of fluids and gases (Considine
et al. 2012 PR). The quantities of fluid cannot be quantified, but discharges identified by
Considine et al were sufficient to result in significant pollution of surface waters, requiring
remedial action.

Other research

Flaring or venting of gas may also be required during the pilot testing phases, before a
gathering line is in place (British Columbia OGC 2011 NPR).

Ongoing fugitive losses of methane and other trace hydrocarbons are likely to occur during

production phase via leakages from valves, flanges, compressors etc (US EPA 2011b NPR ;
Lechtenb6hmer et al. 2011 NPR). These fugitive losses may contribute to local and regional
air pollution, with potential for adverse effects on health, as described in the above sections.

Emissions from numerous well developments in a local area or wider region could potentially
have a significant effect on air quality. For example, emissions from regional shale gas
development are considered likely to be a contributory factor to ozone episodes in Texas,
Wyoming and Ohio (Michaels et al. 2011 NPR ; Argetsinger, 2011 NPR ; University of
Wyoming, 2011 NPR).

Preliminary judgment

As discussed in Section 2.5.3, impacts from individual sites are considered to be of “minor”
significance, but the cumulative impact from multiple sites could potentially be of “major”
significance. The potential effect of elevated levels of ozone on respiratory health was also
considered to be potentially “major”.

Emissions to air during blow-outs would contribute to fugitive emissions from shale gas
extraction more widely. The risk of direct environmental or health effects due to emissions
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under blowout conditions cannot be ruled out, although there are no specific reports
associated with these incidents.

Re-fracturing may be needed during the production phase on up to four occasions, as
described in Section2.2. In this case, the impacts would be similar to those described in
Section 2.6. The potential climate impacts of fugitive methane emissions are not addressed
in this study, but will be addressed in a separate study commissioned by DG CLIMA.

2.8.5 Land take

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation slight long-term definite moderate

Cumulative effects of multiple installations minor long-term definite high

Peer-reviewed research

Following completion, some of the land used for a well pad and associated infrastructure can
be returned to the prior use, or to other uses. However, well established natural habitats
cannot necessarily be fully restored following use of the land for shale gas extraction.
Consequently, it may not be possible to fully restore a site, or to return the land to its
previous status resulting in habitat loss (New York State DEC (2011) p6-68), resulting in a
long-term impact as described in previous sections.

Other research
None reviewed
Preliminary judgment

It is judged that land take during the production phase would be ongoing, but at a lower level
than during earlier phases. This is judged to be of potentially minor significance, and would
be a long-term impact likely to be associated with the full development of any large shale gas
formation.

Re-fracturing may be needed during the production phase on up to four occasions, as
described in Section2.2. In this case, the impacts would be similar to those described in
Section 2.6.

2.8.6 Biodiversity impacts

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor occasional moderate

Cumulative effects of multiple installations moderate occasional high

Peer-reviewed research

There would be a slight potential for disturbance to natural ecosystems during production
phase due to human activity, traffic, land-take, habitat degradation and fragmentation, and
introduction of invasive species (New York State 2011 PR Section 6.4).

Pipelines constructed for use during the production phase would constitute new linear
features, which could adversely affect biodiversity, particularly in sensitive ecosystems.

Other research

None reviewed
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Preliminary judgment

The discussion in New York State 2011 PR Section 6.4 was used to assess the risks to

biodiversity during the production stage.

Re-fracturing may be needed during the production phase on up to four occasions, as
described in Section2.2. In this case, the impacts would be similar to those described in

Section 2.6.

2.8.7 Noise

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation slight occasional low

Cumulative effects of multiple installations slight occasional low

Peer-reviewed research

Once completed, there is expected to be minimal ongoing noise from wellhead installations
(New York State 2011 PR p6-300) although no specific information is available on noise

levels.
Other research

Noise may be associated with new gas compressor stations and treatment facilities which
may be needed to handle gas extracted from new well infrastructure (Lechtenbéhmer et al.

2011 NPR).
Preliminary judgment

Noise from pipeline construction could affect residential amenity and wildlife, particularly in
sensitive areas. However, this is likely to be lower intensity than other phases in shale gas
development, and not to be correlated with other sources of noise associated with shale gas

extraction.

Re-fracturing may be needed during the production phase on up to four occasions, as
described in Section2.2. In this case, the impacts would be similar to those described in

Section 2.6.

2.8.8 Seismicity

Re-fracturing may be needed during the production phase, as described in Chapter 1. In this
case, the impacts would be similar to those described in Section 2.6, although improved
knowledge gained during the initial fracturing may enable these risks to be reduced.

2.8.9 Visual impact

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor rare low

Cumulative effects of multiple installations minor rare low

Peer-reviewed research

None reviewed

Other research

None reviewed
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Preliminary judgment

Well head plant and equipment could have a visual impact, particularly in residential areas or
high landscape value areas, but this would be minimal compared to the impacts during the

drilling and fracturing stages.

Pipelines could have a significant visual impact, particularly in residential areas or high

landscape value areas

Re-fracturing may be needed during the production phase on up to four occasions, as
described in Section2.2. In this case, the impacts would be similar to those described in

Section 2.6

2.8.10 Traffic

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation slight periodic low

Cumulative effects of multiple installations slight periodic low

Peer-reviewed research
None reviewed

Other research

None reviewed
Preliminary judgment

Transportation of materials and equipment for maintenance could have minor adverse effects
due to noise, community severance etc during the operational phase. These impacts are
judged to be minimal compared to impacts during the drilling, fracturing and completion
stages.

Re-fracturing may be needed during the production phase on up to four occasions, as
described in Section2.2. In this case, the impacts would be similar to those described in
Section 2.6.

2.9 Stage 6: Well / Site Abandonment
Stage 6

The assessment of post-abandonment impacts considers potential impacts over short-
medium timescales and long timescales. Over short-medium timescales of decades, it is
assumed that management and maintenance regimes will be in place. Over long timescales
of hundreds of years, potentially management and maintenance regimes will no longer be in
place.

There is generally little difference between conventional and unconventional wells in the
post-abandonment phase, with the exception of the presence of unrecovered hydraulic
fracturing fluids in the shale formations in the case of hydraulically fractured wells. The
presence of high salinity fluids in shale gas formations indicates that there is normally no
pathway for release of fluids to other formations (New York State 2011 PR p11). Hence, the
issue of potential concern would be the risk of movement of fracturing fluids to aquifers or
surface waters via the well and/or via fractures introduced during the operational phase.
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2.9.1 Groundwater contamination and other risks

Risk Characterisation

Hazard
classification

Probability
classification

Risk ranking

Individual installation

not classifiable

not classifiable

not classifiable

Cumulative effects of multiple installations

not classifiable

not classifiable

not classifiable

At present, there is little information to enable a judgment to be made regarding the risks
posed by movement of hydraulic fracturing fluid to the surface in the long term. The
presence of high salinity fluids in shale gas formations indicates that there is normally no
pathway for release of fluids to other formations (New York State 2011 PR p11).
Furthermore, some of the chemicals used in fracturing fluids will be adsorbed to the rocks
(e.g. surfactants and friction reducers) and some will be biodegraded in situ (e.g. guar gums
used for gels). For shale gas measures at significant depths, the volume of the rock between
the producing formation and the groundwater is substantially greater than the volume of
fracturing fluid used

Other research
None reviewed
Preliminary judgment

Inadequate sealing of a well could potentially result in subsurface pathways for contaminant
migration leading to groundwater pollution, and potentially surface water pollution.
Experience in the US to date is that the risks posed by poorly controlled and logged historical
wells far outweigh the risks posed by wells designed and constructed to current standards.
However, this experience does not yet extend into the long term (considered to represent
periods of hundreds of years following abandonment).

It is considered likely that unrecorded abandoned wells may be a more significant issue in
Eastern Europe than in Western Europe, but no evidence to substantiate this view could be
identified.

The chemical constituents of hydraulic fracturing fluids remain an area of uncertainty pending
the development of a more extensive database of behaviour of fluids in shale formations over
time.

2.9.2 Release to air

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor rare low

Cumulative effects of multiple installations moderate rare moderate

Peer-reviewed research
None reviewed

Other research

None reviewed
Preliminary judgment

Inadequate sealing of wells could result in fugitive emissions to air. Experience in the US to
date is that the risks posed by poorly controlled and logged historical wells far outweigh the
risks posed by wells designed and constructed to current standards. However, this
experience does not yet extend into the long term (considered to represent periods of
hundreds of years following abandonment). It is considered likely that unrecorded
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abandoned wells may be a more significant issue in Eastern Europe than in Western Europe,
but no evidence to substantiate this view could be identified.

At present, there is little information to enable a judgment to be made regarding the risks
posed by movement of airborne pollutants to the surface in the long term. It is judged that
any risks are likely to be similar to those posed by conventional wells..

2.9.3 Land take

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor not classifiable not classifiable

Cumulative effects of multiple installations moderate not classifiable not classifiable

Peer-reviewed research

It may not be possible to return the entire site to beneficial use following abandonment e.g.
due to concerns regarding public safety (New York State DEC 2011, PR Section 6.4).

Other research
None reviewed
Preliminary judgment

It is judged that the consequences for land take at an individual site in the post-abandonment
phase would be comparable with many other industrial and commercial land-uses, and are of
no more than minor significance. It may not be possible to return the entire site to beneficial
use following abandonment, e.g. due to concerns regarding public safety. Over a wider area,
this could result in a significant loss of land, and/or fragmentation of land area such as an
amenity or recreational facility, valuable farmland, or valuable natural habitat. There is no
evidence available to enable the likelihood of permanent effects on land-use to be evaluated.

2.9.4 Biodiversity impacts

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation minor not classifiable not classifiable

Cumulative effects of multiple installations moderate not classifiable not classifiable

Peer-reviewed research

It may not be possible to return the entire site to its previous state following abandonment,
which could be particularly significant for sites located in sensitive areas. Over a wider area,
this could potentially result in a significant loss or fragmentation of a sensitive natural habitat
(New York State DEC 2011 PR Section 6.4).

Other research
None reviewed
Preliminary judgment

It is judged that the consequences for biodiversity at an individual site in the post-
abandonment phase would be comparable with many other industrial and commercial land-
uses, and are of no more than minor significance. Over a wider area, this could potentially
result in a significant loss of natural habitat. There is no evidence available to enable the
likelihood of effects on biodiversity during the post-abandonment phase to be evaluated.
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2.9.5 Visual impact

Risk Characterisation Hazard Probability Risk ranking
classification classification

Individual installation slight not classifiable moderate or low

Cumulative effects of multiple installations slight not classifiable moderate or low

Peer-reviewed research
None reviewed

Other research

None reviewed

Preliminary judgment

It may not be possible to remove all wellhead equipment from site. This is not considered
likely to pose a significant impact in view of the small scale of equipment potentially

remaining on site.

2.10 Summary of key issues

The preliminary risk assessment is summarised in Table 5. This table also sets out an
overall risk rating across all project phases. This is identified as the highest rating of any
individual phase as a minimum. A higher risk rating was considered in any cases where the
ongoing nature of shale gas development could potentially warrant a higher risk rating than

was applied to individual phases.
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Table 5: Summary of preliminary risk assessment

Project phase

: Sl
Site design Well Overall

Environmental

aspect Well abandonment

drilling, Fracturing : Production rating across
. completion and post-
casing, all phases

. abandonment
cementing

identification
and
preparation

Individual site
Groundwater Not Low Moderate- High Moderate- Not High
contamination applicable High 9 High classifiable ¢
Surface water Moderate- . . .

L . High High
contamination Low Moderate High ig Low Not applicable ig
Water NOt ’\.IOt Moderate NOt Moderate | Not applicable Moderate
resources applicable | applicable applicable
Release to air Low Moderate | Moderate | Moderate | Moderate Low Moderate
Land take Moderate ’\.IOt ’\.IOt ’\.IOt Moderate N_qt Moderate

applicable | applicable | applicable classifiable
R.ISk.to . N.O.t Low Low Low Moderate N_qt Moderate
biodiversity classifiable classifiable
L Not . Moderate —
Noise impacts Low Moderate | Moderate classifiable Low Not applicable High
Visual impact Low Low Low NOt Low Low-moderate Low -
applicable Moderate
S Not Not Not .
Seismicity applicable | applicable Low Low applicable Not applicable Low
Traffic Low Low Moderate Low Low Not applicable Moderate
Cumulative
Groundwater Not Moderate- . . Not .
. High High o High
contamination applicable Low High 'g 'g classifiable '9
Moderate- . .
Surface_ wqter Moderate Moderate © _erae High Moderate NOt High
contamination High applicable
Water Not Not . Not . Not .
. . High . High . High
resources applicable | applicable 9 applicable 9 applicable 9
Release to air Low High High High High Moderate High
. Not Not Not . Not .
Very high High High
Land take eryhig applicable | applicable | applicable 9 classifiable 9
Risk to Not . Not .
High High
biodiversity classifiable Low Moderate | Moderate 'g classifiable '9
. Not Not .
ise i High High
Noise impacts Low ig Moderate classifiable Low applicable ig
Visual impact Moderate Moderate | Moderate NOt Low Low-moderate Moderate
applicable
Seismicity ’\.IOt '\.IOt Low Low NOt NOt Low
applicable | applicable applicable applicable
Traffic High High High | Moderate Low Not High
9 9 9 applicable 9

Not applicable: Impact not relevant to this stage of development
Not classifiable: Insufficient information available for the significance of this impact to be assessed
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Table 5 highlights the issues potentially associated with road traffic and emissions to air
throughout the project lifetime. These issues are addressed in the following sections of the

report.

Visual impacts would also be ongoing throughout the lifetime of a project to a varying degree.
Based on the findings of New York State DEC (2011 PR p6-283) that visual impacts of
individual facilities are minimal over a distance of 1.5 km, it is judged that the overall risk of
visual impact of cumulative shale gas development can be considered as “moderate.” The
risks posed by noise would continue throughout the initial stages of an unconventional gas
project. In view of this, and reliance on effective abatement to manage the potential impacts
on noise, the overall risk of noise associated with an individual well-pad was considered to
be “moderate to high.”

Table 5 also highlights the uncertainties associated with the post-abandonment phase.
Further research in this area is recommended in Chapter 5.

One issue was identified as “very high” in the European context using this approach:

Land-take during site preparation (cumulative)

This analysis has identified the following “high” significance issues:

Traffic during site preparation (cumulative)

Releases to air during drilling (cumulative)

Noise during drilling (cumulative and due to overall impact across all phases)
Surface water contamination during fracturing (individual installation)

Water resource depletion during fracturing (cumulative)

Traffic during fracturing (cumulative)

Groundwater contamination during completion (individual installation and cumulative)
Surface water contamination during completion (individual installation and cumulative)
Releases to air during completion (cumulative)

Groundwater contamination during production (individual installation)

Releases to air during production (cumulative)

Land take during production (cumulative)

Biodiversity impacts during production (cumulative)

The following issues were identified as being “not classifiable” due to a lack of relevant data:

Potential impacts on biodiversity due to cumulative development in the European
context

Frequency of surface spillages during hydraulic fracturing

Potential frequency and significance of road accidents involving trucks carrying
hazardous substances in support of HVHF operations

Noise impacts due to flaring, and associated controls
Risks of groundwater contamination following abandonment
Land take following abandonment

Risks to biodiversity following abandonment

Ref: AEA/ED57281/Issue Number 17 72



/5 AEA Support to the identification of potential risks for the environment and human health arising from

hydrocarbons operations involving hydraulic fracturing in Europe

The issues identified during the preparation, drilling, fracturing and completion phases are
more significant for high volume hydraulic fracturing than for conventional installations, or are
unique to HVHF. A further set of “moderate” significance issues was identified:

Surface water contamination risks during site identification and preparation
(cumulative)

Land take during site identification and preparation (individual installation)
Visual impact during site identification and preparation (cumulative)
Traffic during site identification and preparation (cumulative)

Surface water contamination risks during well design, drilling, casing and
cementing(individual installation and cumulative)

Release to air during well design, drilling, casing and cementing(individual
installation)

Noise during well design, drilling, casing and cementing (individual installation)
Visual impact during well design, drilling, casing and cementing (cumulative)

Risks of groundwater contamination during hydraulic fracturing preparation (individual
installation and cumulative)

Risks of surface water contamination during hydraulic fracturing (individual installation
and cumulative)

Water resource depletion during hydraulic fracturing (individual installation)
Release to air during hydraulic fracturing (individual installation)
Biodiversity impacts during hydraulic fracturing (cumulative)

Noise during hydraulic fracturing (individual installation and cumulative)
Visual impact during hydraulic fracturing (cumulative)

Traffic during hydraulic fracturing (individual installation)

Release to air during well completion (individual installation)

Biodiversity impacts during well completion (cumulative)

Traffic during well completion (cumulative)

Groundwater contamination and other risks during production (individual installation)
Surface water contamination risks during production (cumulative)

Water resource depletion during production (individual installation)
Release to air during production (individual installation)

Biodiversity impacts during production (individual installation)

Release to air following well abandonment (cumulative)

Visual impact following well abandonment (cumulative)

Particular attention was paid to the “very high” and “high” significance issues in the
subsequent phases of this project. Consideration was also given to the “moderate”
significance issues at the conclusion of the analysis of high/very high significance issues.

The main causes of impacts and risks were as follows:

The use of more significant volumes of water and chemicals compared to
conventional gas extraction
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e The challenge of ensuring the integrity of wells and other equipment throughout the
development, operational and post-abandonment lifetime of the plant (well pad) so as
to avoid the risk of surface and/or groundwater contamination

e The challenge of ensuring that spillages of chemicals and waste waters with potential
environmental consequences are avoided during the development and operational
lifetime of the plant (well pad)

e The challenge of ensuring a correct identification and selection of geological sites,
based on a risk assessment of specific geological features and of potential
uncertainties associated with the long-term presence of hydraulic fracturing fluid in
the underground

e The potential toxicity of chemical additives and the challenge to develop greener
alternatives

e The unavoidable requirement for transportation of equipment, materials and wastes to
and from the site, resulting in traffic impacts that can be mitigated but not entirely
avoided.

o The potential for development over a wider area than is typical of conventional gas
fields

e The unavoidable requirements for use of plant and equipment during well
construction and hydraulic fracturing. This equipment necessarily requires space to
be sited and operated, and results in unavoidable emissions to air and noise impacts.
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3 The efficiency and effectiveness of
current EU legislation

3.1 Introduction to the legal review

Chapter 2 provides an overview of the environmental and health risks of hydrocarbons
operations involving hydraulic fracturing, in particular HVHF in each project phase. In
Chapter 3, the appropriateness of the EU legal environmental framework is analysed and
conclusions are drawn regarding the degree to which the current EU framework adequately
covers these risks. Developing an understanding of EU legislation applying to in particular
high-volume hydraulic fracturing is the key basis for understanding the need for control
against any eventual gaps in the EU regulatory framework in relation to possible net
incremental risks of these techniques identified in Chapter 2, and summarised in section
2.10.

Potentially relevant regulatory risk management measures considered, proposed or adopted
for hydrocarbons operations using hydraulic fracturing techniques are set out in Appendix 7
and summarised in Chapter 4.

3.2 Objectives and approach
The objectives of the review of relevant legislation within this study are:

¢ Identifying potential uncertainties with regard to the degree to which shale gas
exploration and production specific risks and impacts are covered under current EU
legislation applicable to such operations in the EU

¢ Identifying risks and impacts which are not covered by existing EU legislation

e Drawing conclusions with regard to the key risks to the environment and human
health of such operations in the EU

The study was designed to provide an appreciation of the appropriateness of the legislation
in place for ensuring an adequate level of protection to the environment and to humans. The
study identifies whether this legislation is appropriate to address risks of operations involving
hydraulic fracturing and in particular high-volume hydraulic fracturing. It identifies which
European laws apply; whether the provisions are adequate; what (if anything) is missing; and
whether there are relevant areas where no EU provisions exist. The study uses definitions
from the legislative documents where appropriate. In some instances, these differ from one
legislative instrument to another.

Pieces of EU legislation described below are essentially Directives (with the exception of the
REACH Regulation), which naturally do not result in a full harmonisation of rules and
practices among Member States as they allow for a degree of Member State autonomy in
their implementation. This clearly leads to the possibility of different approaches being
adopted, with potential differential treatment of environmental or human health impacts.

Limitations of the analysis

Given the breadth of the scope as well as time and resource limitations, this report does not
elaborate on international conventions, standards and industry guidelines. This study does
not aim to assess the extent to which existent jurisprudence by the European Court of
Justice would provide sufficient clarity on relevant issues identified by this study (concerning
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for example the Environmental Impact Assessment Directive (2011/92/EU), EU waste and
water legislation, etc.) This could potentially have a bearing on the study findings regarding
the EIA Directive and possibly other pieces of EU legislation. Relevant International
Standards Organisation (ISO) standards for the hydrocarbon extraction industry are listed in
Appendix 8.

Likewise, we do not consider the extent to which health and safety legislation could influence
or reduce risks to the environment from HVHF. The most applicable legislation in respect of
health and safety is the Directive concerning minimum requirements for improving health and
safety of workers in the mineral-extracting industries through drilling (Directive 92/91/EEC).

It is also beyond the scope of this study to examine the consistency of Member States’
transposition and implementation of EU legislation, but this is a factor in the ultimate level of
environmental protection or remediation required for developments involving hydraulic
fracturing, in particular HVHF. Within the present project we therefore highlight below
instances where, in line with applicable rules, the extent of environmental protection is
governed by Member State decision-making. In these cases it cannot be concluded that the
associated risks are sufficiently or adequately addressed at EU level. It is beyond the scope
of this study to assess the sufficiency or adequacy of Member State measures.

Summary

Summarising the above, including the acknowledged limitations of this study, this section
draws three categories of conclusion with regard to the potential for inadequacy in the way
risks are dealt with in the EU legislation;

¢ Inadequacies in EU legislation that could lead to risks to the environment or human
health not being sufficiently addressed.

e Potential inadequacies - uncertainties in the applicability of EU legislation: the
potential for risks to be insufficiently addressed by EU legislation, where uncertainty
arises because of lack of information regarding the characteristics of HVHF projects.

e Potential inadequacies - uncertainties in the existence of appropriate requirements at
national level: for aspects relying on a high degree of Member State decision-making
it is not possible to conclude whether or not at EU level the risks are adequately
addressed.

3.3 Study Overview

The assessment starts by analysing the EU environmental acquis, using the Commission's
legal assessment of the applicable framework (EC, 2011) as the starting point. Given more
in-depth information about the type and nature of risks related to hydraulic fracturing and in
particular HVHF, a number of conclusions in this report may go further than the
Commission's interpretation providing better insights with regard to particular legal aspects.
For instance, this appears to be the case with regard to the Environmental Impact
Assessment (EIA) Directive 2011/92/EU, under which an EIA is not (always) mandatory with
regard to shale gas extraction activities due to the fact that:

o activities are expected not to fall within the scope of Annex | of the Environmental
Impact Assessment Directive (2011/92/EU).

o itis questionable whether shallow drillings are covered when looking at Annex I
of the same Directive.

o approaches between Member States could differ regarding the way in which risk
and impacts are weighted and whether or not an EIA is required. In that sense
the Environmental Impact Assessment Directive (2011/92/EU) in itself does not
prescribe that an EIA, addressing the risks and impacts identified in Chapter 2, is
mandatory.
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This analysis and other regulatory aspects are identified and discussed below. In Table 6,
the pieces of legislation falling within the scope of the analysis are listed to provide an
enhanced overview.

Table 6: Overview of relevant EU legislation

Number ‘ Legislative measure

1. Strategic Environmental Impact Assessment Directive (2001/42/EC)

(relating to plans and programmes only)

2. Environmental Impact Assessment Directive (2011/92/EU)
3. Integrated Pollution and Prevention Control - Directive (2008/1/EC), if applicable
4. Industrial Emissions Directive (2010/75/EC), if applicable

5. Mining Waste Directive(2006/21/EC)

6. Environmental Liability Directive (2004/35/EC)

7. Waste Framework Directive (2008/98/EC)

8. Water Framework Directive (2000/60/EC)

9. Groundwater Directive (2006/118/EC)

10. Noise Directive (2002/49/EC)

11. Air Quality Directive (2008/50/EC)

12. Habitats Directive (1992/43/EEC)

13. Birds Directive(2009/147/EC)

14. REACH (Regulation 1907/2006/ EC)

15. Biocidal Products Directive (98/8/EC)

16. Authorization (for the prospection, exploration and production) of hydrocarbons Directive (94/22/EC)

17. SEVESO Il Directive (1996/82/EC)

18. 1992/29/Euratom Directive

19. Urban wastewater Directive (97/271/EEC)

Some pieces of legislation are relevant for all of the project phases and some only come into
play at certain stages (e.g. when actual shale gas extraction activities take place). However,
the impacts tackled by the different pieces of legislation might differ. In the following
sections, the impacts identified per well development stage are considered, and the
legislation relevant for tackling these impacts is discussed.

In section 3.4, an analysis is provided of directives which are not specific to individual risks or
stages of the shale gas production process.

In sections 3.5 to 3.15, the impacts identified in section 2.10 as potentially being of “very
high” or “high” significance are discussed in the context of legislation which is relevant for
these impacts. Where appropriate, reference is made to the general provisions described in
section 3.4. These more severe impacts are treated as bounding cases and it can be
expected that less severe impacts would be either covered by the legislation in a similar
manner or be considered insufficiently significant to be addressed by the legislation.
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This analysis covers the impacts of most significant potential concern with regard to the use
of high volume hydraulic fracturing techniques in Europe. The provisions and analysis set
out in section 3.4 to 3.15 also addresses the majority of potential impacts of lower (moderate)
priority identified in Chapter 2. In section 3.16, a brief discussion is provided of “moderate”
priority issues. The overall conclusions of the regulatory analysis are provided in section
3.17.

3.4 General provisions

There are several steps that a competent authority should take prior to granting development
consent - see Strategic Environmental Assessment Directive (2001/42/EC) and
Environmental Impact Assessment Directive (2011/92/EC). These steps give the competent
authorities the legal framework for impact assessments, permits and other decisions.

Among these steps are:
e Deciding which area is to be permitted for exploration;
¢ |dentifying where environmental assessments have to be undertaken; and
¢ |dentifying which permits can or should be granted.

In this section we cover these more general directives and the extent to which they are
relevant to the use of High Volume Hydraulic Fracturing (HVHF) for hydrocarbons
operations. The final subsection of section 3.4 presents a consolidated review of the
monitoring and inspection requirements specified by the IPPC Directive (2008/1/EC), the
Mining Waste Directive (2006/21/EC) and the Water Framework Directive (2000/60/EC).

The section starts with the level of planning and decision making. In this case it is the
decision of a national competent authority to dedicate a certain area for prospecting,
exploration or production of hydrocarbons. Subsequently it is decided whether or not to
grant permits to entities who apply for the authorisation of prospecting, exploring or
producing. An important distinction to make, therefore, is that some Directives relate to
plans/programmes and others to developments/projects. This is explained in the discussion
of each Directive below.

At the start of the actual prospecting, any necessary environmental assessments have to be
carried out, and any required environmental permits have to be applied for.

3.4.1 Strategic Environmental Assessment Directive (2001/42/EC)

The Strategic Environmental Assessment Directive (2001/42/EC) obliges Member States to
provide strategic environmental assessments (SEA) of all governmental programmes and
plans that might have significant environmental impacts. The SEA is aimed at providing the
necessary information for the authorities to decide on their plan taking into account the
environmental risks and impacts associated with, in this case, high volume hydraulic
fracturing processes.

Article 2 of Strategic Environmental Assessment Directive (2001/42/EC) defines ‘plans and
programmes’ as plans and programmes, including those co-financed by the European
Community, as well as any modifications to them:

— which are subject to preparation and/or adoption by an authority at national, regional or
local level or which are prepared by an authority for adoption, through a legislative procedure
by Parliament or Government, and

— which are required by legislative, regulatory or administrative provisions.

Article 3(2) of the Strategic Environmental Assessment Directive (2001/42/EC) sets out that
an environmental assessment (EA) shall be carried out for all plans and programmes which
are prepared for, inter alia, energy, industry, waste management, water management and
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country planning or land use which set the framework for future development consent of
projects listed in Annexes | and Il of the Environmental Impact Assessment Directive
(2011/92/EV). Additionally, an environmental assessment is mandatory for plans and
programmes which require an assessment related to the Habitats Directive (1992/43/EEC).

With regard to the Strategic Environmental Assessment Directive (2001/42/EC), and its
relation to the impact of shale gas activities, a key consideration is whether there exist or
could exist relevant overlying programmes/plans subject to an SEA obligation. Country
planning programmes fall within this category. Annex Il of the Environmental Impact
Assessment Directive (2011/92/EU) mentions, in the section Extractive Industry, d) deep
drillings and e) Surface industrial installations for the extraction of coal, petroleum, natural
gas and ores, as well as bituminous shale. Because shale gas is natural gas, an SEA is
required for plans and programmes concerning the country planning of shale gas activities.
Decisions on granting and using authorisations for prospection, exploration and production of
hydrocarbons concern the use of areas of land and are therefore considered country
planning. Only in the case of the use of small areas at local level a SEA is not mandatory
according to article 3(3) of the Strategic Environmental Assessment Directive (2001/42/EC).
Member States can require a SEA in those cases if they determine that there are likely
significant environmental effects.

The first step that a competent authority has to undertake, when considering opening the
possibility of granting permits or authorisations for prospecting, exploring or producing
hydrocarbons is to carry out a strategic environmental assessment.

Annex | provides guidance related to the information that should be reported in the strategic
environmental assessment. Impacts that should be covered are stated in Annex | (f): the
likely significant effects (1) on the environment, including on issues such as biodiversity,
population, human health, fauna, flora, soil, water, air, climatic factors, material assets,
cultural heritage including architectural and archaeological heritage, landscape and the
interrelationship between the above factors.

When looking at other hydraulic fracturing impacts, there is no explicit reference to resource
(e.g. water) use, impacts on the underground environment and noise (human health) and
nuisance factors (such as from traffic). However, Annex I(f) states that “the likely significant
effects on the environment should be taken into account.” We therefore consider these to be
covered.

Conclusions on applicability of the Strategic Environmental Assessment Directive
(2001/42/EC)

e The Strategic Environmental Assessment Directive (2001/42/EC) is applicable since
shale gas extraction activities fall within the scope defined in Article 3(2). This means
that a strategic environmental assessment is obligatory in as far as Member States
develop public plans and programmes related to shale gas extraction activities.

e The Strategic Environmental Assessment Directive (2001/42/EC) is aimed at
targeting all the relevant significant environmental aspects (Annex ). We therefore
consider these to also be covered, perhaps with the exception of certain specific
aspects, including geological aspects, for which there is no explicit reference.

3.4.2 Environmental Impact Assessment Directive (2011/92/EUV)

As indicated in the Commission’s legal interpretation of the environmental acquis (EC,
2011a), the Environmental Impact Assessment Directive (2011/92/EU) is relevant to HVHF
activities.

Article 2(1) of the Environmental Impact Assessment Directive (2011/92/EU) requires that
“Member States shall adopt all measures necessary to ensure that, before consent is given,
projects likely to have significant effects on the environment by virtue, inter alia, of their
nature, size or location are made subject to a requirement for development consent and an
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assessment with regard to their effects.” The projects to which these provisions are
applicable are defined in Article 4 of the Environmental Impact Assessment Directive
(2011/92/EV). The aspects covered by the Environmental Impact Assessment therefore play
an important role in the development consent of the project and through this route the
competent authority has the powers to impose measures to protect and preserve the
environment potentially impacted by the development. However, it is uncertain if an EIA will
automatically be mandatory for shale gas extraction activities. The reason for this is
discussed in the paragraphs below.

Obligation to carry out an EIA for projects concerning high volume hydraulic
fracturing processes

According to Article 4(1) of the Environmental Impact Assessment Directive (2011/92/EU), an
assessment is obligatory for certain projects mentioned in Annex |. This annex lists:
“Extraction of petroleum and natural gas for commercial purposes where the amount
extracted exceeds 500 tonnes/day in the case of petroleum and 500,000 cubic metres/day in
the case of gas.” Operator information quoted by New York State DEC (2011 PR p5-139)
indicates that the maximum foreseeable production rate in the initial phases of a well in the
Marcellus Shale would be 250,000 m® per day, rapidly declining to less than 100,000 m® per
day (see section 1.4.2). Preliminary indications from exploratory drilling in Europe suggest
that production rates are likely if anything to be lower than in the US (Bloomberg, 2012 NPR).
Consequently, it is unlikely that the threshold of 500,000 cubic metres/day will be met in case
of shale gas production at a single well. However, for multiple well sites, the total production
rate could exceed the 500,000 cubic metres/day threshold. The Environmental Impact
Assessment Directive (2011/92/EU) is clear that cumulative impacts need to be taken into
account (as discussed below) when Member States apply discretion in the requirement for
an EIA, but it is not explicit in stating whether or not the production rates from multiple
projects need to be taken into account in determining the need for an EIA under Annex I.

The obligation for conducting an EIA is derived from the general notion that environmental
impacts that might be significant must be known before a decision on project is made. The
assessment must have a role in the decision making process. One of the reasons for this
lies in the precautionary principle. Given this principle, and the fact that the impacts related
to HVHF processes are higher than those of conventional gas production and the chance of
occurrence of the impacts is greater (as discussed in Chapter 2), it would make sense to
have a lower threshold. This threshold is applicable for the expected maximum production
capacity within the project and should be used at the outset of the approval process for the
project.

However, Article 4(2) provides discretionary powers for Member States to require an
environmental impact assessment (EIA) for projects listed in Annex Il of the Environmental
Impact Assessment Directive (2011/92/EU). These include projects in the extractive
industries, with specific reference to underground mining, deep drillings and surface
industrial installations for the extraction of natural gas (among others) and surface storage of
natural gas.

Under Article 4(2) Member States themselves shall determine whether the project shall be
made subject to an EIA through either a case-by-case examination or setting thresholds or
criteria (or both). In doing so they are obliged to take into account the relevant selection
criteria given in Annex Il of the Environmental Impact Assessment Directive (2011/92/EU).
These criteria involve:

e Characteristics of projects, in particular: size, cumulation with other projects, use of
natural resources, production of waste, pollution, nuisances and risks of accidents;

e Location of projects, in the sense that the environmental sensitivity of geographical
areas likely to be affected by projects must be considered;
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e Characteristics of the potential impact, including: the extent of the impact, the
transfrontier nature of the impact, the magnitude and complexity of the impact, the
probability of the impact and the duration, frequency and reversibility of the impact.

Furthermore, according to the EC’s “guidance note on the application of Directive
85/337/EEC to projects related to the exploration and exploitation of unconventional
hydrocarbon” (EC, 2011 NPR), the overall objective (to apply to projects with significant
effects on the environment) should be taken into account. That guidance also makes clear
that the examples under the Annex Ild reference to deep drillings should be treated as
indicative and to be taken as including unconventional hydrocarbon projects that use deep
drillings.

However, uncertainty may remain in relation to a shallow well by virtue of lack of precision
over the definition of “deep drilling”, which would not cover shallow drilling activities (not
defined). Based on Annex Il (2) (e) though “Surface industrial installations for the extraction
of coal, petroleum, natural gas and ores, as well as bituminous shale,” Member States are
obliged to determine whether or not a project shall be made subject to an EIA for installations
related to the extraction of natural gas.

Scope of EIA

The Environmental Impact Assessment Directive (2011/92/EU) requires an assessment of
projects likely to have significant effects on the environment. It is not specific as to what
those measures are but arguably can be considered adequate in that there are no limitations
regarding impacts that could be excluded (i.e. true goal-based approach). If hydraulic
fracturing were to result in unforeseen impacts then they may not be addressed through EIA,
but this would be a weakness in the understanding of the technology, and not the
construction of the EIA legislation which is a horizontal instrument by nature. In relation to
this aspect, the EC guidance regarding application of Environmental Impact Assessment
Directive (2011/92/EU) to unconventional hydrocarbon projects (EC, 2011 NPR) stated that
unconventional hydrocarbon projects would be subject to an EIA if it cannot be excluded, on
the basis of objective information, that the project will have significant environmental effects.
The precautionary and prevention principles also imply that in case of doubts as to the
absence of significant effects, an EIA must be carried out.

The EIA Directive (2011/92/EC) has no explicit coverage of geomorphological and
hydrogeological aspects, and there is a lack of clarity as to whether there is an obligation to
assess impacts related to geological features as part of the impact assessment. This might
lead to a knowledge gap and could potentially result in significant impacts to groundwater.

Also of significance is the list of specific selection criteria contained in Annex Il of the
Environmental Impact Assessment Directive (2011/92/EU), which guides Member States in
the decision on whether an EIA is required under Article4(3). If significant impacts from
hydraulic fracturing were not covered by Annex Il then this would be an inadequacy of the
legislation. In the table below we list the Annex Il criteria alongside the relevant aspects of
hydraulic fracturing.

Table 7: Relevance of criteriain Environmental Impact Assessment Directive
(2011/92/EU) Annex lll to hydrocarbons activities involving the use of HVHF

Annex lll aspect Relevance to hydrocarbons activities

involving the use of high volume hydraulic
fracturing

CHARACTERISTICS OF PR OJECTS

The characteristics of projects must be
considered having regard, in particular, to:

e the size of the project This recognises the potential scale of the project
including its expansion
e the cumulation with other projects Covers cumulative effects including those with

other technologies/activities

Ref: AEA/ED57281/Issue Number 17 81




/5 AEA Support to the identification of potential risks for the environment and human health arising from
hydrocarbons operations involving hydraulic fracturing in Europe

Annex lll aspect

the use of natural resources

Relevance to hydrocarbons activities
involving the use of high volume hydraulic
fracturing

Particularly relevant to water abstraction

e the production of waste

Covers mining waste and waste hydraulic
fracturing fluids including constituents

e pollution and nuisances

Recognises noise, traffic and visual impacts as
well as surface water and groundwater
contamination and gaseous emissions

e the risk of accidents, having regard in
particular to substances or technologies
used

Recognises risks, especially relevant to those
posed by accidental release of hydraulic
fracturing fluids, fluid additives, waste waters, or
gaseous emissions

LOCATION OF PR OJECTS

The environmental sensitivity of geographical
areas likely to be affected by projects must be
considered, having regard, in particular, to:

e the existing land use

Acknowledges land take and usage

¢ the relative abundance, quality and
regenerative capacity of natural resources in
the area

Recognises local context to land use

e the absorption capacity of the natural
environment, paying particular attention to
the following areas

o wetlands

Considers impacts on water bodies from
additives, fracturing liquids, treated and untreated
waste water

o coastal zones

Considers impacts on water bodies from
additives, fracturing liquids, treated and untreated
waste water

o mountain and forest areas

Covers deforestation from land clearance and for
road construction

o nature reserves and parks

Recognises impacts on reserves and local
amenities from all impacts

o [protected areas listed under point 2(v)
of Annex I11]

Covers potential impacts on protected
ecosystems

o areas in which the environmental
quality standards laid down in Union
legislation have already been exceeded

Covers cumulative and additional effects for all
pollution types

o densely populated areas

Recognises elevated risks to higher density local
populations, covering effects of groundwater and
drinking water contamination, air pollution, noise,
visual impact

o landscapes of historical, cultural or
archaeological significance

Addresses the significance of land take and land
usage in the context of local landscape
importance

CHARACTERISTICS OF THE POTENTIAL
IMPACT

The potential significant effects of projects must
be considered in relation to criteria set out in
points 1 and 2, and having regard in particular to:

e the extent of the impact (geographical area
and size of the affected population)

Covers the scale of hydraulic fracturing zones. It
is unclear whether this point is intended to cover
the underground environment

e the transboundary nature of the impact

Covers impacts crossing boundaries and with
potentially great extent

e the magnitude and complexity of the impact

Covers the size of the impact and recognising
complexities such as those related to risks of
contamination of water bodies with highly toxic
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Annex lll aspect Relevance to hydrocarbons activities

involving the use of high volume hydraulic
fracturing

hydraulic fracturing substances, at low and high
concentrations

e the probability of the impact Will require consideration of the likelihood of
accidental releases of hydraulic fracturing fluids,
additives, waste waters, air pollutants, invasive

species etc
 the duration, frequency and reversibility of Acknowledges temporal extent of impacts, the
the impact reversibility and residual environmental impact

An environmental impact assessment must address the whole project, since impacts that
might occur in any one of the project stages might be significant enough to deny the approval
for the project as a whole.

With regard to the assessment of impacts in Chapter 2, the following are clearly covered by
the above list (the Environmental Impact Assessment Directive (2011/92/EU) covers the
whole life of the project and therefore the covered impacts are not identified against project
stage):

e Surface water contamination risks
e Release to air

e Land take

¢ Noise

e Visual impact

o Traffic

e Groundwater contamination

e Water resource depletion

Nevertheless, under the EIA Directive there is less clarity on the treatment of impacts from
underground activities. This is implicitly covered by the inclusion of pollution (which can be
underground) under project characteristics, but underground environments are not explicitly
mentioned. There is no reference to seismicity within the Annex, although again implicitly
environmental impacts related to induced seismic activity would be covered.

Impacts on biodiversity are not explicitly listed but would be accounted for insofar as
important species reside within protected areas listed under point 2(v) of Annex Ill, or in
relation to impacts on biodiversity caused by releases of pollution, noise or other impacts
which are covered. Impacts on flora and fauna at other areas of nature conservation value
are to be assessed in an EIA. Itis up to Member States to indicate the nature conservation
value of the area(s) concerned in the vicinity of the proposed production site(s).

The EIA must, according to Article 5 and Annex IV, provide information on the project itself,
the location, size, time of operation, etc. It must also provide information on the possible
impacts of the project and the measures foreseen to prevent or mitigate the impacts. This
information should cover the direct effects and any indirect, secondary, cumulative, short,
medium and long-term, permanent and temporary, positive and negative effects of the
project. For the projects concerning hydrocarbons operations involving hydraulic fracturing
this means that at least the impacts addressed in chapter 2 of this report will be taken into
account in an EIA. The estimated or calculated impacts will be decisive for the competent
authorities for their decision on for instance granting a permit for exploration or extraction.
This also includes providing information on the use of chemicals and its properties.
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Disclosure of the information on these chemicals is also regulated through the REACH
regulation (1907/2006/EC), Articles 117 and 118.

The EIA must take into account other projects that cumulatively might result in larger impacts
on the environment. This means that an EIA on a shale gas project must also describe other
projects in the same area and the effects of multiple wells. This is done in order to prevent
the slicing of projects into smaller parts just to reduce the environmental impacts.

Projects concerning hydrocarbons operations involving hydraulic fracturing usually start with
a few wells to be expanded with more wells in due time. This expansion is to be foreseen in
the EIA and is to be taken into account. A thorough assessment of the impacts of also future
wells must be part of the EIA. A multiple well site should be assessed with the same
methods as a single or double well site. The location of the (future) wells must be known in
order to address and assess the impacts. In addition, this means that the output of a multiple
well site must be taken into account when determining whether the Annex | threshold of
500,000 cubic metres/day is exceeded.

The size of a project that could be the subject of an EIA is not limited by law, nor in practice,
by the feasibility of assessing the impacts. All activities in the project at all locations must be
described and assessed.

An EIA can be conducted in a very large area and for projects that have several phases in
process. In general one should start with a survey of the main impacts that can occur and at
least should be addressed in the EIA. This is a scoping phase in the assessment project. In
this scoping phase the area of study for the assessment is also part of this first step. With
the use of the SEA, the most important impacts and areas of concern may already be known,
provided there are national public plans or programmes encompassing shale gas activities.
This would make it possible to conduct a meaningful EIA even if there is a large number of
well sites. Each of these sites has its own characteristics, but they also have many common
features.

The public shall be informed, whether by public notices or by other appropriate means such
as electronic media where available, of the matters set out in Article 6 early in the
environmental decision-making procedures. The information collected under Article 5 on the
project itself, its impacts and the foreseen measures to prevent or to mitigate the impacts
shall also be made available to the public. The public concerned shall be given early and
effective opportunities to participate in the environmental decision- making procedures
referred to in Article 2(2) and shall, for that purpose, be entitled to express comments and
opinions.

In this way the public has the opportunity to participate in the decision making process by
giving comments and opinions. According to Article 8 the results of consultations and the
information gathered pursuant to Articles 5, 6 and 7 shall be taken into consideration in the
development consent procedure.

Article 11 of the EIA directive (2011/92/EC) regulates the public’s right to have access to a
review procedure before a court of law or another independent and impartial body
established by law to challenge the substantive or procedural legality of decisions, acts or
omissions subject to the public participation provisions of this Directive.

Conclusions on applicability of Environmental Impact Assessment Directive
(2011/92/EU)

e According to Article 4(1) of the Environmental Impact Assessment Directive
(2011/92/EUV), an assessment is mandatory for certain projects mentioned in Annex I.
Shale gas extraction activities are expected not to fall under the activities listed in Annex |
due to the fact that they will not likely reach the 500,000m*/day gas extraction threshold
stated in that Annex.
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e The impacts of HYHF processes can be greater than the impacts of conventional gas
exploration and production processes per unit of gas extracted. The use of a single
volume threshold for all gas extraction activities in Annex | could lead to more severe
impacts from HVHF not being assessed in an impact assessment under this Directive.
This is an inadequacy in the EU legislation that could lead to risks not being sufficiently
addressed. It is beyond the scope of this work to examine alternative thresholds or
approaches for HVHF.

e Member States must decide whether an EIA is required (Article 4(2)) for activities
covered by Annex Il. Guidance on making this decision is given in the Directive but
approaches between Member States could differ regarding the way in which risk and
impacts are weighed and whether or not an EIA is required. It is not possible to conclude
that risks are adequately addressed at EU level and it is beyond the scope of this project
to assess the adequacy of Member State decision-making for activities in Annex Il. We
consider it appropriate though that the requirement for EIA for HVHF projects falling
outside of Annex | be assessed on the basis of project specific characteristics, as is the
approach taken in the Directive.

e Based on the characteristics of shale gas extraction activities they fall within the scope of
Annex Il of the Environmental Impact Assessment Directive (2011/92/EU) with regards
Annex Il (2) (e) for “Surface industrial installations for the extraction of coal, petroleum,
natural gas and ores, as well as bituminous shale” (which however would not cover
exploration activities) and, insofar as they constitute “deep drillings” as specified in Annex
II (2)(d) (which would cover both exploration and extraction activities).

¢ However, uncertainty may remain in relation to a shallow well by virtue of lack of
precision over the definition of “deep drilling”, which would not cover shallow drilling
activities (not defined). This is an inadequacy of legislation at EU level. In addition,
geological/underground aspects are not explicitly mentioned.

o If an EIA is deemed appropriate by a national authority, cumulative impacts are covered
by the Environmental Impact Assessment Directive (2011/92/EU). This is specified in
Article 5(1) and Annex IV of the Directive.

3.4.3 Hydrocarbons Authorization Directive (94/22/EC)

The Hydrocarbons Authorization Directive (94/22/EC) sets a common framework aimed at
guaranteeing non-discriminatory access to the activities of prospection, exploration and
production of hydrocarbons. It stipulates that the limits of the geographical areas covered by
an authorisation and the duration of that authorisation must be determined in proportion to
what is justified in terms of the best possible exercise of the activities from an economic and
technical point of view.

The Hydrocarbons Authorization Directive (94/22/EC) prescribes that Member States shall
take the necessary measures to ensure that authorizations are granted on the basis of
certain criteria, concerning in all cases the way in which applicants propose to prospect,
explore and/or bring into production the geographical area in question (Article 5(1b)). It is not
specifically aimed at addressing the risks and impacts identified in Chapter 2, as it focuses
on ensuring fair competition in the internal market. At most, this directive allows Member
States to provide in authorization conditions imposed on concession holders if this is justified
from, e.g., the perspective of environmental protection and protection of biological resources
(amongst others Article 6(2)). This provision makes it possible for Member States to draft
authorization conditions aimed at preventing or mitigating environmental impacts it deems
necessary. In this respect there is arguably a potential overlap with the Mining Waste
Directive (2006/21/EC), which puts in place specific conditions associated with managing the
environmental aspects of mining waste management. However, as such measures are not a
requirement under the Hydrocarbons Authorization Directive (94/22/EC), Member States
themselves determine if and how to implement the option in practice. This is not a gap in the

Ref: AEA/ED57281/Issue Number 17 85



/5 AEA Support to the identification of potential risks for the environment and human health arising from
hydrocarbons operations involving hydraulic fracturing in Europe

EU legislation per se and it is beyond the scope of this study to go into the degree to which
Member States make use of the option under the Hydrocarbons Directive to draft
authorization conditions aimed at preventing or mitigating environmental impacts.

In accordance with the Convention on Access to Information, Public Participation in Decision-
making and Access to Justice in Environmental Matters (Aarhus Convention) public
participation is required in respect of permitting decisions for activities listed in Annex | to the
convention (Article 6). These include, inter alia, installations for the treatment and disposal of
waste and hazardous waste (point 5), extraction of natural gas exceeding 500,000 m®day
(point 12) and other activities for which national environmental impact assessment legislation
requires public participation (point 20). These provisions potentially therefore require public
participation in the procedure for authorisations granted under the Hydrocarbons
Authorization Directive (94/22/EC).

3.4.4 Integrated Pollution Prevention and Control Directive (2008/1/EC)

The IPPC Directive (2008/1/EC) has the objective of achieving integrated prevention and
control of pollution arising from the activities that cause significant pollution. It lays down
measures designed to prevent or, where that is not practicable, to reduce emissions in the
air, water and land from these activities, including measures concerning waste, in order to
achieve a high level of protection of the environment taken as a whole.

In order to achieve this objective, the directive consists of a system of permitting, setting
emission standards, monitoring and documents for best available technology.

Activities covered by the Directive

Annex | of the IPPC Directive (2008/1/EC) states the activities that fall under the jurisdiction
of the directive. This covers energy industries, production and processing of metals, mineral
industry, chemical industry and waste management.

Annex | includes combustion emissions from combustion installations in energy industries
which have a rated thermal input of over 50MW. New York DEC 2011 PR (p6-100) identifies
drilling rig power of 5400Hp, implying at a thermal input at 50% efficiency (illustrative) a
thermal input of 8BMW; well below the IPPC threshold. This means that combustion
emissions from single drilling rigs are not covered by the IPPC Directive (2008/1/EC).
However, Annex | also states that if there are multiple installations on the site, the total
thermal input of all installations should be used as the value to meet the threshold, leading to
the potential for large multiple well operations to be covered.

A further area of potential relevance to shale gas lies in the hazardous waste treatment
installations, principally for hazardous waste. The used hydraulic fracturing fluids that return
from the well or stay underground and will not be reused are considered waste.

Annex | section 5.1 includes:
Installations for the disposal or recovery of hazardous waste as defined in:

e the list referred to in Article 1(4) of Directive 91/689/EEC (Council Directive on
hazardous waste, amended by Directive 2008/98/EC)

o Annexes Il A and Il B to Directive 2006/12/EC (Council Directive on hazardous waste)
e Council Directive 75/439/EEC on the disposal of waste oils (2),
with a capacity exceeding 10 tonnes per day.

In this case hazardous waste’ means hazardous waste as defined in point 2 of Article 3 of
the Waste Framework Directive (2008/98/EC). “hazardous waste’ means waste which
displays one or more of the hazardous properties listed in Annex IlI;” That directive cites the
following (with descriptions):

e ‘Explosive’
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e ‘Oxidizing’
e ‘Highly flammable’

¢ ‘Flammable’

e Irritant’
e ‘Harmful’
e ‘Toxic’

e ‘Carcinogenic’

e ‘Corrosive’

o ‘Infectious’

e ‘Toxic for reproduction’
e ‘Mutagenic’

¢ Waste which releases toxic or very toxic gases in contact with water, air or an acid.
‘Sensitizing’

e ‘Ecotoxic’

o Waste capable by any means, after disposal, of yielding another substance, e.g. a
leachate, which possesses any of the characteristics listed above.

To clarify these points the Waste Framework Directive (2008/98/EC) notes:

1. Attribution of the hazardous properties ‘toxic’ (and ‘very toxic’), ‘harmful’, ‘corrosive’,
‘irritant’, ‘carcinogenic’, ‘toxic to reproduction’, ‘mutagenic’ and ‘eco-toxic’ is made on the
basis of the criteria laid down by Annex VI, to Council Directive 67/548/EEC of 27 June 1967
on the approximation of laws, regulations and administrative provisions relating to the

classification, packaging and labelling of dangerous substances.

2. Where relevant the limit values listed in Annex Il and Il to Directive 1999/45/EC of the
European Parliament and of the Council of 31 May 1999 concerning the approximation of the
laws, regulations and administrative provisions of the Member States relating to the
classification, packaging and labelling of dangerous preparations shall apply.

The US House of Representatives Committee on Energy and Commerce inquiry into the
practice of hydraulic fracturing in the US examined the constituents of hydraulic fracturing
fluids (US House of Representatives, 2011 NPR). It noted (page 1) that additive products
included 29 chemicals that are: (1) known or possible human carcinogens; (2) regulated
under the Safe Drinking Water Act for their risks to human health; or (3) listed as hazardous
air pollutants under the Clean Air Act. This would suggest that the disposal of hydraulic
fracturing fluids would be covered by the IPPC Directive (2008/1/EC) due to the potentially
hazardous constituent compounds. New York State DEC (2011 PR p5-54 onwards),
examines the potential constituents of hydraulic fracturing fluids and concludes that
“Chemicals in products proposed for use in high-volume hydraulic fracturing include some
that, based mainly on occupational studies or high-level exposures in laboratory animals,
have been shown to cause effects such as carcinogenicity, mutagenicity, reproductive
toxicity, neurotoxicity or organ damage.” However the effect that these could have on human
health depend on exposure routes.

This suggests that hydraulic fracturing fluids could constitute hazardous waste: however
further detailed examination of hydraulic fracturing additives would be required to confirm
their classification as hazardous under the Waste Framework Directive (2008/98/EC).
Thresholds for the constituents of liquids to determine classification as hazardous wastes
require specific values to be calculated, under the terms of the Classification, Packaging and
Labelling Directive (1999/45/EC). Furthermore, In order to harmonise the approach of
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declaring waste as hazardous, the European Commission issued a decision 2000/532/EC
which gives thresholds on substances in waste. Wastes with characteristics above these
thresholds are classified as hazardous. The assessment of whether hydraulic fracturing
fluids could be hazardous would need to be carried out on a case by case basis, in view of
the variability in constituents of fracturing fluids.

Annex | of the IPPC Directive (2008/1/EC) also identified non-hazardous waste disposal as
requiring an IPPC permit under certain circumstances. It includes (point 5.3): “Installations
for the disposal of non-hazardous waste as defined in Annex Il A to Directive 2006/12/EC
under headings D8 and D9, with a capacity exceeding 50 tonnes per day,” where headings
D8 and D9 specify biological and physico-chemical treatment respectively. Whilst hydraulic
fracturing injection rates could exceed this threshold, the fluids would not necessarily be
seen to be treated in this way for the purposes of disposal.

Pollution covered by the Directive

It is important to consider the extent to which the IPPC Directive (2008/1/EC) covers the
impacts from activities such as drilling and hydraulic fracturing. One could consider the
interpretation of Art 1 to cover Annex | activities irrespective of whether or not they are the
main activities of the site.

The rationale for this is that the approach of IPPC is to regulate activities, and not sites, or
main activities. An installation is defined by Art 2 as a technical unit where annex | activities
take place, including directly associated activities with a technical connection to the activities.
This is reflected in the boundary of the installation from a permit perspective, Arts 6 and 9,
which require that permits and their conditions apply to installations, and hence the activities
taking place there.

In summary, there is no definition of an installation separate from the activities in Annex |, so
one can conclude that IPPC would apply to all Annex | activities irrespective of the main
purpose of a site or the boundaries drawn for that site for other purposes (EIA-Directive,
Mining Waste Directive etc). This means that the IPPC Directive (2008/1/EC) could apply to
hydraulic fracturing installations that meet Annex | criteria for waste management, even
though the primary purpose of the installations is not the management of waste.

A further consideration is whether the permit covers only the polluting substances resulting
from Annex | activities, or more widely all pollution from the installation. For example,
consider a hydraulic fracturing site involved the disposal of hazardous waste with a capacity
of >10 tonnes per day (Annex | 5.1) and at the same time its combustion capacity is below
50MW, therefore it does not meet any Annex | requirements in relation to air emissions from
that drilling equipment. According to Art 2(3) the “installation” means: “a stationary technical
unit where one or more activities listed in Annex | are carried out, and any other directly
associated activities which have a technical connection with the activities carried out on that
site and which could have an effect on emissions and pollution;”. Therefore one needs to
determine if air emissions would be covered by an IPPC permit for the installation in the
above example. Two considerations apply:

e Whether the drilling equipment has a technical connection with the activity of waste
disposal (the hydraulic fracturing process).If it is a general and broad definition of
connection, then it could be interpreted that the Directive covers any activity
associated with shale gas exploitation at the site and drilling pollution would be
covered. A narrow definition, however, would be that the technical connection means
the connected activities would need to influence the pollution of the Annex I activity.
In other words, in the example above drilling would only be connected if it influenced
the pollution due to waste disposal. However, technical connection is not defined in
the directive, and Art 2(3) does not limit this connection as being associated with
Annex | activities. Therefore the broad interpretation appears reasonable.
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e The drilling equipment could have an effect on emissions and pollution. Critical to this
interpretation, though, is that Art 2(3) does not limit the directly associated activities to
those which have an effect on the pollution associated with the Annex | activity; it
refers to emissions and pollution in a more general sense. In other words, there is no
need to demonstrate that the operation of the drilling equipment (and for example the
technology used) has an effect on the pollution associated with waste disposal. It is
enough that it has some impact on pollution (where pollution is defined in Art 2(2)).

Taken together, the above analysis suggests that the undertaking of any Annex | activity at a
shale gas exploitation site would include under IPPC any pollution from any equipment
directly connected with the shale gas exploration work. This is the approach taken in the
report. If this broad definition is not supported then the coverage of IPPC would be limited to
a subset of activities or pollution at the site.

Relationship to Industrial Emissions Directive (2010/75/EC).

The IPPC directive will be replaced by the Industrial Emissions Directive (2010/75/EC).
Under that directive the potential permit requirements for HYHF processes would be similar.
Operators of industrial activities listed in Annex | to the Directive must obtain an integrated
permit from relevant national authorities prior operation. As with IPPC, Annex | to this
Directive does not explicitly refer to unconventional hydrocarbon exploration and exploitation
activities, but covers activities related to combustion capacity (thermal input over 50MW) and
waste (for which the thresholds relating to hazardous and non-hazardous waste are the
same as IPPC, albeit the definitions within the annex differ). Also , the exemption of
research, development and testing activities in annex | of IPPC is not included in the
corresponding annex of IED.

Under the permit, operators will be subject to the compliance with certain conditions which
include measures on emission limit values for polluting substances listed in Annex Il to the
Directive and for other polluting substances that are likely to be emitted from the installation
concerned in significant quantities.

One of the extra requirements is a baseline report which contains at least the following
information:

¢ Information on the present use and, where available, on past uses of the site;

e Where available, existing information on soil and groundwater measurements that
reflect the state at the time the report is drawn up or, alternatively, new soil and
groundwater measurements having regard to the possibility of soil and groundwater
contamination by those hazardous substances to be used, produced or released by
the installation concerned.

These baseline reports are of importance to establish a good reference of environmental
quality of the site at the start and in case of site closure.

The inspection regime is also strengthened under the Industrial Emissions Directive
(2010/75/EC) compared to the IPPC directive (2008/1/EC).

The Industrial Emissions Directive (2010/75/EC) will be effective for new installations as of
January 7, 2013 and as of July 7, 2015 for existing installations.

Conclusions on applicability of IPPC Directive (2008/1/EC) and IED Directive
(2010/75/EC)

Based on the analysis in this section we conclude that it is uncertain whether or not a permit
according to the IPPC Directive (2008/1/EC) and respectively the IED Directive (2010/75/EC)
is required. Under the IPPC Directive and IED Directive, the permit would be required if (part
of) the installation is defined as an installation for the disposal or recovery of hazardous
waste, where ‘hazardous waste’ is defined in the Waste Framework Directive (2008/98/EC).
The chemical composition of the hydraulic fracturing fluids used is commercially sensitive
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and can differ between production sites, therefore whilst they could be defined as hazardous
(Reins, 2011 PR), it is not possible to form a conclusive and generalised view at this stage.
This is not necessarily an inadequacy of EU legislation, but because of the uncertainty over
HVHF technology characteristics it is not possible to confirm that related environmental risks
would be adequately addressed.

If an IPPC (or IED) permit were required, then the permit conditions would include measures
that are related with the best available techniques (BAT). However, documents to confirm
BAT for this sector are not yet available (Lechtenbéhmer et al., 2011 NPR).

Article 6 of the IPPC directive (article 12 IED) states the information required for application
for a permit. This information can be derived from a performed EIA, but will also be more
specific on the techniques and management measures that will be taken.

The permit shall include emission limit values for polluting substances likely to be emitted
from the installation concerned in significant quantities, having regard to their nature and
their potential to transfer pollution from one medium to another (water, air and land). If
necessary, the permit shall include appropriate requirements ensuring protection of the soil
and ground water and measures concerning the management of waste generated by the
installation.

The permit must also include the suitable release monitoring requirements, specifying
measurement methodology and frequency, evaluation procedure and an obligation to supply
the competent authority with data required for checking compliance with the permit.

If the IPPC Directive (2008/1/EC) or IED (2010/75/EC) does not apply, this means that
(extra) safeguards regarding possible pollutant activities laid down in these Directives and
highlighted above do not apply to hydraulic fracturing.

Since there is no obligation for a permit that covers the complete process on the site and its
impacts, this might be considered as a gap.

3.4.5 Mining Waste Directive (2006/21/EC)

The Mining Waste Directive (2006/21/EC) places specific obligations on operators of facilities
that pose a potential risk to public health or the environment. The wastewater that is the
result of the activities during the HVHF process falls within the scope of the Mining Waste
Directive. This is because the Mining Waste Directive (2006/21/EC), Article 3 (1), refers to
the definition of waste as given in the Waste Directive (Directive 75/442/EEC, subsequently
repealed by Directive 2008/98/EC). In the Waste Directive (2008/98/EC) waste is defined as
“any substance or object which the holder discards or intends or is required to discard”
(Article 3(1)). Commission Decision 2000/532/EC gives a further definition of the waste. The
annex of this decision identifies “01 05 Drilling muds and other drilling wastes” as a category.
The water resulting from HVHF processes is to be considered a drilling waste. This enables
us to conclude that wastewater constitutes waste under the Mining Waste Directive
(2006/21/EC).

The scope of such operations is defined in Article 2 as the management of waste resulting
from the prospecting, extraction, treatment and storage of mineral resources and the working
of quarries. However, it makes exclusions for waste which is generated by prospecting,
extraction and treatment of mineral resources not directly resulting from those operations and
waste from offshore prospecting extraction and treatment of mineral resources. Recognising
these definitions it can be concluded that the directive applies to shale gas extraction.

Due to the fact that, after the hydraulic fracturing, wastewater not only comes out of the well,
but also partly remains underground, the well must be considered as an underground
storage facility for wastewater.

HVHF processes also need a permit under the Mining Waste Directive (2006/21/EC) as
stated in Article 7(1):

Ref: AEA/ED57281/Issue Number 17 90



/5 AEA Support to the identification of potential risks for the environment and human health arising from
hydrocarbons operations involving hydraulic fracturing in Europe

“No waste facility shall be allowed to operate without a permit granted by the
competent authority”,

The permit must contain the waste management plan and adequate arrangements by way of
a financial guarantee or equivalent (Article 7(2)). In fact the combination of the permit and
the waste management plan ensure the necessary measures to prevent accidents and
environmental impacts due to the waste facility. The permit does not cover the activities on
the site that are not related to the waste management. On the other hand the permit under
2006/21/EC can be combined with a permit that might be required under the Water
Framework Directive (2000/60/EC) since discharge of wastewater to surface water must be
regulated with a permit.

The waste management plan must also include measures that the operator takes in the after
abandonment phase, such as monitoring and control. This is most relevant for the waste
water remaining in the wells. It also means that measures must be taken in order to ensure
the construction of the borehole and the well is safe enough to prevent leakage of
wastewater outside the well.

Part of the waste management plan is the characterisation of the waste facility. The operator
must give the information to classify the waste facility as either Category A or non-Category
A according to the criteria laid down in Annex 1l of the Mining Waste Directive (2006/21/EC).

Category A classification is carried out on the basis of the following criteria (Commission
Decision 2009/337/EC also gives more detailed criteria for this categorisation):

e afailure or incorrect operation, e.g. if the collapse of a heap or the bursting of a dam,
could give rise to a major accident, on the basis of a risk assessment taking into
account factors such as the present or future size, the location and the environmental
impact of the waste facility; or

e |t contains waste classified as hazardous under Directive 91/689/EEC above a certain
threshold; or

e it contains substances or preparations classified as dangerous under Directives
67/548/EEC or 1999/45/EC above a certain threshold.

As for these criteria and their application to the hydraulic fracturing process:

e the amounts of stored waste water are estimated to stay below 30,000 m* (see Table
3). Any collapse of a storage facility would not cause a major accident as referred to
in the first criteria; or

¢ the concentrations of hazardous waste or dangerous substances above certain
thresholds could occur, but there is a knowledge gap in relation to these
concentrations, and this would need to be assessed on a case-by-case basis. This
uncertainty over whether HVHF liquids would constitute hazardous waste is
discussed in section 3.4.4.

If the concentrations mentioned are exceeded, the waste facility must be characterised as a
Category A Facility and is subject to a stringent regime including major accident prevention
measures and external emergency plan. If a facility is not characterised as a Category A
facility the operator still has to draw up a waste management plan. However, in that case the
operator does not have to have a major accident prevention policy and external emergency
plan.

A major accident as defined in the Mining Waste Directive (2006/21/EC) means: an
occurrence on site in the course of an operation involving the management of extractive
waste in any establishment covered by this Directive, leading to a serious danger to human
health and/or the environment, whether immediately or over time, on-site or off-site.
Migration of fracturing fluids and/or displaced formation fluids into an aquifer is one of the
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potential risks of HVHF processes, but is not considered a major accident under the Mining
Waste Directive (2006/21/EC).

Waste classification

One of the questions that has to be answered, in order to determine the application of the
IPPC directive for HVHF sites and whether to classify the waste treatment installation as a
Category A installation under the Mining Waste Directive (2006/21/EC), is whether or not the
waste coming from the well or remaining in the underground is hazardous. This issue is
described in section 3.4.4.

It is concluded that, in order to classify hydraulic fracturing wastewaters as hazardous or
non-hazardous, the chemical composition of the waste must be known. Waste chemical
composition will vary from site to site, depending on the nature of the hydraulic fracturing
fluids used, and the levels of naturally occurring potentially hazardous substances present in
wastewater.

This makes it impossible at this stage to classify the waste coming from the well, or the
waste remaining in the well, other than to indicate the possibility that waste waters may
potentially be classified as hazardous. Nevertheless, as noted above, any waste facility shall
require a permit granted by the competent authority and which will contain the waste
management plan (Articles 5 and 7(1) Mining Waste Directive (2006/21/EC)).

Conclusions on applicability of the Mining Waste Directive (2006/21/EC)

The (contaminated) wastewaters related to activities during the HVHF process are
considered to fall under the definition of waste from extractive industries. This conclusion is
in line with the Commission’s legal interpretation on this issue (EC, 2011). Based on the
provisions in the Mining Waste Directive (2006/21/EC) it is not clear whether or not the waste
facility is classified as a Category A waste facility, for which additional safeguards are
mandatory (major accident prevention policy and external emergency plan). This uncertainty
is brought about by the fact that it is unclear whether or not the waste coming from the well or
remaining in the underground is considered ‘hazardous’. The chemical composition of the
hydraulic fracturing fluids used is commercially sensitive and can differ between production
sites. This is not necessarily an inadequacy of EU legislation, but because of the uncertainty
over HVHF technology characteristics it is not possible to confirm that environmental risks in
relation to accidents would be adequately addressed.

If a facility is not characterised as a Category A facility the operator still has to draw up a
waste management plan addressing how he will deal with waste issues and the risks of
chemicals remaining in the underground (which should also be assessed in any
environmental impact assessment before the start of the project). However, in that case the
operator is not required to have a major accident prevention policy and external emergency
plan.

In each case the provisions of the Mining Waste Directive (2006/21/EC) should provide
guidance to Member States in addressing the risks arising from HVHF. The Directive
requires Member States to ensure the operator takes all measures necessary to prevent as
far as possible any adverse effects on the environment or human health, including following
its abandonment (Article (4(2)), implemented through the permit and management plan
(Article 7). However, at present there is no Best Available Technology Reference Document
(BREF) at EU level for shale gas waste management. Whilst reliance on Member State
permitting regimes and associated decision-making is not a gap in the EU legislation per se,
it is beyond the scope of this project to determine whether the Member States’
implementation for this aspect adequately addresses all environmental risks.
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3.4.6 Seveso Il Directive (96/82/EC)

The Seveso Il Directive (96/82/EC) aims to prevent major accidents involving dangerous
substances, limit their consequences and ensure high levels of protection in a consistent and
effective manner.

Article 4 states the exclusions of the Directive, especially 4(e) [the exploitation (exploration,
extraction and processing) of minerals in mines, quarries, or by means of boreholes, with the
exception of chemical and thermal processing operations and storage related to those
operations which involve dangerous substances, as defined in Annex I] and ‘(g) [waste land-
fill sites, with the exception of operational tailings disposal facilities, including tailing ponds or
dams, containing dangerous substances as defined in Annex I, in particular when used in
connection with the chemical and thermal processing of minerals].

In both (e) and (g) there must be chemical and thermal processing operations and storage
which involves dangerous substances, although the terms “chemical and thermal processing”
are not defined in the directive. Chemical and thermal processing operations are common in
the ore mining industry. HVHF processes do not use chemical and thermal processing
operations, but do involve mechanical processes, i.e. the mixing of substances. The Seveso
Il Directive (96/82/EC) is not applicable to waste storage of HVHF processes. The risks
involving the management of waste are covered by the Mining Waste Directive
(2006/21/EC).

There may be another reason for applicability of Seveso Il Directive (96/82/EC), which is the
presence of natural gas in the ground or on land. Under Article 2 it applies to dangerous
substances that are present in quantities equal to or in excess of the quantities listed in
Annex |, Part 1, or substances with the characteristics mentioned in Annex | Part 2.

The storage of natural gas above 50 tonnes is one of the thresholds (Annex I, part 1) related
to HVHF processes. In general the gas produced at a HVHF site is, after dehydrating,
delivered to the main gas infrastructure. The presence of gas in the underground is not
considered to be storage as meant in the Seveso Il Directive (96/82/EC). The gas is well
preserved underground and has no possibility of causing risks as addressed by the directive.
Storage of gas on site is not a common procedure, since storage in fact takes place in the
well itself. As discussed above, the constituents of hydraulic fracturing fluids, and therefore
the chemicals held or mixed on site, are complex, often subject to commercial sensitivity and
may vary between sites. It is therefore not possible to conclude whether the requirements of
the Seveso Il Directive (96/82/EC) apply. Given the amounts that must be on site to meet
the characteristics of Annex |, part 2, it is however very unlikely that they will be exceeded,
even if the addition rule of Annex I, part 2, Notes (4) was applied. The addition rule uses the
sum of the amount of the substances relative to the thresholds set out in the Annex. If the
sum is larger than 1, then the threshold is met due to the combined presence of the
substances. This would be the case if toxic substances exceed the amount of 50 tonnes,
very toxic substances 5 tonnes or substances dangerous to the environment 200 or 500
tonnes (depending on their impact).

Should the substances involved fall under the Directive then Member States shall ensure that
the operator is obliged to take all measures necessary to prevent major accidents and to limit
their consequences and to notify the competent authority of these measures (Article 5). The
Operator must also draw up major accident prevention policies (Article 7). A safety report
must be carried out and made public under Article 13 and a regime of competent authority
inspections must be applied (Article 18) to assess whether the operator has implemented the
measures and to confirm the accuracy of the safety report. Regarding information
disclosure, certain information must be exchanged between member States and the
European Commission with regard major accidents and their prevention (Article 19) and
make the information publicly available, although subject to commercial or industrial
sensitivity restrictions specified in Article 20.

Conclusions on applicability of the Seveso Il Directive (96/82/EC).
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Whilst the authors judge it unlikely that the Seveso Il Directive is applicable to HVHF process
sites, it is not possible to say definitively that this is the case.

The risks of major accidents are related to the mining waste and for Category A installations
they are addressed in the Mining Waste Directive (2006/21/EC).

3.4.7 The Environmental Liability Directive (2004/35/EC)

As described in the document with legal interpretation of the environmental acquis drafted by
the Commission (EC, 2011) the Environmental Liability Directive (2004/35/EC) provides the
framework for Member States to require:

e preventive measures in case of an imminent threat of environmental damage; or
e necessary restorative measures where environmental damage has occurred.
The Directive applies to (Article 3):

¢ environmental damage caused by any of the occupational activities listed in Annex IlI,
and to any imminent threat of such damage occurring by reason of any of those
activities; or

¢ damage or threat of damage to protected species and natural habitats caused by any
occupational activities other than those listed in Annex Ill, whenever the operator has
been at fault or negligent.

Environmental damage (Article 2(1)) means damage to protected species and natural
habitats, water or land with significant adverse effects.

The activities listed in Annex Il include those subject to a permit concerning IPPC Directive
(2008/1/EC), Water Framework Directive (2000/60/EC) and waste management in relation to
hazardous wastes or handling of dangerous substances, which would be required to hold a
permit under the Mining Waste Directive (2006/21/EC). In addition to this, Article 15 of the
Mining Waste Directive (2006/21/EC) amends the Environmental Liability Directive
(2004/35/EC) adding the following to Annex Il

e The management of extractive waste pursuant to Directive 2006/21/EC of the
European Parliament and of the Council of 15 March 2006 on the management of
waste from extractive industries.

It is also important to note that Article 4(5) of the Environmental Liability Directive
(2004/35/EC) which states the directive to only apply to environmental damage or to an
imminent threat of such damage caused by pollution of a diffuse character, where it is
possible to establish a causal link between the damage and the activities of individual
operators. This will limit the applicability of the directive to diffuse impacts such as from air
pollution.

In conclusion, all damage from activities covered by directives referred to in Annex Il of the
Environmental Liability Directive (2004/35/EC) would be covered under the strict liability
scope of Directive 2004/35/EC. However, activities not covered by the Annex Il directives
would not be included in this way. For example, emissions to air during fracturing are not
covered by the Mining Waste Directive (2006/21/EC), therefore it follows that these impacts
are not automatically covered by the Environmental Liability Directive (2004/35/EC) by virtue
of the inclusion of the Mining Waste Directive (2006/21/EC) in Annex lll. Nevertheless, these
impacts could be covered by the Environmental Liability Directive where the IPPC Directive
is applicable to these projects.

In order for other impacts to fall within the scope of the Directive they have to involve
damages to protected species and natural habitats with significant adverse effects for which
the operator has been at fault or negligent.
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3.4.8 Monitoring and Inspection

The legal interpretation of the Commission (EC, 2011) briefly describes relevant monitoring
and inspection provisions following form the EU regulatory framework. This section presents
a consolidated review of the monitoring and inspection requirements specified by the IPPC
Directive (2008/1/EC), the Mining Waste Directive (2006/21/EC) and the Water Framework
Directive (2000/60/EC) as directly relevant to hydraulic fracturing. The Directives related to
environmental quality (air, noise and water) all have their own monitoring schemes that allow
the Member States to follow and report on changes in the environmental quality. Since these
are general monitoring schemes and not directly related to specific sites, they are not
discussed further in this report.

For Hydraulic fracturing processes, monitoring would need to be related to the chemical and
physical characteristics of the wastewater, as well as to emissions to water, groundwater and
air. Monitoring of induced seismicity could be of relevance to reduce public concerns.

Under the Mining Waste Directive (2006/21/EC) Article 11.2 (c) the operator must have
suitable plans and arrangements for regular monitoring and inspection of the waste facility by
competent persons and for taking action in the event of results indicating instability or water
or soil contamination. Article 11.3 obliges the operator to, without undue delay and in any
event not later than 48 hours thereafter, notify the competent authority of any events likely to
affect the stability of the waste facility and any significant adverse environmental effects
revealed by the control and monitoring procedures of the waste facility. The operator shall
implement the internal emergency plan, where applicable, and follow any other instruction
from the competent authority as to the corrective measures to be taken. Also, the operator
remains responsible for the maintenance, monitoring and corrective measures in the after-
abandonment phase as long as it is required by the competent authority (Article 12.4;
Directive 2006/21/EC).

Article 17 of the Mining Waste Directive (2006/21/EC) deals with inspections by the
competent authority in the following manner:

1. Prior to the commencement of deposit operations and at regular intervals thereafter,
including the after-abandonment phase, to be decided by the Member State
concerned, the competent authority shall inspect any waste facility covered by Article
7 in order to ensure that it complies with the relevant conditions of the permit. An
affirmative finding shall in no way reduce the responsibility of the operator under the
conditions of the permit.

2. Member States shall require the operator to keep up-to-date records of all waste
management operations and make them available for inspection by the competent
authority and to ensure that, in the event of a change of operator during the
management of a waste facility, there is an appropriate transfer of relevant up-to-date
information and records relating to the waste facility

Both monitoring and inspection of the waste are regulated through the Mining Waste
Directive (2006/21/EC).

Emissions to surface water have their monitoring requirements in the Water Framework
Directive (2000/60/EC). Article 11 (g) for point source discharges liable to cause pollution, a
requirement for prior regulation, such as a prohibition on the entry of pollutants into water, or
for prior authorisation, or registration based on general binding rules, laying down emission
controls for the pollutants concerned, including controls in accordance with Articles10

and 16. These controls shall be periodically reviewed and, where necessary, updated. The
monitoring requirements are to be part of the permit under the Water Framework Directive
(2000/60/EC).In fact the regulation of emissions to surface water is done by permit which can
be combined with the permit under the Mining Waste Directive (2006/21/EC).

The monitoring of underground stored wastewater is also part of the monitoring requirements
in the permit under the Mining Waste Directive (2006/21/EC). Article 5 of the waste
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management plan is the legal basis for these requirements. This means that the groundwater
in the direct vicinity of the well must be monitored in order to detect possible leakage from
the well.

Within river basins districts, the monitoring of the quality of groundwater in general is dealt
with in the Water Framework Directive (2000/60/EC) Annex V, 2.4, which gives the directions
on the monitoring of groundwater. Annex V, 2.4.3 of the Water Framework Directive gives
the requirements for operational monitoring to be carried out by Member States, at least
once a year for all those groundwater bodies [...] which on the basis of both the impact
assessment carried out [by Member States] in accordance with Annex Il and surveillance
monitoring are identified as being at risk of failing to meet the objectives under Article 4. This
"identification process" is drawing on the initial characterisation performed by Member States
at the latest 13 years after the date of entry into force of this Directive and every six years
thereafter. Therefore, no operational monitoring is required for groundwater bodies that, in a
time frame of six years, were not identified as being at risk of failing to meet the objectives
under Article 4 of the Water Framework Directive (2000/60/EC). As monitoring of aquifers in
the surrounding of HVHF process activities should always be required, this indicates a
possible gap in legislation.

There are no requirements on the frequency of the monitoring of both discharge to surface
waters and the quality of groundwater in the vicinity of the site. Itis up to the competent
authority to establish these requirements and regulate them through the permit under the
Mining Waste Directive (2006/21/EC).

Monitoring of emissions to air is only required under EU legislation if the installation needs a
permit under the IPPC Directive (2008/1/EC). Article 9 (5) states the monitoring aspects that
should be in the permit. Article 14 (3) deals with the inspection by the competent authority in
order to verify the compliance with the permit. There are no requirements on the frequency
of monitoring and inspections. This is not necessarily an inadequacy of EU legislation, but
because of the uncertainty over HVHF technology characteristics (i.e. where it would fall
under the IPPC Directive (2008/1/EC) it is not possible to confirm that related environmental
risks would be adequately addressed.

Under the IPPC Directive (2008/1/EC) it is up to the competent authorities to decide on the
frequency of monitoring and inspections. In the case the permit under IPPC is not required,
the complete monitoring and inspection is the jurisdiction of the competent authority.

If the IED (2010/75/EC is applicable, the monitoring and inspection requirements in Articles
14 and 16 of that directive apply. Article 14 sets out the provisions that must be included in
permits for regulated installations, including provisions relating to emissions monitoring.
Article 16 lays down the principles for monitoring regimes, with specific provisions for soil and
groundwater monitoring.

3.4.9 Conclusions regarding general provisions

The Strategic Environmental Assessment Directive (2001/42/EC) applies to programmes and
plans and gives the competent authorities the obligation to conduct an environmental
assessment before starting the concession processes. This assessment provides the
information on the possible environmental impacts in the area where the concessions are to
be granted.

The Environmental Impact Assessment Directive (2011/92/EC) is the basis for environmental
impact assessments to be included as part of the development consent process and is
applicable for hydraulic fracturing projects. These assessments however are not always
mandatory since the Environmental Impact Assessment Directive (2011/92/EC) gives the
Member States the possibility for defining the kind of projects that need an assessment.
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Inadequacies in the EU legislation have been identified with regards the use of a single
threshold in Annex | for all gas extraction technologies requiring mandatory EIA, and the
absence of a clear definition of deep drilling in Annex Il. It is beyond the scope of this project
to assess the adequacy of Member State application of optional EIA for activities in Annex II.

Permits are required under the Mining Waste Directive (2006/21/EC) and the Water
Framework Directive (2000/60/EC). It is beyond the scope of this project to determine
whether the Member States’ implementation for this aspect adequately addresses all
associated environmental risks. Permits might be required under the IPPC Directive
(2008/1/EC) or IED (2010/75/EC) depending on whether the installation in question is
deemed to be handling hazardous waste or has combustion capacity over the threshold in
those directives. This is not necessarily an inadequacy of EU legislation, but because of the
uncertainty over HVHF technology characteristics it is not possible to confirm that related
environmental risks would be adequately addressed.

The Hydrocarbons Authorization Directive (94/22/EC) prescribes that Member States shall
take the necessary measures to ensure that authorizations are granted on the basis of
certain criteria. This directive allows Member States to provide in authorization conditions
imposed on concession holders if this is justified, however, such measures are not a
mandatory requirement.

Whilst the authors judge it unlikely that the Seveso Il Directive (96/82/EC) is applicable to
HVHF process sites, it is not possible to say definitively that this is the case. However, to the
extent that a HVHF process site constitutes a Category A installation under the Mining Waste
Directive (subject to whether fracturing fluids are deemed to be hazardous or not), the risks
of major accidents related to the mining waste are addressed in the Mining Waste Directive
(2006/21/EC).

All damage from activities covered by the Mining Waste Directive (2006/21/EC) would be
covered under the strict liability scope of the Environmental Liability Directive (2004/35/EC).
In order for other impacts to fall within the scope of the Environmental Liability Directive
(2004/35/EC) they have to involve damages to protected species and natural habitats with
significant adverse effects for which the operator has been at fault or negligent.

3.5 Land-take during site preparation and production
(cumulative, project stage 1)

3.5.1 Impacts and applicable legislation

The key issue with regard to land take impacts deals with the fact that surface installations
for high-volume hydraulic fracturing, without mitigating measures, could take up
approximately 60% more space per well pad than conventional drilling (see Chapter 2). This
additional area is needed to accommodate the plant and storage tanks/pits required for up to
30,000 m® of make-up water, together with chemical additives and waste water. Additionally,
shale gas formations cover areas of tens of thousands of square kilometres, with
concessions being granted for areas of up to 6,000 km?. The analysis in Chapter 2 (section
2.4.3) indicates that approximately 1.4% of the land above a productive shale gas reservoir
may need to be used to fully exploit the gas reservoir, or more if other indirect land-uses are
taken into account.

As already indicated in Chapter 2 multi-well pads are in increasing use for shale gas
extraction in the US. This enables a single pad to accommodate 6-10 wells instead of just 1
in the case of conventional gas extraction activities or earlier shale gas developments,
resulting in a lower land-take impact per well. This partly compensates up for the extra
space needed for surface installations if no mitigating measures are in place. Therefore,
land-take associated with an individual site is expected to be within the normal range of
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commercial and infrastructure developments in Europe, and can be considered as a minor
impact.

However, the cumulative land-take impact of multiple installations is considered to be of
potentially major significance. It may not be possible to fully restore a site in a sensitive area
following well completion or well abandonment. For example, sites in areas of high
agricultural, natural or cultural value could potentially not be fully restorable following use.
Also, the associated infrastructure (access roads and pipelines) result in land-take and
habitat fragmentation.

The following legislation is applicable:
e The Environmental Impact Assessment Directive (2011/92/EU)
e The Strategic Environmental Assessment Directive (2001/42/EC)
e The Environmental Liability Directive (2004/35/EC)
¢ The Habitats Directive (1992/43/EEC)
e The Birds Directive (2009/147/EC)
e The Hydrocarbons Authorization Directive (94/22/EC)

The relevance of these Directives with regard to sufficient coverage of (cumulative) land-take
impacts in the site preparation phase of the project is discussed below.

3.5.2 Applicability of the legislation
EIA obligation in relation to land take impacts

In sections 3.4.1 and 3.4.2 the question whether shale gas extraction activities are always
subject to an EIA obligation was discussed. It was concluded that shale gas extraction
activities fall within the scope of Annex Il of the Environmental Impact Assessment Directive
(2011/92/EU). With regard to these activities it is up to the Member States to decide whether
an EIA is appropriate (Article 4(2) of the Environmental Impact Assessment Directive
(2011/92/EV)). Therefore, as already mentioned, the Environmental Impact Assessment
Directive (2011/92/EC) in itself does not prescribe that an EIA, addressing the (cumulative)
land-take impacts during site preparation, is mandatory. It is beyond the scope of this study
to determine the adequacy of implementation of the Environmental Impact Assessment
Directive (2011/92/EC) at Member State level.

In the remainder of this section, it is assumed that an EIA obligation is deemed appropriate
by the Member State. The next question is whether land-take impacts are expected to be
sufficiently covered in this EIA.

Article 3 of the Environmental Impact Assessment Directive (2011/92/EU) sets out what
should be assessed in an EIA. In particular it states: “The environmental impact assessment
shall identify, describe and assess in an appropriate manner, .... the direct and indirect
effects of a project on the following factors:

(a) human beings, fauna and flora;

(b) soil, water, air, climate and the landscape;

(c) material assets and the cultural heritage;

(d) the interaction between the factors referred to in points (a), (b) and (c).”

The expected land take impacts are covered by the obligation to pay attention to the effects
of a project on the fauna and flora and the landscape (Article 3(a) and 3(b) Environmental
Impact Assessment Directive (2011/92/EU)). Also, the Member State has to ensure that the
developer provides the authority responsible for approving the project with the information
listed in Annex IV insofar as the Member State deems it to be relevant for the case
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concerned (Article 5(1) of the Environmental Impact Assessment Directive (2011/92/EU)).
This information should consist of a description of the expected environmental impacts
related to land-take and information with regard to the land-use requirements during the
construction and operational phases of the whole project (Point 1a of Annex IV of the
Environmental Impact Assessment Directive (2011/92/EU). One approach that could be
adopted would be to split the EIA according to the phases in the exploration and exploitation
process. The impacts that occur during the exploration phase (Stages 1 and 2 in Figure 3)
are likely to be smaller than those of the exploitation phase where larger areas of land are
involved; there would be less opportunity for collection and utilisation of fugitive gases during
the exploration phase. The systematic approach of the EIA however requires an integrated
impact analysis over the whole period of the project.

For the projects concerning hydrocarbons operations involving hydraulic fracturing this
means that the land-take impacts described in Chapter 2 of this report will have to be dealt
with in an EIA. This also holds for cumulative land-take effects of shale gas extraction
activities (footnote 1 in Annex IV of the Environmental Impact Assessment Directive
(2011/92/EUV), which states that information must cover, inter alia, cumulative effects of the
project), in order to prevent the slicing of projects into smaller parts to reduce the reported
environmental impacts. Projects usually start with a limited amount of wells to be expanded
with more wells in due time. This expansion, increasing land-take impacts, is to be foreseen
in the EIA and is to be taken into account. The full (future) size of the project plant, and
associated land-take impacts, is brought under the scope of the EIA carried out, as was
already clarified in section 3.4.2 .

3.5.3 The Environmental Liability Directive (2004/35/EC)

As described in section 3.4.7, the Environmental Liability Directive (2004/35/EC) covers
environmental damage from activities regulated by directives cited in Annex Ill. The
presence and use of waste facilities on site are part of the activities cited in Annex Ill.
Environmental damage caused by these activities fall under the Environmental Liability
Directive (2004/35/EC).Next to that, damages to protected species and natural habitats with
significant adverse effects under the 1992/43/EEC Habitats Directive and the 2009/147/EC
Birds Directive would also be included if caused by non-Annex Ill occupational activities,
provided that the operator has been at fault or negligent. Impacts from land take not caused
by waste facilities would therefore only be covered by the directive insofar as they cause
damage to these protected species and habitats. This is an inadequacy of the legislation.

3.5.4 Conclusions

In cases where shale gas extraction activities as such are subject to an EIA obligation, a
Member State is obliged to indicate in its EIA what the estimated land-take impacts are, now
and in the future, and how these are dealt with (Article 3 and 5 of the Environmental Impact
Assessment Directive (2011/92/EU)). However, the Environmental Impact Assessment
Directive (2011/92/EU) leaves at the discretion of competent authorities the way in which
land-take impacts are analysed, assessed and weighted. Whilst this is not a gap in the EU
legislation per se considering the horizontal nature of the EIA Directive (2011/92/EU), further
examination beyond the scope of this project is needed to determine whether the Member
States’ implementation for this aspect adequately addresses land take risks.

The 2004/35/EC Environmental Liability Directive only covers land-take impacts which qualify
as ‘environmental damage’, for which the operator is at fault or negligent. The usual land-
take impacts are economic issues which are dealt with using economic instruments such as
payment.
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3.6 Release to air during drilling (project stage 2)

3.6.1 Impact and applicable legislation

The release to air of polluting substances during drilling is described in section 2.5.3. The
main issue of potential concern with regard to emissions to air during well drilling is the risk of
emissions of diesel exhaust fumes from well drilling equipment. While less-polluting
processes do exist, this section builds on findings from section 2.5.3, which looks at shale
gas developments known in the USA.

The directive that in principle covers the emissions to air from equipment at drilling sites,
such as diesel engine equipment, is the IPPC Directive (2008/1/EC) or the IED
(2020/75/EC). As indicated in section 3.4.4 the question whether or not the IPPC Directive
(2008/1/EC) or IED (2010/75/EC) is applicable is uncertain, due to uncertainties over the
likely combustion capacity and classification of waste at the site.

With regards combustion capacity the IPPC Directive (2008/1/EC) and IED (2010/75/EC)
Annex | includes combustion emissions from combustion installations in energy industries
which have a rated thermal input of over 50MW. New York DEC 2011 PR (p6-100) identifies
drilling rig power of 5400Hp, implying at a thermal input at 50% efficiency (illustrative) a
thermal input of 8MW; well below the IPPC threshold. At this level single drilling rigs are not
covered by the IPPC Directive (2008/1/EC) or IED (2010/75/EC). However, Annex | also
states that if there are multiple installations on the site, the total thermal input of all
installations should be used as the value to meet the threshold, leading to the potential for
large multiple well operations to be covered.

The Air Quality Directive (2008/50/EC) sets limit values of air polluting substances in ambient
air, however it does not regulate specific site emissions and monitoring under that directive
will not necessarily be local to sources of hydraulic fracturing air emissions.

If the project is subject to an environmental impact assessment obligation (see section 3.4.2)
the developer/operator has to provide information on emissions to air and their impacts
(Article 3b, Article 5(1) and Annex IV point 1(c) of the Environmental Impact Assessment
Directive (2011/92/EUV).

Emission limits for off-road combustion plant are specified via the Directives on Emissions
from Non-Road Mobile Machinery (Directive 97/68/EC as amended by 2010/26/EC). These
directives specify limits on emissions of carbon monoxide, oxides of nitrogen, hydrocarbons
and particulate matter from engines up to 560 kW and are aligned with the equivalent US
emissions standards. It's important to note, however, that this legislation applies only to
type-approval and new off-road machines; it does not limit their emissions during the use.
Therefore the effect on emissions is indirect and therefore possibly of marginal effectiveness
in mitigating these emissions. Emissions limits applicable to engines rated above 560 kW
were proposed in the review of amending Directive 2004/26/EC, either by extending the
limits for engines below 560 kW, or by creating an additional class of engines above 560 kW
(Joint Research Centre, 2008 PR p78). Plant used for drilling in advance of HVHF
operations is likely to be rated above 560 kW (e.g. see New York DEC 2011 PR p6-100).
Hence, the existing European emissions limits may not apply to larger drilling plant if the
scope of the directive is not extended to plant rated above 560 kW. This is an inadequacy of
legislation at EU level.

3.6.2 Applicability of the legislation

The preceding section mentions that air emission would be covered by any assessment
under the Environmental Impact Assessment Directive (2011/92/EU) and subject to a permit
regime under the IPPC Directive (2008/1/EC), if that directive applies. In the absence of
these directives applying then air emissions would not be regulated. The inadequacies
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concerning the EIA directive and the role of Member State decision-making are discussed in
section 3.4.2.

The remainder of this section examines the legislative requirements for installations where
emissions from drilling and hydraulic fracturing equipment for a shale gas development were
to be covered by the IPPC Directive (2008/1/EC). The IPPC permit application should
describe the nature and quantities of foreseeable emissions from the installation into each
medium as well as identification of significant effects of the emissions on the environment. It
should also describe the proposed technology and other techniques for preventing or, where
this not possible, reducing emissions from the installation (Article 6 IPPC). These techniques
should meet the general criteria of the IPPC Directive or IED on best available technology.
However, there are no Best Available Technology Reference documents (BREF, IPPC or
IED) for drilling and hydraulic fracturing equipment. This potential gap arises because of
uncertainty over the applicability of the IPPC Directive (2008/1/EC) or IED (2010/75/EC) to
hydraulic fracturing installations.

In the case of emissions to air from diesel engines used during the drilling process, the
possible technology includes: particle filters, selective catalytic reduction filters, low sulphur
fuels, adequate stack height and others. However, Article 10 of IPPC specifies that where an
environmental quality standard requires stricter conditions than those achievable by the use
of the best available techniques, additional measures shall in particular be required in the
permit, without prejudice to other measures which might be taken to comply with
environmental quality standards.

Emissions from numerous well developments in a local area or wider region could potentially
have a significant effect on air quality. The IPPC directive article 9(4) covers such situations
in stating that emission limit values, based on Best Available Techniques, should take
account of geographical location and local environmental conditions. In the case of many
emission sources in the vicinity of a drilling site, the combination of Article 6 (1)e and Article
10 of the IPPC directive mean that the cumulative impact of these sources on air quality must
be taken into account in the permit application.

The Air Quality Directive(2008/50/EC) Article 13 and Annex Xl, provides the limit values and
alert thresholds for the protection of human health, in general referred to as air quality
standards. These standards are to be met for all ambient air in the troposphere, with the
exemption of workplaces. Article 10 of the IPPC Directive (2008/1/EC) gives a direct link to
the environmental quality directives such as the Air Quality Directive 2008/50/EC. Where an
environmental quality standard requires stricter conditions than those achievable by the use
of the best available techniques, additional measures shall in particular be required in the
permit, without prejudice to other measures which might be taken to comply with
environmental quality standards.

With the monitored data the competent authorities are able to judge whether the emissions to
air are within the emission limits set in the permit or not. If the air quality limit values are
exceeded, extra emission abatement techniques must be used in order to meet the required
levels. The permit should also contain measures planned to monitor emissions into the
environment. This should be part of the permit application as mentioned in Article 6 of the
IPPC Directive (2008/1/EC).

3.6.3 Conclusions

The legislative framework that consists of the IPPC Directive (2008/1/EC) — if applicable —
and Air Quality Directives could provide the appropriate structure to manage the impacts
from emissions to air during drilling. As discussed in section 3.4.4, it is uncertain whether the
IPPC Directive (2008/1/EC) would apply to shale gas projects. Hydraulic fracturing activities
would be covered by the directive if hydraulic fracturing fluids were classified as a hazardous
waste. They would also be covered if the combustion capacity were over 50MW. However,
if the combustion equipment at the hydraulic fracturing site were to be below the 50MW
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capacity threshold for energy industries, then this would suggest that the air emission
impacts are at a threshold below which would be regulated under the IPPC Directive
(2008/1/EC). The absence of a BREF under IPPC on diesel-engined drilling processes is a
potential gap at EU level, arising from the uncertainty over the applicability of the IPPC
Directive (2008/1/EC). Knowledge of emissions abatement techniques by both competent
authorities and operators is well established in Europe, but it is not possible to say whether
standards are applied in a consistent way. It is beyond the scope of this project to determine
whether the Member States’ implementation for this aspect adequately addresses all
environmental risks.

Compliance with the emissions standards for off road mobile machinery (Directive 97/68/EC,
as amended) would influence emissions of potential concern from on-site plant through
design limits, but would not by itself control emissions during use of these devices or deliver
compliance with standards and guidelines for air quality. This would need to be implemented
via national provisions specified by Member States under the Air Quality Framework
Directive. The member states have a resultant obligation on this subject. This is not a gap in
the EU legislation per se, but it is beyond the scope of this project to determine whether the
Member States’ implementation for this aspect adequately addresses all environmental risks.

3.7 Noise during drilling (cumulative, project stage 2)

With regard to the impact of ‘noise’ in particular, the Environmental Impact Assessment
Directive (2011/92/EU), the Strategic Environmental Impact Assessment Directive
(2001/42/EC), the Noise Directive (2002/49/EC)the Outdoor machinery noise directive
(2000/14/EC) and the IPPC Directive (2008/1/EC) are relevant.

In sections 3.4.1 and 3.4.2 the requirements for an EIA for hydraulic fracturing were
discussed. It was concluded that shale gas extraction activities fall within the scope of Annex
Il of the Environmental Impact Assessment Directive (2011/92/EU). With regard to these
activities it is up to the Member States to decide whether an EIA is appropriate (Article 4(2) of
the Environmental Impact Assessment Directive (2011/92/EU)). Therefore, as already
mentioned, the Environmental Impact Assessment Directive (2011/92/EC) in itself does not
prescribe that an EIA, addressing impacts associated with noise during drilling, is mandatory.
It is beyond the scope of this study to determine the adequacy of implementation of the
Environmental Impact Assessment Directive (2011/92/EC) at Member State level.

Under the Environmental Impact Assessment Directive (2011/92/EU) the Member State has
to ensure that the developer provides the authority responsible for approving the project with
the information listed in Annex IV insofar as the Member State deems it to be relevant for the
case concerned (Article 5(1)). This information should consist of a description of the
expected environmental impacts, including noise impacts (point 1c of Annex IV of the
Environmental Impact Assessment Directive (2011/92/EUV)), resulting from the operation of
the proposed project. For the projects concerning hydrocarbons operations involving
hydraulic fracturing, this means that noise during drilling will have to be dealt with in an EIA
and taken into account before the competent authority grants development consent.

If the IPPC Directive is applicable, noise is a part of the permit under the IPPC, similar to air
pollution discussed in section 3.6. The discussion and conclusion for noise would be similar
and is therefore not further elaborated.

3.7.1 The 2002/49/EC Noise Directive

The Noise Directive 2002/49/EC sets a general framework with regard to environmental
noise to which humans are exposed, particularly in built-up areas, public parks or other quiet
areas. It does not set noise limits for specific kind of activities. Under the Noise Directive,
Member States are required to develop strategic noise maps for noise sensitive locations
and implement measures to tackle problem areas where maximum noise levels are violated.
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Strategic noise mapping is obligatory for all agglomerations with more than 250,000
inhabitants and for all major roads which have maore than six million vehicle movements, and
major railways with more than 60,000 train movements per year and major airports within
their territory. Action plans must include measures to manage noise levels, however the
measures within the plans are at the discretion of the competent authorities and do not
automatically prohibit noise creating activities.

3.7.2 The Outdoor Machinery Noise Directive 2000/14/EC

The Outdoor Machinery Noise Directive(2000/14/EC) and its amendments have been
reviewed for applicability. This directive covers much of the equipment that is likely to be
used on the hydraulic fracturing site. For that equipment maximum produced noise levels are
defined in the directive. These levels must be met when the equipment is put on the market
or taken into use.

Drilling equipment used in HVHF processes however is not included in the equipment cited in
this directive. Compressors used for drilling have a power capacity over 350 kW, which is the
limit for this directive (Article 12).

3.7.3 Conclusions

In cases where shale gas extraction activities are subject to an EIA obligation, a Member
State is obliged to indicate in its EIA what the estimated noise impacts are and how these are
dealt with (point 1c of Annex IV of the Environmental Impact Assessment Directive
(2011/92/EV)). However, the Environmental Impact Assessment Directive (2011/92/EU)
leaves at the discretion of competent authorities the way in which noise impacts are
analysed, assessed and weighted. Whilst this is not a gap in the EU legislation per se,
further examination, beyond the scope of this project, is needed to determine whether the
Member States’ implementation for this aspect adequately addresses the noise related risks.

The Noise Directive does not provide noise limits for specific kind of activities, such as drilling
activities for shale gas production purposes and does not mandate specific actions to reduce
noise or prohibit noise creating activities. We do not consider this to be an inadequacy,
because the Outdoor Machinery Noise Directive(2000/14/EC) does specify such limits.
However we have identified that drilling and compressors with a capacity over 350 kW would
not be covered by this Directive, which is an inadequacy of legislation at EU level.

3.8 Water resource depletion during fracturing (project
stage 3)

3.8.1 Impact and applicable legislation

The Water Framework Directive (2000/60/EC) is applicable to the water resource depletion.
This directive sets a framework on all water related impacts. The Framework should
promote sustainable water use based on a long-term protection of available water resources
as stated in Article 1 of the directive.

3.8.2 Applicability of the legislation

The degradation of resources due to emissions of pollutants is dealt with in sections 3.11,
3.12 and 3.13. The current section examines the measures to control the abstraction of
water and to manage the effects of abstraction.

Article 11 of the Water Framework Directive (2000/60/EC) requires Member States to
establish a programme of measures that ensures the achieving of the objectives of the Water
Framework Directive (2000/60/EC). The basic measures that must be in the programmes of
measures are stated in that article.
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According to Article 11(3)(e) the programme of measures should inter alia contain controls
over the abstraction of fresh surface water and groundwater, and impoundment of fresh
surface water, including a register or registers of water abstractions and a requirement of
prior authorisation for abstraction and impoundment. In other words, the abstraction of water
from surface waters or groundwater sources should need prior authorisation. The only
potential exemption is that Member States can exclude abstractions that have no significant
impact on water status.

This authorisation would be required to ensure that the objectives of Article 4 of 2000/60/EC
are met and take account of the assessment in Article 5 of the directive

e Article 4 sets out objectives to protect, enhance and restore surface waters,
groundwater and projected areas.

o Article 5 specifies that analysis be undertaken for the river basin that takes into
account its characteristics, the impact of human activity on the status of water bodies
and the economics of water use.

The competent authority must take into account the impacts that arise from the intake and
use of water. If the impacts do not interfere with the achieving of the objectives for the river
basin area involved, the authorisation can be granted. If they do interfere, mitigating
measures must be taken, and if these measures are not sufficient, the intake must be
prohibited. This is not a gap in the EU legislation per se, but it is beyond the scope of this
project to determine whether the Member States’ implementation for this aspect adequately
addresses all environmental risks.

The programmes of measures are due to be in operation at the latest 12 years after the
directive’s entry into force. The directive came into force on 22.12.2000 which means there
is a gap in legislation for Member States that have not yet made the measures operational,
although this should not exist beyond 22.12.2012.

Environmental damage under the Environmental Liability Directive (2004/35/EC) would be
covered insofar as it relates to activities regulated under the Water Framework Directive
(2000/60/EC).

3.8.3 Conclusions

The Water Framework Directive (2000/60/EC) gives the instruments to address the risk of
water resource depletion. There is a requirement for authorisation of water intake and
adequate measures for reducing the water intake need or for mitigation. This means that
environmental damage should be limited. Further examination, beyond the scope of this
project, is necessary to determine whether the Member States’ implementation for this
aspect adequately addresses water resource depletion risks.

There is a gap due to the timeframe of a full implementation of the Water Framework
Directive (2000/60/EC). This should not exist after 22.12.2012.

3.9 Release to air during fracturing (project stage 3)

3.9.1 Impact and applicable legislation
The release to air of polluting substances during fracturing is described in 2.6.4.

The IPPC Directive (2008/1/EC) is relevant with regard to the emissions to air at the
fracturing site. The Air Quality Directive 2008/50/EC concerns the limit values of air polluting
substances in ambient air. The applicability of IPPC is discussed in section 3.4.4 and in
relation to gaseous emissions in section3.6.
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Information on emissions to air and its impacts on the environment would be considered as
part of the development consent granted in accordance with the Environmental Impact
Assessment Directive (2011/92/EU).

3.9.2 Applicability of the legislation

In instances where a hydraulic fracturing development is covered by IPPC or IED, the permit
application should describe the nature and quantities of foreseeable emissions from the
installation into each medium as well as identification of significant effects of the emissions
on the environment. It should also describe the proposed technology and other techniques
for preventing or, where this not possible, reducing emissions from the installation (Article 6
IPPC). These techniques should meet the general criteria of the IPPC on best available
technology.

In the case of emissions to air from diesel engines used during the process, the possible
technology includes: particle filters, selective catalytic reduction filters, low sulphur fuels,
adequate stack height and others. The emission due to leakage from pumps, valves etc is
not different than in other industrial settings. General abatement technigues and good
maintenance procedures prevent or minimise these emissions. The permit for the site
should contain provisions for this.

Emissions from numerous well developments in a local area or wider region could potentially
have a significant effect on air quality. The IPPC directive (2008/1/EC) article 9(4) or IED
(2010/75/EC) article covers such situations in stating that emission limit values should take
account of geographical location and local environmental conditions. Where an
environmental quality standard requires stricter conditions than those achievable by the use
of the best available techniques, additional measures shall in particular be required in the
permit, without prejudice to other measures which might be taken to comply with
environmental quality standards.

The Air Quality Directive, (2008/50/EC), article 13 and Annex Xl, provides the limit values
and alert thresholds for the protection of human health, in general referred to as air quality
standards. The member states have a resultant obligation on this subject.

In the case of many emission sources in the vicinity of a HVHF process site, the cumulative
impact of these sources to the air quality must be taken into account in the permit
application. If the air quality standards are exceeded, extra emission abatement techniques
must be used in order to meet the air quality standards.

The IPPC permit should also contain measures planned to monitor emissions into the
environment, Article 6 2008/1/EC. With the monitored data, the competent authorities are
able to judge whether the emissions to air are within the emission limits set in the permit or
not. In the case of exceeding the limit values, extra abatement techniques are required.

The Environmental Impact Assessment Directive (2011/92/EU) requires an assessment of
projects likely to have significant effects on the environment and includes the effects of air
emissions (point 1c of Annex IV of the Environmental Impact Assessment Directive
(2011/92/EV)). The requirement for an EIA to be carried out is discussed in section 3.4.2.
Aspects covered by the Environmental Impact Assessment affect the development consent
of the project and through this route the competent authority has the powers to impose
measures to protect and preserve the environment potentially impacted by the development.
Should releases to air have a significant effect on the environment, these would be covered
by an EIA.

3.9.3 Conclusions

The legislative framework that consists of the IPPC Directive (2008/1/EC) (or IED
2010/75/EC) — if applicable — and Air Quality Directive (2008/50/EC) could provide the
appropriate structure to manage the impacts from emissions to air during drilling. As
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discussed in section 3.4.4, it is uncertain whether IPPC or IED would apply to shale gas
projects. Hydraulic fracturing activities would be covered by IPPC if hydraulic fracturing
fluids were classified as a hazardous waste. They would also be covered if the combustion
capacity were over 50MW. However, if the combustion equipment at the hydraulic fracturing
site were to be below the 50MW capacity threshold for energy industries, then this would
suggest that the air emission impacts are at a threshold below which would be regulated
under IPPC. This is not necessarily an inadequacy of EU legislation, but because of the
uncertainty over HVHF technology characteristics it is not possible to confirm that related
environmental risks would be adequately addressed.

Significant air impacts would be covered by any assessment carried out under the
Environmental Impact Assessment Directive (2011/92/EU) and taken into account when the
local authority grants development consent. The inadequacies concerning the EIA directive
and the role of Member State decision-making are discussed in section 3.4.2.

3.10 Traffic during fracturing (cumulative, project stage 3)

Traffic impacts during the fracturing phase of the project are described in section 2.5.9.
Traffic impacts during fracturing involve air pollution due to emissions from exhaust fumes
(localised air quality impacts), noise impacts and land take, but also impacts on community
severance and accident risks. The severity of traffic impacts will depend on whether liquids
(hydraulic fracturing fluid and wastewater) are transported by truck or by pipelines instead.

When looking at relevant legislation applicable to traffic impacts the Environmental Impact
Assessment Directive (2011/92/EU), the Strategic Environmental Impact Assessment
Directive (2001/42/EC), the Noise Directive (2002/49/EC) and the Air Quality Directive
(2008/50/EC) are relevant.

Regulation (EC) No 595/2009 on type-approval of motor vehicles and engines with respect to
emissions from heavy duty vehicles places obligations on manufacturers of such vehicles to
obtain type approval (Article 4) to ensure compliance with emission limit values set out in
Annex |. This will have an indirect effect on emissions associated with traffic during
fracturing, but is not intended to directly regulate emissions during use.

3.10.1 The Environmental Impact Assessment Directive (2011/92/EU) and the
Strategic Environmental Impact Assessment Directive (2001/42/EC)

Noise impacts and land-take impacts, including those related to traffic, are discussed
elsewhere in the report. The way in which these impacts are covered in the fracturing stage
of gas shale extraction activities is the same. According to the Environmental Impact
Assessment Directive (2011/92/EU estimated noise impacts and land-take impacts over the
whole of the project have to be addressed, including measures how to prevent and mitigate
these impacts (Article 3 and 5 of the Environmental Impact Assessment Directive
(2011/92/EU)). However, as already mentioned in sections 3.4.1 and 3.4.2, Member States
decide whether or not an EIA is appropriate (Article 4(2) of the Environmental Impact
Assessment Directive (2011/92/EU)). Guidance on making this decision is given in the
Directive but approaches between Member States may differ. Also, if an EIA obligation is
applied, the way in which noise and land-take impacts are weighed when deciding whether
or not to grant a permit is the competence of national authorities. Therefore, as already
mentioned, the Environmental Impact Assessment Directive (2011/92/EC) in itself does not
prescribe that an EIA, addressing (cumulative) impacts related to traffic during fracturing, is
mandatory. Further examination, beyond the scope of this study, is needed to determine the
adequacy of implementation of the Environmental Impact Assessment Directive
(2011/92/EC) at Member State level.
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3.10.2 The 2002/49/EC Noise Directive

As already mentioned in section 3.7.2,the Noise Directive (2002/49/EC) itself does not set
noise limits for specific kind of activities. Under the Noise Directive (2002/49/EC) Member
States are required to develop strategic noise maps for noise sensitive locations and
implement measures to tackle problem areas where maximum noise levels are violated.
Furthermore action plans under the Noise Directive (2002/49/EC)must include measures to
manage noise levels, however the measures within the plans are at the discretion of the
competent authorities and do not automatically prohibit noise creating activities. Whilst this
is not a gap in the EU legislation per se, further examination beyond the scope of this project
is needed to determine whether the Member States’ implementation for this aspect
adequately addresses all environmental risks.

Noise emissions of four-wheel motor vehicles are addressed by Council Directive
70/157/EEC of 6 February 1970 on the approximation of the laws of the Member States
relating to the permissible sound level and the exhaust system of motor vehicles , as
modified by Directives 73/350/EEC, 77/212/EEC, 81/334/EEC, 84/372/EEC, 84/424/EEC,
87/354/EEC, 89/491/EEC, 92/97/EEC, 96/20/EC, 99/101/EC, 2006/96/EC, 2007/34/EC.

The proposed* Regulation on the sound level of motor vehicles would repeal these
Directives. The proposal aims at updating the requirements for the type-approval system as
regards the sound level of motor vehicles and of their exhaust systems. In particular, if
adopted it would introduce a new test method for noise emissions measurement, lower noise
limit values and introduce additional sound emission provisions in the EU type-approval
procedure. The proposed Regulation would have effect on new vehicles put on the market or
taken into use. Eventually it would reduce the noise levels in the vicinity of roads. It would
have no direct relation with HVHF processes and related traffic.

With regard to noise impacts associated with shale gas extraction activities, these are dealt
with in the EIA, if these projects are subject to an EIA obligation. In those cases noise
impacts are expected to be fully/sufficiently covered. This is due to the fact that a Member
State is obliged to indicate in its EIA what the estimated noise impacts are and how these are
dealt with (point 1c of Annex IV of the Environmental Impact Assessment Directive
(2011/92/EV)). However, the Environmental Impact Assessment Directive (2011/92/EU)
leaves at the discretion of competent authorities the way in which noise impacts are
analysed, assessed and weighted. Therefore, as already mentioned, the Environmental
Impact Assessment Directive (2011/92/EC) in itself does not prescribe that an EIA,
addressing (cumulative) impacts related to traffic during fracturing, is mandatory. Further
examination, beyond the scope of this study, is needed to determine the adequacy of
implementation of the Environmental Impact Assessment Directive (2011/92/EC) at Member
State level.

3.10.3 The Air Quality Directive (2008/50/EC)

Article 13 and Annex Xl of the Air Quality Directive (2008/50/EC) provide the limit values and
alert thresholds for the protection of human health, in general referred to as air quality
standards which Member States have to respect. The Directive includes standards for
sulphur dioxide, nitrogen dioxide, benzene, carbon monoxide, lead and PMy,. .The Member
States have a resultant obligation on this subject. With regard to air quality impacts
associated with shale gas extraction activities, including associated (cumulative) traffic
impacts, are dealt with in the EIA covering the whole project, if these projects are subject to
an EIA obligation. Inthose cases impacts are expected to be fully/sufficiently covered. This
is due to the fact that a Member State is obliged to indicate in its EIA what the estimated air
quality impacts are and how these are dealt with (point 1c of Annex IV of the Environmental
Impact Assessment Directive (2011/92/EU)). However, the Environmental Impact
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Assessment Directive (2011/92/EU) leaves at the discretion of competent authorities the way
in which the impacts are analysed, assessed and weighted.

Under Article 19 of Air Quality Directive (2008/50/EC), Member States are required to act in
the event of thresholds (in Annex XII) being exceeded. However, these actions need only
extend to communication with the public and the European Commission. The requirements
for remedial actions are described in Chapter IV of the directive, which relates to the
production of air quality plans, including short term plans. That chapter is not specific about
what measures should be taken and there is no requirement for the prohibition of specific
polluting activities in the event that limits are exceeded. Furthermore, it is the Member
States that decide on the sources to be regulated and the actions to be taken to prevent
limits being exceeded, which arguably could introduce the possibility of inconsistent
approaches to the regulation of hydraulic fracturing emissions. Further examination, beyond
the scope of this study, is needed to determine the adequacy of implementation of the Air
Quality Directive (2008/50/EC) at Member State level. The Air Quality Directive
(2008/50/EC) in itself does not prescribe how to deal with (cumulative) impacts related to
traffic during fracturing.

3.10.4 Conclusion

There is no EU legislation that deals specifically with the impact of traffic during fracturing
and this could represent an inadequacy where potential significant risks arise from
cumulative project developments.

3.11 Groundwater contamination during fracturing and
completion (project stages 3 and 4)

3.11.1 Impact and applicable legislation

Groundwater contamination during hydraulic fracturing and well completion can be caused
through several routes as explained in sections 2.6.1 and 2.7.1. The relevant legislation on
the impacts for groundwater contamination is: 2006/118/EC Groundwater Directive;
2000/60/EC Water Framework Directive, and; the REACH regulation, 1907/2006.

3.11.2 Applicability of the legislation
Water Framework Directive (2000/60/EC) and Groundwater Directive (2006/118/EC)

The Water Framework Directive (2000/60/EC) contains general provisions for the protection
and conservation of groundwater and the Groundwater Directive (2006/118/EC) establishes
specific measures to prevent and control groundwater pollution

The Groundwater Directive (2006/118/EC) in particular puts forward criteria for the
assessment of groundwater quality (including monitoring schemes (Article 4)). Article 6 also
contains provisions preventing or limiting inputs of pollutants into groundwater. The
monitoring of the groundwater quality by competent authorities has the purpose of identifying
the change in groundwater quality in an early stage and enabling action to be taken
accordingly. The directive places obligations on Member States in relation to monitoring and
measures to protect groundwater; it does not regulate directly potentially polluting
installations. It is therefore only indirectly applicable to the impacts of hydraulic fracturing
installations, although Article 6(3) excludes measures related to, inter alia, the consequences
of accidents or exceptional circumstances of natural cause that could not reasonably have
been foreseen, avoided or mitigated. Noting the exceptions, under Article 6 of the
Groundwater directive, Member States must ensure that the programme of measures
includes all measures necessary to prevent or limit inputs into groundwater of pollutants, and
thus could in principle involve the prevention of hydraulic fracturing operations, should the
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latter involve the injection underground of pollutants. Overall, we do not consider there to be
inadequacies in relation to the Groundwater Directive.

The Water Framework Directive (2000/60/EC) Annex V, 2.4 gives the directions on the
monitoring of groundwater. Annex V, 2.4.3 of the Water Framework Directive gives the
requirements for operational monitoring to be carried out by Member States, at least once a
year for all those groundwater bodies [...] which on the basis of both the impact assessment
carried out [by Member States] in accordance with Annex Il and surveillance monitoring are
identified as being at risk of failing to meet the objectives under Article 4. This "identification
process" is drawing on the initial characterisation performed by Member States at the latest
13 years after the date of entry into force of this Directive and every six years thereafter.
Therefore, no operational monitoring is required for groundwater bodies that, in a time frame
of six years, were not identified as being at risk of failing to meet the objectives under Article
4 of the Water Framework Directive (2000/60/EC). As monitoring of aquifers in the
surrounding of HVHF process activities should always be required, which this indicates a
possible gap in legislation.

Well bore leakage

The well bore is constructed by using steel piping combined with a cement casing. The risk
of leakage is one of the aspects that could cause environmental impacts and therefore
should be addressed in the EIA, the permit application under the IPPC Directive (2008/1/EC)
if required, and the waste management plan required under the Mining Waste Directive
(2006/21/EC) as applicable.

The coverage of well integrity issues under Directive 1992/91/EEC, concerning minimum
requirements for improving the safety and health protection of workers in the mineral-
extracting industries through drilling, is limited to well control (i.e. blowout prevention) rather
than well integrity for the whole life cycle of the well (e.g. design, construction, operation,
maintenance and abandonment). This directive's scope is also health and safety of workers,
and not the environment.

The construction of the well is subject to a number of ISO standards for use in the oil and gas
industry. Amongst these standards are ISO 10426-1 on well cementing; ISO 10405
Care/use of casing/tubing; ISO 11961 Drill pipe. These and other technical standards give
the framework of the technical lay out and construction of the wells and the bore holes.
Amongst these standards are testing and control standards. The content and effectiveness
of the standards were not assessed in the framework of this study.

Migration of wastewater from the production zone into aquifers

In 2.6.1 and 2.7.1 the risk of migration of wastewater from the production zone to aquifers is
considered remote in suitable geological settings and where there is at least a separating
impermeable layer of 600 metres between them. In cases where the layer is smaller or
where specific geological features may constitute natural or manmade migration pathways,
the risk will be higher.

The measures aiming at preventing the risk of the possible migration of wastewater from the
production zone to an aquifer are generally part of an EIA. It is nevertheless acknowledged
that the EIA Directive (2011/92/EU) does not include explicitly geological aspects. The
Environmental Impact Assessment Directive (2011/92/EU) leaves at the discretion of
competent authorities the way in which generic and specific geologic risks are analysed,
assessed and weighted. Whilst this is not a gap in the EU legislation per se, further
examination beyond the scope of this project is needed to determine whether the Member
States' implementation for this aspect adequately addresses all environmental risks.
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Accidental surface spills

The risk of accidental surface spills has been identified in several stages of the HVYHF
process. Within the permit for the whole site and the waste management plan, preventive
measures can be taken to avoid or diminish the impacts of these spills. The main issue of
the impacts at this stage for groundwater, but also for surface waters, is the runoff of
pollutants due to spillage or stormwater takings from the working area.

The runoff of pollutants is to be seen as a diffuse emission of contaminated water. Measures
can be prescribed in permits to prevent the runoff of pollutants. The construction of tanks,
containers or other means of storage of chemicals or other used substances should be
properly designed for their use.

The measures aiming at preventing surface spills or avoiding impacts of surface spills are
dealt with under the permit for the Mining Waste Directive (2006/21/EC). Further
examination, beyond the scope of this project, is needed to determine whether the Member
States’ implementation for this aspect adequately addresses all environmental risks.

Reuse of wastewater

The reuse of wastewater (flowback and produced water) is one of the possibilities to reduce
the amount of water that needs to be taken in from either groundwater or surface water
sources (or alternative sources). There are however some constraints on the reuse of
wastewater.

Under the Water Framework Directive (2000/60/EC) programmes of measures must be
made including a number of basic measures, as listed in Article 11(3) of that directive.

Article 11 (3)(j) prohibits the direct discharge of pollutants into groundwater, subject to
specific provisions (exclusions to this general prohibition).

The second one of these provisions is that Member States may authorise re-injection,
specifying conditions for “injection of water containing substances resulting from the
operations for exploration and extraction of hydrocarbons or mining activities, and
injection of water for technical reasons, into geological formations from which
hydrocarbons or other substances have been extracted or into geological formations
which for natural reasons are permanently unsuitable for other purposes. Such
injections shall not contain substances other than those resulting from the above
operations”

The Commission considers that Article 11(3)(j) of the Water Framework Directive does not
allow the injection of flowback water (containing hazardous chemicals) for disposal into
geological formations. As such, the exception clause under Article 11(3)(j) first indent does
not apply to shale gas activities. The Commission sees this approach as being consistent
with the objective of the Water Framework Directive (i.e. ensuring a good status of water
resources) and as being supported by the negotiation history of the Directive, since the
exception clause in Article 11(3)(j) was devised for conventional hydrocarbon operations.

Article 2.2 of the Water Framework Directive (2006/60/EC) defines groundwater as:

“(...) all water which is below the surface of the ground in the saturation zone and
in direct contact with the ground or subsoil"

According to this definition, 'groundwater' encompasses all water, including ‘aquifers' and
'bodies of groundwater".

Article 2.11: 'Aquifer' means a subsurface layer or layers of rock or other
geological strata of sufficient porosity and permeability to allow either a significant
flow of groundwater or the abstraction of significant quantities of groundwater.

Article 2.12: 'Body of groundwater' means a distinct volume of groundwater within
an aquifer or aquifers.
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Article 11(3)(j) prohibits the discharge of pollutants into groundwater. Pollutants are defined
in the Water Framework Directive (2006/60/EC), Annex VIII and Annex X as “any substance
liable to cause pollution”. According to the above, the chemicals that are used in hydraulic
fracturing must therefore not be pollutants, otherwise their use is prohibited.

As mentioned above, Article 11 (3)(j) of the Water Framework Directive (2006/60/EC)
provides as follows (emphasis added by authors):

“(j) a prohibition of direct discharges of pollutants into groundwater subject to
the following provisions: (...)

(Member States) may also authorise, specifying the conditions for:

injection of water containing substances resulting from the operations for
exploration and extraction of hydrocarbons or mining activities, and injection
of water for technical reasons, into geological formations from which
hydrocarbons or other substances have been extracted or into geological
formations which for natural reasons are permanently unsuitable for other
purposes. Such injections shall not contain substances other than those
resulting from the above operations,”

The fracturing fluid does not qualify as "water containing substances resulting from the
operations" as

® employed fracturing fluids are designed to maximise the flow of hydrocarbons
from the geological formation to the wellhead — they serve a purpose and are
not a consequence of the operations, and

(ii) the flowback water contains the initial fracturing fluid that was 'prepared' for
the fracturing process itself, plus substances liberated by the fracturing
process itself and which were originally present in the geological formation.

In neither case does the flowback water only contain substances resulting from the extraction
process itself — that is, only substances that were originally present in the geological
formation and which have been removed from the formation by the respective practice.
Accordingly, used fracturing fluid is to be considered as extractive waste and flowback water
must be treated according to the requirements of Directive 2006/6621/EC. The classification
of substances as hazardous does not play a role in this respect. A closed-loop use of
flowback water however may avoid the classification as waste.

There are possible impacts in the case that the underground fracturing area is or may be in
connection with aquifers. The EIA and permit application should make these possibilities
clear and migration of polluting substances in the wastewaters must be prevented. Further
examination, beyond the scope of this project, is needed to assess Member State
implementation of the Directives

Waste water that has been (pre)treated up to a level that is not hazardous waste according
to 2008/98/EC, can be used as a product in other industrial sites or at other hydraulic
fracturing jobs provided it does not contain substances identified as pollutants under the
Water Framework Directive.

3.11.3 Naturally occurring radioactive material

The wastewaters contain substances from the geological structure where the fracturing took
place. These substances can also be radioactive substances. The Council Directive
96/29/EURATOM addresses the approach in Article 17 on operational protection of exposed
workers be based in particular on the following principles, inter alia:
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o Article 11 (a) prior evaluation to identify the nature and magnitude of the radiological
risk to exposed workers and implementation of the optimization of radiation protection
in all working conditions;

e Article 11 (d) implementation of control measures and monitoring relating to the
different areas and working conditions, including, where necessary, individual
monitoring;

In addition, the general provisions in Article 6 require Member States to ensure that the sum
of doses for members of the public shall not exceed prescribed limits. This means that the
operator has the responsibility to evaluate the possible risks from the wastewaters for the
health of the workers and the general public.

The wastewater must be already monitored on its content according to the Mining Waste
Directive (2006/21/EC) Article 11 (2). The combination of the above mentioned also means
that naturally occurring radioactive materials (NORM) must be taken into account, since it is
possible that these substances can occur in wastewater.

Article 5 of Council Directive 96/29/EURATOM gives the obligation for prior authorisation of
activities concerning radioactive materials, like wastewaters containing NORM. This gives
the competent authorities the means to require measures that prevent impacts due to
radiation. The measures are not generally addressed in the Council Directive
96/29/EURATOM, but can be specified in a case by case approach.

3.11.4 Chemicals used and the management of their impacts

Drilling muds and hydraulic fracturing fluids contain a wide variety of chemicals. These
chemicals fall under the REACH regulation, (1907/2006/EC). Within the REACH system
manufacturers and importers of substances are obliged to register each substance
manufactured or imported in quantities of 1 tonne or above per year.

The registration dossier' for a substance is the set of information submitted electronically (in
IUCLID 5 format) by a registrant to the European Chemicals Agency. It consists of two main
components:

(i) a technical dossier, always required for all substances subject to the registration
obligations,

(i) a chemical safety report, required if the registrant manufactures or imports a substance in
gquantities of 10 tonnes or more per year. Substances present in low concentrations in
preparations (see Article 14(2)), and intermediates under strictly controlled conditions do not
need a chemicals safety report.

The registration must contain information on the substances, which must be used to assess
the risks arising from their use and to ensure that the risks which they may present are
properly managed. This should be done through guidance on safe use for the substance or
preparation. Annex VI of the REACH regulation cites the information required for a
registration.

Downstream users of chemicals must make sure that the chemicals they use are properly
registered for their intended use. They must consider the safety of their use of substances
based primarily on information from the suppliers. They must take the risk management
measures that are appropriate for their intended use Regulation (EC) on REACH
(1907/2006),Article 37(5).This information must be available to the operator of the HVHF
process.

Hence, the operator of a hydraulic fracturing installation must be aware of the risks and
impacts of the use of chemical substances and act according to the risk management
measures. The enforcement of this principle is by Member States. This means that a
Member State can and must act if chemical substances are used outside their intended use
or without registration.
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There are two possibilities for the operator of a shale gas facility to acquire the relevant
information to meet this obligation. They have the right to make their uses known to their
suppliers or they can choose to keep the use confidential. In the first case the supplier can
include the use in the chemical safety assessments. In the second case the user must
perform a chemical safety assessment. This is also the case if the user wants to use a
chemical outside the exposure scenarios communicated by the supplier.

This obligation does not apply if the operator uses less than 1 tonne of the substance per
year. However, an operator always needs to consider the use(s) of the substance and
identify, apply and recommend appropriate risk management measures, REACH
(1907/2006) Article 37.

Provisions for the disclosure of information are contained in Article 118 of REACH
(1907/2006), which states that disclosure of certain information shall normally be deemed to
undermine the protection of commercial interests of the concerned person. This information
includes details of the full composition of a preparation, its use and the quantities
manufactured or placed on the market. Article 119 prescribes arrangements for public
access to information, but also allows for certain information to be withheld for reasons of
commercial sensitivity (Article 119 (2)).

Directive 98/8/EC on biocidal products also has a strict regime on authorisation. Under
Article 3(1) Member States may not permit biocidal products to be placed on the market
unless they are low risk products subject to authorisation (Article 3(2)(i)) or have been
entered into Annex IB of the directive (Article 3(2)(ii)). This directive is also applicable for
fracturing fluids insofar as they may contain biocides. Only biocides that are registered for
this intended use via the above routes are allowed in hydraulic fracturing fluids. This directive
will be replaced by Regulation 528/2012/EU which lays down rules for:

(a) the establishment at Union level of a list of active substances which may be used in
biocidal products;

(b) the authorisation of biocidal products; EN 27.6.2012 Official Journal of the European
Union L 167/7

(c) the mutual recognition of authorisations within the Union;

(d) the making available on the market and the use of biocidal products within one or more
Member States or the Union;

(e) the placing on the market of treated articles.

The Regulation 528/2012 will be applicable as of 1 September 2013. It retains the
authorisation regime of the Directive 98/8/EC on biocidal products. In practice there are no
major changes related to HVHF processes.

The Biocidal Directive 98/8/EC prescribes the exchange of information between Member
States and the European Commission regarding authorisation and registration of products
(Article 18), including those for which authorisation or registration is refused. Under that
directive, the information must include, inter alia, specific details of applicants, the biocidal
product, quantities to be used and conditions imposed on use. Article 19(1) of 98/8/EC
allows for Member States to take necessary steps to ensure the confidentiality of information
which is industrially or commercially sensitive. Applicants may indicate information which
they consider industrially or commercially sensitive, although it is for the Member State to
decide which information must be treated as such. Sensitive information must be exchanged
with other Member States and the European Commission as does non-sensitive information
under Article 18, but sensitive information bust be treated as confidential by these receiving
parties under Article 19.

These provisions allow for the exchange of hydraulic fracturing related biocidal information
between Member States and the European Commission but also for this to be treated as
commercially sensitive.
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The Aarhus Convention (on access to information, public participation in decision-making
and access to justice in environmental matters 25 June 1998) sets requirements that have
relevance to disclosure of chemicals. The objective of the Convention is to contribute to the
protection health and the environment by guaranteeing access to information and decision
making in environmental matters and under Article 6 of the convention public participation in
decision-making is required for activities falling under Annex I. In particular, Annex 1 (12)
confirms the Convention to apply to Extraction of petroleum and natural gas for commercial
purposes where the amount extracted exceeds 500 tons/day in the case of petroleum and
500 000 cubic metres/day in the case of gas. This aligns with the Annex | threshold in the
Environmental Impact Assessment Directive (2011/92/EU). Also, Annex | (5) lists
installations for the treatment of hazardous waste or disposal of non-hazardous waste
exceeding 50 tons per day, which could in principle relate to the waste management
activities under the Mining Waste Directive (2006/21/EC).

The Aarhus Convention also sets out requirements for access to environmental information,
defined as follows:
“Environmental information” means any information in written, visual, aural, electronic
or any other material form on:
(a) The state of elements of the environment, such as air and atmosphere, water, soil,
land, landscape and natural sites, biological diversity and its components, including
genetically modified organisms, and the interaction among these elements;
(b) Factors, such as substances, energy, noise and radiation, and activities or
measures, including administrative measures, environmental agreements, policies,
legislation, plans and programmes, affecting or likely to affect the elements of the
environment within the scope of subparagraph (a) above, and cost-benefit and other
economic analyses and assumptions used in environmental decision-making;
(c) The state of human health and safety, conditions of human life, cultural sites and
built structures, inasmuch as they are or may be affected by the state of the elements
of the environment or, through these elements, by the factors, activities or measures
referred to in subparagraph (b) above;
Article 4(4) allows for requests for information to be refused on the grounds of, inter alia,
confidentiality of commercial and industrial information, although information on emissions
which is relevant for the protection of the environment must be disclosed. Article 5,
describes how information provided must be collected and disseminated. These
requirements align with those contained in the REACH Regulation(1907/2006/EC) and the
Biocidal Products Directive (98/8/EC).

3.11.5Conclusions

The risks from contamination of groundwater could be regulated through the permit under
IPPC (if required) and Mining Waste Directive (2006/21/EC). The Water Framework
Directive (2000/60/EC) prohibits the direct discharge of pollutants in groundwater, but gives
way for reuse of wastewater if the latter does not contain pollutants. Activities under Water
Framework Directive (2000/60/EC) that cause environmental damage under the
Environmental Liability Directive (2004/35/EC) would then be covered.

Risks would be possible in the case that the underground fracturing area is or can be in
connection with aquifers. The EIA and permit application must have made these possibilities
clear and migration of polluting substances in the wastewaters must be prevented. However,
the Environmental Impact Assessment Directive (2011/92/EU) does not address explicitly
geological conditions and leaves at the discretion of competent authorities the way in which
such risks and impacts are analysed, assessed and weighted. Whilst this is not a gap in the
EU legislation per se (given the horizontal nature of the EIA Directive), further examination
beyond the scope of this project is needed to determine whether the Member States'
implementation for this aspect adequately addresses all environmental risks.
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The use of chemicals is regulated through REACH (1907/2006) and the directive on biocidal
products (98/8/EC). We conclude that this legislation adequately gives the controlling
mechanism for the use of chemicals and biocides associated with HVHF, due to the
authorisation and registration requirements they impose. The legislation does, however,
allow for commercially sensitive information to be withheld from the public under certain
conditions. The legal interpretation of the Commission (EC, 2011) does not provide
additional guidance on this matter.

Council Directive 96/29/EURATOM provides adequate protection for naturally occurring
radioactive materials to workers and the public.

3.12 Surface water contamination risks during fracturing
and completion (project stages 3 and 4)

3.12.1 Impacts and applicable legislation

Wastewaters are collected and recycled in the hydraulic fracturing process, or sent for
disposal. The wastewaters consist not only of the chemicals used in the hydraulic fracturing
process but also salts, metals and other substances dissolved or migrated from the well.
The wastewater is contaminated and needs special attention.

A number of options are available for management of wastewater:

¢ Wastewater may be injected into disposal wells if such facilities are available
according to the contractor's interpretation

e Wastewater may be treated in on-site facilities or in separate sewage works
e Re-use

3.12.2 Applicability of the legislation
Discharging wastewater to surface water

The handling of impacts on surface water is addressed in the Water Framework Directive,
2000/60/EC (Water Framework Directive (2000/60/EC)). Under this directive (Article 4(1)(a)
Member States shall implement the necessary measures to prevent deterioration of the
status of all bodies of surface water; and protect, enhance and restore all bodies of surface
water, with the aim of achieving good surface water status. For this purpose Member States
shall implement the necessary measures to prevent deterioration of the status of all bodies of
surface water.

This means that any deterioration of the status of surface waters that can be foreseen by the
competent authorities must be prevented. There is no exemption for specific installations
therefore the provisions will apply to hydraulic fracturing installations. Article 11 of
2000/60/EC, specifies, inter alia, basic measures to be undertaken by Member States to
meet the objectives in Article 4. It contains (Article 11(3)(g)) a requirement for prior
regulation, authorisation or registration of point sources liable to cause pollution. The
Directive is not prescriptive regarding the regulatory regime implemented by Member States
and it may be that that a combined permitting approach incorporating permits required under
the IPPC Directive (2008/1/EC) — if applicable — or Mining Waste Directive (2006/21/EC)
would be applied. In fact the permit under the Mining Waste Directive (2006/21/EC) can
contain measures concerning the discharging of wastewater to surface water, provided the
wastewater is generated from the mining process.

The Water Framework Directive (2000/60/EC) ensures that all discharges into surface waters
are controlled according to the combined approach set out in Article 10 of that directive.
Accordingly, Member States must establish/implement emission controls based on best
available techniques, relevant emission limit values, or in the case of diffuse impacts the
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controls including, as appropriate, best environmental practices. These measures are to be
enforced through the prior regulation, authorisation or registration arrangements required
under Article 11.

Discharge of wastewater is to be seen as an emission of contaminated water. The water
must be treated in order to satisfy the control measures applicable for discharges to surface
water as referred to in Article 10 of the Water Framework Directive (2000/60/EC).

Priority substances in the field of water policy under the Environmental Quality Standards
Directive (2008/105/EC) are specified in Annex Il to that directive. A total of 33 specific
substances of families of substances are listed. For comparison, House of Representatives
(2011 NPR) Annex A identified all chemical components of hydraulic fracturing products
used between 2005 and 2009. In the table below we provide an analysis of which
Environmental Quality Standards Directive (2008/105/EC) appear within the House of
Representatives (2011) report. There are some important caveats to this assessment:

e Chemical names may be represented differently between the two sources. The
approach was to investigate any positive identifications between the two lists. No
substances listed in the Environmental Quality Standards Directive (2008/105/EC)
were categorically discounted from those listed in House of Representatives (2011).

o Even if substances in House of Representatives (2011) match those in Environmental
Quiality Standards Directive (2008/105/EC) this does not necessarily mean they would
be used or be intended to be used in future HVHF operations in the EU.

For ease of reference positive matches are highlighted in bold.

Table 8: Review of chemicals listed in Environmental Quality Standards Directive

Environmental Quality Included in House Environmental Quality Included in House

Standards Directive of Representatives Standards Directive of Representatives

(2008/105/EC) priority (2011) Annex A? (2008/105/EC) priority (2011) Annex A?

substances substances

Alachlor Not found Mercury and its compounds Not found

Anthracene Not found Naphthalene Included

Atrazine Not found Nickel and its compounds Included

Benzene Included Nonylphenol As below

Brominated diphenylether Not found (4-nonylphenol) (Nonyl phenol
ethoxylate included)

Pentabromodiphenylether Not found Octylphenol As below

Cadmium and its compounds Not found (4-(1,1',3,3"- Not found

tetramethylbutyl)-phenol)

Chloroalkanes, C10-13 Included Pentachlorobenzene Not found

Chlorfenvinphos Not found Pentachlorophenol Not found

Chlorpyrifos (Chlorpyrifos- Not found Polyaromatic hydrocarbons As below

ethyl)

1,2-dichloroethane Not found (Benzo(a)pyrene) Not found

Dichloromethane Not found (Benzo(b)fluoranthene) Not found

Di(2-ethylhexyl)phthalate Not found (Benzo(g,h,i)perylene) Not found

(DEHP)

Diuron Not found (Benzo(k)fluoranthene) Not found

Endosulfan Not found (Indeno(1,2,3-cd)pyrene) Not found

Fluoranthene Not found Simazine Not found

Hexachlorobenzene Not found Tributyltin compounds As below

Hexachlorobutadiene Not found (Tributyltin-cation) Not found

Hexachlorocyclohexane Not found Trichlorobenzenes Not found

Isoproturon Not found Trichloromethane (chloroform) | Not found

Lead and its compounds Included Trifluralin Not found
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On the basis of this limited assessment, it is concluded that it is possible that the constituents
of hydraulic fracturing fluids would include substances identified as priority substances under
the Environmental Quality Standards Directive (2008/105/EC).

Since wastewater could contain harmful substances the Environmental Quality Standards
(EQS) as set in Directive 2008/105/EC are to be taken into account in the process of granting
the prior regulation, authorisation or registration under the Water Framework Directive
(2000/60/EC) Article 11(3)(g). If the EQS are exceeded this might require extra treatment of
the wastewater or even result in prohibiting discharge to surface water.

The permit discharging water to surface waters under the Water Framework Directive
(2000/60/EC) will also have specific monitoring requirements based on article 11(4) in order
to control the emissions of water to surface waters..

Environmental damage under the Environmental Liability Directive (2004/35/EC) would be
covered insofar as it relates to activities regulated under the Water Framework Directive
(2000/60/EC).

Injection of wastewater into (disposal) wells

Another way of disposing flowback water and other wastewater is to re-inject it in (disposal)
wells. This is however prohibited by Article 11(3)(j) of the Water Framework Directive
(2000/60/EC). See also Section 3.11.

Flowback water disposal to a waste water treatment plant

The urban waste water directive, 97/271/EEC, Article 11, regulates the discharge of industrial
waste water into the collecting systems and urban waste water treatment plants. Under this
article and Annex |.C, discharge of waste water is only permitted if the waste water has been
pre-treated in order to prevent malfunction of the urban waste water treatment facility, to
protect the health of the workers at the plant, to ensure that discharges from treatment plants
do not adversely affect the environment and to ensure the sludge of the treatment plant can
be disposed of safely in an environmentally acceptable manner.

In the case of flowback water, which is contaminated with chemicals from hydraulic fracturing
fluids, as well with salts and other residues that dissolved from the geological formations
during the hydraulic fracturing process, pre-treatment would be required before discharging it
to a municipal waste water treatment plant. These salts and residues should be examined,
and pre-treated, before the water can be presented to the waste water treatment plant.

3.12.3 Chemicals used and the management of their impacts

The use of chemicals is discussed in section 3.12.3. The impacts of potential concern and
regulatory mechanisms are similar in relation to groundwater and surface waters.

3.12.4 Conclusions

Discharges of waste water, mainly flowback waters are regulated through the permit under
the Water Framework Directive (2000/60/EC) taking in to account the environmental quality
standards for the substances in the water and through the obligations under the Mining
Waste Directive (2006/21/EC). Activities under Water Framework Directive (2000/60/EC)
that cause environmental damage under the Environmental Liability Directive (2004/35/EC)
would then be covered. The potential applicability of IPPC to HVHF is discussed in section
3.4.4.

Waste water cannot be sent to waste water treatment plants without pre-treatment.
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3.13 Groundwater contamination during production
(project stage 5)

Risks to groundwater are principally those posed by failure or inadequate design of well
casing, and possibly — in rare circumstances — by the migration of wastewater from the
production zone into aquifers, leading to potential aquifer contamination.

These risks and legislation are discussed in Section 3.11.

3.14 Release to air during production (project stage 5)

3.14.1 Impact and applicable legislation

The impacts related to the release to air during production are addressed in sections
2.8.4and3.9.

3.14.2 Applicability of the legislation
There are no additional aspects over and above those mentioned in 3.9.2.

3.14.3 Conclusions

The legislative framework that could consist of the IPPC Directive (2008/1/EC; provided it
applies) and the Air Quality Directives (2008/50/EC) could give the appropriate structure to
manage the impacts from emissions to air during production. However, Member States
themselves set requirements deemed necessary when implementing the Air Quality Directive
(2008/50/EC). It is beyond the scope of this study to determine the adequacy of
implementation of the Air Quality Directive (2008/50/EC) at Member State level. The Air
Quality Directive (2008/50/EC) in itself does not prescribe how to deal with (cumulative)
impacts related to traffic during fracturing.

3.15 Biodiversity impacts (all project stages)

3.15.1 Impacts and applicable legislation

Impacts on biodiversity may occur during all phases of the HVHF process. They are partly
related to other impacts already covered in the previous sections (e.g. potential effects on
water resources).

The most important legislation that addresses the impacts on biodiversity are: The Habitats
Directive (1992/43/EEC) and the Birds Directive (2009/147/EC). Next to this the
Commission’s legal interpretation of the environmental acquis (EC, 2011) describes that due
to the large number of wells needed to exploit a shale gas play, the appropriate assessment
of cumulative impacts, as required by Article 6(3) of the Habitats Directive (1992/43/EEC)
and the Environmental Impact Assessment Directive (2011/92/EU) is of importance.

The Habitats Directive (1992/43/EEC) aims to help maintain biodiversity in the Member
States. Under the Habitats Directive the "Natura 2000" network has been established. This
network consists of special areas of conservation designated by Member States. It also
includes special protection areas classified pursuant to the Birds Directive (2009/147/EC).

The areas within the Natura 2000 network get special attention under this directive. If
activities or projects are planned in those areas or their impacts might affect these areas, an
EIA must be carried out. Any negative impact on these areas must be prevented and, if not
possible, must be compensated (Article 6 (4)) and will be taken into account in the granting
of a development consent in accordance with the Environmental Impact Assessment
Directive (2011/92/EU).
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3.15.2 Applicability of the legislation

When a Member State is considering the granting of authorisation of prospecting, exploring
or production of hydrocarbons, the possible impacts on designated areas under the Habitats
Directive (1992/43/EEC) and Birds Directive (2009/147/EC) must be taken into account.

During the decision process the competent authority has to carry out an assessment of a
proposed project against the requirements of the Habitats Directive, with the aim of
demonstrating that there would be no harm to the integrity of a Natura 2000 site. The results
of this assessment must be taken into account in the decision. This also applies for the
following decisions on granting a permit. In those cases where significant impacts on the
Habitats are expected, mitigating measures must be taken. This is the case during all
phases of the HVHF process.

The EIA Directive (2011/92/EC) Annex IV 3 and national legislation can be used to address
impacts at sites which are not protected at an EU level. This approach is appropriate for
sites which do not receive protection at an EU level.

3.15.3 Conclusions

Where the EIA Directive applies, the legal framework would cover the potential adverse
impacts on biodiversity.

3.16 Lower priority impacts

This assessment has addressed directly the impacts identified as above moderate risk in
Chapter 2. The application of legislation discussed for these more severe risks is directly
relevant to those of lesser significance described in Chapter 2. This will be the case for
issues related to different stages of the gas exploration and production process, and/or in
relation to cumulative effects in some cases where the effects of individual installations are
considered to be of moderate significance.

It is concluded that the discussion set out above addresses all the issues identified as being
of “low” or “medium” significance, in addition to the “high” and “very high” significance issues.

3.17 Conclusions

In this chapter we have examined the applicability of EU legislation with regard to HVHF and
determined the extent to which key environmental risks are adequately covered. In doing so
we have drawn three types of conclusion:

¢ Inadequacies in EU legislation that could lead to risks to the environment or human
health not being sufficiently addressed.

e Potential inadequacies - uncertainties in the applicability of EU legislation: the
potential for risks to be insufficiently addressed by EU legislation, where uncertainty
arises because a lack of information regarding the characteristics of HVHF projects.

e Potential inadequacies - uncertainties in the existence of appropriate requirements at
national level: for aspects relying on a high degree of Member State decision-making
for which it is not possible to conclude under this study whether or not at EU level the
risks are adequately addressed.

Each of these types of conclusion are summarised below

3.17.1 Inadequacies in EU legislation
Impact Assessment Directive (2011/92/EU)

The impacts of HVHF processes can be greater than the impacts of conventional gas
exploration and production processes per unit of gas extracted. The use of a single volume
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threshold for all gas extraction activities in Annex | could lead to more severe impacts from
HVHF not being assessed in an impact assessment under this Directive. It is beyond the
scope of this work to examine alternative thresholds or approaches for HYHF. This
inadequacy affects all environmental impacts for which an EIA would involve a more detailed
assessment than would otherwise occur. In our report we have identified it to be particularly
relevant to the key risk stages of landtake during preparation, noise during drilling, release to
air during fracturing, traffic during fracturing and groundwater contamination.

Based on the characteristics of shale gas extraction activities, the latter fall within the scope
of Annex Il of the Environmental Impact Assessment Directive (2011/92/EU),(2) (e) [“Surface
industrial installations for the extraction of coal, petroleum, natural gas and ores, as well as
bituminous shale”] and insofar as they constitute “deep drillings” as specified in Annex lId.
However, uncertainty may remain in relation to a shallow well by virtue of lack of precision
over the definition of “deep drilling”, which would not cover shallow drilling activities (not
defined)

The EIA Directive (2011/92/EC) has no explicit coverage of geomorphological and
hydrogeological aspects, and there is a lack of clarity as to whether there is an obligation to
assess impacts related to geological features as part of the impact assessment. This is
considered a potential inadequacy in EU legislation.

Water Framework Directive (2000/60/EC)

The monitoring of the quality of groundwater in general is dealt with in the Water Framework
Directive (2000/60/EC). Annex V, 2.4 gives the directions on the monitoring of groundwater.
Annex V, 2.4.3 of the Water Framework Directive gives the requirements for operational
monitoring to be carried out by Member States, at least once a year for all those groundwater
bodies [...] which on the basis of both the impact assessment carried out [by Member States]
in accordance with Annex Il and surveillance monitoring are identified as being at risk of
failing to meet the objectives under Article 4. This "identification process" is drawing on the
initial characterisation performed by Member States at the latest 13 years after the date of
entry into force of this Directive and every six years thereafter. Therefore, no operational
monitoring is required for groundwater bodies that, in a time frame of six years, were not
identified as being at risk of failing to meet the objectives under Article 4 of the Water
Framework Directive (2000/60/EC). Monitoring of aquifers in the surrounding of HVHF
process activities should always be required, which indicates a possible gap in legislation.
The monitoring of the groundwater can, and must, be regulated through the permit under the
Mining Waste Directive (2006/21/EC).It affects impacts associated with groundwater
contamination.

The programmes of measures are due to be in operation at the latest 12 years after the
directive’s entry into force. The directive came into force on 22.12.2000 which means there
is a gap in the legislation for Member States that have not yet made the measures
operational, although this should not exist beyond 22.12.2012. This could affect water
abstraction and water contamination impacts prior to that date.

Mining Waste Directive (2006/21/EC)

At present there is no Best Available Technology Reference Document (BREF) at EU level
for shale gas waste management. This could affect the adequacy of measures to manage
impacts related to mining waste. The key mining waste from HVHF is the fracturing fluid and
therefore this inadequacy most directly relates to groundwater and surface water
contamination.

Directives on Emissions from Non-Road Mobile Machinery (Directive 97/68/EC as
amended)

These directives specify limits on emissions of carbon monoxide, oxides of nitrogen,
hydrocarbons and particulate matter from engines up to 560 kW and are aligned with the
equivalent US emissions standards. Emissions limits applicable to engines rated above
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560 kW were recommended in the review of amending Directive 2004/26/EC, either by
extending the limits for engines below 560 kW, or by creating an additional class of engines
above 560 kW. It's important to note, however, that this legislation applies only to type-
approval and new off-road machines; it does not limit their emissions during the use.
Therefore the effect on emissions is indirect. Plant used for drilling in advance of HVHF
operations is likely to be rated above 560 kW (e.g. see New York DEC 2011 p6-100).
Hence, the existing European emissions limits may not apply to larger drilling plant if the
scope of the directive is not extended to plant rated above 560 kW. This inadequacy affects
air emissions during drilling and fracturing.

IPPC Directive (2008/1/EC) and IED (2010/75/EC)

The IPPC or IED permit application should describe the proposed technology and other
techniques for preventing or, where this not possible, reducing emissions from the installation
(Article 6 IPPC, Article 12 IED)). These techniques should meet the general criteria of the
IPPC on best available technology. However, there are no Best Available Technology
Reference documents (BREF, IPPC or IED) for drilling equipment. This potential gap arises
because of uncertainty over the applicability of the IPPC Directive (2008/1/EC) or IED
2010/75/EC) to hydraulic fracturing related installations, it is not a gap in the IPPC or IED
legislation per se. A similar shortfall would be expected under the Industrial Emissions
Directive (2010/75/EC) regime. It in practice affects air emissions during drilling and
fracturing. It also affects discharges to water bodies since the Water Framework Directive
(2000/60/EC) requires that emission prevention measures under IPPC are taken into
account.

Noise Directive (2002/49/EC) and the Outdoor Machinery Noise Directive(2000/14/EC)

The Noise Directive does not provide noise limits for specific kind of activities, such as drilling
activities for shale gas production purposes and does not mandate specific actions to reduce
noise or prohibit noise creating activities. 2000/14/EC Outdoor Machinery Noise
Directive(2000/14/EC) does specify noise limits, however we have identified that drilling and
compressors with a capacity over 350 kW would not be covered by (2000/14/EC), which is
an inadequacy of legislation at EU level.

Environmental Liability Directive (2004/35/EC)

In conclusion, all environmental damage from activities covered by directives referred to in
Annex Il of the Environmental Liability Directive (2004/35/EC) would be covered by
2004/35/EC. However, activities not covered by the Annex Il directives would not be
included in this way. In order for other impacts to fall within the scope of the Directive they
have to involve damages to protected species and natural habitats with significant adverse
effects for which the operator has been at fault or negligent. Also, damage caused by
pollution of a diffuse character where it is not possible to establish a causal link between the
damage and the activities of individual operators would be excluded. Impacts potentially not
covered would therefore relate to land-take, release to air during drilling and fracturing (if not
covered by IPPC Directive (2008/1/EC)) and traffic impacts.

3.17.2 Potential inadequacies — uncertainties in the applicability of EU
legislation

There is the potential for risks to be insufficiently addressed by EU legislation, where
uncertainty arises because a lack of information regarding the characteristics of HVHF
projects. The conclusions regarding potential gaps are as follows:

IPPC Directive (2008/1/EC) and IED (2010/75/EC)

It is uncertain whether or not a permit according to the IPPC Directive (2008/1/EC) or IED
(2010/75/EC) is required. This is due to uncertainties in whether fracturing fluids would be
classified as hazardous, since chemical composition of the hydraulic fracturing fluids used is
commercially sensitive and can differ between production sites, and whether combustion
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capacity thresholds in the directive would be met (considered unlikely). This is not
necessarily an inadequacy of EU legislation, but because of the uncertainty over HVHF
technology characteristics it is not possible to confirm that related environmental risks would
be adequately addressed. This impacts releases to air during drilling and fracturing and
releases to water during fracturing, since it is not clear if monitoring and control measures
under that directive would apply.

Mining Waste Directive (2006/21/EC)

It is not clear whether or not a waste facility under this Directive would be classified as a
Category A waste facility, for which additional safeguards are mandatory (major accident
prevention policy and external emergency plan). This uncertainty is brought about by the
fact that it is unclear whether or not the waste coming from the well or remaining in the
underground is considered hazardous. As mentioned above the chemical composition of the
hydraulic fracturing fluids used could be commercially sensitive and can differ between
production sites. It is not possible to confirm that environmental risks in relation to major
accidents would be adequately addressed.

Seveso Il Directive (96/82/EC)

Whilst the authors judge it unlikely that the Seveso Il Directive is applicable to HVHF process
sites, it is not possible to say definitively that this is the case. This uncertainty affects the
measures that would be required to prevent major accidents involving dangerous
substances, limit their consequences and ensure high levels of protection.

3.17.3 Potential inadequacies - uncertainties in the existence of appropriate
requirements at national level

The following aspects rely on a high degree of Member State decision-making for which it is
not possible to conclude in the scope of this project whether or not at EU level the risks are
adequately addressed. In particular, there is potential for differing interpretations of
directives or the application of conditions within national authorisation and permitting
regimes. It is beyond the scope of this project to examine Member State implementation of
EU Directives or other Member State national legislation.

Strategic Environmental Assessment Directive (2001/42/EC)

This Directive is applicable since shale gas extraction activities fall within the scope defined
in Article 3(2). This means that a strategic environmental assessment is obligatory for public
plans and programmes related to shale gas projects which might have significant
environmental impacts.

Environmental Impact Assessment Directive (2011/92/EU)

Member States must decide whether an EIA is required (Article 4(2)) for activities covered by
Annex Il. Guidance on making this decision is given in the Directive but approaches
between Member States could differ regarding the way in which risk and impacts are
weighted and whether or not an EIA is required. The Directive also leaves at the discretion
of competent authorities the way in which land-take impacts are analysed, assessed and
weighted. Any shortfalls could affect all significant environmental impacts since measures in
relation to these would be part of the consenting process were they to be covered by this
directive.

Hydrocarbons Authorization Directive (94/22/EC)

This Directive, which focused on ensuring non-discriminatory access to licences for the
prospection, exploration and production of hydrocarbons, allows Member States to provide in
authorization conditions imposed on concession holders if this is justified from, e.g., the
perspective of environmental protection and protection of biological resources (amongst
others Article 6(2)). This provision makes it possible for Member States to draft authorization
conditions aimed at preventing or mitigating environmental impacts it deems necessary.
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However, this is not a requirement and Member States themselves determine if and how to
implement this in practice.

Mining Waste Directive (2006/21/EC)

The Directive requires Member States to ensure the operator takes all measures necessary
to prevent as far as possible any adverse effects on the environment or human health,
including following abandonment of the well (Article (4(2)), implemented through the permit
and waste management plan (Article 7). Any shortfalls would affect the management of
mining waste and in particular hydraulic fracturing fluids.

IPPC Directive (2008/1/EC) and IED (2010/75/EC)

If applicable, under this directive it is up to the competent authorities to decide on the
frequency of monitoring and inspections. In the case the permit under IPPC or IED is not
required, the complete monitoring and inspection is the jurisdiction of the competent authority
as far as the permit required under the Mining Waste Directive (2006/21/EC) does not
provide the necessary monitoring. Any shortfalls could affect the prevention and
minimisation of emissions to air, especially during drilling and fracturing, and releases to
water during fracturing.

Air Quality Directive (2008/50/EC) and Emissions Standards for Off Road Machinery
Directive 97/68/EC

Compliance with the emissions standards for off road machinery Directive 97/68/EC as
amended would influence emissions of potential concern from on-site plant through design
limits, but would not of itself control emissions during use or deliver compliance with
standards and guidelines for air quality This would need to be implemented via national
provisions specified by Member States under the Air Quality Directive. This could affect
regulation of emissions to air during drilling and hydraulic fracturing.

Under Article 19 of Air Quality Directive (2008/50/EC), Member States are required to act in
the event of thresholds (in Annex XIl) being exceeded. Furthermore, it is the Member States
that decide on the sources to be regulated and the actions to be taken to prevent limits being
exceeded, which introduces the possibility of inconsistent approaches to the regulation of
hydraulic fracturing emissions. This could affect regulation of emissions to air during drilling
and hydraulic fracturing and traffic emission during fracturing. Note however, that the Air
Quality Directive (2008/50/EC) is concerned with ambient air quality rather than installation
air emissions.

Water Framework Directive (2000/60/EC)

The competent authority must take into account the impacts that arise from the intake and
use of water. If the impacts do not interfere with the achieving of the objectives for the river
basin area involved, the authorisation can be granted. If they do interfere, mitigating
measures must be taken, and if these measures are not sufficient, the intake must be
prohibited. Any potential shortfalls here would affect the management of impacts from water
usage during hydraulic fracturing.

Noise Directive (2002/49/EC)

Action plans under the Noise Directive (2002/49/EC) must include measures to manage
noise levels, however the measures within the plans are at the discretion of the competent
authorities and do not automatically prohibit noise creating activities. This would particularly
affect management of noise during drilling, fracturing and traffic during fracturing.

3.17.4 Risk assessment

In this section we describe the main risks arising from the gaps identified in the legislation
review. The purpose is to summarise the gaps and uncertainties in the legislation, highlight
the potential consequences of these and indicate their significance. The findings from all

Ref: AEA/ED57281/Issue Number 17 123



/5 AEA Support to the identification of potential risks for the environment and human health arising from
hydrocarbons operations involving hydraulic fracturing in Europe

three categories of conclusion in the preceding subsections are included. The limitations of
this analysis are set out in Section 3.1.

Table 9: Summary of risks arising from gaps or potential gaps in European legislation

Gap or potential gap

Impact

Risk associated with gap/potential gap

Gaps in legislation

Environmental Impact
Assessment Directive
(2011/92/EU)

Annex | threshold for gas
production is above HVHF
project production levels.
Result: no compulsory EIA.

All, especially relevant
to key impacts from
landtake during
preparation, noise
during drilling, release
to air during fracturing,
traffic during fracturing
and groundwater
contamination

A decision on the exploration and production may not
be based on an impact assessment. Public
participation may not be guaranteed, permits may
not be tailor-made to the situation

Impacts may not be known and assessed. Measures
to mitigate possible impacts may not be applied
through consent process or permitting regime.

Environmental Impact
Assessment Directive
(2011/92/EV)

Annex Il no definition of deep
drilling; exploration phase
would not be covered under
Annex Il classification
“Surface industrial installations
for the extraction of coal,
petroleum, natural gas and
ores, as well as bituminous
shale”. Result: no compulsory
EIA

All, especially relevant
to key impacts from
landtake during
preparation, noise
during drilling, release
to air during fracturing,
traffic during fracturing
and groundwater
contamination

A decision on the exploration and production may not
be based on an impact assessment. Public
participation may not be guaranteed, permits may not
be tailor-made to the situation

HVHF project involving shallow dri