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1 Executive summary

What is fracking?

Over the past 20 years Fracking or High Volume Hydraulic Fracturing has become an
economically viable technology for oil and gas extraction in the US. It has become so
successful that it has changed the world’s oil and gas markets. Fracking is a way of
releasing oil or gas resources which are trapped in shale rocks, coal seams and other
deposits. Using conventional drilling methods they would not be economic to extract.

Fracking involves pumping large volumes of water into deep wells which are drilled
not only vertically but horizontally. Thousands of cubic metres of water, with added
sand and chemicals, are pumped into the ground under high pressure. These fracking
fluids cause the shale to fracture and the sand to flow into the crevices, keeping them
open. When the pressure is released, gas or oil can flow to the surface, along with
initially large volumes of wastewater or ‘flowback’ from the fracking process.

Coal bed methane can be extracted using similar methods. The methane associated
with coal deposits can be released by drilling horizontal wells, fracturing the coal and
draining the seams. This also produces large volumes of contaminated wastewater.
Shale oil, shale gas and coal bed methane are collectively called unconventional oil
and gas (UOG) resources.

UOG extraction presents greater cumulative risks to public health and the
environment than conventional drilling. This report is about the pollution risks that
fracking poses for soils, groundwater, surface water and air in the UK and the rest of
the EU, and the potential impact on health and wildlife.

Fracking, energy prices and climate change

Many EU member states including the UK have been keen to promote fracking
because they believe it will provide independence from imported fuels and a
reduction in costs. The latter is an illusion because Europe is a major energy user
and, unlike the US, the EU is well connected to the global oil and gas markets and
their international prices. In addition, there are already more fossil fuels in reserve
than can be used while achieving our climate targets, so the advantages of UOG are
fewer than on first appearance.

Chemicals used in fracking

Fracking fluids contain a mixture of chemicals that may be persistent,
bioaccumulative and toxic. The mixture may include carcinogens, mutagens, water
pollutants, reproductive toxicants and endocrine disruptors. Flowback can contain
any of these ingredients plus a high concentration of salts, heavy metals,
hydrocarbons from the rocks and significant levels of naturally occurring radioactive
material (NORM). All of these ingredients make the substantial volumes of fracking
fluids and flowback involved in UOG production potentially significant pollutants of
air, groundwaters, surface waters and the soil itself. The risk of fracking pollution due
to errors, accidents and equipment failure is particularly high.

US experience of fracking

Fracking for UOG is inherently a more risky process than conventional gas or oil
extraction. This is apparent from the US experience where the use of harmful
chemicals, the large volumes of fracking fluids and the waste water produced have
proved to be a particular risk to groundwater and surface water. The constant
running of pumps, generators, compressors and the necessity of transporting large
volumes of water and wastewater to and from fracking sites means that they are a
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constant source of diesel fumes. Evaporation from fracking fluids or flowback as well
as the emissions from the flaring and treatment of gas is likely to contribute to this air
pollution.

In the US, fracking has led to widespread air and water pollution. Spills, blow outs
and accidents have occurred in large numbers and devastated land, rivers and
streams. Groundwater and drinking water pollution in many states has resulted from
faulty well design and construction. Some evidence also suggests that all wells are at
risk of leaking, even if well tests fail to indicate faults.

Pollution has occurred despite US states having legislation and regulation designed to
protect the environment. The industry has developed at such a speed that regulators’
capacity to successfully police developing sites may have been exceeded. It is difficult
to guarantee better construction standards, regulation and compliance in the UK and
Europe.

Health impacts of fracking

While some research has demonstrated health impacts on local people, there are only
few epidemiological studies available from the US and other countries which suggest
that fracking sites are causing health effects. This is primarily due to the lack of
detailed investigations and the difficulty of assessing the impacts of environmental
exposures. However, based on current experience, there is a clear potential for
fracking to cause serious incidents in the UK and Europe especially as fracking is
likely to be positioned closer to people as population densities are higher than in the
US.

UK regulation and experience

The UK's regulatory framework covering onshore oil and gas exploration and
production wells has its weak points. Fracking wells are particularly likely to leak
drilling or fracking fluids because they are subject to a greater range of pressures. In
theory, the leaks to groundwater that have occurred in North America through poor
well construction, spills from the storage of fracking fluids in open lagoons or lax
storage and mixing of fracking chemicals should not happen here. However, there is
evidence that a substantial proportion of fracking wells leak in the long term. It is
also noteworthy that the British Geological Survey (BGS) will not guarantee that
fracking will not affect groundwater quality. Any policy which allows fracking in areas
of drinking water aquifers is unwise and should be altered.

UK law requires the progress of UOG well construction to be reported to the HSE and
the well casing integrity to be inspected by experts. This is not an independent
process because the inspectors do not have to be employed by a company separate
from the well operator. The law needs to change to ensure that well integrity is
assured during construction and gas and chemical leaks from wells are avoided.

Only one well has been fracked in the UK to date at Cuadrilla Resources’ Preese Hall
site in Lancashire. Experience here suggests that regulatory irregularities could easily
occur. This includes failure to properly license fracking sites, conduct environmental
assessments, ensure that wells are soundly constructed and that groundwater is
properly monitored.

The UK environment agencies and the Health and Safety Executive are new to
fracking regulation and extreme caution is needed because many of these
organisations are subject to savage staff cuts in coming years. Meanwhile, David
Cameron committed his government “to go all out for shale”. It will be important that
job cuts and political pressure do not result in any relaxation of the policing of
fracking operations.
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Research shows that the risk of fracking causing earth tremors has been
underestimated. Disposal of wastewater by injection should be specifically prohibited
because of the increased risks of seismicity.

EU regulation of fracking

The EU has an established regulatory system which provides a framework for
member states to control the impacts of fracking. However, this framework is
inadequate in its observation and enforcement. Fracking needs to be treated as a new
process posing new environmental and safety issues. It should therefore be subject to
new regulation.

The European Commission’s 2014 recommendation on fracking is excellent in its
content but is not binding on member states. The European Union should recognise
that turning the recommendation into a binding regulation would make its regulatory
approach more effective and comprehensive.

The existing EU EIA directive and the REACH regulation are falling short of what is
needed. The precautionary use of the EIA directive needs to be ensured by a change
in qualifying criteria to make certain that all fracking processes are covered. The
REACH regulation is about to start to recognise fracking as a distinct chemical use
and ensure the required exposure scenarios and risk assessments are completed by
registrants. However, to achieve this, significant quantities of information and
chemical data would need to be generated in order to inform assessments.

Fracking in other EU countries

Some EU member state governments have responded to the public concern about
fracking by banning or limiting its application. Others like Poland and Romania are
committed to fracking and have favoured companies willing to explore for UOG,
despite public opposition.

There has been a substantial amount of fracking in Poland and some companies have
been open about the sites drilled and the chemicals used in their fracking fluids.
Though some attempts to find commercially exploitable shale oil and shale gas
reserves have apparently failed and many companies have now withdrawn.

In Romania, shale gas fracking has precipitated strong public protests and there has
been little openness or public involvement in the process. EU ‘minimum principles’
have not been observed and this highlights the need for these to be made mandatory
across the EU.

Conclusions

e UOG is a new source of fossil fuel extraction which, if developed, will take the
UK and Europe’s carbon emissions in the wrong direction. Europe is aiming
to reduce its greenhouse gas emissions by 80% by 2050. Although
unconventional oil or gas may be less intensive sources of carbon than coal,
Europe’s long term goal is renewable energy resources.

e Extracting shale gas/oil and coal bed methane requires intensive operations
which have a large land-take, are sources of traffic, noise, habitat disturbance,
and air, land and water pollution.

e  To control the impacts of fracking, environmental impact assessments (EIAs)
are vital and have often not been carried out. The EIA directive is designed
only with conventional extraction processes in mind. All UOG operations
should be brought within the directive’s remit.

e National parks, areas of natural beauty and wildlife interest need to be
protected from disturbance by fracking operations.
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e The vulnerability of groundwaters to pollution from fracking should be
recognised and there should be no operations near drinking water aquifers.

* The range of pressures experienced by fracking wells makes leakage of gas
and chemicals highly likely. The quality of well construction and safety
standards must be maintained and enforced.

e Operators of fracking wells need to start monitoring their sites before drilling
and fracking begins so that baselines are set and any pollution becomes
apparent.

e Even when wells are exhausted and sealed, they remain a threat to
groundwaters and must be monitored. Operators need to commit resources to
ensure that any future problems can be remediated.

*  Construction and regulation of fracking sites is a challenge for regulators such
as HSE and the EA in the UK. Staff cuts due to the recession must not
jeopardise their functioning.

e Fracking uses large amounts of fresh water, which will be difficult to find in
drier parts of the UK and Europe.

e Large amounts of toxic and possibly radioactive waste products will also be
produced which will require careful disposal.

¢ EUrecommendations on the management of fracking are not being observed
in many cases. These recommendations should be made statutory.

*  Workers and the public are not fully benefitting from the REACH regulation
because the registration process has only just identified fracking as a specific
chemical use that needs to be risk assessed. Human and environmental
exposure scenarios for fracking compounds need to be devised as soon as
possible by manufacturers and these risks need to be communicated along the
supply chain for fracking chemicals.

Recommendations based on these conclusions are further developed in the CHEM
Trust briefing “Fracking Pollution: How toxic chemicals from fracking could affect
wildlife and people in the UK and EU”, published at the same time as this report, see:
www.chemtrust.org.uk/fracking
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2 Glossary

BGS British Geological Survey

CBM Coal bed methane

CAS Chemical Advisory Standard (number for precise identification of
chemical)

DECC UK Department of Energy and Climate Change

ECHA European Chemicals Agency

EIA Environmental impact assessment

EQS Environmental quality standard

Flowback  Fracking fluids which return to the surface after fracking pressure
is released

HSE Health and Safety Executive

HSE NI Health and Safety Executive Northern Ireland

HVHF High Volume Hydraulic Fracturing

JAGDAG  Joint Agencies Groundwater Directive Advisory Group

MPAs Minerals planning authorities

NGO Non-governmental organisation

NORM Naturally occurring radioactive material

PEDL Petroleum Exploration and Development Licences

Proppant A solid material, usually sand, used in fracking fluids to hold open rock
fractures

REACH EU Registration, Evaluation, Authorisation and Restriction of

Chemicals Regulation
RS/RAE UK Royal Society and Royal Academy of Engineering
RSPB Royal Society for the Protection of Birds

Slick-water A kind of fracking designed to achieve high pressures and many small
rock fractures

SPZ Source Protection Zone
UoG Unconventional oil and gas (includes shale oil, shale gas and coal bed
methane)

US EPA United States Environmental Protection Agency
WFD EU Water Framework Directive
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3 Introduction

Oil and gas deposits underground are usually free but trapped by impervious rocks,
so conventional extraction techniques are largely a matter of accessing reservoirs
which will flow to the surface. But hydrocarbon reserves can also be absorbed and
trapped within sedimentary rocks such as shale, sandstone and coal seams. These
reserves — shale gas, shale oil and coal bed methane — cannot be economically
extracted by conventional means. Hydraulic fracturing is a technique which has been
developed in the last 40 years which makes extraction of these tightly bound sources
possible. This has become a new branch of the oil and gas industry — the extraction of
so called unconventional oil and gas (UOG).

Hydraulic fracturing has become so successful that it has changed the world’s oil and
gas markets. It involves drilling down to shale or coal seams, which are often very
deep, and then drilling horizontally to access a large area of the seam. The rock is
then broken up to allow the hydrocarbons to escape by pumping in large volumes of
water and chemicals at high pressure. The rock then fractures and the pressure is
released, allowing the gas or oil to flow out of the rock into the well.

High volume hydraulic fracturing (HVHF), commonly known as “fracking”, is the
name for the most recent development of the process. It has been productive in many
states of the USA but has proved controversial because of its environmental and
health impacts.

All hydrocarbon extraction operations pose risks to public health and the
environment, but fracking presents greater cumulative risks than conventional
methods. This report is about the chemical pollution risks that fracking poses for
soils, groundwater, surface water and air in the UK and the rest of the EU, and the
potential impact on health and wildlife.

The discovery of potential reserves of UOG has triggered high expectations in the UK
and other EU countries. The supporters of fracking claim that these hydrocarbons
could be (i) a more environmentally friendly substitute for more carbon-intensive
fossil fuels such as coal, (ii) a driver of jobs and economic growth and (iii) are home-
produced so may reduce dependency on distant and politically unreliable suppliers.

UOG in the US has contributed to a cut in fuel costs for companies and there have
been hopes that the same will follow in the UK. However this is unlikely because the
US reductions come only on the back of a glut in fuel production. The US has legal
barriers to exporting gas and is not yet well equipped to do so.

UOG production is one factor which may have helped to cut US carbon emissions as
firms switch from coal to cheap gas. However, advice to the UK Department of
Energy and Climate Change (DECC) is that it would make only a minor difference to
UK carbon emissions [1]. And even the US carbon reductions are more apparent than
real. At an international level, shale gas has reduced the price of coal so that other
countries, including the UK and the EU, are burning more of it [2]. So carbon
emissions from other countries have increased as those of the US have reduced.

DECC has concluded that the effect of shale gas development on prices in the UK and
Europe is likely to be small [1]. The region is well integrated into the world gas
market compared to the US. The UK, Poland, Romania and some other EU member
states are nevertheless actively pursuing shale gas exploration. In other member
states the political pendulum has swung against fracking and resulted in a national
ban in France and a debate over a moratorium in Germany.

Environmental and health threats have made fracking unpopular with the public. The
hazards it presents include seismic activity, such as the earth tremors precipitated in
Lancashire following fracking by Cuadrilla Resources Ltd in 2011 [3], leaks of
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potentially large volumes of drilling or fracking fluids containing chemicals into
groundwater, surface water or onto land, air pollution, releases of methane, noise,
excessive vehicle movements and despoilation of valued natural landscapes and
habitats. The fracking process also requires large volumes of water — up to 30,000
cubic metres per well. This will present an additional water resource burden on the
environment, which may be particularly significant in some areas. This issue may
become more important in some areas due to climate change.

UOG extraction generally involves the drilling of many wells from a single site or
‘pad’, which drill down into the shale or coal seam — typically 1,500 to 4,200m deep
(Figure 1). One or more horizontal arms are then drilled for up to several kilometres
along the seam. Wells from a single pad may spread out to encompass a large area at
various depths. The fracking process involves filling each well with fracking fluids at
high pressure. These fluids are different from drilling muds and contain sand or other
solids as a “proppant” which enters the fine fractures in the rock and stops their
collapse when the pressure is released. This allows methane gas to escape and also
liquid, known as “flowback”, to return to the surface.

Coal bed methane (CBM) wells are generally not as deep as shale oil or shale gas
wells, perhaps up to 1,200 metres. They also have a submersible pump at the base of
the vertical shaft which extracts water from the coal seams and allows the coal to dry
out. As this happens the gas begins to escape and is collected at the surface. Fracking
is sometimes not necessary in the early stages of a CBM well, but may be used later to
increase the productivity as the well ages and pressure decreases.

Figure 1: An illustration of a fracking well and related activities

4. Flowback and 5. Wastewater
i Produced Water Treatment and
L Wa.t S 2..C.hem|ca| 3. Well (Wastewaters) Waste Disposal
Acquisition Mixing Injection i

.

RS0

Natural gas flows from fissures
into well

EEE

Source: US Environmental Protection Agency [Public domain], via Wikimedia Commons
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Fracking fluids are largely water and proppant but chemical additives are also
included to reduce friction, manage the viscosity of the fluid and prevent fouling,
corrosion and bacterial growth. It should also be noted that the process of fracking is
not a single event for any given well. Individual UOG wells may be in production for
five to fifteen years and be re-fracked several times. UOG basins however, may last
for 20 years or more as new wells replace those which are exhausted.

The injection of drilling, fracking and any waste fluids into the ground endangers
groundwater quality. There is also the possibility that both chemicals and gas can
seep into ground and surface waters through natural fractures in the rock, through
fractures triggered by fracking or from the well itself.

Depending on the geology, some 10-80% of fracking fluids used will return to the
surface when the well is depressurised to allow escape of the gas [4]. This flowback
contains not only chemicals added to aid fracking but salts, hydrocarbons, heavy
metals and naturally occuring radioactive materials (NORM) present in the rock.
Careful management of flowback is essential. Any spillage can result in ground or
surface water pollution and affect drinking water quality and wildlife.

For CBM wells, large amounts of produced water must be collected at the surface and
this is quite similar to fracking fluid flowback — salts, hydrocarbons, heavy metals
and NORM are all likely to be present depending on the local geology.

Flowback or “produced water” may need to be treated on-site before it can be
tankered away for disposal. This could be at a sewage treatment works but it is
possible that flowback may be too saline, too toxic or too radioactive and require
special treatment. Alternatively, as occurs in parts of the US, it might be reinjected
into the ground for disposal. In a European context this would require tight
regulation and possibly pre-treatment to protect groundwater.

In the US and some other fracking countries, flowback may be stored in open lagoons
allowing any volatile contaminants to vaporise, which is a potentially significant
source of air pollution. At least in a UK context, it is unlikely that reinjection into the
ground or storage in open lagoons will be allowed by the Environment Agency.
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4 Chemicals used in, or resulting from, fracking

According to the Royal Society and Royal Academy of Engineering, fracking fluids are
about 95% water, 5% sand and less than 0.2% other additives [3]. There may be more
proppant and more additives than this however. The New York State Department of
Environmental Conservation notes about 91% water, 9% sand and almost 0.5%
additives in some wells [5]. But because the volumes of water involved are huge, this
small proportion represents a very significant amount of chemicals, perhaps totalling
many tonnes in each operation.

The sand is a proppant, designed to keep rock fractures open, while the other
additives include scale inhibitors and acids to prevent blockages, gelling agents to
help carry the sand, biocides to prevent bacterial growth, friction reducers to increase
pumping efficiency, surfactants (detergents) to aid penetration, clay stabilisers and
“breakers” which reduce viscosity and help fluid recovery. The addition of friction
reducers means that the liquid can be pumped very rapidly into the well to achieve
higher fracking pressures and produce many small fractures. This is known in the
industry as ‘slick-water’ fracking. An alternative is to increase the viscosity of the
fluid. High viscosity fracking produces larger fractures.

Most shale gas and shale oil slick-water fracking has taken place in the USA. The only
slick-water fracking in the UK to date is Cuadrilla Resources site at Preese Hall in
Lancashire, which used 8.4 million litres (8,400 m3) of water in six fracking stages.
According to the company’s website, this contained 450 tonnes of sand, 3.7 cubic
metres of a polyacrylamide friction reducing agent and 4.25kg of a chemical tracer [6]
(see Table 1). Other sources note the tracer is designed to help evaluate the return of
fracking fluid flowback. This was a product called Spectraflood, made by US company
Core Laboratories, and is apparently classified as an irritant [7].

Table 1. Summary of fracking fluid contents for Preese Hall Well

Component Amount Details
Water 8,399.2m3 Supplied by United Utilities
Congleton sand 108.1 tonnes
Chelford sand 354.6 tonnes
Friction reducer 3.7m3 Polyacrylamide emulsion

in hydrocarbon oil,
supplied by CESI
Chemical, Netherlands

Chemical tracer 4.25kg Supplied by Spectrachem,
USA. Intended to allow
identification of fracking
fluid content of flowback

Source: Cuadrilla website [6]: http://www.cuadrillaresources.com/wp-content/uploads/2012/02/Chemical-Disclosure-
PH-1.jpg [Viewed 14 October 2014]

Preese Hall was only an exploratory well. In the US, with its substantial history of
shale gas production, it is clear that a much greater range of chemicals have been
used.

4.1 Trade secrets

In the US, there are few federal rules on fracking. Most states set their own
regulations, and only some states have rules on whether oil and gas production
companies must disclose the contents of fracking fluids. Some companies may reveal
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some details of their fracking fluids, but they may contain products whose contents
they do not know. Fracking product manufacturers in turn may regard the
composition as trade secrets. New rules mean that companies fracking on Federal
land must disclose the chemicals used, though there are still exemptions for materials
“demonstrated through affidavit to be trade secrets” *

Other US legislative weaknesses are that the federal Energy Policy Act 2005 excludes
fracking from being considered “underground injection” in the Safe Drinking Water
Act. This is known as the Halliburton loophole [8]. It means there is no control over
pumping substances considered harmful to health into the ground. Fracking wastes
are also exempt from disposal restrictions under the Resource Conservation and
Recovery Act, or declaration under the Comprehensive Environmental
Responsibility, Compensation and Liability Act. The type and quantity of chemicals
used in fracking also do not need to be disclosed to the US Environmental Protection
Agency (US EPA) under the Emergency Planning and Community Right to Know Act.

It is clear that the fracking industry in the US has grown up in an environment of
minimal regulation.

The US House of Representatives Committee on Energy and Commerce compiled a
key piece of work on the content of US fracking fluids in 2011. The committee
questioned 14 major North American oil and gas producers about the chemicals they
used [9]. The results are remarkable. Between 2005 and 2009 the firms used more
than 2,500 hydraulic fracturing products containing 750 chemicals and other
components, including walnut shells and coffee grounds.

The chemicals included some harmless ones like citric acid, but many that are toxic,
such as benzene, naphthalene, diesel fuel, methanol, ethylene glycol, caustic soda and
formaldehyde. The committee found that the companies were using 29 compounds
which were either known or possible carcinogens, regulated under the Safe Drinking
Water Act for their risks to human health or classified as hazardous air pollutants
under the US Clean Air Act (see Table 2).

The committee found that 279 products contained at least one chemical that
manufacturers deemed a trade secret. They found it common that companies were
injecting fluids containing chemicals that could not be identified except by the
product manufacturers.

1 New US fracking rules require public disclosure of chemicals, Chemical Watch, 24th March
2015
https://chemicalwatch.com/23233/new-us-fracking-rules-require-public-disclosure-of-
chemicals
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Table 2: Chemicals of concern found in US fracking fluid products

2005-2009
Component Category No of products

Methanol HAP 342
Ethylene glycol HAP 119
Diesel fuel Carcinogen, SDWA, HAP 51
Naphthalene Carcinogen, HAP 44
Xylene SDWA, HAP 44
Hydrochloric acid HAP 42
Toluene SDWA, HAP 29
Ethyl benzene SDWA, HAP 28
Diethanolamine HAP 14
Formaldehyde Carcinogen, HAP 12
Sulphuric acid Carcinogen 9
Thiourea Carcinogen 9
Benzyl chloride Carcinogen, HAP 8
Cumene HAP 6
Nitrilotriacetic acid Carcinogen 6
Dimethyl formamide HAP 5
Phenol HAP 5
Benzene Carcinogen, SDWA, HAP | 3
Di(2-ethylhexyl) phthalate | Carcinogen, SDWA, HAP | 3
Acrylamide Carcinogen, SDWA, HAP 2
Hydrofluoric acid HAP 2
Phthalic anhydride HAP 2
Acetaldehyde Carcinogen, HAP 1
Acetophenone HAP 1
Copper SDWA 1
Ethylene oxide Carcinogen, HAP 1
Lead Carcinogen, SDWA, HAP |1
Propylene oxide Carcinogen, HAP 1
p-Xylene HAP 1

SWDA = Regulated under the Safe Drinking Water Act
HAP = Listed as a hazardous air pollutant under the Clean Air Act
Source: US House of Representatives, April 2011. [9]
http://democrats.energycommerce.house.gov/sites/default/files/documents/Hydraulic-Fracturing-
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There is further evidence that the chemicals used are harmful, whether judged by
American or European chemical standards. The New York State Department of
Environmental Conservation listed over 280 chemicals used in fracking, drawn up
from ingredients lists for 235 products and Materials Safety Data Sheets submitted by
operators [5]. The authors of a Tyndall Centre report from 2011 compared these
ingredients (definitively identified with CAS numbers) with data found on the
European Chemical Substances Information System [4]. Accepting that it is possible
some of the details may have changed over the last three years, the conclusions were
as follows:

* 58 of the 260 substances have properties which give rise to concern for health
and the environment

* 6 compounds are on the commission’s first list of priority substances
(detailed under Annex II of the Directive on Priority Substances
2008/105/EC) requiring EU member states to progressively reduce pollution

*  One compound (naphthalene) is under investigation for its persistent,
bioaccumulative and toxic (PBT) properties

¢ 17 chemicals are classified as being toxic to aquatic organisms (acute and/or
chronic)

* 38 are classified as being acute toxins for humans
e 8 are classified as known carcinogens

* 6 are suspected carcinogens

e 7are mutagenic

* 5 have reproductive health effects

e 15 substances are listed on one of the four European Commission priority lists
of compounds requiring immediate attention because of their potential health
and environmental effects

It is difficult to know which chemicals and mixtures will be used in EU fracking
operations but

Table 3 lists the potential health and environmental effects of eleven examples which
have been used in the US. Chemical Abstract Service (CAS) numbers are given for
precise identification.
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Table 3: Fracking chemicals: 11 examples of hazardous

compounds
Name & CAS Description | Uses in Toxicity and Conclusions
no. fracking Biodegradability
fluid
Methanol CAS | Industrial Antifreeze, Toxic by inhalation, | A toxic air
No 67-56-1 chemical corrosion skin contact, and water
used in inhibitor, ingestion. pollutant
synthesis surfactant Biodegradable
and as
solvent
Ethylene glycol | Used as an Scale Toxic by ingestion, | A toxic water
CAS No 107- antifreeze, a | inhibitor, biodegradable pollutant
21-1 de-icer, in solvent and
brake fluids antifreeze
and inks
Benzene CAS | Volatile and Solvent and Carcinogen, A cancer-
71-43-21 flammable stabiliser slightly soluble in causing air
ingredient of water, associated and water
petrol used in with leukaemia in pollutant
synthesis humans
Xylene CAS Volatile, Solvent and Toxic via A toxic air
No 1330-20-7 flammable carrier for inhalation, skin and water
solvent used | viscosity contact or pollutant,
in synthesis maintaining ingestion. May be | dangerous in
cross-linkers | reprotoxic groundwater
Nonyl phenol A surfactant | Surfactant Degrades to form An
ethoxylate CAS | now persistent oestrogenic
No 26027-38-3 | restricted to oestrogenic persistent
industrial use endocrine water
disruptors pollutant
Formaldehyde [ A gas used Biocide A highly toxic Potent irritant.
CAS No 50-00- | in solution as water pollutant and | Air and water
0 a known human pollutant
preservative carcinogen linked
and to nasal cancer
intermediate
Glutaraldehyde | A gas used Biocide Irritant to the skin, | Potent irritant.
CAS No 111- in solution as lungs and eyes Air and water
30-8 a pollutant
preservative
and
intermediate
Naphthalene Anindustrial | Carrier for Poisonous by A toxic air
CAS No 91-20- | intermediate | corrosion ingestion. Classed | and water
3 used for inhibitors, as a carcinogen in | pollutant
making dyes, | surfactants animals causing which may
plasticisers and friction lung cancer in rats | cause cancer
reducers
Trisodium A metal Prevents A mild skin irritant | A potential
nitrilotriacetate sequestering precipitation | but causes kidney | carcinogen
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(NTA) CAS No | agentin of metals and urinary and potential
5064-31-3 detergents cancers in animals | water
pollutant
Sodium Used in Cross-linker | A respiratory and A water
tetraborate detergents to maintain skin irritant which pollutant with
CAS No 1303- | and viscosity of is toxic to sperm reproductive
96-4 cosmetics fluid at high production in effects
temperatures | males

Dazomet A soil Biocide Toxic to aquatic An unstable
(Tetrahydro- sterilant used animals and toxic chemical
3,5-dimethyl- on grass on mammals. Likely to | likely to be
2H-1,3,5- golf courses. be a particular very harmful
thiadiazine-2- Reacts with hazard for fracking | to operators
thione) CAS water to form workers
No 533-74- highly toxic

gas methyl

isocyanate

4.2 The market for fracking chemicals

The size of the US market for fracking chemicals is remarkable. Over the five year
period considered by the House of Representatives Committee on Energy and
Commerce [9], oil and gas producing companies used 2.95 million cubic metres of
products, not including the water added at the well site.

A technology consultant for the oil and gas industry was reported in September 2014
on the Forbes.com website to have said that chemical treatments were the second
highest cost for oil and gas producers [10]. There are four major companies supplying
half the fracking chemicals market, with almost 200 smaller firms covering the
remainder. It is also clear that the composition of fracking fluids varies considerably
in order to control and maximise gas production in different geological conditions.

The US Environmental Protection Agency (US EPA) is currently considering federal
rules on producers having to reveal the composition of fracking fluids [11]. The
consultation period came to an end on 18 September 2014 [12] but the outcome is not

yet clear.

The chemical industry is keen to maintain its secretive fracking fluids market. In
responding to the US EPA consultation, the trade association the Society of Chemical
Manufacturers and Affiliates said that “foreign competitors” would mine the
information on chemicals, and that US research and investment in fracking
technology could be “lost in an instant” [13].

4.3 Composition of flowback

Some 10-80% of fracking fluids injected into wells may return to the surface as a
waste liquid known as flowback. Flowback contains compounds present in fracking
fluids plus products formed from reactions between these chemicals and substances
drawn from the rocks. Typically flowback contains salts and metals, hydrocarbons
from the rock and naturally occurring radioactive materials (NORM) such as isotopes
of uranium, thorium, potassium, radium and radon. Flowback is therefore potentially
more toxic and polluting than fracking fluids.

The composition of flowback clearly varies with the fracking fluids used and the
nature of the rock. The Environment Agency in England found that the flowback
from Cuadrilla’s Preese Hall exploratory wells contained high levels of sodium,
chloride, bromine and iron, plus elevated concentrations of lead, magnesium, zinc,
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chromium and arsenic compared to the local mains water injected into the shale [14].
The flowback was also very saline with chloride levels four times that of seawater.
Significant levels of NORM were also found, with radioactivity levels as high as 14 to
90 Becquerels per litre. Isotopes included radium 226 and 228, plus potassium 40.

These flowback fluids were treated by United Utilities at its Davyhulme sewage works
and discharged to the Manchester Ship Canal [14]. But the Environment Agency says
that in October 2011, changing regulations required that continuing disposal of the
expected quantities of flowback would require a revised environmental permit. This
would have to include a radiological risk assessment to ensure that no one exposed to
wastewater or sludge received excessive doses of radiation.

In the US, radiological risk assessments for fracking fluid disposal appear not to have
been carried out, even in heavily fracked areas such as Pennsylvania. A 2013 paper by
scientists from Duke University found the levels of NORM in flowback may threaten
rivers and be concentrated in sewage sludge [15].

4.4 Conclusions

Fracking fluids may contain a mixture of compounds including persistent,
bioaccumulative and toxic substances, carcinogens, mutagens, toxic water pollutants,
reproductive toxicants and endocrine disruptors. Flowback may contain any of those
fracking fluid ingredients, plus a high concentration of salts, heavy metals,
hydrocarbons from the rocks and significant levels of NORM. All of these ingredients
make the substantial volumes of fracking fluids and flowback involved in shale gas
production potentially significant pollutants of air, ground and surface waters, and
the soil itself. The long life of fracking operations means that the risk of fracking
pollution due to errors, accidents and equipment failure is particularly high.
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5 The impacts of fracking

Fracking for UOG is inherently a more risky process than conventional gas or oil
extraction. This is apparent from the US experience where the use of aggressive
harmful chemicals, the large volumes of fracking fluids used and the waste water
produced have proved to be a particular risk to groundwater and surface water. The
constant running of pumps, generators and the necessity of tankering large volumes
of water and wastewater to and from fracking sites means that they are a constant
source of diesel fumes. Any evaporation from fracking fluids or flowback is likely to
contribute to the significant air pollution already attributed to the treatment and
compression of gas.

A recent US review of the ecological impacts of fracking emphasised the habitat loss
and land take of the process, plus the unpredictability of spillages and their impact on
water courses and groundwater [16]. Extraction of shale resources is a multistep
process including well pad, road and pipeline development, which will have the usual
destructive impacts of other drilling and development activities.

5.1 Air and water pollution

A report written for the European Commission by AEA Technology concluded that
fracking’s cumulative risk of air, ground and surface water pollution was “high”
because of the large volumes of water and chemicals, the relatively lower yield of
fracking wells and the greater challenge of maintaining well integrity [17]. AEA notes
that 50 fracking wells might be needed to equal the production of a single North Sea
gas well. A 2013 report from Environment America Research Centre found that
82,000 fracking wells have been drilled in the US since 2005 which produced 280
billion gallons (1 billion cubic metres) of wastewater in 2012 [18]. That is enough to
fill the Albert Hall in London more than a thousand times.

Spillages or blow-outs of fracking fluids, fracking fluid ingredients or flowback are
the most visible pollution threats posed by wells, but the fate of fracking fluids
underground also needs consideration.

Groundwater may be contaminated by fracking fluids either through subsurface
migration or from the failing of well casings. The RS/RAE report found it is not
feasible that pressures at the kind of depths where fracking is carried out could create
fractures large enough to reach shallow groundwater or the surface [3]. The typical
depths of fracking operations in the UK are likely to be many hundreds of metres
deep or even several kilometres and very few natural or artificial fractures exceed
600om. It concludes that fracking at large depths is not a threat to shallow
groundwaters and even if large fractures do exist, the pressure difference needed to
ensure the flow of liquids or gas to the surface is unlikely to occur. However, it is
conceivable that man-made and natural fractures could coincide to connect fracking
operations with the surface or shallow groundwater.

The UK Department of Health agency Public Health England reviewed the potential
health impacts of shale gas extraction in June 2014 [19]. It concluded that the health
impacts will be low if properly regulated, but highlights risks of groundwater
contamination, spillages and air pollution. The last includes radioactive radon,
carbon monoxide, nitrogen oxides, particulate matter, sulphur dioxide, methane and
volatile organic substances. Although the emissions from a single well may not be
large, it notes that where the density of wells is high they will be significant. Constant
emission of diesel fumes from drilling, compressors, pumps and vehicles will come
on top of emissions of volatile organic compounds from drilling operations and
drilling wastes.
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Figure 2: Diagram of a well with 4 casings
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Source: US Department Energy, Modern Shale Gas Development in the United States: A Primer (US Department of
Energy, April 2009)
Well integrity is a very different issue. The RS/RAE report found that many wells in
Canada and the US are leaky because they have relatively few casings and they are
not well cemented into the ground [3].
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According the US Department of Energy, best practice for a shale gas well design has
multiple layers of steel casing and cement which are designed to protect freshwater
aquifers and isolate the producing zone — the shale layer bearing gas — from overlying
rocks [20]. The well is drilled as a series of holes known as “wellbores” of decreasing
diameter and increasing depth. The engineering theory is that the first wellbore must
be cased and cemented before the next and subsequent wellbores can be drilled. Seals
between the casings and cementation of the casing to the rock formation must be
ensured at each stage.

Typically a shale gas well might have four casings: The outermost casing is the
conductor casing which serves as a foundation for the well and prevents surface
soils from collapsing. It may extend down to 3om and should be cemented up to the
surface. The next casing — the surface casing — should reach down below any water
bearing layers, including drinking water aquifers. The intermediate casing follows
to protect the well from any further pressurised water and is again cemented to the
surface casing or up to ground level. The final wellbore reaches down to the
production zone, which contains shale gas. This is lined with the production
casing and cemented up beyond the production zone and perhaps even up to the
surface. Once the shale is fractured, the gas flows into the well and is withdrawn at
ground level, hopefully without any leakage into surrounding strata. However, the
longevity of a well cannot be guaranteed. Even after it is abandoned and sealed off, it
may remain a threat to groundwater.

BrightAnalysis EU conducted a literature review of well safety for Friends of the
Earth for both conventional and unconventional oil and gas wells [21]. This found
that well failure is widespread, with estimates ranging from a minimum of 5% to up
to 50% of older wells. Hydraulic fracturing involves injection of fracking fluids at high
pressure. Injection wells into which liquids or gases were pumped were two or three
times more likely to leak than conventional production wells, and wells with
horizontal underground arms were four times more likely to fail than vertical wells in
the same area. Research looking specifically at shale gas wells found failure rates in
newly-drilled wells in Pennsylvania over three years to be between 6.9% and 8.9%.

The RS/RAE report concludes that well integrity is of the highest priority for UK
fracking and that measures should be taken to ensure well designs are inspected by
examiners who are independent of the operator. Also the results of well testing and
independent examinations should be submitted to DECC, as well as being inspected
by the Health and Safety Executive, the regulator responsible for well safety [3].
These recommendations have major implications for the regulation of fracking in the
UK and elsewhere (see chapter 6).

A report by the Institution of Gas Engineers and Managers has pointed out that there
is a “distinct lack of standards” in the UK for fracking and horizontal drilling [22]. It
recommends that British and International Standards Organization standards are
needed “to ensure that the consistency of safety measures and to guarantee that
environmentally damaging or dangerous practices such as have been recorded in the
US do not occur within the UK.”

5.2 Health effects

Researchers led by the late Theo Colborn at the Endocrine Disruption Exchange in
Colorado have reviewed the health impacts of chemicals used in fracking liquids in
2011 [23]. Some 944 products containing 632 chemicals were identified of which 353
could be identified conclusively by CAS numbers. Of the latter, 75% could affect skin,
eyes and other sensory organs, the respiratory and gastrointestinal systems. Some
40-50% could affect the brain, nervous, immune and cardiovascular systems as well
as the kidneys. And 37% could affect the endocrine system with 25% able to cause
cancer and mutations.
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Another group of researchers looked at the estrogenic and androgenic receptor
activity of fracking chemicals, and surface and groundwaters in a heavily fracked area
of Colorado [24]. They used in vitro tests in human cell lines with reporter genes to
demonstrate anti-estrogenic, anti-androgenic and limited estrogenic properties in 12
chemicals used in fracking fluids. They also found endocrine disrupting activity in
environmental water samples likely to have been polluted by fracking fluids.

A team of researchers from New York and Missouri recently reviewed the health
effects of chemicals associated with UOG operations [25]. In addition to chemicals
used in fracking fluids, they also draw attention to the volatile organic compounds
released to air. Up to 130 of these chemicals are potential or known endocrine
disruptors and the authors conclude that exposure may affect fertility, exacerbate low
birth weight and increase rates of miscarriage, pre-term birth and birth defects. In
particular:

*  Benzene, toluene, ethyl benzene and xylene (BTEX compounds), ethylene
glycols and formaldehyde are known to reduce workers’ sperm counts, and
some are also known to affect women’s menstrual cycles and cut fertility.
However, there have so far been no epidemiological studies of fracking
workers.

e Heavy metals such as lead and arsenic, which may be found in flowback affect
fertility and are associated with a greater risk of miscarriage or stillbirth.
Benzene and toluene are also linked to increased risk of miscarriage and
fathers’ exposure to toluene and formaldehyde are associated with higher
miscarriage risk in their partners.

*  Direct epidemiological evidence of health effects near fracking sites is scarce,
but there are concerns that these effects are occurring. They report that an
unusually high rate of miscarriage and stillbirths has been reported in a
densely drilled area of Colorado and high rates are also under investigation in
a fracked area of Utah.

*  One preliminary study has demonstrated an increased incidence of low birth
weight in mothers living within 2.5km of oil or gas fracking operations in
Pennsylvania.

*  Low birth weight, pre-term birth and restricted growth rate in the womb are
all problems linked to air pollution. Particulate matter, benzene, nitrogen
oxides and ozone are all pollutants produced through fracking operations.

An epidemiological study in a gas-producing area of Colorado has also found an
increased risk of congenital heart and neural tube defects for mothers living within
ten miles of a gas well [26]. The authors of the review believe there is a potential
mechanistic link because neural tube defects have been linked to mothers’ benzene
exposure and heart defects to mothers’ exposure to endocrine-disrupting compounds.

A small preliminary epidemiological study has also reported that people living within
a kilometre of a fracking site in Washington County, Pennsylvania, reported a higher
incidence of skin conditions and upper respiratory problems compared with those
living over two kilometres away [27]. But this work requires confirmation.

An unfunded provisional study reported by a GP in Queensland, Australia, has found
a large proportion of people suffering health effects in the neighbourhood of a CBM
operation at Tara, near Dalby, in the south west of the state. Of 113 people consulted,
58% reported that their health was affected and another 19% were uncertain. Health
effects reported included coughs, tight chestedness, rashes, difficulty sleeping, joint
pains, muscle pains, nausea and vomiting. Despite the significance of the findings
they have not been adequately investigated by the state authorities [28]. The author
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blames the health impacts on atmospheric emissions from the intensive CBM
operations in the area [29].

The most recent review of the air pollution impacts of fracking was written by the US
NGO the Natural Resources Defense Council [30] and reported on the Inside Climate
News website [31]. Twenty four studies conducted by both government agencies and
academic organisations show that people living both close to and far from UOG sites
are exposed to air pollution that can cause respiratory problems, birth defects, blood
ailments, cancer and nervous system disorders.

5.3 Pollution incidents at fracking sites

Should shale gas fracking in the UK and Europe take off along the lines of the US
experience, there is no better lesson than to look at the pollution that has resulted
there.

The kind of incidents that happen at fracking sites can be seen from a database of
incidents in North Dakota hosted on the New York Times website [32]. Some 8,690
oil industry incidents between 2006 and 2013 are included, drawn mainly from
incident reports on the North Dakota Health Department’s website. Some events
were minor and caused no pollution but others were extremely significant. Incidents
include blowouts, leaks, spills due to pipeline, tank and valve failures, fires and
transport accidents.

A study by the Massachusetts Institute of Technology (MIT) in 2011 reviewed 43
pollution incidents from US shale gas operations over a nine year period [33]. The
study found that almost half of the incidents were due to the failure or inadequacy of
well casings. This allowed methane and fracking chemicals to migrate into
groundwater, drinking water or nearby properties, sometimes causing fatal
explosions, evacuations and necessitating the replacement of water supplies.

The next major cause of contamination, accounting for 14 incidents, was surface
spills of fracking fluids and flowback. This included pipework failures and leakages,
the overflow of evaporation pits or tanks, failure of containment and illegal
discharges of wastewater. Consequences included leakages of millions of gallons of
fracking fluids which polluted streams, killed fish and other wildlife and
contaminated groundwater. In other cases lesser spills of proprietary fracking fluids
also caused surface water pollution or the hospitalisation of employees.

Although MIT found no evidence of fracking fluids migrating through shale fractures
upward into aquifers, surface and shallow groundwater pollution from inadequate
well casings were common.

A 2014 study of compliance reports from over 40,000 conventional and
unconventional oil and gas wells in Pennsylvania over 13 years showed that
unconventional wells are six times more likely to have cement casing problems than
conventional wells [34]. The analysis was good enough to show that the performance
was particularly poor in the north-east area of the state and during the boom years of
unconventional well development when the drilling process may have been hurried.

Some of the same incidents reported by the MIT study above were also reported in
the Tyndall Centre’s 2011 report but in greater detail [4]. These show that poor
practice, operator error, faulty well construction and inadequate regulation are at the
heart of fracking problems.

For example, in 2004 in Garfield County, Colorado, natural gas was found to be
bubbling through a stream bed. Groundwater and surface water samples showed
concentrations of the carcinogen benzene at 9o times the state water quality limit.
The operator had ignored signs of problems during the drilling process and did not
notify the regulator, as required in its drilling permit. The cement work on its well
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casing was also inadequate. Fluid from the well was migrating for hundreds of metres
underground and surfacing in seepages. Gas and fracking compounds became a local
groundwater issue and remediation of a benzene plume was undertaken. The cause
was ascribed to inadequate gas well casings and naturally occurring rock fractures.

Another example is the 2009 pollution in private and municipal drinking water wells
near Pavillion, Fremont County, Wyoming. A US EPA investigation in 2011 found
levels of compounds “likely associated with gas production practices, including
hydraulic fracturing” [35]. The precise route of migration is still unclear but it is
probable that the contamination was due to widespread faulty shale gas well
construction in the vicinity [36].

More recently, Bloomberg reported that US public health authorities and water
organisations responsible for river and drinking water quality have complained to the
EPA of pollution caused by little-known fracking chemicals [37]. The Association of
Public Health Laboratories noted a January 2014 spill of 4-methylcyclohexane
methanol into a West Virginia river. Officials did not immediately realise that
polyglycol ethers in the fracking fluid also were part of the spill. Also the
Metropolitan Sewer District of Greater Cincinnati referred to a July 2014 incident in
which thousands of gallons of fracking chemicals spilled into a tributary of the Ohio
river, killing 70,000 fish. The veracity of this report is confirmed in a letter to the
New York-based Evening Tribune which reveals it was the result of a fire and
multiple explosions [38]. About 25 homes had to be evacuated.

Both complaints were made in support of federal legislation mandating the full
reporting of fracking fluid composition being considered by the US EPA [12].

Recent scientific research confirms poor well quality in the US. Shallow drinking
water boreholes close to fracking operations in Pennsylvania were found to be

particularly contaminated with methane, ethane and propane gases whose carbon
isotopic composition was consistent with a shale gas source [39].

5.4 Potential impacts in the UK

Fracking for UOG in the UK could cause serious pollution incidents similar to those
in the US. Discharges of waste fracking fluids from Preese Hall in Lancashire, or
other well sites fracking the Bowland Shale deposits for example, could harm wildlife
in the river Wyre estuary, a site of special scientific interest which is only a few
kilometres away. The estuary forms part of the Morecambe Bay Ramsar site which
hosts 11 wading bird species of international importance and four species of national
importance. The local farmland is also an important feeding ground for these
overwintering birds.

In 2013 Cuadrilla dropped plans to drill at Westby, Lancashire, perhaps because of
concerns it would disturb an over-wintering population of whooper swans. The site
was within a locally designated wildlife area that supports at least 0.5% of the UK’s
population the European protected species [40]. The Royal Society for the Protection
of Birds (RSPB) has also objected to Cuadrilla’s plans to drill and frack a well at
Singleton, Lancashire, because it is just 1.2 kilometres from the Wyre estuary.

The estuary also includes a large area of salt marshes and reed beds, meadows which
provide habitats for bee and northern marsh orchids, common blue butterflies and
brown hawker dragonflies.

Ground or surface water pollution incidents are possible anywhere the industry
develops. In 2014, the government opened the 14th round of licensing for UK
onshore oil and gas development . Until 28 October 2014 at least half of the area of
the UK was available for companies to bid for exploration rights (see Figure 3).
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Figure 3: Licensed areas for onshore oil and gas exploration and
development and those proposed in the 14th licensing
round in 2014
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Source: DECC Strategic assessment for further onshore oil and gas licensing: Post adoption statement. 29 July 2014
[41]

A map showing the licences that have been awarded is available from the gov.uk
website.2

In the Infrastructure Act 2015 the government committed to halt fracking in
‘protected areas’, which is expected to include National Parks and Areas of
Outstanding Natural Beauty. This should mean no development within the Yorkshire
Dales, the North York Moors, the New Forest, the South Downs, the Peak District,
and many of the English and Welsh 38 AONBs. However, until the Secretary of State
has defined ‘protected areas’ it is not clear whether Special Protection Areas, Special

2 Oil and gas: onshore maps and GIS shapefiles
https://www.gov.uk/oil-and-gas-onshore-maps-and-gis-shapefiles
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Areas for Conservation and Sites of Special Scientific Interest as well as nature
reserves and Local Wildlife Sites will be covered by the new legislation. In addition,
fracking will still be permitted under protected areas. However, the Scottish and
Welsh devolved Parliaments have both announced moratoria on fracking operations
in 2015 [42].

The RSPB, with the aid of other wildlife charities, has investigated the likely impacts
of shale gas or oil development on British wildlife [43] — note that this report was
produced before the Infrastructure Act 2015 was passed It draws attention to the
danger of habitat loss and fragmentation and it particularly notes threats to the
Morecambe Bay area, the North York Moors and the Thames Estuary. Potential
licence areas for shale gas extraction also cover some very sensitive river systems
such as the Hampshire Avon, which is a globally important chalk stream, the report
notes.

The RSPB draws attention to wildlife disturbance, citing the example of the pink-
footed goose in two licensed areas in Norfolk and Lancashire, and Barbastelle bats —
one of the UK’s rarest mammals — in the Sussex Weald.

The RSPB report also notes that fracking puts extra pressure on water resources as
well as threatening pollution. It is particularly concerned about potential
development in the catchments of chalk streams as US experience suggests there will
be adverse effects on aquatic fauna. English chalk streams, which are a globally
important habitat, would be very vulnerable in the Chilterns and Hampshire where
they are also suffering from over abstraction.

5.5 Conclusions

Fracking for UOG in the US has led to widespread air and water pollution. The
process is new and risky, so spills, blow outs and accidents have occurred in large
numbers and devastated land, rivers and streams. Groundwater and drinking water
pollution in many states has resulted from faulty well design and construction. Some
evidence also suggests that all wells are at risk of leaking, even if tests fail to indicate
faults.

Pollution has occurred despite states having legislation and regulation designed to
protect the environment. The industry has developed at such a speed that regulators’
capacity to successfully police developing sites may have been exceeded. It is difficult
to guarantee better construction standards and regulation in the UK and elsewhere.

While few comprehensive epidemiological studies assessing the health impacts of the
UOG industry have been undertaken, there is evidence that fracking activities can
cause health effects on local populations. Health effects could easily occur in the UK
and Europe where fracking is likely to be positioned closer to populations as
population density is higher.

There is a clear potential for fracking to cause serious pollution incidents with major
impacts in the UK especially areas of recognised wildlife interest.

The United Nations Environmental Program (UNEP) is undoubtedly correct when it
concludes in its review of shale gas: “/ Hydraulic] fracking may result in unavoidable
environmental impacts even if [unconventional gas] is extracted properly and more
so if done inadequately.” [44]
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6 Regulation of fracking in the UK

Earlier forms of hydraulic fracturing have been carried out in the UK for some years.
In 1979 for example, horizontal drilling and hydraulic fracturing allowed the
development of the Wytch Farm oil field in Dorset, which is Europe’s largest onshore
oil field. British Gas also hydraulically fractured a well in the Elswick gas field in
Lancashire in 1996. The well has continued to produce gas ever since.

Fracking involving high fluid volumes and high pressures, has only evolved in the last
20 years and presents new risks to human health and the environment. Although
fracking has been regulated in the same way as other onshore oil and gas sites, it is
notable that there is no specific mention of HVHF or fracking in UK or EU legislation
as it has only recently been recognised as a particular health and environmental
threat.

The UK regulatory system is complex and involves numerous permissions and
regulators. All oil and gas exploratory and production sites require Petroleum
Exploration and Development Licences, planning permission, well construction
notification and approval and environmental permits. All can set requirements on a
site’s location, design and operation. The system, which is crucial to the safety of
fracking, is summarised in Box 1.

In 2008 DECC awarded 97 Petroleum Exploration and Development Licences
(PEDL) competitively in the 13th round of onshore licensing. This included many
shale areas and was the starting point for UOG exploration in the UK.

None of the developments following the licences awarded were subject to
environmental impact assessment (EIA) the Tyndall Centre reported in 2011. It notes
that planning authorities believed that fracking was not included in annex I or annex
IT of the EU EIA directive [4]. UOG sites escape inclusion in annex I on the grounds
of the relatively low volume of oil or gas extracted — below 500 tonnes of oil per day
or 500,000 cubic metres of gas. In annex II UOG operations might be included on
the grounds of deep drilling, but this depends on the decision of individual member
states. In the UK, annex II also specifies a footprint of over one hectare, which is
larger than the area most fracking well pads require.

It is a major failure that fracking sites have not so far been covered by EIAs. NGOs
such as Friends of the Earth understandably would prefer EIA’s to be mandatory for
all UOG sites [45]. This could be achieved at member state level through annex II, by
a revision of the EIA Directive’s annex I or by the creation of new EU fracking
directive or regulation.

However, the UK Onshore Oil and Gas (UKOOG) trade association has promised that
the industry will conduct EIAs at all sites where fracking is to be undertaken [46].
Cuadrilla for example, has published EIAs at its Roseacre Wood and Preston New
Road sites in Lancashire.

6.1 UOG exploration and fracking in the UK

Of all the exploratory licences granted in the 13th round, fracking has to date only
occurred once at one site — by Cuadrilla Resources in the Bowland shale of the Fylde
area of Lancashire near Blackpool. Its Preese Hall site is one of five where it has
considered fracking. It also drilled test wells at the nearby Grange Hill Farm and
Banks in 2010 and 2011.

The company received a licence in West Sussex and has drilled an exploratory well at
Balcombe. More recently it has applied for environmental permits and planning
permission to drill four exploratory wells at each of two sites in the county: Roseacre
Wood and Preston New Road. It hopes to begin operations in summer 2015 [47].
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Other licence holders with interests in UOG include:

e UK Methane and Eden Energy, which have gained licences in the Mendip
Hills, Somerset.

e Coastal Oil and Gas have a licence and planning consent to explore for CBM
and shale in Woodnesborough, Kent.

e Dart Energy, now owned by IGas, has four licences for exploration in the
Midland Valley and Solway Basin in Southern Scotland. A CBM well at Airth,
near Stirling, is producing gas and the company has signed an agreement with
electricity supplier SSE. It is also has exploration licence in the East Midlands
and is drilling a CBM exploration well at Borras in North Wales.

e IGas Energy also owns a well producing oil and gas in Caithness. It has 14
licences in the North West of England on the Carboniferous coal measures
and Bowland-Hodder shales. It has conducted exploratory drilling at Barton,
near Irlam, primarily with CBM in mind. In Eastern England it has many
small fields which produce conventional oil and gas focused on two main
production sites at Welton and Gainsborough. In the Weald Basin of southern
England it has 11 fields and 18 production sites producing conventional oil.

e  Rathlin Energy has licences for exploration in East Yorkshire and Northern
Ireland.

e Chemical company Ineos is planning fracking operations at Grangemouth in
Scotland [48]. It holds licences in the Stirling area and to the north and west

of Glasgow.

e  Third Energy, formerly known as Viking Energy, is considering fracking near
Malton in North Yorkshire. The company has several licences and is already
operating conventional gas wells in the area.

e  Some firms are also interested in sites in Wales and Northern Ireland but
these are at an early stage.

6.2 Preese Hall

Fracking was halted at Preese Hall on 27 May 2011 after a Magnitude 1.5 Richter
scale earthquake. A preceding tremor of M 2.3 also occurred on 1 April 2011. The
quakes led to an 18 month moratorium on fracking while scientists investigated the
cause. DECC lifted the moratorium in 2012.

Fracking fluid entering an existing fault near the well was recognised as the likely
stimulus which precipitated the tremors. However, it was judged to be an unusual
event. Such circumstances were thought by the RS/RAE unlikely ever to give rise to
an earthquake greater than M 3 on the Richter scale, which is just perceptible and not
likely to cause damage at surface level [3]. Perhaps on this basis, permission to
continue fracking was eventually given by DECC in December 2012, along with new
regulatory requirements to mitigate seismic risks [49].

However, recent US research shows that deep injection of wastewater can trigger
seismic events of M 5 or greater. M 5-6 events would be noticed by most people and
might cause damage to buildings and possibly injuries. In Oklahoma the injection of
wastewater from oil and gas production has not only increased the number of seismic
events [50] since 2008, but stimulated large tremors of M 5.7 and M 5 in November
2011 [51]. In northern New Mexico and southern Colorado injection of CBM
wastewater has increased the number of tremors, with the largest measuring M 5.3

[52].
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The UK requirements to mitigate seismicity include operators having to assess the
location of faults and ensure that fractures remain in the target zone. They will also
have to undertake a seismic survey before drilling and monitor seismic activity
during operations. If there is a seismic event above 0.5 on the Richter scale then
operations must cease.

6.3 Environment Agency regulation

Initially the Preese Hall site did not have an environmental permit for groundwater.
The Environment Agency says it then took an “enforcement approach” to exploratory
sites because they were regarded as a “low environmental risk” [53]. It did not regard
the site as a risk to groundwater as the nearby Sherwood aquifer is saline and not
suitable for drinking [3].

Fracking regulation has evolved in recent years, the agency says. Mark Ellis-Jones,
Environment Agency energy and climate change manager told CHEM Trust: “The
high profile of the shale gas industry in the UK resulted in a reappraisal of the legal
framework for both the conventional oil and gas and shale gas and coal bed methane
operations” [53].

The agency has now reviewed its regulatory system. Since October 2013 all
exploratory oil and gas sites are required to have environmental permits under the
Environmental Permitting (England and Wales) Regulations 2010, even those
already in existence. This corresponds with the agency’s Environmental Risk
Assessment [54] and draft technical guidance for such sites [55]. Final guidance is
likely in 2015 after a further round of consultation.

The agency says oil and gas operators must also apply for a groundwater permit
unless they can demonstrate that there will be no, or only a trivial, impact on
groundwater. However, this appears not to have been carried out in the past.
According to Friends of the Earth, groundwater permits have not been granted to
Dart Energy at Daneshill in Nottinghamshire, where a CBM exploratory well has been
drilled, and Rathlin Energy at Crawberry Hill in East Yorkshire [45]. FOE maintains
that both sites are in groundwater source protection zones (SPZs). The Environment
Agency countered that Daneshill is not in an SPZ and Crawberry Hill is in an SPZ3,
which is defined as more than 400 days travel to a drinking water abstraction point.

The perfect operation of UK regulation is crucial to preventing environmental
pollution like that seen in the US. But contrary to the recommendations in the Royal
Society report [3], the Environment Agency will not prevent fracking in areas where
there are drinking water aquifers, Ellis-Jones said [53]; it is not yet clear what impact
the Infrastructure Act 2015 will have on this (see below). However, operators will
need to satisfy the regulator by producing a local hydrogeological assessment
showing that fracking fluids would be contained by the shale and not migrate into
groundwater.

The agency would also not permit fracking in a source protection zone 1 (SPZ 1) of an
aquifer. This means zones that are within 50 days groundwater travel to a drinking
water abstraction point, such as a spring, well or borehole. SPZ 1 areas are those most
sensitive to pollution, but each may be as small as 100 metres in diameter. The
measure will provide little protection for drinking water if pollution does occur. Ellis-
Jones also noted that SPZ 1 zones extend to a maximum depth of 400 metres.
Providing drilling and fracking takes place at sufficient depth below this, then it
would consider that the risks can be managed.

Following the passage of the Infrastructure Act 2015 in February, it is no longer clear
how well groundwaters will be protected. Although section 50 of the act prohibits
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fracking in “protected groundwater source areas”, the definition of this term will be
defined later (by 315t July 2015) by the Secretary of States. It is therefore not yet clear
whether this is defined as SPZ1 or also SPZ2 and SPZ3. If the last two are included
then the entire groundwater catchment would be protected.

Preventing spillage of fracking fluids and chemicals, as well as leakage of flowback
waste waters, falls to the planning authorities and the environmental regulators. Well
pad sites should be designed to prevent pollution — for example, sealed to catch any
contaminated runoff or spillage. Bunded tanks must be installed to facilitate safe
mixing of fracking fluid chemical ingredients.

An environmental permit will also require flowback wastes to be stored in tanks prior
to disposal rather than open lagoons, which are permitted in the US. This is intended
to prevent the loss of volatile components from the waste as well as protect against
overflow due to rainfall or leakage through imperfectly installed linings. Also
prohibited in the UK, is the reinjection of fracking wastewaters into other geological
strata, according to Ellis-Jones. Reinjection into shale rock is unlikely to be
worthwhile because of its low permeability.

The Environment Agency also maintains that it will have sufficient resources to
manage the onshore oil and gas industry effectively. Ellis-Jones says he has a team of
14 officers working to develop the regulatory regime for conventional oil and gas,
shale gas and coal bed methane. About 40 more staff are also involved in regulating
shale gas activities in addition to other duties. Funding comes from grant-in-aid from
DEFRA and, for regulating individual sites, from permit and licence charges.

Ellis-Jones says that the agency has the powers to require full disclosure of chemicals
used in fracking, and no hazardous substances would be allowed “where they would
or might enter groundwater”. This is in accordance with the EU Groundwater
Daughter Directive (2006/118/EC). What constitutes a hazardous substance would
be decided by the Joint Agencies Groundwater Directive Advisory Group (JAGDAG)
and subject to public consultation. JAGDAG comprises representatives from the four
UK environment agencies, DEFRA, the Welsh Government, Public Health England,
Environmental Protection Agency Ireland and industry.

The chemicals used in fracking would be placed on the public register in the
application for an environmental permit, the agency says. But this information could
be excluded if commercial confidentiality can be applied by law to protect economic
interest. The agency also considers injection of fracking fluids to be an emission,
therefore information on substances and their maximum concentrations will be
placed on the public register, along with how much of the hydraulic fracturing fluid
operators expect to remain in the ground.

6.4 Health and Safety Executive regulation

The Health and Safety Executive (HSE) is responsible for the safety of the well and it
works in collaboration with the environment agencies. The Health and Safety at
Work Act requires that the operators manage health and safety risks at the site, and
meet specific regulations that apply to onshore oil and gas sites. These include the
Borehole Site and Operations Regulations 1995, the Offshore Installations and Wells
(Design and Construction, etc) Regulations 1996 and the Reporting of Injuries
Diseases and Dangerous Occurrences Regulations 1995 [56].

The HSE scrutinises:

e  Site working practices

3 http://www .legislation.gov.uk/ukpga/2015/7/notes/division/4/6/4/8?view=plain
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e The initial design of the well, based on local geology

e The construction process based on weekly reports from the operator
e Cementation of casings and pressure testing

e  Well integrity during the operational phase

In practice, one of the HSE’s most important roles is to ensure that examination of
well integrity is carried out by expert inspectors, required by the 1996 regulations.
But the regulations say that the examiner should be ‘sufficiently knowledgeable and
separate from the immediate line management of the well operators involved’.

The Royal Society report concludes that this does not go far enough, as it allows
people employed by the operating company to fulfil the role. To be properly
independent, guidance should specify that the inspector is not employed by the
operator and is paid by a separate company. This would prevent fracking companies
from effectively “marking their own homework”, as the BBC’s Costing the Earth

programme has observed [57].

The UK and other EU states would be wise to accept the Royal Society and Royal
Academy of Engineering’s recommendation and ensure that well inspections are truly
independent.

6.5 The integrity of well casings

The HSE has confirmed, following a freedom of information request, that it was
informed by Cuadrilla in March 2014 that there was pressure in the small annulus in
the well, suggesting a problem in the integrity of the casing [58]. The HSE however is
maintaining that there was no release of gas and said that any release of liquids
would be caught at the surface of the well.

During well construction the HSE says that “all of the cement casings were pressure
tested as they were run and prior to the casing shoe being drilled out as a
demonstration of pressure integrity”. Despite this positive regulator’s report, the
company has now decided to abandon the well. The HSE says it has received well
abandonment notices which it has inspected “for compliance with good industry
practice” and the well is now abandoned.

The Preese Hall site appears to have had an unfortunate history. An investigation
following the 2011 earth tremors found that the well had been deformed. With the
well integrity problem in addition, the well was clearly unsuitable for further use but
there remains the possibility that it may be a source of gas and liquid leaks even in its
abandoned state.

6.6 British Geological Survey’s role

The British Geological Survey (BGS) has an important role in advising mineral

planning authorities about safe locations for fracking wells from the point of view of
seismic risks (see box 1). But it has also been working with the Environment Agency
on whether fracking is likely to affect drinking water aquifers in England and Wales.

A recent exercise between the BGS and Environment Agency has produced a series of
maps which show that about half of areas with important aquifers have potential
shale gas or shale oil reserves lying beneath them [59]. Although there is generally at
least 600m between shale gas or oil deposits and aquifers above the Bowland Shale or
Weald deposits, BGS is not prepared to concede that this is totally safe [60].

BGS is also conducting a survey of methane levels in groundwater [61]. This is to set a
baseline of how much of the gas originates from biogenic sources (bacteria at shallow
levels) or thermogenic ones (from high temperature processes at greater depth).
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These differ in their carbon and hydrogen isotopic contents plus the presence of more
long-chain hydrocarbons in thermogenic sources.

Such a baseline will help determine whether any gas detected in groundwater in the
vicinity of fracking wells is of natural origin or whether it has leaked from wells.
Leakage of gas may also be accompanied by the leakage of fracking chemicals.

The latest results of the methane survey are visible on the BGS website [62].

BGS has recently announced a research project with several university partners to
closely monitor fracking operations at Cuadrilla’s Roseacre Wood and New Preston
Road sites, should these go ahead [63]. According to BGS, this is to be funded by BGS
and the universities involved in the studies.

6.7 Conclusions

The UK has a complex regulatory framework covering onshore oil and gas
exploration and production wells (see Box 1) but it has its weak points. In theory, the
leaks into groundwater that have occurred in North America through poor well
construction, the spills from the storage of fracking fluids in open lagoons or lax
storage and mixing of fracking chemicals should not occur here. However, there is
evidence that a substantial proportion of fracking wells leak in the long term. It is
also noteworthy that BGS will not guarantee that fracking will not affect groundwater
quality.

Until the Infrastructure Act, the Environment Agency’s policy was to permit fracking
in areas with drinking water aquifers, giving a real possibility that significant
groundwater pollution would occur. It is therefore prudent to prevent fracking in
these areas. It is currently uncertain what the final definition of “protected
groundwater source areas” will be, as referred to in the Infrastructure Act 2015,
though Friends of the Earth are hoping for it to cover all source protection zones.4

The regulation of shale gas, shale oil and CBM wells present a particular challenge.
Fracking wells are more risky than conventional extraction because many wells will
be drilled, leaving greater room for errors. Fracking wells are also more likely to leak
drilling or fracking fluids because they are subject to a greater range of pressures.

Although details of the construction of UOG wells must be reported to the HSE and
casing integrity inspected by experts, this is not truly independent inspection because
the inspectors do not have to be employed by a separate company. This needs to be
improved so that well integrity is assured during construction.

Experience at Preese Hall suggests that failures to properly license fracking sites,
conduct environmental assessments, failures to ensure wells are properly constructed
and failures to monitor groundwater quality could all occur. Such failures do not bode
well for the future of fracking regulation.

The environment agencies and the Health and Safety Executive are new to fracking
regulation. Extreme caution is needed because all of these organisations, particularly
the English Environment Agency [64] and Natural Resources Wales [65], are subject
to savage staff cuts in coming years as exploratory shale gas fracking is set to restart
in 2015. The Environment Agency is also to be required to ‘support economic growth’
alongside its environmental responsibilities [66] and the Scottish Environment
Protection Agency to support ‘sustainable economic growth’ [67]. The last
Government appeared determined to support fracking at any cost.

4 Groundwater and Fracking, Friends of the Earth, December 2014
https://www.foe.co.uk/sites/default/files/downloads/groundwater-fracking-75170.pdf
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However, financial and political pressure should not be permitted to result in any
relaxation of the regulation of fracking operations.

The dangers of fracking causing earth tremors have been underestimated the latest
research shows. Wastewater disposal by injection should be specifically prohibited
because of the increased risks of seismicity.
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Box 1. Theregulation of onshore oil and gas exploration

Petroleum Exploration and Development Licences: Up until 15 April 2015 these
have been issued by the Department of Energy and Climate Change (DECC) in
England, Scotland and Wales usually through competitive bids. From 15t April 2015
this function passed to the Oil and Gas Authority (OGA) a newly created Executive
Agency of DECC?®. In Northern Ireland they are issued by the energy division of the
Department of Trade and Investment. The licences permit exclusive activity in a
specific area and may also control various activities such as venting and flaring of
methane emissions.

Planning permission: Operators must be granted planning permission by local
Minerals Planning Authorities (MPAs) which involve district and county councils. In
Northern Ireland the local government group within the Department of the
Environment is responsible for shale gas planning.

MPAs will decide whether an Environmental Impact Assessment (EIA) is required,
for example ElAs are suggested by planning regulations in England and Wales
where operations exceed one hectare in area. The UK fracking industry through the
trade body Onshore Oil and Gas (UKOOG) has promised always to carry out an EIA
for fracking operations whether required by the planning authority or not [46]. An
Environmental Risk Assessment may also be required. Planning permission or
ElAs can also set conditions on environmental and health impacts. Planning
conditions can also consider aesthetic impacts including noise, traffic and air
pollution.

Environment agencies (the Environment Agency, Scottish Environment Protection
Agency, Natural Resources Wales and the Northern Ireland Environment Agency)
are statutory consultees in the planning process and so can advise on setting
environmental conditions.

MPAs should also consult the British Geological Survey (BGS) for advice on
induced seismicity (earthquakes) and to help identify suitable locations for wells.

Notification of well construction and examination scheme: The Borehole Sites
and Operations Regulations 1995 require operators to inform health and safety
regulators (HSE or HSENI) at least 21 days ahead of any drilling operations. This
allows the regulator to review the operator’s plans for the design, construction and
operation of the well. The regulator should also ensure that a suitable well
examination scheme is in place.

Operators also need to open a dialogue with the appropriate environment agency as
many permits may be required. The Environment Agency in England warns that it
may require up to nine applications from an operator [55]. Five of these are
environmental permits under the Environmental Permitting (England and Wales)
Regulations 2010.

Regulations require an operator to apply for a permit from the appropriate
environment agency before drilling operations can begin. The agency needs to be
served a notice of intention to construct a borehole at least one month in
advance.® This notice must be accompanied by a method statement which should

5 Energy industry and infrastructure licensing and regulation: Oil and gas licensing
https://www.gov.uk/government/policies/providing-regulation-and-licensing-of-energy-
industries-and-infrastructure/supporting-pages/oil-and-gas-licensing

6 Under section 199 of the Water Resources Act 1991 as amended by Water Act 2003

Chemical pollution from fracking Page 34




include information on the well drilling, well casing, storage of fuels and chemicals on
site and a drilling mud management plan. It should also include information on
chemicals to be used in fracking fluids.

An environmental permit for groundwater will be needed where there is deemed
to be a risk of groundwater pollution. Part of the process will include an assessment
of whether substances proposed for use in “well stimulation” or fracking are
hazardous. The assessment will follow the requirements of the EU Groundwater
Daughter Directive (2006/118/EC) and be peer reviewed by the joint environment
agencies groundwater advisory group known as JAGDAG.’ The group is to consult
publicly on any determinations proposed.

The Environment Agency says it will only allow chemicals it considers acceptable for
use in England and acceptability at one site does not automatically mean
acceptability at another because of different geological conditions [55]. The agency
has already decided that the biocide glutaraldehyde, the friction reducer
polyacrylamide and the descaler hydrochloric acid were acceptable at Preese Hall.

An environmental permit for a mining waste operation will also be needed under
the EU Mining Waste Directive. This requires that extractive wastes which may be
solid, liquid or gas are managed to minimise harm to health and the environment.
The agencies will require a waste management plan to reduce waste, encourage
recovery and ensure safe disposal.

An environmental permit for a radioactive substances activity may also be
needed for fracking activities which pick up NORM from oil and gas bearing strata.®
Other environmental permits which may be needed include as an installation under
the EU Industrial Emissions Directive where gas is to be flared and a water discharge
activity where discharges of contaminated surface water are to be made.

The environment agencies will require operators to compile a site condition report
at the beginning and at the end of operations. It is particularly important from an
environmental perspective because it should record the chemical composition of
groundwater and allow monitoring during operations to determine whether pollution is
occurring.

The HSE/HSENI will require operators to commission an independent well
examination.® Operators must appoint an independent and competent person to
inspect the well and examine the results of well integrity tests, such as pressure and
cement bond log tests which ensure the well is properly cased and sealed. As the
well is constructed, health and safety regulators also have the opportunity to inspect
weekly operations reports required from the operator.

The BGS will require operators to submit information on any borehole deeper than
100ft and may want to examine cores and fragments.

Field Development Consents: When seeking a production rather than exploratory
well, operators will not need a new Petroleum Exploration and Development licence,
but will need to submit a Field Development Plan to DECC for consent.

DECC may check with other regulators then to check before issuing a Field
Development Consent, which sets limits on the amount of gas to be produced,
vented or flared. Water consumption and excess of wastewater for on-site tanks may
prove a problem, for example.

7 http://www.wfduk.org/legislative-background-and-classification-results
8 Under Schedule 23 of the Environmental Protection (England and Wales) Regulations 2010

9 The Offshore Installation and Wells (Design and Construction, etc.) Regulations 1996
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7 Regulation of fracking in the EU

On 22 January 2014 the European Commission released a communication on shale
gas [68] and an accompanying recommendation on regulation (2014/70/EU) [69]. It
recognised the benefits of shale gas in terms of the potential contribution to EU
energy independence and carbon emission reductions where it replaces more carbon
intensive fossil fuels. But it also noted the environmental and health risks which have
been the subject of a considerable research effort by the commission detailed on their
website [70].

The commission also conducted an impact assessment which came to the conclusion
that a directive setting out legislative controls would deliver best value in terms of
economics, addressing public concerns and reducing environmental impacts [71].
However, the UK government played a key role in defeating this proposal made by
the commission, according to documents leaked at the time [772]. Instead, the non-
binding recommendation was adopted.

The recommendation sets out sensible “minimum principles” for member states who
wish to carry out exploration and gas or oil production using fracking. Member states
are “encouraged” to apply the principles within six months of the publication date.
However, the recommendation is not binding.

Key recommendations include:

* Ensuring a strategic environmental assessment (SEA) is prepared to reduce
risks to health and the environment before granting licences for exploration
or production of gas or oil from fracking. This should take into account
possible restrictions in flood-prone, seismic, water protection or residential
areas, as well as minimum depth limitations between areas to be fracked and
groundwater.

*  An environmental impact assessment (EIA) should also be carried out in line
with existing EU legislation.

e The public should be given opportunities to be involved in developing the SEA
and EIA.

*  Before fracking is carried out, a baseline should be established for ground and
surface water flows, water quality at drinking water abstraction points, and
the presence of methane and other volatile hydrocarbons in water.

*  Member states should ensure operators establish water and transport
management plans, capture gases for subsequent use, control the fracking
process to contain fractures and prevent seismicity, and ensure well integrity
through design, construction and integrity testing.

*  Manufacturers and users of chemicals should use the term “hydraulic
fracturing” when complying with their obligations under the REACH
Directive, minimise the use of fracking chemicals and bear in mind the need
to treat flowback after fracking.

*  Operators should monitor surrounding ground and surface waters for
impacts of fracking, the composition and volume of fracking fluids and the
amount of flowback returned. They should also monitor the impact of
fracking on the integrity of wells.

e Operators should have a financial guarantee to cover potential liabilities for
environmental damage prior to the start of fracking and adequate resources
to carry out their duties.
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* A survey should be carried out prior to the closure of fracking operations.

e Operators should publicly disseminate information on the chemical
substances and volumes of water used in fracking of each well. This
should include CAS numbers, safety data sheets where available and each
substance’s maximum concentration in the fracking fluid.

*  Competent authorities should publish: planned projects involving fracking
and the number of wells completed, the number of permits granted and to
whom, the permit conditions, the environmental baseline and fracking
details.

The recommendation asks that these conditions be given effect by 28 July 2014. The
commission is to be informed annually on the measures from December 2014 and it
will review the recommendation’s effectiveness from 18 months after publication — ie
in summer 2015.

The commission has therefore laid down a best practice gauntlet for member states
interested in fracking. But it remains to be seen whether it will be taken up. The
Commission has published the submissions from Member States, including the UK.
Few countries stated that they had clear policies on disclosing the chemicals used in
fracking.

7.1 EU Directives and Regulations

There are many EU Directives and Regulations which affect shale gas/shale oil
exploration and production. In its 2013 report on the environmental impacts of
fracking AEA Technology lists 19 major pieces of relevant EU legislation [17]. Only
four are considered particularly important for preventing chemical pollution, these
are:

e The Environmental Impact Assessment Directive (2011/92/EU, now revised
as 2014/52/EU)

e The Mining Waste Directive (2006/21/EC)

e The Water Framework Directive (2000/60/EC) and the Groundwater
Daughter Directive (2006/118/EC)

e The REACH chemicals regulation (1907/2006/EC)

The Environmental Impact Assessment (EIA) Directive requires member
states to provide assessments of a range of projects depending on their size and
characteristics. An EIA should examine the land take, the noise, air pollution, traffic
and water pollution likely to result from fracking operations. However, most shale
gas projects are likely to be too small in terms of daily gas extraction to fall within the
threshold of the directive’s Annex I. AEA Technology advises the European
Commission that this could mean that environmental risks will not be adequately
covered [17]. AEA also notes that there is no definition of deep drilling in Annex II of
the directive, which could also mean that fracking projects escape assessment. The
directive also does not require geological features to be assessed, which could be
relevant to groundwater, seismic and air pollution aspects.

10 See: http://ec.europa.eu/environment/integration/energy/unconventional_en.htm

11 Few EU countries clear on disclosure of fracking chemicals , Chemical Watch, 11th March
2015
https://chemicalwatch.com/23097/few-eu-countries-clear-on-disclosure-of-fracking-
chemicals
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Wastewaters from fracking are considered to be ‘extractive waste’ and are regulated
under the Mining Waste Directive. Operators must formulate waste management
plans that identify how wastes are to be minimised, treated, recovered and disposed
of in a permit issued under the directive. This permit may be also under the Water
Framework Directive if the wastewater is to be discharged following treatment to a
watercourse or well. It is not clear whether fracking wastewaters will be classified as
‘hazardous’ as their composition will vary from site to site. If hazardous, sites will be
classified as category A facilities under the directive which means they would have to
have a major accident prevention policy and an emergency plan. The directive also
requires an abandonment plan for the treatment and monitoring of a well at the end
of its life, plus financial guarantees that the costs will be covered.

The Water Framework Directive (WFD) and the Groundwater Daughter
Directive require member states to protect groundwater against pollution and
deterioration by preventing or limiting entry of pollutants to groundwater.

In the UK, the environment agencies are responsible for considering whether a
potential pollutant should be determined to be a hazardous substance or a non-
hazardous pollutant. These decisions will be reviewed by JAGDAG — the Joint
Agencies Groundwater Directive Advisory Group. Other member states will have
their own procedures, but the WFD sets out guidelines in its Annex VIII of main
pollutants (see Table 4).

Table 4: WFD Annex VIII: Indicative list of the main pollutants

Organohalogen compounds

Organophosphorus compounds

Organotin compounds

Substances or the breakdown products of such which have been proved to possess
carcinogenic or mutagenic properties or properties which may affect steroidogenic,
thyroid, reproduction or other endocrine-related functions in the aquatic
environment

Persistent hydrocarbons and persistent and bioaccumulative organic toxic substances

Cyanides

Metals and their compounds

Arsenic and its compounds

Biocides and plant protection products

Materials in suspension

Substances that contribute to eutrophication — particularly nitrates and phosphates

Substances which have an unfavourable effect on the oxygen balance

The main fracking chemicals classified as pollutants in Annex VIII include
carcinogens like benzene and formaldehyde, biocides like glutaraldehyde and
chlorine dioxide, and hydrocarbons including benzene, toluene and xylene
compounds and diesel fuel. These should not be discharged to groundwater but may
be pumped into wells on the proviso that these are not connected to groundwater.

The Tyndall report notes that the differences in interpretation of EU legislation on
groundwater, chemicals and environmental impacts could lead to poor and
inconsistent enforcement across Europe [4]. It likens this situation to the failure to
regulate fracking’s impacts in the US, where regulation is imposed on a state-by-state
basis.
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7.2 REACH regulation and fracking chemicals

The Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH)
regulation aims to improve the protection of human health and the environment
from chemical risks. REACH applies to all chemical substances in everyday life and
industry. For example, it covers chemicals in cleaning products, paints, clothes,
furniture and electrical appliances as well as in processes such as oil extraction and
fracking.

REACH requires companies to identify and manage the risks linked to the substances
they manufacture and market in the EU. They have to demonstrate to the European
Chemicals Agency (ECHA) how the substance can be used safely, and they must
communicate the risk management measures to the users. If the risks cannot be
managed, there are mechanisms to ban or restrict the use of substances.

REACH has established procedures for collecting and assessing the properties and
hazards of substances. Companies need to register each substance and work with
others registering the same substance to ensure this information is provided.

ECHA evaluates individual registrations for their compliance with data provision,
and EU member states review substances to clarify any human health or
environmental concerns. Member states’ authorities and ECHA's scientific
committees assess whether the risks of substances can be managed.

In REACH, chemicals are regulated in relation to their uses. A chemical may be
judged safe in one use but deemed unacceptable in others where the risks to human
health or the environmental are not adequately controlled. A 2013 study by the
European Commission’s Joint Research Council (JRC) on REACH and fracking
chemicals found there was no specific use category appearing on the registration
forms for hydraulic fracturing [73].

Sixteen substances were identified by the commission as likely to be used in fracking
fluids, which in total were covered by 782 registration dossiers (see Table 5).

JRC checked through the most important of these and found that fracking, hydraulic
fracturing and unconventional oil or gas were not mentioned in the registration
dossiers. No relevant human exposure scenarios appear to have been developed by
the registrants and no environmental release categories that are specific to fracking
for shale oil or shale gas have been put in the registration dossiers for these
substances. In fact, it appears the current structure of REACH use categories was
devised before fracking was recognised as a departure from conventional oil and gas
extraction.

For most of these 16 fracking substances, environmental chemical safety assessments
have not been performed by registrant industries, often on the grounds that no
hazard has been identified. One registrant claimed that for oil and gas extraction the
substance’s fate was produced water (ie flowback), which was continually reused by
re-injection in on-shore operations and therefore not discharged! Also the amount of
the substance that partitioned to the oil phase during extraction would end up at the
refinery and not remain in the environment.

The apparent lack of consideration of the risks from use of these substances in
fracking could be a breach of the REACH regulation. Such transgressions could have
been referred by ECHA to member state enforcement authorities, or have been
identified by member state authorities. Prior to this exercise however, the scale of
deficiencies appears not to have been realised.
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Table 5: Substances likely to be used in fracking selected by the
European Commission for investigation in REACH
dossiers

2-ethyl hexane-1-ol

Acetic acid

Acrylamide

Ammonium sulphate

Boric acid

Citric acid

Distillates petroleum, hydrotreated heavy naphthenic

Distillates petroleum, hydrotreated light naphthenic

Ethylene glycol

Ethylene glycol monobutyl ether

Glutaraldehyde

Hydrochloric acid

Isopropyl alcohol

Methanol

Residual oils

Sodium hydroxide

Source: JRC Assessment of the use of substances in hydraulic fracturing of shale gas reservoirs under REACH,
September 2013 [73].

A few other substances had qualitative risk assessments for the environment, but the
risks were thought to be small because of low acute toxicity and ready
biodegradability, or else the hazard was due to pH which would be neutralised when
wastewaters were passed through a treatment plant. Some substances did have
chemical safety assessments for oil and gas extraction uses but they were only done
for releases to marine environments from offshore platforms.

The study concluded that more work was needed on the environmental fate of
substances used in fracking, suggesting that companies could be breaching their legal
obligations to provide safety assessments for environmental releases and human
health risks. It also recognised it is necessary to define and employ the specific use-
category hydraulic fracturing or fracking for shale oil or gas within REACH.

The study said that REACH’s use descriptor system should be complemented by a
new environmental release category covering the case of a substance that is
intentionally introduced into the environment to carry out its technical function.
Finally, environmental exposure assessments would benefit from the development of
a model that covers the direct introduction of substances underground and their
possible migration upwards.

The commission and ECHA announced in October 2014 that a use category for
chemicals used in fracking will be introduced for REACH registration dossiers from
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2016 [74]. ECHA has since published details of this new use descriptor, with a new
product category "oil and gas field fracturing products".:2

The study found potential breaches of the REACH regulation which appear to have
resulted in no enforcement measures. ECHA can refer breaches to member state
enforcement authorities or withdraw the registration numbers of inadequate
dossiers, meaning that a company cannot make or import the relevant substance.
However, ECHA has not yet used this latter power.

In 2013 ECHA made 32 referrals to member state enforcement authorities [75].
However, it is not clear whether any of these were relevant to fracking chemicals or
which companies and compounds were involved. There is also no information
gathered centrally on whether any member states have taken any enforcement action.

7.3 Conclusions

The EU has an established regulatory system which provides a framework for
member states to control the impacts of fracking. However, this framework is
inadequate. Fracking needs to be treated as a new process posing new environmental
and safety issues which need to be addressed by new regulation.

The EU EIA directive and the REACH regulation are falling short of what they should
provide. The proper and precautionary use of the EIA directive needs to be ensured
by a change in qualifying criteria to make certain that all fracking processes are
covered. REACH needs to recognise fracking as a distinct chemical use and ensure
the required exposure scenarios and risk assessments are completed by registrants.
ECHA’s REACH enforcement procedures are inadequately reported and lax. The
absence of reporting on action by national enforcement authorities needs to be
addressed.

The European Commission’s 2014 recommendation 2014/70/EU on fracking is
excellent in its content but is not binding on member states. The European
Community should recognise that turning the recommendation into a binding
regulation or directive would make its regulatory approach more effective and
comprehensive.

12 ECHA clarifies how to report substances used in hydraulic fracturing
http://echa.europa.eu/view-article/-/journal_content/title/echa-clarifies-how-to-report-
substances-used-in-hydraulic-fracturing

Chemical pollution from fracking Page 41


http://www.endsreport.com/43013/reach-non-compliance-referrals-rise-in-2013

8 Fracking in EU states excluding the UK

AEA Technology has conducted research into the history of fracking in Europe [17].
There are many examples in Germany, the UK, Denmark and the Netherlands of
hydraulic fracturing dating back to the 1980s. But for fracking for UOG, AEA records
only Cuadrilla’s Preese Hall site in the UK and a further six Polish sites up until
February 2012. Its report also notes interest in fracking in Germany, France, the
Netherlands, Bulgaria, Sweden, Norway and Denmark.

However, four of these states have placed a moratorium on fracking as governments
respond to public opposition to the risks posed to health and the environment.
France upheld its ban on fracking in October 2013 [76], while the German
government is maintaining its current ban on fracking as of November 2014 [77].
According to shale gas tracking firm Vinson and Elkins, development in Sweden and
Norway looks unlikely and in Denmark, although licences have been issued, no
drilling has taken place [78]. The Danish government appears to have in mind its
environmental commitment to phase out the use of all fossil fuels, but Reuters
reported in June 2014 that Fredrickshaven in northern Denmark had given the
company Total permission to drill an exploratory shale gas well [79].

The Netherlands is a gas exporting country, although reserves are declining. There
has been public opposition to fracking and the current Prime Minister Mark Rutte
adopted a Parliamentary motion in December 2014 that prevents fracking during his
government's term of office, that is until the end of 2016 [80]. In Bulgaria, MPs voted
to ban fracking in January 2012 and an exploratory licence granted to Chevron was
revoked [81]. This was reconfirmed in January 2015 by prime minister Boyko Borisov
[82].

As this report went to press, the European Commission publicised the results of a
questionnaire it sent out to member states following its 2014 communication and
recommendation [83]. Responses to the questionnaire were required by the end of
2014. Its principle question was whether each member state was planning to
authorise drilling for UOG resources and, if so, how it would manage its regulation.
The answers present a snapshot of Europe’s governments’ attitude towards fracking.

When asked about authorisation of UOG exploration, only five members answered
positively: the UK, the Netherlands, Denmark, Poland and Romania. Six were
undecided, saying they might: Germany, Spain, Hungary, Portugal, Austria and
Lithuania. And the majority, 17, said they would not. Some of these believed they had
no resources to exploit or had attracted no interest from the oil and gas industry.
Others, notably France, were opposed in principle.

There are no reliable figures for national shale gas reserves in Europe. The US Energy
Information Administration (US EIA) reported global projections of shale gas
reserves in 2013 [84] but these figures, though widely quoted, are not necessarily
meaningful. In Europe, Poland and France were thought to have the highest reserves,
while the UK came fifth equal with the Netherlands (see Table 6). However, it
remains to be proven whether gas or oil can be recovered from these shale deposits.
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Table 6: Estimated European unproven recoverable wet shale gas
reserves, 2013

Country Shale gas resource Position

(Tcf)
Bulgaria 17 7=
Denmark 32 4
France 137 5
Germany 17 7=
Netherlands 26 5=
Norway 0 11
Poland 148 1
Romania 51 3
Spain 8 10
Sweden 10 9
UK 26 5=
Total 470

Source: US Energy Information Administration, June 2013 [84].

8.1 Poland

Poland was believed to have the largest shale gas reserves in Europe at 148 trillion
cubic feet (tcf) according to the US EIA. However, the Polish Geological Institute
reported even in 2012 that the true figure may be 85% below this estimate [85].

The Polish government was keen to develop any potential resources in order to
provide a secure energy supply and reduce dependence on imported gas from Russia.
It has also been an ally of the UK in preventing any new legislation on fracking in the
EU [86].

The International Oil and Gas Producers Association (OGP) has a website which gives
details of twelve fracking sites in Poland operated by six companies: Marathon Oil,
Conoco Philips, ExxonMobil, Eni, Chevron and Lane Energy. These companies have
provided a good range of information about each well, giving the depth and the
fracking dates for each plus the volume and chemical composition of the fracking
fluids [87].

However, there are more fracking wells in existence than those on the OGP site, so
not all companies are as open about their activities. Other wells noted by AEA

Technology [17] include:

e Markowola-1 in Zwola and Lubocino-1 in Wejherowo. Both are operated by
PGNiG SA

e Lebork S-1in the Baltic Basin, operated by BNK Petroleum
e Two wells in the Siekierki project, operated by Aurelian Oil and Gas

There has clearly been a major effort in Poland to explore shale oil and shale gas
opportunities. However, many wells have been unsuccessful.

ExxonMobil reported that its Krupe and Siennica wells were not commercially viable,
according to AEA. Bloomberg has also reported that Polish shale gas extraction has
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been met with problems [88]. Shale gas flows are just 30% of that needed for
commercial production, according to Pawel Poprawa, a geologist at the AGH
University of Science and Technology in Krakow. The number of active shale
exploration permits in 2014 has fallen 43% from a high in January 2013. Firms
probably will not extend many expiring this year, according to deputy environment
minister Slawomir Brodzinski.

UK energy company 3Legs Resources sold its last shale gas concessions in Poland to
Sweden's Stena Group in November 2014 [89]. The firm follows Total, Marathon Oil,
Talisman Energy and Exxon Mobil in pulling out of Polish shale gas, which has failed
to live up to its initial promise.

The Polish government is also in breach of the EU Environmental Impact Assessment
Directive, EurActiv reported in July 2014 [90]. The European Commission is
threatening legal action over the government allowing shale gas drilling to a depth of
up to 5,000 metres without first conducting an environmental assessment.
Environmental damage may well follow unwise well developments.

8.2 Romania

Romania was believed by the US EIA to have substantial shale gas or oil reserves,
estimated to be around 51 trillion cubic feet (Tcf) in 2013, the third largest in Europe

[84].

Fracking operations have been attempted but have been the subject of strong public
protest. An account of 2012-14 events in Wikipedia is disputed for its neutrality, but it
details fierce confrontations between the public and law enforcers in many cases [91]:

e Barlad city. Beginning in 22 March 2012, 5,000 public demonstrators
gathered protesting against operations planned by oil company Chevron.
Protests continued during 2013 in Barlad and five other cities.

e The “revolt of Pungesti” began on 14 October 2013 where locals and
protestors gathered and stood in front of bulldozers at a Chevron site. In
clashes with police, 10 people were injured including an 81 year old man who
is alleged to have died in hospital shortly after. Prolonged protests continued
and there was a public hunger strike.

*  Protests continued into 2014 with protestors demanding that the Prime
Minister Victor Ponta resign. He is alleged to have changed sides from being
anti- to pro-fracking.

*  Propectiuni, a Romanian company, the Canadian firm East West Petroleum
Corporation and Hungarian firm Panfora Oil have also been involved in
fracking.

There appears to have been little public information given out by the government on
fracking, except that the prime minister said in November 2014 that in fact Romania
has no shale gas [92].

Local NGO sources suggest that just one well at Pungesti may have been drilled and
fracked by Chevron, but the fracking chemicals used have not been revealed. Local
groups such as Frack off Romania complain of excessive US pressure to develop shale
gas and oil resources [93].

In February 2015 Chevron was reported to have left Romania due to difficulties in
extracting gas and the falling price of oil and gas [94]. Prime minister Ponta is now
believed to be pessimistic about the country’s UGO resources.
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8.3 Lithuania

Lithuania plans to launch a new tender for shale gas licences in 2015 [95]. Chevron
won a shale gas licence in Lithuania in 2013 but pulled out complaining of strict EIA
rules and the threat of taxation of up to 40%. In late 2014 however the Lithuanian
parliament adopted tax incentives for shale gas production in a new attempt to
encourage exploration.

Lithuania’s shale gas reserves are estimated at 3.5 Tcf (100 billion cubic metres). The
country is seeking new energy sources to lessen its dependence on Russia.

8.4 Conclusions

Some EU governments have responded to the unpopularity and public concern about
fracking impacts by banning the process. Others believe they have no UOG resources
and have not attracted the attention of the extractive industries. The UK, Poland,
Romania, the Netherlands and Denmark are, at the time of writing, the only
governments who are definitely willing to permit fracking.

There has been a substantial amount of fracking in Poland and some companies have
been open about the sites drilled and the chemicals used in their fracking fluids. The
Polish government is keen to support fracking but appears already to have breached
the Environmental Impacts Assessment Directive in an effort to encourage fracking.
Attempts to find commercially exploitable shale oil and shale gas reserves have failed
however and many companies have withdrawn.

In Romania, shale gas fracking has precipitated strong public protests and there has
been little openness or public involvement in the process. EU ‘minimum principles’
are certainly not being observed and this highlights the need for these to be made
mandatory across the EU so that public consultation occurs and potential harm to
health and the environment are addressed. Box 2 suggests some questions that
citizens and NGOs can ask their regulators to find out what is happening with
fracking & its regulation in their area.
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Box 2: Suggested questions for local communities and citizens
to use when asking about fracking

Simple questions to ask your environmental regulators are:
1) Where has fracking taken place? How many wells have been drilled?
2) Are these exploratory or production wells?

3) In each case, what volumes of fracking fluids and what chemicals have been used
in the fracking process? Are lists of the chemicals used and quantities publicly
available?

4) Is your government following the European Commission’s ‘minimum principles’ in
regulating fracking in Recommendation 2014/70/EU [69]? Including:

. Carrying out Strategic Environmental Assessments. This will involve making
sure that any sites in which fracking is allowed are not in flood or earthquake
prone areas and are not too close to housing or water protection areas. There
should also be consideration of the depth of fracking operations compared to the
depth of groundwater. Is there sufficient separation?

. Conducting Environmental Impact Assessments. This should allow local
residents to participate in deciding on the location and operation of fracking
facilities.

. Establishing environmental baselines for the condition of the fracking site
before drilling begins. This will mean the quality and direction of flow of the
groundwater, particularly if there are abstraction points nearby. The methane
content of groundwater should also be established so that any future leakage
from fracking wells can be determined. Consideration should also be given to
biodiversity and air quality.

. Ensuring that wells are properly designed and constructed to prevent leakage
into soils and groundwater.

. Requiring operators to monitor the site, both above and below ground, while the
operations are taking place.

. The environmental liabilities by operators should be covered by financial
guarantees.

. Environmental regulators should have enough resources to manage fracking
operations.

. There should be consideration given to abandonment plans for sites when
fracking operations are over.

You should also check what your government said in its report to the European
Commission about these ‘minimum principles’ see:
http://ec.europa.eu/environment/integration/energy/unconventional_en.htm
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9 Conclusions

The chemicals used in fracking fluids include persistent, bioaccumulative and toxic
substances, carcinogens, mutagens, reproductive toxicants and endocrine disruptors.
The large volumes of liquid containing these chemicals and the wastewater produced
present a serious risk to soils, groundwater, watercourses, drinking water and wildlife
in the UK and Europe.

The main fracking risks include leakage of chemicals and gas into groundwater
through inadequate well construction, and from spillage of fracking chemicals and
wastewaters at well sites. Air pollution is a serious issue because of constant
emissions from diesel engines, compressors, pumps, drills, generators and tankers,
while toxic emissions can occur from fracking fluids and wastewaters. Other impacts
include noise, excessive vehicle movements, a burden on water resources and land-
take likely to destroy wildlife habitats.

If fracking develops without stringent enforcement and additional regulation and
monitoring the result could be the kind of pollution reported over the past ten years
in North America. This includes widespread air pollution and the contamination of
drinking water supplies. Research is only just beginning to demonstrate the health
effects this causes.

There is a clear potential for fracking to cause serious incidents in the UK even in
areas of recognised wildlife interest. Though National Parks and Areas of
Outstanding Natural Beauty are now protected, there are a number of loop holes in
the Infrastructure Act, including a continued ability to frack under them.

The UK has a regulatory system designed for conventional oil and gas extraction.
There are signs that this has evolved in recent years in response to the 2011 seismic
events following fracking at Preese Hall in Lancashire as well as the North American
fracking experience. However, the environment agencies and the Health and Safety
Executive are new to the risks and regulation of this industry. Their performance so
far has been unimpressive and they have not engendered public confidence. The
potential scale of fracking operations and the high pollution risks mean there is little
room for error in the regulatory process. This is happening as UK regulators are
under particular financial pressure and the government is determined to press ahead
with shale gas and shale oil development.

The EU has a regulatory basis for controlling shale oil and gas exploration and
production through the Environmental Impact Assessment Directive, the Water
Framework and Groundwater Daughter Directives, the Mining Waste Directive and
the REACH regulation. But the European Commission’s efforts to regulate fracking
more effectively/specifically have been halted by pro-fracking member state
governments. The EIA directive and REACH also need to be amended or better
implemented to take account of fracking as a new and potentially dangerous process.
Some member states may not be obeying these directives and, particularly with
REACH, there is inadequate enforcement.

France, Germany, the Netherlands and Bulgaria have decided to ban or limit fracking
because of health and environmental concerns. Other EU member states are
proceeding with exploration wells, apparently so far with little success. There is often
little openness or transparency and fracking may be continuing without the necessary
monitoring and regulation.
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10 Main areas of concern

e UOG is a new source of fossil fuel extraction which, if developed, will take the
UK and Europe’s carbon emissions in the wrong direction. Europe is aiming
to reduce its greenhouse gas emissions by 80% by 2050. Although
unconventional oil or gas may be less intensive sources of carbon than coal,
Europe’s long term goal is renewable energy resources.

e  Extracting shale gas/oil and coal bed methane requires intensive operations
which have a large land-take, are sources of traffic, noise, habitat disturbance,
and air, land and water pollution.

e To control the impacts of fracking, environmental impact assessments (EIAs)
are vital and have often not been carried out. The EIA directive is designed
only with conventional extraction processes in mind. All UOG operations
should be brought within the directive’s remit.

e National parks, areas of natural beauty and wildlife interest need to be
protected from disturbance by fracking operations.

e The vulnerability of groundwaters to pollution from fracking should be
recognised and there should be no operations near drinking water aquifers.

¢ The range of pressures experienced by fracking wells makes leakage of gas
and chemicals highly likely. The quality of well construction and safety
standards must be maintained and enforced.

e Operators of fracking wells need to start monitoring their sites before drilling
and fracking begins so that baselines are set and any pollution becomes
apparent.

e Even when wells are exhausted and sealed, they remain a threat to
groundwaters and must be monitored. Operators need to commit resources to
ensure that any future problems can be remediated.

e Construction and regulation of fracking sites is a challenge for regulators such
as HSE and the EA in the UK. Staff cuts due to the recession must not
jeopardise their functioning.

e Fracking uses large amounts of fresh water, which will be difficult to find in
drier parts of the UK and Europe.

e Large amounts of toxic and possibly radioactive waste products will also be
produced which will require careful disposal.

¢ EUrecommendations on the management of fracking are not being observed
in many cases. These recommendations should be made statutory.

*  Workers and the public are not fully benefitting from the REACH regulation
because the registration process has only just identified fracking as a specific
chemical use that needs to be risk assessed. Human and environmental
exposure scenarios for fracking compounds need to be devised as soon as
possible by manufacturers and these risks need to be communicated along the
supply chain for fracking chemicals.

Recommendations based on these conclusions are further developed in the CHEM
Trust briefing “Fracking Pollution: How toxic chemicals from fracking could affect
wildlife and people in the UK and EU”, published at the same time as this report, see:
www.chemtrust.org.uk/fracking
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