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Unconventional Fossil Fuels
in Liverpool and the UK

This briefing summaries the information on
unconventional fossil fuels in Liverpool and the UK,
based on our recent report (available
here:http://www.corporatewatch.org/publications/2

014/ends-earth-guide-unconventional-fossil-fuels ).

What are unconventional fossil
fuels?

The term is generally used to describe fuels that
cannot be extracted using conventional drilling or
mining. They often involve new technologies such as
directional drilling and hydraulic fracturing (fracking)

What is happening in the UK?

There are four types of unconventional fossil fuel
that are currently being developed in the UK:

+ Shale Gas

« Shale Oil (tight oil)

« Coal Bed Methane

+ Underground Coal Gasification

Factsheets on each of these fuels are included in
this briefing.

As of August 2014, over half of the UK is now open
to fracking for shale gas and shale oil extraction. In

addition 24 licences for Underground Coal Gasification have been awarded and a host of Coal Bed Methane
sites have already been drilled in Scotland, Wales and England.

What is behind the development
of unconventional fossil fuels?

As global energy consumption continues to rise,
primarily driven by growth based economic
systems, more easily accessible energy sources
(such as convention oil and gas) are starting to run
low.

This pushes up energy prices making previously
uneconomical energy sources viable. Along with the
development of new technologies, this is resulting in
ever more extreme forms of energy extraction,
including the development of harder to access fossil
fuels.

More than 90% of World production
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Resource triangle

At the top are conventional resources, In small volumes that are
easy to extract. At the bottom are unconventional resources, in
large volumes that are difficult to extract. Increasing price and
improved technology allow resources further down the triangle
to be extracted.
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What are the implications?

Unconventional fossil fuels are generally spread out over wider areas, require more energy to extract and
have much greater impacts on water resources and the global climate.

Climate change

In order to avoid the most serious impacts and the risk of irreversible and uncontrollable changes to the
climate, a total limit of 500 billion tonnes (Gigatonnes or Gt) of carbon emitted to the atmosphere is
required. Since the start of the industrial revolution we have already emitted 370Gt leaving a limit of
130Gt that could be further added. In order to stay within this limit we would have to leave the vast
majority of the remaining conventional oil, coal and gas in the ground. Estimates vary significantly, but
remaining conventional coal reserves alone are well over 500Gt of carbon.

Developing unconventional fossil fuels, and releasing the enormous amounts of carbon they contain, is
thus absolutely incompatible with staying below this limit or maintaining anything like a reasonably
habitable climate. We need to move away from all forms of fossil fuel, conventional and unconventional, as
fast as possible. See the carbon budget info-graphic below for more information.
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Water

The effects on water resources are particularly profound. Globally, freshwater is becoming more

and more scarce. The UN predicts that by 2025 two thirds of the world’s population could be living

under water-stressed conditions. The UK is no exception, water shortages are common and are set to
become more severe and more frequent in the future. The development of unconventional fossil fuels will
dramatically increase water consumption and leave enormous volumes of contaminated water. For
example the U.S. Environmental Protection Agency estimates that fracking in the US uses 70 to 140 billion
gallons (265 - 531 billion litres) of water per year, equivalent to the total amount of water used each year
in a city of 2.5 - 5 million people. The huge poisonous lakes created by the tar sands industry now cover
an area of 176km?. In 2002, the oil shale-fired power industry used a staggering 91% of all the water
consumed in Estonia.

What is the alternative?

Energy efficiency measures can go some way to reducing consumption, and renewable energies have
enormous potential, especially in the UK where we have bountiful wind resources. However, we need to
understand the wider social, political and ecological contexts of energy production and consumption rather
than approaching them as isolated issues. Ultimately if we are to address our energy problems we have to
radically change our whole attitude to energy and move away from the growth based economic systems
that are behind our ever increasing energy consumption.



Our carbon budget The graphic shows estimates for the global carbon contentin each of the types of conventional and uncon-
ventional fossil fuel*, along with the limit that we can still add to the atmosphere while avoid the most serious impacts and the risk of irreversible and
qnqonmll_éﬁ_le changes to the climate. It also shows the maximum amou nt that could be stored by 2050 using Carbon Capture Storage technologies.
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in barrels to the weight in carbon). As there is significant disagreement over the various resource estimates, some judgement had to be used in which figures to include in the
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(2013). <http:/Awww.plosone.org/article/info%3Adei%2F101371%2Fjournal.pone.0081648>
**+% Figure from: "Unburnable Carbon 2013: Wasted capital and stranded assets’. Carbon Tracker & The Grantham Research Institute, LSE (2013). <hittp://www carbontracker org>.



Unconventional fossil fuels in Liverpool and the surrounding area

The North West of England is the area of the UK of
most interest to fracking companies due to the
significant shale gas and oil resources in the 'Bowland
Shale', a geological formation covering most of
'central' England. While the sites with the greatest
potential resources are found in the North of
Lancashire, particularly the Fylde Peninsular and
Ribble Estuary, the Bowland also extends into
Liverpool, Merseyside and into Cheshire. Extensive
areas of this region have been awarded exploration
licences.

The coal seams under Liverpool also mean the area is being targeted for two other forms of
unconventional fossil fuel extraction: Coal Bed Methane and Underground Coal Gasification (see factsheets
for more information on these technologies).

Companies involved

There are five main 'fracking' companies operating in the area:

Cuadrilla Resources

The UK's highest profile fracking company and the only company to have carried out
high volume hydraulic fracturing in the UK, at its site in Weeton, Lancashire (which
resulted in a small earthquake and a UK moratorium on fracking operations which has
since been lifted). Cuadrilla have the largest licensing block in the country, covering
about 460 square miles of Lancashire. They were also the company testing for shale oil

@ (see Shale Qil factsheet) in Balcombe, the site of major protests against the industry.
(T R 11estors in Cuadrilla include Australian company AJ Lucas and US based Riverstone LLC.
Its chairman is Lord Browne, former chief of BP.

e Address: Cuadrilla House, Stowe Street, Lichfield, Staffordshire, WS13 6AQ

* Website: www.cuadrillaresources.com

IGas Energy

involved in Coal Bed Methane (CBM) and shale gas extraction and are already producing
small amounts of CBM gas from some sites. As well as licence areas in the North West, they
also have permission to explore for oil and gas in the East Midlands, the Weald Basin in
southern England and the northern coastal area of the Inner Moray Firth in Scotland.

' IGas has a number of licence blocks stretching from Salford to the Dee estuary. They are

IGas was the company involved in test drilling of the Barton Moss site in Salford, which was
met with strong opposition from the local community (see below). In May 2014 IGas acquired Dart
Energy (see below) in a deal worth nearly £120m.

* Address: 7 Down Street, London W1] 7AJ, UK
* Website: www.igasplc.com/


http://www.igasplc.com/
http://www.cuadrillaresources.com/

Dart Energy

Dart Energy, an Australian fracking company, have licenses across
_ the UK (including the North West). So far they have been focused
on CBM and shale gas in Cheshire, East Midlands and Scotland.
+ Address: 2 Polmaise Road, Stirling, Stirling FK7 93], UK
* Website: www.dartgas.com/page/Europe/United_Kingdom/

Aurora Energy Resources

Aurora Energy Resources Limited are a UK company based in Aberdeen. They are
currently mainly focused on small scale conventional oil extraction from the
Formby Oilfield, but the deeper Bowland Shale is likely to contain shale oil in this
area (see Shale Qil factsheet for more information).

* Address: Westfield Estate Milltimber Aberdeen AB13 OEX United Kingdom

* Website: WWW.aurora-energy-resources.com

Alkane Energy
. Alkane Energy is currently mainly focused on Coal Mine Methane operations (CMM -
P see Coal Bed Methane factsheet for more information).
\ « Address: Edwinstowe House, Edwinstowe, Notts, NG21 9PR

*  Website: www.alkane.co.uk/
Alkane

In addition to licences for shale and CBM exploration, the Coal Authority has also given away two
Underground Coal Gasification (UCG) licences in the North West: one for the Liverpool Bay area to
Australian company Riverside Energy and one in the Dee Estuary to Cluff Natural Resources.

Cluff Natural Resources

Founded by multi-millionaire Algy Cluff, Cluff Natural Resources also
have a licence to carry out UCG operations under the Firth of Fourth in

CLUFF Scotland, which, if plans go ahead, would be the first site in the UK to
Cm NATURAL carry out UCG operations
RESOURCES PLC

Address: Third Floor, 5-8 The Sanctuary, London, SW1P 3]S
*  Website: www.cluffnaturalresources.com

Riverside Energy
An Australian UCG company. Also has licences for UCG operations in the Thames Estuary.

* Address: Belgrave House 39 -43 Monument Hill, Weybridge, Surrey, United Kingdom, KT13 8RN


http://www.cluffnaturalresources.com/
http://www.alkane.co.uk/
http://www.aurora-energy-resources.com/
http://www.dartgas.com/page/Europe/United_Kingdom/

The image below, taken from the website of extreme energy campaigners, Frack Off (http://frack-
off.org.uk/), shows the various planning permissions awarded according to the type of technology and
company awarded.
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Community resistance: Barton Moss campaign

In November 2013 anti-fracking
campaigners set up a protest camp
in Salford to oppose test drilling
being carried out by energy firm,
IGas. The company was carrying
out tests to see if there was
potential for commercial extraction
of shale gas or coal bed methane in
the area, which would include the
use of the controversial 'hydraulic
fracturing' technique, otherwise
known as fracking.

Over a period of several months,
IGas drilled 6,000ft beneath the
site in Eccles, Salford, to collect
samples to test for levels of gas in
the coal bed and shale rock
formations. A protest camp was set up in nearby Barton Moss Road, and was made up of a mix of local
campaigners and environmentalists. The camp was successful in attracting a lot of attention to the issue
and gained significant local and national media coverage. It was also successful in causing serious
disruption to IGas operations, with the use of community blockades and protesters locking themselves to
gates to prevent lorries from accessing the site.

The policing of the event came under extensive criticism, with many accusing the police of heavy handed
tactics. An investigation by a supposedly 'independent' panel set up to look into the policing of the event,
was reported to have “cleared officers of brutality”. However, the investigation was criticised by police
watchdog Netpol, who said it did not match with testimony they had gathered. The policing operation cost
£1.7 million, which the Home Office refused to pay.


http://frack-off.org.uk/
http://frack-off.org.uk/
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SHALE GAS

(TIGHT GAS)
SHALE GAS 1S

NATURAL GAS THAT IS TRAPPED
UNDERGROUND IN SHALE ROCK WHICH
MUST BE FRACTURED TO EXTRACT THE GAS.

EXTRACTION CAUSES WATER POLLUTION
AND METHANE LEAKAGE WATH SERIOUS
CONSEQUENCES FOR CLIMATE CHANGE.

WHAT IS IT?

Natural gas is mainly methane and is usually extracted
from oil or gas fields and coal beds (see coal bed meth-
ane), but it can also be found in shale formations.

Shale is a form of sedimentary rock formed from
deposits of mud, silt and clay. Normally natural gas is
extracted from sandstone or carbonate reserves, where
the gas flows fairly easily once the rock is drilled into.
However shale is relatively impermeable, meaning that
it is harder for the gas to escape. It is only with the de-
velopment of horizontal drilling and advanced hydrau-
lic fracturing (see below) that shale gas extraction has
become possible.

'I' I G HT Gn S Tight gas refers to natural gas
reservoirs trapped in highly

impermeable rock, usually non- porous sandstone and
sometimes limestone. It is found in different geological for-
mations from shale gas (although according to some defini-
tions shale gas is a form of tight gas). Over time, rocks are
compacted and undergo cementation and recrystallisation,
reducing the permeability of the rock. As with shale gas,
directional drilling is used and fracking is necessary to
break up the rock and allow the gas to flow. In addition to
fracking, acidisation is also sometimes used. This is where
the well is pumped with acid to dissolve the rock that is
obstructing the flow of gas.

While many of the problems posed by tight gas, such as
water pollution and contributing to climate change, are
similar to those of shale gas, there are some differences.
For example the differing natural carbon content in tight
gas means that it stores different kinds of contaminants
and therefore produces different pollutants. Shale gas is
also generally harder to extract, being even less permeable
and requiring more fracking.

HOW IS IT ERTRACTED?

Shale gas has been known about for a long time. The first
commercial gas well in the USA, drilled in New York State
in 1821, was in fact a shale gas well. However, it is only since
around 2005 that it has been exploited on a large-scale. This
has been driven by the huge rise in energy prices resulting
from declining fossil fuel reserves and the development of
two new technologies, horizontal drilling and advanced
hydraulic fracturing, which have opened up reserves previ-
ously inaccessible by conventional drilling.

Hydraulic fracturing, often just referred to as fracking, is
used to free gas trapped in rock by drilling into it and in-
jecting pressurised fluid which creates cracks which release
the gas. The fracking fluid consists of water, sand and a
variety of chemicals which are added to aid the extraction
process such as by dissolving minerals, killing bacteria that
might plug up the well, or reducing friction.

Production from shale gas wells declines very quickly and
so new wells must be drilled constantly. This process of con-
tinual drilling and fracking means that huge areas of land
are covered with well pads where thousands of wells are
drilled, with each well requiring millions of litres of water.

The fracking process also produces a large volume of waste
water, containing a variety of contaminants both from the
fracking fluid, and toxic/radioactive substances which are
leached out of the rocks (see below).



Some studies have concluded that fugitive emissions

”TU R EPI.nCE THE UK ' S : e from shale gas could be between 3.6% and 7.9% particu-
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34, This would make the GHG contribution from shale
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ributing to climate change.

REQUIRE UP TO 2 U ’ U U U The shale gas industry attacked the findings and

UJ E“- S TU BE D R ".L E D IN although there is ongoing dispute over the figures,® re-

cent hard data estimated methane leakage rates in some

THE NE HT I 5 v E nR S” areas to be 6 to 12%, 7 up to 9%,° or even as high as 17%.°

Methane is a powerful greenhouse gas, particularly in
terms of its short term influence on the atmosphere. If
more than 3.2% of methane is lost to the atmosphere

CI. Im ﬂTE CH n NG E then switching from coal to gas will result in no immedi-
ate benefits in terms of contribution to climate change.”

Natural gas, whether it comes from shale or conven-

tional sources, is a fossil fuel and when it is burned it e A

releases significant greenhouse gas emissions (GHG). If we are to reduce carbon emissions to anything like

It is sometimes argued that as burning natural gas the levels required to maintain a reasonably habitable
produces less GHG emissions than coal it can be used planet we must move away from all forms of fossil fuel
as a ‘bridging’ or ‘transition’ fuel, replacing coal while as fast as possible. Measuring from the start of the
renewable energy technologies are developed and industrial revolution (around 1750), a maximum of 500
implemented. This argument is widely used by gov- Gigatonnes of carbon (GtC) can be emitted to the atmo-
ernments and industry to promote gas as a low carbon sphere while still avoiding most serious impacts and the
energy option. However as long as energy demand risk of irreversible and uncontrollable changes to the
increases, additional sources of fossil fuels such as climate." Between 1750 and now (2014), we have already
shale gas are likely to supplement rather than replace emitted about 370 GC leaving a limit of 130 GtC

other existing ones such as coal. that could be further

This has happened in the US where the shale gas added.”

boom, instead of reducing coal extraction, has sim- CONVENTIONAL OIL
ply resulted in more of it being exported and used 325 ctc
elsewhere.! ‘SAFE’

EMISSIONS LIMIT
When comparing fuel types it is important to look at 130 GtC

TIGHT GAS CONVENTIONAL GAS
‘lifecycle’ GHG emissions, the total emissions gener- ,

211 Gtc . 277 gtc

shale gas these include direct emissions from end-use SHALE GAS
consumption (e.g. from burning gas in power plants), Inorder to 138 Gtc
indirect emissions from fossil fuels used to extract, stay within this limit we
develop and transport the gas, and methane from

ated by developing and using the fuel. In the case of

have to leave the vast majority

‘fugitive’ emissions (leaks) and venting during well of the remaining conventional oil, coal and gas in the

development and production. ground. Estimates vary significantly, but remaining
There is a lot of debate about how much gas escapes as conventional coal reserves alone are well over 500GtC.”
fugitive methane emissions in the process of extract-
ing and transporting natural gas. The gas industry

is particularly reluctant to investigate this, which is

Exploiting the world’s shale gas resources would
add around 138 GtC to the atmosphere (with tight

partly why it is hard to find reliable figures. However gas adding a further 211GtC)." This is a huge

various studies have found significant leakage, and amount and is clearly incompatible with staying
since methane is a more potent GHG that CO,, even if within the limit outlined above. All of this means
just a small percentage of the gas extracted escapes that, far from making things better, the develop-
to the atmosphere it can have a serious impact on the ment of shale and tight gas is dramatically worsen-
climate. ing the problem of climate change.
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Shale gas and Carbon
Capture and Storage (CCS)

There has been some discussion about the possibility
of using exhausted shale gas formations as a storage

location for CO,. Injecting CO, into fracked shale
deposits is also being considered as a way of both
storing CO, and extracting more gas at the same
time (so called Enhanced Gas Recovery -see ‘Other
Unconventional Fossil fuels’ factsheet). However,
their viability as CO, storage sites is questionable,

and there are currently no shale gas sites being used

to store CO,. In addition there are concerns that

fracking may be compromising other potential CO,
storage sites, as the fracked shale formations are no

longer impermeable and would therefore not keep

CO, trapped in the deep saline aquifers below them.?s

In addition fracking, the underground injection
of fracking waste water (see below), and even the
injection of CO, itself have been shown to cause
earthquakes, which reveal a major flaw in CCS
technology.' V7

Proponents of unconventional fossil fuels often argue
that with CCS technologies, these new energy sources
could be exploited at the same time as reducing GHG
emissions. However, even if the huge problems with
CCS technology are overcome (and this currently
looking extremely unlikely), it would not change the
fact that we need to move away from all forms of fossil
fuel, conventional and unconventional, as soon as
possible.

In the most optimistic (and highly implausible) sce-
nario, CCS could be used to reduce a small proportion
of emissions from fossil fuels. In reality, the promise of
CCS being implemented in the future is being used to
allow the continued expansion of fossil fuel produc-
tion, to prevent alternatives from being developed,
and to deflect attention away from approaches which
tackle the underlying systemic causes of climate
change and other ecological crises. Ultimately CCS

is a smokescreen, allowing the fossil fuel industry

to continue profiting from the destruction of the
environment. (see ‘Carbon Capture Storage’ factsheet
for more information).

OTHER SOCIAL AND ENVIRONMENTAL ISSUES

Water use

Fracking requires huge volumes of water, which once
used is contaminated and cannot be returned to the
water table. The amount of water needed varies from
well to well, but will be somewhere between about 3
million and 40 million litres.

In 2011, the U.S. Environmental Protection Agency es-
timated that 70 to 140 billion gallons (265 - 531 billion
litres) of water was being used to fracture 35,000 wells
in the United States each year."” Sourcing water for
fracking is a major problem. Because of the transpor-
tation costs of bringing water from great distances,
drillers in the US usually extract on-site water from
nearby streams or underground water supplies. This
puts pressure on local water resources which can lead
to the worsening of droughts and competition with
farmers for irrigation water.”

Water and air pollution

There has been a great deal of controversy over the
chemicals contained in fracking fluids. In the US many
companies have resisted revealing the recipes for their
fracking mixes, claiming commercial confidentiality,
or have adopted voluntary reporting measures in order

to avoid stricter mandatory reporting requirements.
Although the specific mix of chemicals used varies sig-
nificantly, a US House of Representatives Committee on
Energy and Commerce report found 750 different chemi-
cals had been used in fracking fluids, including many
known human carcinogens and other toxic compounds
such as benzene and lead.” Chemicals found to be most
commonly used in fracking fluids such as methanol and
isopropyl alcohol are also known air pollutants.

A variety of chemicals are also added to the ‘muds’
used to drill well boreholes in order to reduce friction
and increase the density of the fluid. Analysis of drill-
ing mud has also found that they contain a number of
toxic chemicals. 2%

Increasing numbers of studies analysing water quality
in drinking wells near natural gas extraction sites
have also found increased levels of contamination, 4 %
%and several studies have suggested possible pathways
through which contaminants could reach drinking
water aquifers from fractured shale. 7

Another area of controversy is that of methane pollu-
tion of local water supplies. Footage of people living
close to fracking sites setting light to the water coming
out of their tap has rapidly spread across the internet.




The industry was quick to respond, saying that these Research has shown that air pollution caused by

were just cases of supplies that were already prone extraction may contribute to acute and chronic health
to natural gas contamination. However, a leaked 2012 problems for those living near natural gas drilling

US Environmental Protection Agency presentation sites,” and there is a growing body of research iden-
suggests that methane could be migrating more tifying the health impacts of fracking and unconven-
widely to water supplies as a result of fracking, a tional gas extraction, ¥ %

conclusion that was censored by the Obama admin-

istration.”® Other research has also found evidence of Waste water

methane and other contamination of water supplies
due to fracking,? including a 2011 peer-reviewed
study which found “systematic evidence for methane
contamination” of drinking water associated with

The fracking process produces large volumes of waste
water, contaminated by fracking fluids, and naturally
occurring chemicals leached out of the rock. These can

include dissolved solids (e.g., salts, barium, strontium),
shale gas extraction.”® There is, however, currently a

organic pollutants (e.g., benzene, toluene) and normal-
lack of research on the health impacts of long-term

hane in drinki " ly occurring radioactive material (NORM) such as the
exposure to methane in drinking water. highly toxic Radium 226.*
Leakage of both methane and other chemicals

This leaves the problem of how to dispose of this waste
involved in fracking is a huge problem. Despite P P

water. In many cases, the waste water is re-injected
industry claims that leakage is due to bad well Y /

back into the well, a process that has been shown to
design, research has shown that some leakage is P

trigger earthquakes (see earthquake section). In the
an inevitability and that fracking only exacerbates g8 d ( d )

, , US, there have been numerous cases in which drilling
the problem.*? Wells routinely lose their structural

, ) _ cuttings have been dumped and waste water stored in
integrity and leak methane and other contaminants

open evaporation pits. In some cases waste water has
outside their casings and into the atmosphere and P P P

. . been di dofb ding it ds und
water wells. Even research by oil services company even been disposed ol by spreading It on roads under

Schlumberger suggests that half of all gas wells the guise of dust control or de-icing. Treatment of

will be leaking within 15 years (see climate change fracking waste water is expensive and energy inten-

section for more on leakage of methane to the sive, and still leaves substantial amounts of residual

waste that then also has to be disposed of. In addition,

the waste water from most sites would have to trans-

Local air pollution at shale gas sites is also a serious ported large distances to specialised treatment plants.
concern. This includes emissions from vehicle traffic,

atmosphere). *

The sheer volumes of waste water generated and the
flaring and venting during drilling and completion,

kinds of contaminants it contains makes treating and
on-site machinery such as compressors, and pro-

disposing of it safely extremely challenging. All stages
cessing and distribution, where gas can leak from

of the waste water disposal process are of course prone
pipes and at compressor stations. Local air pollution

to accidents, which could have serious environmental
from these sources includes BTEX (benzene, toluene, and human health consequences.
ethylene and xylene), NOx (mono oxides of nitrogen),
VOCs (volatile organic compounds), methane, ethane,

sulphur dioxide, ozone and particulate matter.* Human and animal health

It is difficult to assess the health effects of fracking sites,
as many impacts will take time to become apparent and

4. Flowback and 5. Wastewater there is a lack of background data and official studies.
1. Water 2. Chemical ETOGUORY Nntar Floasaesidiosin Despite this there i ; id linki k
Reptaiin g e 3. Well (Westewelers aste Disposa espite this there is mounting evidence linking frack-
& 1 ing activities to local health impacts on humans and

animals., © 4 #

Industrialisation of countryside

-‘ r.l Unlike conventional gas, exploiting shale gas re-

quires large numbers of wells to be drilled. As shale is

Matural flows f fi
) e e impermeable the gas cannot easily flow through it and

of fracking wells are needed wherever there is gas. In some cases
operations \ '-\ up to sixteen wells per square mile have been drilled.*




In addition to the wells, extensive pipeline networks
and compressor stations are required. In the US tens
of thousands of shale wells have been drilled leading
to widespread industrialisation of the landscape in
some states. Similarly, to replace the UK’s current gas
imports with local shale gas would require up to 20,000
wells to be drilled in the next 15 years.*

Apart from the noise, light pollution and direct impact
on local wildlife and ecosystems due to the well pads,
shale gas extraction also results in large increases in
traffic for transportation of equipment, waste water
and other materials. It has been estimated that frack-
ing requires 3,950 truck trips per well during early
development of the well field.* A single well pad could
generate tens of thousands of truck journeys over its
lifetime. *¢

Earthquakes

Underground fluid injection has been proven to cause
earthquakes, and there are instances in the UK where
fracking has been directly linked to small earthquakes.”
The injection of waste water from fracking back in

to wells has also been shown to cause earthquakes.
Although these earthquakes are usually relatively small,
they can still cause minor structural damage and of par-
ticular concern is the possibility of damaging the well
casings thus risking leakage. This did in fact happen
after the earthquake at Cuadrilla’s site in Lancashire,
UK. The company failed to report the damage and were
later rebuked by the then UK energy minister, Charles
Hendry, for not doing so.

Occasionally larger earthquakes are triggered. A 2013
study in prestigious journal Science linked a dramatic
increase in seismic activity in the midwestern United
States to the injection of waste water. It also catalogues
the largest quake associated with waste water injection,
which occurred in Prague on November 6, 2011. This
measured 5.7 on the Richter scale, and destroyed four-
teen homes, buckled a highway and injured two people.”
It should be noted that mining and conventional gas and
oil extraction can also cause earthquakes.

Jobs

Those trying to promote shale gas often cite the
employment that it will generate as an argument in its
favour. In practice much of the employment related

to fracking will come from outside the area where the
gas is extracted, and any boost to the local economy is
relatively short-lived as the industry moves on once
wells are depleted. Industry backed studies have been

found to routinely exaggerate estimates of the number
of jobs fracking will create. *

Economic issues

The rate at which a resource can be extracted strongly
influences its value as a fuel source. Estimates of re-
serves containing ‘so many years worth’ of a country’s
gas supply ignore the fact that it will take many years
and thousands of wells drilled before production rates
rise sufficiently to provide significant amounts of fuel.
This counteracts the argument that shale gas can be
used as a ‘bridging fuel’ in the short term while renew-
ables are developed. **

In the US, which is largely isolated from the world gas
market due to transport issues, the shale gas boom
has coincided with a recession, which has led to a
reduction in energy demand and gas prices. This has
actually made it uneconomical to produce shale gas,
and has stalled drilling. Well production rates have
also declined faster than expected, and spending on
new sites has reduced as shale gas assets have lost
value.? For these and other reasons to do with more
integrated gas markets, shale gas is unlikely to make
a significant impact on the price of gas in Europe and
Asia, and promises of cheaper fuel prices for consum-
ers are unlikely to be realised.

Natural gas can be converted to Liquefied Natural
Gas (LNG), which can then be transported in
specialised ships rather than pipelines. This is one
way for the US to export shale gas to other markets.
However, the processes of liquification, tanker
transportation and gassification mean that using
LNG requires significantly more energy and results
in greater GHG emissions.”

As the most productive shale plays and their ‘sweet
spots’ are exploited first, it becomes increasingly
more expensive, both in terms of money and energy,
to maintain production levels.* There are predictions
that the shale gas boom in the US may have already
peaked.” There have also been suggestions that
much of the investment into shale gas in the US

was based on over estimation of reserve sizes and
underestimation of the costs involved.*® Concerns that
the same kind of financial practices that led to the

US housing bubble were used to provide investment
(with the prospect of profitable merger and
acquisition deals attracting the financial sector) have
led some to predict that the financial bubble behind
the US shale boom will burst, possibly instigating
another global economic crisis.”




WHERE AND HOW MUCK?

Shale gas deposits occur across the globe, but there are significant variations in the estimates of how much
shale gas exists and how much of it can be extracted, partly due to the variations in geology from region to
region. In 2013 the US Energy Information Administration put the global amount of technically recoverable
shale gas as 7299 trillion cubic feet (tcf),’ or 207 trillion cubic metres (tcm), with the top 10 countries in
terms of resources (in tcf) as:
1 China 1,115
2 Argentina 802
3 Algeria 707
4 US 665
5 Canada 573
6 Mexico 545
7 Australia 437
8 South Africa 390
9 Russia 285
10 Brazil 245

In 2013 the World
Energy Council made
slightly lower estimates, .
with global resources of
16,110 tcf (456 tcm), of
which 6444 tcf (182 tcm) is
expected to be technically

¥\
Y

recoverable. ¥

The industry is by far most advanced in the US, the exploration and test well stage, but production
where there has been a boom in shale gas with tens capacity is rapidly increasing.” In Argentina, which

of thousands of wells drilled. Other countries with has the second largest resources, several contracts
large reserves are at various stages of exploration and have been awarded and exploration and test wells have

production. China has the largest shale gas resourcesin  been drilled by a number of companies. A host of other
the world, but the geology of its shale formations, par-  countries are exploring shale gas production including,
ticularly their depth, may make extraction much more Australia, Austria, Canada, Germany, Hungary, India,

difficult than in the US. Activity in China is mainly at New Zealand, Poland, South Africa, Sweden and the UK.

COMPANIES INVOLVED

in North American shale gas includin
In the US, the shale gas industry & &

) . , Exxon, Total, Shell, CNP and Reliance
is not dominated by the multina-

i ] Industries.
tional super-majors such as Exxon,
Shell and Total. Instead variously In places where the shale gas industry
sized American companies operate, is yet to gain a foothold, sometimes
anywhere from tiny start-ups to small exploratory companies carry
mid sized companies worth tens out the initial drilling and testing.
of billions. Notable US shale com- These are then acquired by larger gas
panies include Chesapeake Energy, companies if economically recover-
Continental Resources, Marathon able deposits are found. This serves to
0il, Occidental Petroleum, Pioneer protect the risk to bigger companies if
Natural Resources, Apache, Whiting testing is unsuccessful. However large
Petroleum, Hess, EOG Resources, oil multinationals are also involved
ConocoPhillips. That said, some large  in exploratory drilling in a number of
multinational oil companies have regions, including China, Europe and

now also acquired significant stakes South America.




RESISTANCE

Shale gas extraction, and particularly fracking, has met wide-
spread resistance around the world. In the US, spurred on by
the 2010 documentary film Gasland, a national anti-fracking
movement is now active across the country. Following protests,
various countries and regions have introduces moratoriums

or outright bans on fracking. These include France, Bulgaria,
Romania and the Czech Republic (see <http://keeptapwatersafe.
org/global-bans-on-fracking/> for an updated list of countries

and regions).

A number of countries have seen protesters using direct action
and civil disobedience to oppose fracking. Australia’s ‘Lock the
Gate’ movement has involved environmental activists joining
forces with local communities to prevent exploration, with
widespread use of blockades.
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Despite violent repression from the police, the villagers of Pungesti, Romania have put up strong resistance

to Chevron’s plans to frack the area, removing and sabotaging their testing equipment. The indigenous

Elsipogtog First Nation along with other local residents blockaded a road near Rexton, New Brunswick,

Canada, preventing South Western Energy from carrying out tests at a potential shale gas site. In the UK dozens

have been arrested in community blockades of exploration sites, such as in Balcombe and Barton Moss.

For more information on resistance see the Corporate Watch website (corporatewatch.org/uff/resistance)
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mENDS OFreEARTH WHAT IS IT?

Coalbed methane (CBM), also known as coal-seam gas
(CSG) in Australia, refers to methane found in coal seams
(underground layers of coal, also called ‘coal beds’). it
occurs when methane is absorbed into coal and is trapped
there by the pressure from the weight of the rocks that
overlie the coal-seams. CBM is formed and trapped during
the geological process that forms coal (coalification). It is
commonly found during conventional coal mining where
it presents a serious hazard (see ‘Coal Mine Methane’
below). As well as methane, CBM is typically made up of a
few percent carbon dioxide (COz), carbon monoxide (CO)
and nitrogen (Nz) and traces of other hydrocarbons such
as propane, butane and ethane.

The amount of methane in a coal seam varies accord-
ing to the geological conditions, particularly the type
of coal and depth of the seam, with higher quality
and deeper coal containing more methane.! CBM is
usually found at depths of 300-2000 metres below

ground.? At shallower depths (less than about 300
metres) the CBM concentration tends to be very low
as the pressure is not high enough to hold the gas in
place. At greater depths, while the gas concentrations
are generally higher, the high pressures and the lower
permeability of higher quality coals (e.g. bituminous
coals and anthracite) make extraction less efficient.

Studies of the major coal-bearing basins of the world
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China, and a handful of production wells in the UK.

C Uﬂl. m I NE m E T H nN E CBM often accumulates in the working areas of underground coal mines.

In this context, CBM is commonly referred to as coal-mine methane (CMM) and presents a serious explosive and
suffocation hazard. Miners used canaries (and later Davy’s lamps) to warn them of the presence of methane and
other dangerous gases. CMM is commonly vented into the atmosphere or flared (controlled combustion) and both
of these processes release significant amounts of greenhouse gasses (GHGs) into the atmosphere.

Increasingly CMM is being used as an energy source and is extracted in manner very similar to CBM (see below).
While the CBM industry is keen to promote this as a way of reducing GHG emissions from venting or flaring, exploit-
ing CMM results in the same environmental problems associated with CBM.
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HOW IS IT ERTRACTED?

To extract CBM, wells are drilled into the coal seam and
groundwater is pumped out (known as de-watering).
This reduces the water pressure within the bed, re-
leasing the methane trapped in the coal. The gas then
migrates along fractures in the coal and is pumped
out of the well. The process involves removing large
amounts of groundwater from the coal bed, especially
in the initial phases where mainly water is produced
and only small amounts of gas. About 7,200 to 28,800
gallons (27,255 to 109,020 litres) per day are initially
pumped from a coal bed methane well to release the

Coal bed methane equipment

methane.® As production continues, the amount of wa-
ter extracted reduces, and the amount of gas extracted
increases until it peaks and declines. Typically a well
peaks in production after one or two years. In order to
maintain production rates from a seam more and more
wells are needed to keep the gas flowing.

There are a variety of methods used to extract the
methane, depending on the characteristics of the
coal seam being exploited. In the most permeable
seams, found at shallower depths, water is pumped
out and the gas simply flows after it. Most seams are

less permeable, and fracking or cavitation

is sometimes used to break up the coal

and allow the gas to flow more readily (see
‘Fracking’ and ‘Cavitation’ sections below).
Other technologies such as multilateral wells
(where one well exploits a number of seams)
and horizontal drilling are also utilised.

Occasionally de-watering is not required
and wells produce gas immediately. This
can be as a result of previous production
or for wells completed in coal seams where
water has been removed during mining
operations.

Although producing Coal Mine Methane
(CMM) can involve simply extracting the
gas that has accumulated in old coal mines
(in which case a CBM-air mixture is re-
covered, from which the methane can be
separated), in practice, many of the same
drilling extraction techniques used in CBM
extraction, such as fracking, are also used.



CLIMATE CHANGE

It is sometimes argued that since burning natural gas
produces less greenhouse gas (GHG) emissions than
coal it can be used as a ‘bridging’ or ‘transition’ fuel,
replacing coal while renewable energy technologies
are developed and implemented. This argument is
used by governments and industry to promote gas

as a low carbon energy option. However, natural gas,
whether it comes from shale or conventional sourc-
es, is a fossil fuel and when it is burned it releases
significant GHG emissions. Further, as long as energy
demand increases additional sources of fossil fuels
such as coal bed methane are likely to supplement
rather than replace existing ones such as coal.

When comparing fuel types it is important to use
lifecycle GHG emissions, the total GHG emissions gen-
erated by developing and using the fuel. In the case of
CBM these include direct CO, emissions from end-use
consumption (e.g. from burning gas in power

plants), indirect CO,emissions from fossil fuel ~

derived energy used to extract, refine and
transport the gas, and methane from ‘fugitive’
emissions (leaks) and venting during well
development and production.

The gas industry is particularly reluctant to
investigate how much gas escapes as fugitive
methane emissions in the process of extract-
ing and transporting natural gas. However
various studies have found significant leakage,
and as methane is such a powerful GHG, even a
small percentage of the gas extracted escaping
to the atmosphere can have a serious impact
on the climate.

Lifecycle emissions from CBM are similar to
those of shale gas, but there are a number of
factors that could mean either slightly greater
or lower emissions. For example CBM requires
lots of wells to be drilled into the seam to

keep the gas flowing, all of which need to be
connected to a central processor. This means
additional sources of fugitive emissions from
the wells and connecting pipes. During the
initial phases when water is pumped from

the coal seam, any gas that comes out with

it is either flared (where gas is burned off) or
vented directly to the atmosphere, but there is
generally less gas flared or vented during these

initial phases than with shale gas. Fracking is \_

also normally used less with CBM than shale gas,
which could mean lower fugitive emissions.

An investigation by Southern Cross University into
atmospheric methane at a CBM field in Australia,
found methane levels to reach 6.9 parts per million
(ppm), compared to background levels of lower than
2 ppm outside the gas fields, suggesting significant
leakage.® It has been estimated that leakage rates
may be as high as 4.4%.”

Methane is a powerful greenhouse gas, particularly
its short term influence on the atmosphere. This
means that if more than 3.2% of extracted methane
is lost to the atmosphere then switching from coal
to gas will result in no immediate benefits in terms
of contribution to climate change. ®

‘SAFE’

EMISSIONS LIMIT

COAL BED
METHANE

130Gtc .

130Gtc

If we are to reduce carbon emissions

to anything like the levels required to maintain

areasonably habitable planet we must move away from all
forms of fossil fuel as fast as possible. Measuring from the start
of the industrial revolution (around 1750), a maximum of 500
Gigatonnes of carbon (GtC) can be emitted to the atmosphere
while still avoiding most serious impacts and the risk of irre-
versible and uncontrollable changes to the climate.’ Between
1750 and now (2014), we have already emitted about 370 Gt
leaving a limit of 130Gt that could be further added.®

In order to stay within this limit we have to leave the vast
majority of the remaining conventional oil, coal and gas
in the ground. Estimates vary significantly, but remaining
conventional coal reserves alone are well over 500GtC."

Exploiting the world’s CBM would add around 130

GtC to the atmosphere.? This is a huge amount and is
clearly incompatible with staying within the limit out-
lined above. This means that rather than being part of
the solution, the development of CBM is dramatically
worsening the problem of climate change.




CBM and Carbon Capture and Storage
(CCS)

Those involved in the CBM industry say it is ideally
suited for CCS, as the coal seams that hold the meth-
ane will also readily take up CO,. However in practice
technical and economic problems have prevented
the use of CCS at CBM sites. Only certain highly
permeable coal seams would be appropriate for
injecting CO,, and not all CBM sites fit this criterion.
Another problem with CCS in coal seams is the fact
that the coal expands and reduces in permeability as
it absorbs CO,, meaning that injection becomes more
and more difficult. CBM is also trapped in the coal
and held in place by water pressure rather than by a
layer of impermeable ‘cap rock’ above the seam (as

is the case with conventional gas). As CO, dissolves
in water much more readily than methane it is less
likely to be held in place by water pressure. Injecting
CO,into the coal seam is also used as a way to eke-out
the remaining gas (see ECBM below).

Proponents of unconventional fossil fuels often argue
that with CCS technologies, these new energy sources
could be exploited at the same time as reducing GHG
emissions. However, even if the huge problems with CCS
technology are overcome (and this currently looking

extremely unlikely), it would not change the fact that
we need to move away from all forms of fossil fuel,
conventional and unconventional, as soon as possible.

In the most optimistic (and highly implausible)
scenario, CCS could be used to reduce a small proportion
of emissions from fossil fuels. In reality, the promise of
CCS being implemented in the future is being used to
allow the continued expansion of fossil fuel production,
to prevent alternatives from being developed, and to
deflect attention away from approaches which tackle
the underlying systemic causes of climate change and
other ecological crises. Ultimately CCS is a smokescreen,
allowing the fossil fuel industry to continue profiting
from the destruction of the environment. (see ‘Carbon
Capture Storage’ factsheet for more information).

Enhanced Coal Bed Methane (ECBM)

ECBM is the process of injecting CO, into a coal seam
containing CBM in order to extract more gas. The CO,
pushes out the remaining methane, and is intended
to stay trapped in the coal. While the industry argues
that this is a way of making CCS economical, in
reality it is just a way to extract more methane [See
enhanced recovery section Other Unconventional
Fossil Fuels factsheet].

OTHER SOCIAL AND ENVIRONMENTAL ISSUES

Fracking

Fracking, or hydraulic fracturing, is used to free
gas trapped in rock by drilling into it and injecting

pressurised fluid, creating cracks and releasing the gas.

The fracking fluid consists of water, sand and a variety
of chemicals which are added to aid the extraction
process e.g. by dissolving minerals, killing bacteria
that might plug up the well, or reducing friction.

Fracking is sometimes used in CBM extraction and
often takes place before water is pumped out from the
coal bed. This means that most of the fracking fluid
will be extracted along with the groundwater, adding
further contaminants to the waste water. In Australia
about a tenth of CBM sites have been hydraulically
fractured to date, but this expected to grow to 40% or
more, since there is a tendency to target the seams
that are easiest to exploit first. A much higher propor-
tion of CBM wells in the US are fracked.

As the coal seams are generally shallower and closer
to aquifers CBM fracking poses a greater risk of
contamination than when it is used to extract shale
or tight gas and oil. Fracking can both create connec-
tions to aquifers and lead to cross-contamination
between aquifers.

There has been a great deal of controversy over the
chemicals contained in fracking fluids. In the US many
companies have resisted revealing the recipes for their
fracking mixes, claiming commercial confidentiality,
or have adopted voluntary reporting measures in order
to avoid stricter mandatory reporting requirements.
Although the specific mix of chemicals used varies
significantly, a US House of Representatives Committee
on Energy and Commerce report found 750 different
chemicals had been used in fracking fluids, including
many known human carcinogens and other toxic com-
pounds such as benzene and lead.™* Chemicals found to




be most commonly used in fracking fluids such as methanol
and isopropyl alcohol are also known air pollutants.

A variety of chemicals are also added to the ‘muds’ used to
drill well boreholes in order to reduce friction and increase
the density of the fluid. Analysis of drilling mud has also
found that they contain a number of toxic chemicals.** *°

Water use and waste water

Aside from climate change, the main environmental
issues with CBM concern its impact on water resources.
Extracting CBM involves removing large volumes of
groundwater, and also results in large volumes of con-
taminated waste water. The contaminants in the waste
water arise both from fracking chemicals, if they have
been used, and from higher concentrations of harmful
substances naturally present in coal-seams and coal-
seam waters.

Waste water from CBM varies greatly depending on the
geology of the coal seam, with deeper seams usually
containing saltier water. It can be saline (with high con-
centrations of dissolved salt), or sodic (with high concen-
trations of sodium) or both. Highly saline or sodic waters
damage soils and affect plant growth.

As the water is pumped out it brings along the naturally
occuring contaminants stored in the coal seam. These
can typically include heavy metals," radioactive materi-
al,”® and hydrocarbons,? including carcinogenic organic
compounds.

Waste water is dealt with in a variety of ways, either
directly disposing of it into streams and rivers, discharg-
ing onto land or roads, storing in surface ‘impoundments’
and sending it to be processed, or re-injecting it into the
coal seam or the rock below. All of these disposal methods
have associated problems,

Surface impoundments are often unlined, meaning that
subsurface water can be contaminated and accidents can
lead to surface water contamination. Evaporation from
impoundments can also further concentrate pollutants in
CBM waste water.” Disposal on land or into streams and
rivers pollutes the local environment,* and re-injection
can lead to pollution of aquifers. Re-injection is also only
possible in certain high-porosity formations located
below saline aquifers, and risks contaminating ground
water. Treatment of the contaminated water is extremely
difficult due to the volumes involved, the salinity of the
water, and the variety of containments present, particu-
larly radioactive material.??

Effects on groundwater and aquifers

In some places coal seams are adjacent to or are
themselves important aquifers, and both pumping
out water for CBM extraction and re-injecting
waste water can seriously affect local drinking
water sources.

Extracting water for CBM production also affects
pressures and flows of surrounding groundwater
and can result in lowered water levels in aquifers,
making water more difficult or impossible to ac-
cess from wells and springs.?> Water levels several
miles away from the CBM site can be reduced

by tens of feet and levels can take years or even
decades to recover.?

The changes in water pressure can also mobilise
naturally occurring pollutants, and enable any
remaining fracking fluids to flow in to surround-
ing groundwater. Methane released in the process
can also contaminate groundwater. Research on
the health impacts on those living near CBM sites
is now starting to emerge.” %

Well failure and methane leakage

Methane can naturally leak from coal seams into
surrounding aquifers. However, de-watering the
coal seam for CBM extraction releases the meth-
ane and significantly increases the risk of seepage
to aquifers, water wells and surface soil.” Methane
pollutes drinking water and if it reaches soil it
displaces oxygen, killing vegetation.

Failure of CBM well casings also increases the risk
of leakage and contamination. Despite industry
claims that leakage of methane and fracking
chemicals is due to bad well design, research has
shown that some leakage is inevitable and that
fracking only exacerbates the problem.? Wells
routinely lose their structural integrity and

leak methane and other contaminants outside
their casings and into the atmosphere and water
wells. Even research by oil services company
Schlumberger suggests half of conventional gas
wells will be leaking within 15 years.” Failure rates
for some CBM wells could be even higher due to
fracking activities. Well failure is a problem as it
contributes to both groundwater pollution and
greenhouse gas emissions (see climate change
section for more on methane leakage rates).




Cavitation

Cavitation or Open-Hole Cavity Completion involves
injecting a very high pressure foamy mixture of air
and water into the coal seam, then suddenly releasing
the pressure, causing an explosive release of coal, wa-
ter and rock from the well, a bit like shaking up a bottle
of fizzy drink and taking the lid off. The violent process
of liquid, foam and fragments of rock flowing out the
well, sometimes know as ‘surging’ can last up to fifteen
minutes and is extremely noisy. The cavitation process
is repeated dozens of times over about a two week
period,* expanding the diametre of the initial bore
hole. It also connects the natural fractures in the coal,
creating channels for gas to flow.

Gas produced by the process is vented or flared off,
creating huge flames. Cavitation also produces signif-
icant quantities of coal and other solid waste which

is burned or stored on-site. Caviataion is used as an
alternative to fracking to increase permeability of coal
seams, but is very unclear how frequently it is used, in
what situations and how its use is evolving with time.

Industrialisation of countryside

In order to be economically viable CBM requires an
ever expanding networking of wells, pipelines, com-
pressor stations and roads to be built, leading to wide-
spread industrialisation of the countryside. Equipment
also needs to be monitored in future, meaning that

the impact will last long after the wells have stopped
producing gas. The various stages of CBM extraction
also generate significant noise, through heavy traffic,
drilling, gas compressors and other industrial equip-
ment, flaring and explosions.

CBM operations have a very high density of wells
(boreholes), typically varying between 1 to 3 wells
per square kilometre.*!

Underground fire risk

The process of removing water from the coal-seams
during CBM extraction from old or operating mines
increases the risk of underground fires, as oxygen
from shafts and tunnels can replace the water and
come into contact with the coal, resulting in spon-
taneous coal combustion. The lowering of the water
table can also increase the fire risk to nearby seams.
Underground coal fires pose a serious risk of ground-
water contamination and are also a source of signifi-
cant CO, emissions.

Air pollution

As well as GHG emissions, CBM extraction produc-

es various sources of local air pollution, including
increased vehicle traffic, venting and flaring, and
pollutants from compressor stations. Air pollutants
from CBM operations are likely to be similar to those of
shale gas extraction including BTEX (benzene, toluene,
ethylene and xylene), NOx (mono oxides of nitrogen),
VOCs (volatile organic compounds), methane, ethane,
sulphur dioxide, ozone and particulate matter.*

Subsidence

Removing large volumes of groundwater, particu-
larly from shallow aquifers, can result in significant
subsidence at the surface. This can damage infrastruc-
ture and put ground and surface water resources at
risk. Depending on the site, removing water for CBM
extraction can cause subsidence.* Many CBM sites are
in former coalfield areas, where de-watering will have
significant impacts on surface stability; reactivating
old subsidence faults, as well as creating new ones.
Subsidence also increases the risk of fugitive emis-
sions, creating new pathways for gasses to escape to
the atmosphere.

Accidents

Despite industry claims of it being a safe, controlled
process, countries that have carried out CBM activities
have experienced numerous blow-outs, spillages and
other accidents.* **These have resulted in serious
ground and surface water contamination.




WHERE AND HOW MUCK?

Coal bed methane occurs around the world along- there are a handful of wells in the UK. Around forty
side coal resources, and although it is only currently other countries are looking into exploiting their
extracted on a large scale in a few countries, it is CBM resources.”®

being rapidly adopted in other places. Extraction is The global market for coal bed methane was estimat-

widespread in the US (over 55,000 wells), Canada (over ed to be 2,932 billion cubic feet (bcf) or 894 billion

17,000 wells), Australia (over 5,000 wells) and China cubic metres (bem) in 2010 and is predicted to reach

(thousands of wells). India also began commercial market volumes of 4,074 bf (1,242 bem) by 20187
production in 2007 and now has hundreds of wells, and

1 Canada 17-92
2 Russia 17-80
3 China 30-35

4 Australia 8-14

5US 4-11
6 Ukraine 2-12

7 India 0.85-4.0

8 Germany 3.0

9 Poland 3.0
10 UK 2.45

In 2006 global
reserves were
estimated to be 143
trillion cubic metres A , i N
(or 143,000 billion cubic * Q) E\Y i S\ >,
metres) by the IEA, with N
the following countries
have the greatest reserves

(in trillions of cubic ' A~ %
metres): 1 v

4 N RESISTANCE
CUmPnNIES INVUI_VE D Coal Bed Methane operations have been met with

sustained resistance in the US and even more so in
Current major players in the industry include:

Australia, where the Lock the Gate movement has seen
Australia: QGC (BG Group), Santos, Origin land owners, community groups and environmental-
Canada: Apache, Encana, MGV ists join forces to prevent exploration and production
of CBM (known as Coal Seam Gas in Australia).

US: Pioneer, CONSOL, Williams

UK: Dart, IGas (though they are tiny compared
to companies in other countries)

Other companies involved include Arrow
Energy, Baker Hughes, Far East Energy Corp,
Queensland Gas, Sydney Gas, Sinopec and
PetroChina.

Many of the well known ‘super majors’ such
as Royal Dutch Shell, ConocoPhillips, BP
and ExxonMobil are also involved in CBM

production.

- J

For more information on resistance see the Corporate Watch website (corporatewatch.org/uff/resistance)
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WHAT IS IT?

Underground Coal Gasification (UCG) is a way of
producing fuel from coal seams, generally those
that are uneconomical to extract using convention-
al mining methods because they are too thin, too
deep or too low-quality. Pairs of wells are drilled
into the coal seam. One well is used to ignite the
seam and control the flow of air, oxygen or steam,
allowing the coal to be partially burned. The other
well is used to extract the resulting gases which can
then be separated at the surface into carbon diox-
ide, water, and syngas (see below). Prior to ignition,
hydraulic fracturing (fracking), directional drilling,
or various other techniques are used to connect the

wells together and allow the gas to flow.

The syngas (an abbreviation of synthesis

gas) is made up of hydrogen, methane,
carbon monoxide, and can be directly
burned to generate electricity, or used
to make other fuels and chemicals such
Gn S I F IC nT I 0 N as hydrogen, ammonia and methanol.
The process is chemically similar to

how town gas (also known as coal gas)
used to be made from coal before the

BURNING COAL SEAMS UNDERGROUND AND adoptionof natural gs i the mid 20
EXTRACTING THE RESULTING GAS TO USE AS FUEL. e

Experiences with town gas should as

VERY HlGH MTER CONSUMP‘“ON‘ serve as a warning, The industry left a
CATASTROPHIC GROUNDWATER CONTAMNATION, sy of gy contamimated inustal

sites around the world. The UCG process

AND DRAMAT‘CALLY |NCREASES ACCESS‘BLE results in similar pollutants, the main
COAL RESOURCES WTH SEVERE IMPLICATIONS difference being that UCG takes place
FoR CuM ATE CH ANGE in the open environment instead of a

sealed metal chamber, increasing the
risk of contamination.

The idea of UCG has been around for a long time, and experiments have been carried out since the 1912
in the UK, with further experiments in the 1930s. The use of the technology peaked in the 1960s in the
Soviet Union, with up to 14 industrial-scale UCG fired power plants operating at different times between
the 1950s and 1960s. Except for the Angren plant still operating in Uzbekistan, all the USSR’s plants
were closed down by the end of the 1960s, following significant natural gas discoveries. Initially projects
exploited shallow, easily accessible coal seams, but recent technology such as directional drilling, means
that deeper and harder to reach seams can now also be accessed.



Recent pilot projects have been carried out in
Australia, China, New Zealand, South Africa, New

Zealand, Canada and the US, and one commercial plant

has been operating in Uzbekistan (Angren) for over

40 years.? A host of other countries are developing
projects including the UK, Hungary, Pakistan, Poland,
Bulgaria, Chile, China, Indonesia, India, and Botswana.
Most UCG projects aim to produce electricity at the
same site where extraction and gasification takes
place. There are also plans to create liquid fuels from
syngas using the Fischer-Tropsch process (so-called
‘coal to liquid’ technology - see separate factsheet).

Test projects have been plagued by accidents, and have

resulted in massive long term groundwater pollution.
The implications for climate change are disastrous,
as the technology produces large greenhouse gas
emissions and would give access to vast previously
inaccessible coal resources.

CLIMATE CHANGE

Whether in coal power stations or using UCG, burning
coal produces more greenhouse gas emissions (GHG)
than almost any other fossil fuel. UCG is particular-

ly inefficient as energy is wasted heating the rock
surrounding the chamber where the gasification takes
place (known as the gasifier or combustion chamber).
Other processes, such as removing hydrogen sulphide
from exhaust gasses also require large amounts of

"UCG PROJECTS AROUND
THE WORLD HAVE BEEN
PLAGUEB-WITH-ACGIBENTS,
INCLUDING EHAMPLES. .|

»0F CATASTROPHIC
GROUNDIATER
CONTAMINATION

Diagram of UCG operations

energy. Altogether around 40% of the energy from burn-
ing the coal is lost in the process.’

This wasted energy, combined with the high CO, content
and relatively low energy content of the syngas, mean
that UCG produces large greenhouse gas emissions.
Reliable figures are difficult to find, but it has been esti-
mated that UCG would have CO, emissions comparable
with that from a conventional coal power station.*

Damage from coal seam firein
Glenwood springs, U.S.



Another issue is the amount of coal that
UCG would allow to be accessed. Global
coal resource figures vary significantly,
but it has been estimated that there are
still around 860 billion tonnes of coal
remaining that can be accessed with
conventional mining techniques,® possi-
bly enough to last over a hundred years.
However, using UCG technologies, coal
seams that are uneconomical to mine can
be exploited, giving access to even more
coal, conservatively estimated as an extra
600 billion tonnes.® The real figure could
be much higher, as the total global coal
resources (which includes coal that can-
not be accessed with current technology)
have been estimated to be in the trillions

of tonnes.’

If we are to reduce carbon emissions to anything like the levels
required to maintain a reasonably habitable planet we must move
away from all forms of fossil fuel as fast as possible. Measuring
from the start of the industrial revolution (around 1750), a
maximum of 500 Gigatonnes of carbon (GtC) can be emitted to

the atmosphere while still avoiding most serious impacts and the
risk of irreversible and uncontrollable changes to the climate.?
Between 1750 and now (2014), we have already emitted about

370 GtC leaving a limit of 130 GtC that could be further added.’

In order to stay within this limit we have to leave the vast major-
ity of the remaining conventional oil, coal and gas in the ground.
Estimates vary significantly, but remaining conventional coal
reserves alone are well over 500 GtC.®

Clearly developing UCG and giving access to enormous
further coal resources, is absolutely incompatible with
staying below this limit.

~

Carbon Capture and Storage (CCS)

Proponents of UCG say that the technology is ideal-
ly suited for combination with CCS as it is relatively
easy to remove the concentrated CO, and inject it
back into the exhausted coal seam. The argument
then goes that CO, could be removed directly from
the UCG gas, or from the flue gas after combustion.
However, there are significant concerns over the
viability of CCS and UCG technologies, and there
are no demonstrated projects where they work in
combination.

Despite industry claims that exhausted gasifiers
would be ideal storage sites for CO, produced during
the process, there are in fact a number of serious
problems that make them unsuitable. The expected
collapse of the rock layer above gasifier means that
the integrity of any potential ‘cap rock’ is likely to
have been compromised, allowing CO, to escape.
High pressures and temperatures during and after
gasification may also cause fracturing and changes
in the permeability of the rock surrounding the
gasifier, creating pathways through which CO, could
escape.! There is also no guarantee that there is any
‘cap rock’ present above the coal-seam since, unlike
oil and gas, coal seams don’t need impermeable rock
above them to hold the coal in place.

Due to high underground pressures, UCG carried out
on deep coal seams would mean that the CO, would

have to be stored in a ‘supercritical’ fluid state (a
state in which the CO, has the density of a liquid
but flows like a gas). If this supercritical fluid
escapes to shallower depths where pressures are
lower, the CO, would turn into gas, leading it to
rapidly expand and become much more mobile.
This could result in a sudden release of CO, gas to
aquifers or even to the surface. CO, stored in the
seam is also likely to react with pollutants and
make them more mobile. It can also react with
water and ash to make carbonic and sulphuric
acid which can leach further contaminants from
the rock, and reduce the sites’ ability to store
C0,.2 Due to these and other factors, investiga-
tions into UCG have concluded that “it is consid-
ered unlikely therefore, that sequestration in an
exhausted gasifier could provide a secure long
term repository of CO,”* and that there “remains
substantial scientific uncertainty in the environ-
mental risks and fate of CO, stored this way”.**
CO, storage in adjacent coal seams is also being
considered, however this would only be possible
in the highest permeability seams.

There are also numerous critical problems with
CCS itself, which remains a largely unproven
technology, especially at the enormous scale that
would be required (see CCS factsheet).



Proponents of unconventional fossil fuels often argue that with CCS technologies, these new energy sources could be exploited
at the same time as reducing GHG emissions. However, even if the huge problems with CCS technology are overcome (and this
currently looking extremely unlikely), it would not change the fact that we need to move away from all forms of fossil fuel,
conventional and unconventional, as soon as possible.

In the most optimistic (and highly implausible) scenario, CCS could be used to reduce a small proportion of emissions from fossil
fuels. In reality, the promise of CCS being implemented in the future is being used to allow the continued expansion of fossil fuel
production, to prevent alternatives from being developed, and to deflect attention away from approaches which tackle the under-
lying systemic causes of climate change and other ecological crises. Ultimately CCS is a smokescreen, allowing the fossil fuel indus-
try to continue profiting from the destruction of the environment. (see ‘Carbon Capture Storage’ factsheet for more information).

OTHER SOCIAL AND ENVIRONMENTAL ISSUES

Groundwater pOHUtiOl’l surrounding grounwater they can eliminate the risk
The various UCG projects that have been carried out of contamination, as water will flow towards the

around the world have been plagued with accidents, gasifier f*ather than away from it. Howc?V?r, in practice
including examples of catastrophic groundwater controlling the pressures has proven difficult, and op-
contamination.* Studies in the Soviet Union in the erating at lower pressures can result in less efficiency
1960s revealed that UCG could result in widespread and more contamination.? The Chinchilla test site in

groundwater contamination.® Australia claimed to have prevented contamination by

controlling pressures, however others described it as

In the 1970s a project at Hoe Creek, Wyoming,

USA resulted in massive groundwater contami-
nation.”” Potable groundwater was polluted with
benzene, requiring an expensive long-term clean
up operation.’® In 2011, Brisbane based company
Cougar Energy was ordered to shut down its trial
underground coal gasification project at Kingaroy
due to environmental concerns over benzene
contamination.”

The gasification cavity is a source of both gas and
liquid pollutants that risk contaminating nearby
groundwater. These include mercury, arsenic and
selenium,? coal tars containing phenols, BTEX (ben-
zene, toluene, ethyl benzene, xylene) and other vol-

atile organic compounds, and polycyclic aromatic
& P poyey Damage from an underground

hydrocarbons (PAHs).? 2 Of particular concern are coal firein Centralia. U.S.

benzene and phenols, as they are water soluble, can
be transported by other chemicals, and are more

“rather unsuccessful”.” In addition, during previous

likely to float upwards due to their low molecular test projects gasses escaped from the gasifier, finding

weight. Altogether, one hundred and thirty-five the paths of least resistance, and carrying liquid

compounds that might pollute the local groundwa- pollutants along with them against the direction of

i i ifind 23
ter sources near UCG sites have been identified. groundwater flow. Any large open fissures or faults,

There have been instances of contaminants being the presence of which could be impossible to predict,
forced out into groundwater due to high pres- would create emission pathways that could not be
sures in the gasifier. The industry claims that by controlled by changing the pressures. Coal seams
maintaining pressures lower than those in the typically contain many natural fractures.




In many demonstration projects in shallow

seams the area above the combustion chamber
collapsed, and it is assumed at deeper sites that
this will always happen. This can cause surface
subsidence (see below), but also creates fractured
pathways around the collapsed chamber for
contaminants to leak into the groundwater. There
is also the possibility of so called ‘cross contami-
nation’ where already poor quality groundwater
around the coal seam can flow to good quality
ground water areas due to the changes in rock
structures and water pressures caused by the UCG
process. Another issue is the fact that the heat
generated by gasification causes groundwater
above the gasifier to rise, carrying contaminants
with it.

The contaminated ash left in the exhausted coal
seam will remain there more or less indefinitely,
meaning that it is a potential source of groundwa-
ter contamination decades or even centuries after
gasification. Due to the depth of the coal seams
where most UCG would be likely to take place it
would also be extremely difficult to deal with any
water contamination problems,

Water consumption,
waste and surface water

Several aspects of the UCG process (such as initial
mining, operation, then flushing and venting once
gasification has finished) require injecting and ex-
tracting water from the gasifier. This means that
the process consumes large volumes of water and
produces large volumes of contaminated water.
Waste water will vary significantly in terms of the
contaminants present, as different coal seams and
different stages of the process will generate differ-
ent pollutants. This makes treating the waste
water particularly difficult.

There is also the risk of surface spillage from
waste water storage facilities and transportation,
and pollutants being released to the environment
due to accidents at the site. In Australia, Carbon
Energy was charged in 2011 with not reporting a
series of “very serious” incidents involving spills
and disposal of waste water.”

Syngas and air pollution

The burning of UCG syngas at the surface to pro-
duce electricity is known to generate air pollution,
including oxides of sulphur and nitrogen, hydrogen
sulphide, particulates and heavy metals such as
mercury and arsenic.? The syngas also contains
contaminants which create problems for processing
and transportation. These contaminants include
dust, soot and tars which can clog up pipes and
equipment; oxygen, from air or poor combustion
control, which can potentially result in explosive
mixtures; chlorine and chlorine compounds which
can corrode equipment.?

Subsidence

As the reaction burns through the coal seam in the
gasification chamber, it leaves a hole behind it filled
with ash. The roof area directly above this hole usu-
ally collapses, which can result in subsidence at the
surface, potentially damaging roads and buildings.
The risk and extent of surface subsidence is greater
the shallower the exploited coal-seam is, the larger
the dimensions of the combustion chamber are

and the weaker the rock is above the coal-seam.
Underground and resulting surface subsidence can
also affect the drainage patterns of surface water,
the movement of ground water, with the potential
to increase contamination, and can damage UCG
injection and production wells.

Aburning coal seam




Explosions and accidents

The high temperature and pressure flammable gases
created by UCG, along with the blockages which can
result from tar and soot contaminants mean there

is the potential for explosions. This happened at the
European UCG trial in Thulin, Belgium (1979-87),
intended to test the feasibility of UCG on deeper coal
seams. The trial had to be halted after one of the
supply tubes to the burner became blocked leading
to an underground explosion which damaged the
injection well.** In 1984, another test project in
France was stopped due to tar and particles blocking
the production well.*!

During tests in the 1990s in Spain, an attempt to
restart a UCG operation caused the accumulation
of methane underground resulting in an explosion
which damaged the production well.*2 The injection
and production wells are also prone to being dam-
aged, as the gasification process results in extreme
temperatures and pressures, and creates (as dis-
cussed above) cavities that are likely to collapse and
compromise the integrity of the wells.

Scale

UCG plants produce a relatively small amount of
power. The European trial in Tremedal, Spain in
the 1990s only sustained gasification for a few days

at a time, and briefly peaked to produce gas with
the equivalent of 8 Mega Watts (MW)of power.*
Eskom’s trial project in South Africa has a similar
output of about 9 MW.* A small coal fired power
station produces well over a hundred times this
much power and gets through as much coal in a
day as many of the test projects burned in a year.
Taking into account the energy lost from produc-
ing and burning the syngas, this means hundreds,
possible even thousands of UCG plants could be
required in order to replace just one coal power
station. Considering the greenhouse gas emissions
and the impact on groundwater resources experi-
enced in test projects, scaling up UCG technology
to provide a significant proportion of our energy
would have a devastating impact on local environ-
ments and the global climate.

Industrialisation of countryside

UCG sites also require industrial equipment at the
surface including drilling rigs, wellheads, connect-
ing pipework, and plants for handling and process-
ing the injection and production gases. As opera-
tions continue, additional wells and pipelines will
be required, progressing further away from surface
plants to access new coal supplies. There will also
be a substantial increase in traffic volumes, in
order to transport equipment and waste.

Damage from an underground
coal fire in Centralia, U.S.




Uncontrolled burns

Coal seams sometimes start burning naturally as a
result of lightning, forest fires or spontaneous com-
bustion following exposure to oxygen in air. These
fires can continue to burn for decades or even cen-
turies. When close to the surface, oxygen from the
atmosphere fuels the fire, with subsidence from the
burning seam often providing more air as the burn
continues. In uncontrolled burns at greater depths,
such as old deep coal mines, the oxygen usually

comes from ventilation shafts. Coal seam fires can
have serious consequences. For example, in Centralia,
Pennsylvania, US an uncontrolled mine fire beneath
the borough that has been burning since 1962 has
resulted in the population dwindling from over 1,000
residents in 1981 to 10 in 2010.*

Even with UCG of deeper coal seams there is a risk of
uncontrolled burns as forgotten mine shafts, bore-
holes, damaged wells or geological faults could provide
a source of air

WHERE, HOW MUCH AND WHO?

In recent years there has been renewed interest
in UCG. There are about 30 projects using un-
derground coal gasification in various phases of
preparation in China and the Indian government
has plans to use UCG to access the country’s huge
remaining coal reserves.’

South African companies Sasol and Eskom both
have UCG pilot facilities that have been operating
for some time. In Australia, Linc Energy has the

Chinchilla site, which first started operating in 2000.

Demonstration projects and studies are also cur-
rently under way in the USA, Western and Eastern
Europe, Japan, Indonesia, Vietnam, India, Australia
and China.”” The Chukotka autonomous district in
Russia’s Far East looks set to be the first place in the
country to implement the technology,* and Eon has
signed a memorandum of understanding with the

Hungarian government to develop UCG projects.

In the UK Cluff Natural Resources have plans to
implement the first UK UCG site in Warwickshire.
Another UK company, Clean Coal Ltd, had planned
to carry out the first UK test project under Swansea
Bay in Wales.

Other notable companies around the world in-
volved in the development of UCG include: Swan
Hills Synfuels in Alberta, Virginia, USA, Santos in
New South Wales, Australian and Carbon Energy
and Portman Energy which have developed UCG
techniques.

In addition, the Underground Coal Gasification
Association,” an industry membership organisa-
tion, has been playing a key role in promoting the
technology.

For more information on resistance see the Corporate Watch website (
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SHALE Ol

(TIGHT OIL)

CRUDE OIL FOUND IN SHALE OR OTHER ROCK
WHERE IT IS TIGHTLY HELD IN PLACE AND DOES
NOT FLOW EASILY.

REQUIRES USE OF FRACKING WITH RISK OF WATER

POLLUTION AND WORSENS CLIMATE CHANGE.

THE

WHAT IS IT?

Shale oil, or tight oil, is a type of crude oil that is

found in low permeability rock formations such

as shale or tight sandstone. The ‘tight’ refers to
the fact that the oil is tightly trapped in the rock,
unlike conventional oil formations where the oil

flows relatively easily. Recent technologies used

for shale gas extraction, such as fracking and

horizontal drilling, have made it economical to

extract shale and tight oil.

HOW IS IT ERTRACTED?

Shale oil has been known about for a long time,
but has only been exploited on a large-scale in the
last ten years or so. This has partly been driven by
the development of two technologies: horizontal
drilling, which opens up deposits inaccessible

by conventional vertical drilling, and advanced
hydraulic fracturing, or fracking.

Fracking is used to free oil or gas trapped in rock
by drilling into it and injecting pressurised fluid,
creating cracks and releasing the oil or gas. The
fracking fluid consists of water, sand and a variety
of chemicals which are added to aid the extraction
process e.g. by dissolving minerals, killing bacteria
that might plug up the well, or reducing friction.
The fracking process produces a large volume of
waste water, containing a variety of contaminants
both from the fracking fluid, and toxic and radioac-
tive materials which are leached out of the rocks. In
addition to fracking, acidisation is also sometimes
used. This is where the well is pumped with acid to
dissolve the rock that is obstructing the flow of oil.

Production from shale oil wells declines very quickly and so new wells must be drilled constantly.
This process of continual drilling and fracking means that huge areas of land are covered with well

pads where thousands of wells are drilled, with each well requiring millions of litres of water.

Shale and tight oil deposits are also highly heterogenous, meaning there is substantial variation
within the formation in the qualities of the rock and the oil it contains. Even adjacent wells can

have very different production rates. The oil that is extracted from shale is very similar to crude oil

from conventional sources and does not require further processing before it can be refined.
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S HOUSE OF REPRESENTATIVES COMMITTEE ON ENERGY AND COMMERCE REPORT
FOUND 750 DIFFERENT CHEMICALS HAD BEEN-USED IN FRACKING FLUIDS, INCLUDING

MANY KNOWN HUMAN CARCINOGENS AND OTHER TGHIC COMPOUNDS *

Oil shale or shale oil?

Confusingly, ‘shale oil’ can refer oil extracted from shale rock using techniques such as fracking, or to the
liquid fuel extracted from ‘oil shale’ by heating it (see separate Oil Shale factsheet). The first definition began
being used when the US boom in shale gas resulted in shale formations also being exploited for oil. A great
deal of confusion and disagreement persists, but many have started to use the term ‘tight oil’ to refer to oil
extracted from shale formations using horizontal drilling and fracking. Even more confusingly, the term ‘oil
shale’, which usually means the oily rock rich in kerogen (discussed in a separate factsheet), is also some-
times used to refer to shale formations which contain oil. Baffled? Well, you’re not alone!

CLIMATE CHANGE

0Oil, whether from shale or conventional sources, is a fossil fuel and releases significant greenhouse gas
emissions when burned. As long as energy demand increases additional sources of fossil fuels such as shale
oil are likely to supplement rather than replace other existing ones such as coal.

-

CONVENTIONAL OIL

If we are to reduce carbon emissions to anything like

the levels required to maintain a reasonably habitable ‘SAFE’ 325 Gtc
. EMISSIONS LIMIT
planet we must move away from all forms of fossil fuel 130 Gt
as fast as possible. Measuring from the start of the CONVENTIONAL CAS

industrial revolution (around 1750), a maximum of

500 Gigatonnes of carbon (GtC) can be emitted to the 277 6tc

SHALE OIL

atmosphere while still avoiding most serious impacts (not including tight oil)

and the risk of irreversible and uncontrollable changes

to the climate.! Between 1750 and now (2014), we have Exploiting the world’s shale oil resources would
already emitted about 370 GtC leaving a limit of 130 GtC add around 42 GtC to the atmosphere.* This is
that could be further added.” certainly an underestimate as it excludes Russia,

which is estimated to have the largest shale oil
reserves, much of the Middle East, and tight oil
formations other than shale. The carbon locked up

In order to stay within this limit we have to leave the
vast majority of the remaining conventional oil, coal
and gas in the ground. Estimates vary significantly, but

remaining conventional coal reserves alone are well in shale and tight oil represents a huge source of

over 500GtC.} emissions which, given the limits outlined above,

Y ) we clearly cannot afford to add to the atmosphere.




Carbon Capture and Storage (CCS)

Proponents of unconventional fossil fuels often
argue that with CCS technologies, these new en-
ergy sources could be exploited at the same time
as reducing GHG emissions. However, even if the
huge problems with CCS technology are overcome
(and this currently looking extremely unlikely), it
would not change the fact that we need to move
away from all forms of fossil fuel, conventional
and unconventional, as soon as possible.

In the most optimistic (and highly implausible)
scenario, CCS could be used to reduce a small
proportion of emissions from fossil fuels. In
reality, the promise of CCS being implemented in
the future is being used to allow the continued
expansion of fossil fuel production, to prevent
alternatives from being developed, and to deflect
attention away from approaches which tackle the
underlying systemic causes of climate change
and other ecological crises. Ultimately CCSis a
smokescreen, allowing the fossil fuel industry

to continue profiting from the destruction of

the environment. (see ‘Carbon Capture Storage’
factsheet for more information).

Fracking equipment

There has been some discussion about the
possibility of using exhausted shale oil for-
mations as a place for storing carbon dioxide.
Injecting CO, into fracked shale formations is
also being considered as a way of both storing
carbon and extracting more oil at the same
time (so called Enhanced Oil Recovery - see
‘Other Unconventional Fossil Fuels’ factsheet).
However, their viability as CO, storage sites

is questionable, and there are currently no
shale oil sites being used to store CO,. In
addition there are concerns that fracking may
be compromising other potential CO, storage
sites, as the fracked shale formations are no
longer impermeable and would therefore not
keep CO, trapped in the deep saline aquifers
below them.’

In addition fracking, the underground
injection of fracking waste water (see below),
and even the injection of CO, itself have been
shown to cause earthquakes, which reveal a
major flaw in CCS technology.t’
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OTHER SOCIAL AND ENVIRONMENTAL ISSUES

Water use

The fracking process uses huge volumes of wa-

ter, which becomes contaminated and cannot be
returned to the water table. Depending on the char-
acteristics of the well, the amount of water needed
will be somewhere between about 3 million and 40
million litres.?

Sourcing water for fracking is a major problem.
Because of transportation costs of bringing water
from great distances, drillers in the US usually
extract on-site water from nearby streams or
underground water supplies. This puts pressure on
local water resources which can lead to the wors-
ening of droughts.’ In 2011, the U.S. Environmental
Protection Agency estimated that 70 to 140 billion
gallons (265 - 531 billion litres) of water are used to
fracture 35,000 wells in the United States each year.?®

Water pollution

There has been a great deal of controversy over
the chemicals contained in fracking fluids. In

the US many companies have resisted revealing
the recipes for their fracking mixes, claiming
commercial confidentiality, or have adopted
voluntary reporting measures in order to avoid
stricter mandatory reporting requirements.
Although the specific mix of chemicals used var-
ies significantly, a US House of Representatives
Committee on Energy and Commerce report found
750 different chemicals had been used in fracking
fluids, including many known human carcinogens
and other toxic compounds such as benzene and
lead."* Chemicals found to be most commonly
used in fracking fluids such as methanol and

isopropyl alcohol are also known air pollutants.

A variety of chemicals are also added to the
‘muds’ used to drill well boreholes in order to
reduce friction and increase the density of the
fluid. Analysis of drilling mud has also found that
they contain a number of toxic chemicals.'* **

Waste water

Shale oil extraction results in large volumes of
waste water contaminated by fracking fluids

and naturally occurring chemicals leached out

of the rock. These can include dissolved solids
(e.g., salts, barium, strontium), organic pollutants
(e.g., benzene, toluene) and normally occurring
radioactive material (NORM) such as the highly
toxic Radium 226.1

The volumes of waster water generated and the
kinds of contaminants it contains makes treating
and disposing of it safely extremely challenging.
Treatment of waste water is expensive and energy
intensive, and still leaves substantial amounts of
residual waste that then has to be disposed of. In
addition the waste water from most sites would
have to transported large distances to specialised
treatment plants.

In many cases, the waste water is re-injected back
into the well, a process that has been shown to trig-
ger earthquakes (see earthquake section below).

In the US, there have been numerous cases of
dumping of drilling cuttings and storage of waste
water in open evaporation pits. In some cases waste
water has even been disposed of by spreading it on

roads under the guise of dust control or de-icing.

Any accidental spillages could have serious envi-
ronmental and human health consequences.

Human and animal health

It is difficult to assess the health effects of fracking
sites, as many impacts will take time to become
apparent and there is a lack of background data
and official studies. Despite this there is mounting
evidence linking fracking activities to local health

impacts on humans and animals. > 7




Air Pollution

Air pollution at shale oil sites includes emissions
from vehicle traffic, flaring and venting during
drilling and completion (where gas is burned off
or released to the atmosphere) and on-site ma-
chinery. Local air pollution from these sources is
likely to be similar to that of shale gas extraction,
including BTEX (benzene, toluene, ethylene and
xylene), NOx (mono oxides of nitrogen), VOCs
(volatile organic compounds), methane, ethane,
sulphur dioxide, ozone and particulate matter.'®

Industrialisation of countryside

As shale is impermeable the oil cannot easily
flow through it and wells are needed wherever
there is oil. This means that, unlike conventional
oil, exploiting tight oil requires large numbers of
wells to be be drilled. In the US tens of thou-
sands of shale wells have been drilled leading to
widespread industrialisation of the landscape in
some states.

It has been estimated that fracking requires 3,950
truck trips per well during early development of
the well field.”” A single well pad could generate
tens of thousands of truck journeys over its life-
time? In addition to these increases in traffic for
transportation of equipment, waste water and
other materials the site itself creates significant
noise, light pollution and direct impact on local
wildlife and ecosystems.

Earthquakes

Underground fluid injection has been proven to
cause earthquakes, and there are instances in the

UK where fracking has been directly linked to small
earthquakes.” The injection of waste water from
fracking back in to wells has also been shown to cause
earthquakes.” Although these earthquakes are usually
relatively small, they can still cause minor structural
damage and of particular concern is the possibility of
damaging the well casings thus risking leakage. This
did in fact happen after the earthquake at Cuadrilla’s
site in Lancashire, UK. The company failed to report
the damage and were later rebuked by the then UK
energy minister, Charles Hendry, for not doing so.

Occasionally larger earthquakes are triggered. A
2013 study in prestigious journal Science linked a
dramatic increase in seismic activity in the midwest-
ern United States to the injection of waste water. It
also catalogues the largest quake associated with
waste water injection, which occurred in Prague on
November 6, 2011. This measured 5.7 on the Richter
scale, and destroyed fourteen homes, buckled a
highway and injured two people.” It should be noted
that mining and conventional gas and oil extraction
can also cause earthquakes.

Jobs

In practice much of the employment for oil shale
developments are from outside the area in which
the oil is extracted, and any boost to the local
economy is relatively short lived as the industry
moves on once wells are depleted. This under-
mines the argument, often used by those trying
to promote the industry, that it will generate
large-scale employment.

Economic issues

It is sometimes argued that shale oil can be
used as a ‘bridging fuel’ in the short term while
renewables are developed.? However, estimates
of reserves containing so many years’ worth of
a country’s oil supply ignore the fact that it will
take many years and thousands of wells drilled
before production rates rise sufficiently to
provide significant amounts of fuel.

In addition, as the most productive shale plays
and their ‘sweet spots’ are used up first, it
becomes increasingly more expensive, both in
terms of money and energy, to maintain pro-
duction levels and there are various predictions
that the shale oil boom in the US may be short
lived.” Concerns that the same kind of financial
practices that led to the US housing bubble were
used to provide investment (with the prospect
of profitable merger and acquisition deals
attracting the financial sector) are leading some
to predict that the financial bubble behind the
US shale boom will burst, possibly even risking
another global economic crisis.?




WHERE AND HOW MUCH?

According to the International Energy Agency,” economically recoverable shale oil reserves around the world

are as follows (in billions of barrels):

1 Russia 75
2 United States 48-58
3 China 30-35

4 Australia 27

5 Libya 26

6 Venezuela 13

7 Mexico 13

8 Pakistan 9

9 Canada 9

10 Indonesia 8

World Total 335-345 billion barrels

However, these figures are only for shale rather than
other tight oil formations, and do not include most of
the Middle East or Russia, which is estimated to have
the largest shale oil resources in the world.

In the United States, where the industry has under-
gone rapid development over the last ten years or so,
the Bakken, Eagle Ford, Niobrara and Permian fields
hold large resources of shale oil. At least 4,000 new
shale oil wells were brought online in the United
States in 2012.% Canada also has an advanced shale
oil industry.

Other countries are also now beginning to consider ex-

ploiting their shale oil resources. In particular China,

Mexico and Argentina are aggressively pursuing

shale oil extraction. China and Mexico have been
hampered by lack of expertise and difficulties
with national oil and gas companies. In Argentina
the industry is set to rapidly expand with a deal
between the national oil and gas company YPF
S.A. and Chevron to produce both shale gas and
shale oil from the Vaca Muerta (Dead Cow) basin,
believed to hold as much as 23 billion barrels of

oil equivalent.?

Russia has the largest shale oil resources, but
seems unlikely to exploit them in the near future,
as it still has large reserves of other, easier to
extract fossil fuels.®




COMPANIES INVOLVED

In the US multinational super-major corporations such as Exxon, Shell and Total do not dominate the shale oil

industry. Mostly the work is undertaken instead by American companies, ranging in size from tiny start-ups to

mid-sized companies worth tens of billions. Notable US shale companies include Chesapeake Energy, Continental

Resources, Occidental Petroleum, Pioneer Natural Resources, Apache, Whiting Petroleum, Hess, EOG Resources,

ConocoPhillips and Chesapeake.

Often small companies carry out the initial exploratory drilling and testing in places where the industry is in a

fledgling stage. If the process is proved economically viable these companies are often bought up by larger com-

panies. In this way, the bigger companies are protected from any loses, should the testing prove unsuccessful.

RESISTANCE

There has been widespread resistance to fracking wherever it has been conducted. The most active national

movement is in the US, and many have been inspired by the film Gaslands. Protests have spurred various countries,

including France, Bulgaria, Romania and the Czech Republic to adopt moratoriums or outright bans on fracking.*

Protesters in a number of countries have used direct action and civil disobedience to oppose fracking. The ‘Lock

the Gate’ movement in Australia saw environmental activists and local communities linking together, using

blockades in their attempts to prevent exploration.

In the village of Pungesti, in Romania, the local community have managed to remove and sabotage Chevron’s

equipment to test fracking, despite receiving violent police repression for doing so. Similarly, indigenous

Elsipogtog First Nation and other local residents blocked a road near Rexton, New Brunswick in Canada

successfully preventing South Western Energy from carrying out tests at a potential fracking site. In the UK

there have been community blockades of potential fracking sites, for instance at Balcombe in Sussex and

Barton Moss in Lancashire.

For more information on resistance see the Corporate Watch website (corporatewatch.org/uff/resistance)

ENDNOTES

o W N

Hansen, James, Pushker Kharecha, Makiko Sato, Valerie Masson-
Delmotte, Frank Ackerman, David J. Beerling, Paul J. Hearty, et al.
‘Assessing “Dangerous Climate Change": Required Reduction of Carbon
Emissions to Protect Young People, Future Generations and Nature'.
Edited by Juan A. Afiel. PLoS ONE 8, no. 12 (3 December 2013): e81648.

doi:l O]371/Journa pone. 0081648. <http://www.plosone.org/article/
info%3Adoi%2F10.1371%2Fjournal.pone.0081648>

Ibid

ibid

See {www.corporatewatch.org/uff/carbonbudget

Elliot, T. R., and M. A. Celia. ‘Potential Restrictions for CO, Sequestration
Sites Due to Shale and Tight Gas Production’. Environmental Science &
Techno/ogy 46, no. 7 (3 April 2012): 4223-4227. doi:101021/es2040015.

<http://pubs.acs.org/doi/abs/10.1021/es2040015>

Verdon, J. P., J.- M. Kendall, A. L. Stork, R. A. Chadwick, D. J. White,
and R. C. Bissell. ‘Comparison of Geomechanical Deformation Induced
by Megatonne-Scale CO, Storage at Sleipner, Weyburn, and In Salah’.
Proceedings of the National Academy of Sciences 110, no. 30 (8 July

2013): E2762-E2771. doi:10.1073/pnas1302156110. <ht p://www.pnas.

org/content/early/2013/07/03/1302156110.abstract>

Gan, W., and C. Frohlich. ‘Gas Injection May Have Triggered
Earthquakes in the Cogdell Oil Field, Texas'. Proceedings of the National
Academy of Sciences 110, no. 47 (4 November 2013): 18786-18791.
doi:101073/pnas311316110. <http://www.pnas.org/content/

early/2013/10/31/1311316110>

Cooley, H, Donnelly, K. "Hydraulic Fracturing and Water Resources:
Separatmg the Frack from the Fiction’. Paaf/c lnsm‘uz‘e (June 2012).
ontent/uploads/2013/02/full_

-t oro/\Wp-c
.0rg/wp-c

‘A Texan tragedy: ample oil, no water’. Guardian website (Retrieved Feb
2014). <http://www.theguardian.com/environment/2013/aug/11/
texas-tragedy-ample-oil-no-water>

‘Draft Plan to Study the Potential Impacts of Hydraulic

Fracturing on Drinking Water Resources” US EPA. (Feb2011).
<http://yosemite.epa.gov/sab/sabproduct.nsf/0/
D3483AB445AEG1418525775900603E79/$File/Draft+Plan+to+Stu

JUUoU



http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0081648
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0081648
http://www.corporatewatch.org/uff/carbonbudget
http://pubs.acs.org/doi/abs/10.1021/es2040015
http://www.pnas.org/content/early/2013/07/03/1302156110.abstract
http://www.pnas.org/content/early/2013/07/03/1302156110.abstract
http://www.pnas.org/content/early/2013/10/31/1311316110
http://www.pnas.org/content/early/2013/10/31/1311316110
http://www.pacinst.org/wp-content/uploads/2013/02/full_report35.pdf
http://www.pacinst.org/wp-content/uploads/2013/02/full_report35.pdf
http://www.theguardian.com/environment/2013/aug/11/texas-tragedy-ample-oil-no-water
http://www.theguardian.com/environment/2013/aug/11/texas-tragedy-ample-oil-no-water
http://yosemite.epa.gov/sab/sabproduct.nsf/0/D3483AB445AE61418525775900603E79/$File/Draft+Plan+to+Study+the+Potential+Impacts+of+Hydraulic+Fracturing+on+Drinking+Water+Resources-February+2011.pdf
http://yosemite.epa.gov/sab/sabproduct.nsf/0/D3483AB445AE61418525775900603E79/$File/Draft+Plan+to+Study+the+Potential+Impacts+of+Hydraulic+Fracturing+on+Drinking+Water+Resources-February+2011.pdf

dy+the+Potential+Impacts+of+Hydraulic+Fracturing+on+Drinking
+Water+Resources-February+2011.pdf>

11 Chemicals used in hydraulic fracturing'. United States House of
Representatives, Committee on Energy and Comerce Minority
Staff (April 2011). <http://democrats.energycommerce.house.
gov/sites/default/files/documents/Hydraulic-Fracturing-
Chemicals-2011-4-18.pdf>

12 “Toxic Chemicals in the Exploration and Production of Gas from
Unconventional Sources', National Toxics Network April (2013). <http://
www.ntn.org.au/wp/wp-content/uploads/2013/04/UCgas_
report-April-2013.pdf>

13 Fontenot, Brian E., Laura R. Hunt, Zacariah L. Hildenbrand, Doug
D. Carlton Jr., Hyppolite Oka, Jayme L. Walton, Dan Hopkins, et
al. ‘An Evaluation of Water Quality in Private Drinking Water Wells
Near Natural Gas Extraction Sites in the Barnett Shale Formation'.
Environmental Science & Technology 47, no. 17 (3 September 2013):
10032-10040. doi:10.1021/es4011724. <http://pubs.acs.org/doi/
abs/101021/es4011724>

14 Mielke E. Anadon LD, Narayanamurti V. ‘Water Consumption of Energy
Resource Extraction, Processing, and Conversion'. Harvard Kennedy
School, Belfer Center for Science and International Affairs. October
2010. <http://belfercenter.ksg.harvard.edu/files/ETIP-DP-2010-15-
final-4.pdf>

15 “Statement on Preliminary Findings from the Southwest Pennsylvania
Environmental Health Project Study'. Press Release, Concerned Health
Professionals of New York (27 Aug 2013) <http://concernedhealthny.
org/statement-on-preliminary-findings-from-the-southwest-
pennsylvania-environmental-health-project-study/ >

16 Steinzor N, Septoff A. ‘Gas Patch Roulette, How Shale Gas
Development Risks Public Health in Pennsylvania'. EarthWWorks
(Oct 2012). <http://www.earthworksaction.org/library/detail/
gas_patch_roulette_full_report#.UwzG187xHSe>

17 Slatin, Craig, and Charles Levenstein. ‘An Energy Policy That
Provides Clean and Green Power. NEW SOLUTIONS: A Journal of
Environmental and Occupational Health Policy 23, no. 1 (1 January
2013): 1-5. doi:10.2190/NS.231.a. <http://www.prendergastlibrary.
org/wp-content/uploads/2013/03/New-Solutions-23-1-Binder.
pdf>

18 “Environmental water and air quality issues associated with shale gas
development in the Northeast'. Environmental water and air quality
working group, NYS Water Resources Institute, Cornell University.
<http://wri.eas.cornell.edu/MSARC%20Env%20H20%20Air%20
Group%20Revised%20071012.pdf>

19 "Revised Draft SGEIS on the Qil, Gas and Solution Mining Regulatory
Program (September 2011)" New York State Department of
Environmental Conservation (2011). <http://www.dec.ny.gov/
energy/75370.htm0>

ENDSOF EARTH

20 "How many tanker trucks does it take to supply water to and remove
waste from a horizontally drilled and hydrofracked wellsite’. un-
naturalgas.org. <http://www.un-naturalgas.org/Rev%201%20
Truckloads+to+service+a+well+pad+-+DJC.pdf>

21 “Fracking and Earthquake Hazard', British Geological Survey website
(accessed Feb 2014). <hitp://earthquakes.bgs.ac.uk/research/
earthquake_hazard_shale_gas.html>

22 ‘Man-Made Earthquakes Update” US geological survey website
(Posted on 17 Jan, 2014). <http://www.usgs.gov/blogs/features/
usgs_top_story/man-made-earthquakes/>

23 Van der Elst, N. J., H. M. Savage, K. M. Keranen, and G. A. Abers.
‘Enhanced Remote Earthquake Triggering at Fluid-Injection Sites in
the Midwestern United States'. Science 341, no. 6142 (11 July 2013):
164-167. doi:10.1126/science1238948. <http://www.sciencemag.org/
content/341/6142/164.abstracty

24 Hughes D J. "Drill, Baby, Drill: Can Unconventional Fuels Usher in a
New Era of Energy Abundance?'. Post Carbon Institute (Mar 2013).
<http://www.postcarbon.org/drill-baby-drill/>

25 ibid
26 D Rogers. ‘Shale and wall street: was the decline in natural gas prices

orchestrated?". Energy Policy Forum (Feb 2013). <http://shalebubble.
org/wall-street/>

27 ‘Technically Recoverable Shale Oil and Shale Gas Resources: An
Assessment of 137 Shale Formations in 41 Countries Outside the United
States'. U.S. Energy Information Administration (June 2013). <http://
www.eia.gov/analysis/studies/worldshalegas/pdf/overview.pdf>

28 Maugeri, Leonardo. ‘The Shale Oil Boom: a US Phenomenon'. Harvard
University, Geopolitics of Energy Project, Belfer Center for Science and
International Affairs, Discussion Paper 2013-05. <http://belfercenter.
ksg.harvard.edu/files/draft-2.pdf>

29 ‘The Shale Oil Boom Is Going Global (Starting With This Huge Deal
in Argentina)’. moneymorning.com. Accessed 8 March 2014. <hitp://
moneymorning.com/2013/08/13/the-shale-oil-boom-is-going-
global-starting-with-this-huge-deal-in-argentina/>

30 ‘Tight Oil Developments in Russia’. Oxford Institute for Energy Studies.
Accessed 8 March 2014. <http://www.oxfordenergy.org/2013/10/
tight-oil-developments-in-russia/>

31 For an update list of countries and states see here:
<http://keeptapwatersafe.org/global-bans-on-fracking>



http://yosemite.epa.gov/sab/sabproduct.nsf/0/D3483AB445AE61418525775900603E79/$File/Draft+Plan+to+Study+the+Potential+Impacts+of+Hydraulic+Fracturing+on+Drinking+Water+Resources-February+2011.pdf
http://yosemite.epa.gov/sab/sabproduct.nsf/0/D3483AB445AE61418525775900603E79/$File/Draft+Plan+to+Study+the+Potential+Impacts+of+Hydraulic+Fracturing+on+Drinking+Water+Resources-February+2011.pdf
http://democrats.energycommerce.house.gov/sites/default/files/documents/Hydraulic-Fracturing-Chemicals-2011-4-18.pdf
http://democrats.energycommerce.house.gov/sites/default/files/documents/Hydraulic-Fracturing-Chemicals-2011-4-18.pdf
http://democrats.energycommerce.house.gov/sites/default/files/documents/Hydraulic-Fracturing-Chemicals-2011-4-18.pdf
http://www.ntn.org.au/wp/wp-content/uploads/2013/04/UCgas_report-April-2013.pdf
http://www.ntn.org.au/wp/wp-content/uploads/2013/04/UCgas_report-April-2013.pdf
http://www.ntn.org.au/wp/wp-content/uploads/2013/04/UCgas_report-April-2013.pdf
http://pubs.acs.org/doi/abs/10.1021/es4011724
http://pubs.acs.org/doi/abs/10.1021/es4011724
http://belfercenter.ksg.harvard.edu/files/ETIP-DP-2010-15-final-4.pdf
http://belfercenter.ksg.harvard.edu/files/ETIP-DP-2010-15-final-4.pdf
http://concernedhealthny.org/statement-on-preliminary-findings-from-the-southwest-pennsylvania-environmental-health-project-study/
http://concernedhealthny.org/statement-on-preliminary-findings-from-the-southwest-pennsylvania-environmental-health-project-study/
http://concernedhealthny.org/statement-on-preliminary-findings-from-the-southwest-pennsylvania-environmental-health-project-study/
http://www.earthworksaction.org/library/detail/gas_patch_roulette_full_report#.UwzG187xHSe
http://www.earthworksaction.org/library/detail/gas_patch_roulette_full_report#.UwzG187xHSe
http://www.prendergastlibrary.org/wp-content/uploads/2013/03/New-Solutions-23-1-Binder.pdf
http://www.prendergastlibrary.org/wp-content/uploads/2013/03/New-Solutions-23-1-Binder.pdf
http://www.prendergastlibrary.org/wp-content/uploads/2013/03/New-Solutions-23-1-Binder.pdf
http://wri.eas.cornell.edu/MSARC Env H2O Air Group Revised 071012.pdf
http://wri.eas.cornell.edu/MSARC Env H2O Air Group Revised 071012.pdf
http://www.dec.ny.gov/energy/75370.html
http://www.dec.ny.gov/energy/75370.html
http://www.un-naturalgas.org/Rev 1 Truckloads+to+service+a+well+pad+-+DJC.pdf
http://www.un-naturalgas.org/Rev 1 Truckloads+to+service+a+well+pad+-+DJC.pdf
http://earthquakes.bgs.ac.uk/research/earthquake_hazard_shale_gas.html
http://earthquakes.bgs.ac.uk/research/earthquake_hazard_shale_gas.html
http://www.usgs.gov/blogs/features/usgs_top_story/man-made-earthquakes/
http://www.usgs.gov/blogs/features/usgs_top_story/man-made-earthquakes/
http://www.sciencemag.org/content/341/6142/164.abstract
http://www.sciencemag.org/content/341/6142/164.abstract
http://www.postcarbon.org/drill-baby-drill/
http://shalebubble.org/wall-street/
http://shalebubble.org/wall-street/
http://www.eia.gov/analysis/studies/worldshalegas/pdf/overview.pdf
http://www.eia.gov/analysis/studies/worldshalegas/pdf/overview.pdf
http://moneymorning.com/2013/08/13/the-shale-oil-boom-is-going-global-starting-with-this-huge-deal-in-argentina/
http://moneymorning.com/2013/08/13/the-shale-oil-boom-is-going-global-starting-with-this-huge-deal-in-argentina/
http://moneymorning.com/2013/08/13/the-shale-oil-boom-is-going-global-starting-with-this-huge-deal-in-argentina/
http://www.oxfordenergy.org/2013/10/tight-oil-developments-in-russia/
http://www.oxfordenergy.org/2013/10/tight-oil-developments-in-russia/
http://keeptapwatersafe.org/global-bans-on-fracking

