To Whom It May Concern,
This submission addresses some of many concerns, in relation to Shale Gas
Hydraulic Fracturing (fracking) in Western Australia. I have chosen to write the
submission mainly in quotes and links to relevant sites, as I feel there are many
people better qualified than myself to bring the dangers surrounding this issue
to light.
I also feel very strongly, that the council needs to address far more than the 4
"Terms of Reference", raised in the submission process! It seems at first reading,
that the process of fracking is a foregone conclusion, and will go ahead. The
points raised only seem to address issues in relation to the fracking process
already having been approved.
Therefore I have chosen to address these points in my submission in relation to
the consequences, if these 4 "Terms of Reference" were actually to be enacted.
Terms of Reference:
a) how hydraulic fracturing may impact on current and future uses of land;
b) the regulation of chemicals used in the hydraulic fracturing process;
c) the use of ground water in the hydraulic fracturing process and the potential
for recycling of produced water; and
d) the reclamation (rehabilitation) of land that has been hydraulically fractured.
As all the above "Terms of Reference", actually tie into one another, it is
i mportant to realize that they have to be looked at, not as individual "solvable"
challenges, but rather as, highly complex, connected and potentially
environmentally and socially destructive consequences, both for current and
future uses of the land.
The impact on land, is directly affected by the footprint of this highly
industrialized mining process, as well as by the chemicals used in the hydraulic
fracturing process.
It is also, directly affected by the huge volumes of water this process requires.
Recycling produced water is not an option, if the end product is meant to be put
back into the environment, as the best technologies currently available to us, are
incapable of returning the water to a state that is safe!
Last but not least, the reclamation of the land, once it is polluted, not only deep
under ground, but also within all layers of the soil, including the aquifers
contained within, as well waterways which lie on top, is a mute point.
I would ask the Council therefore, to read this submission as a whole, where in
all the above "Terms of Reference" are addressed from a multifaceted and broad
perspective.

I sincerely hope that the Western Australian government, and with it, the
members of the Legislative Council, act with best intention and in the interest of
the people which have entrusted them, with the duty of putting people before
profit!
I ask that each member of the Council, look deeply into their hearts, and at their
own families futures in relation to health and the ability to have what we "truly"
need to sustain us. Clean air, land and water! These things hold by far more value
than profit, as money can not be breathed, drunk, eaten or farmed on!

I would ask of the reader to please indulge the length of this submission, and
read everything contained herein. All things below are relevant, in relation to the
above "Terms of Referance".
As the technology is from the United States, the processes used in the United
States are the processes that will be used Western Australia.
Dr Anthony Ingraffea starts this submission.
In my own personal journey of finding out about "the entire process of coaxing
gas from shale using high-volume, slickwater fracking with long laterals from
clustered, multi-well pads" ( Dr Anthony Ingraffea), otherwise known as
fracking, and in this case for shale gas in shale beds in Western Australia, I have
found Dr Ingraffea to be extremely knowledgeable on this subject.
His credentials make him an ideal spokesperson, having seen and worked for
both sides of the fracking debate. There is a detailed description of Dr Ingraffea's
credentials and work history, at the end of the first quotation.
For his work on public education on shale gas issues, TIME Magazine named him
one of its "People Who Mattered" in 2011. His website is: PSEHealthyEnergy.org
I sincerely hope, what the reader finds below, will help shed light on a highly
controversial process of gas and oil extraction, which seeks to squeeze the very
last out of a dwindling fossil fuel reserve.
The real question here is one of value and where it lies. Is it in profit or in the
health and well-being of the planet which sustains us?

OVERVIEW

Dr Anthony Ingraffia, on some common myths about Fracking.
"1. Fracking is a 60-year-old, safe, well proven technology.
Yes, fracking is 60 years old. But using this shorthand obscures the truth that
what's at issue here isn't really just fracking. Its the entire process of coaxing gas
from shale using high-volume, slickwater fracking with long laterals from
clustered, multi-well pads.
Used together, they form a new process, having been introduced about five six
years ago, the jury is still very much out on its safety.
2. Fluid migration from faulty wells is rare
Fluid migration is not rare. For example, industry researchers Watson and
Bachu, in a Society of Petroleum Engineers paper in 2009, examined 352,000
Canadian wells and found sustained casing pressure and gas migration.
They found that about 12 per cent of newer wells leaked, considerably more than
older wells. Yes, the industry's own researchers found that a substantial
percentage of wells leak initially, an even higher percentage of wells leak
eventually, and now more wells are leaking than in the past; the process is
getting worse, not better.
Most recently, the U.S. Environmental Protection Agency found benzene,
methane and chemicals in water-monitoring wells in Pavilion, Wyoming, and
EPA chief Lisa Jackson admitted "It is possible that fracking in one bearing zone
may have impacted nearby areas that may contain some groundwater."
3. The use of clustered, multi-well drilling pads reduces surface impacts
Such pad sites are large and growing, up to 10 acres or more. Newer sites, in
Canada, are bigger than 50 acres, and each will leave behind clusters of
wellheads and holding tanks for decades.
Cluster drilling facilitates and prolongs intense industrialization and leaves a
larger, more concentrated, and very long-term footprint, not a smaller and
shorter one.
4. Natural gas is a "clean" fossil fuel
The newest evidence here is discouraging. NASA climate scientist Drew
Shindell's work, published in the prestigious journal, Science, shows that
methane - natural gas - is 105 times more powerful than carbon dioxide as a
global warming contributor over a 20-year time horizon, and 33 times more
powerful over a century.
Unfortunately, unconventional gas drilling techniques actually leak more
methane than conventional ones.

Leaks happen routinely during regular drilling, fracking and flowback
operations, liquid unloading, processing, and along pipelines and at storage
facilities.
The rate of leakage is anywhere from 3.6 per cent to 7.9 per cent of the lifetime
of production of a shale gas well, which means from three to 200 per cent greater
leakage rate than from conventional gas wells. When it comes to global warming
potential, production of gas from shale creates effects greater than that of coal or
oil.
Other myths
There are plenty of other myths swirling around this debate which require
analysis: local job-creation versus the reality of imported expertise from
Oklahoma and Texas; development of a home-grown resource versus selling gas
on the world markets; revitalized, vibrant local economies versus boom-andbust syndromes of strangled small business investment and profits sent to
Norway or China; natural gas as a short-term bridge fuel to renewables, versus
an impediment to developing the long-term sustainable energy future the world
so desperately needs.
Everyone from the most zealous drillers to environmentalists wish natural gas
could solve the oil-dependency problem. Military leaders, in particular, argue
that there's a strategic, national security imperative in getting off oil.
But a group of senior U.S. generals and admirals in early November
acknowledged "concern" about the potential to "pollute underground water
reserves" even as they suggested a role for natural gas in weaning the West from
oil. The group further allowed that "...to the degree this proves true...and the
industry cannot remedy the problem, this could limit the viability..." of natural
gas as an alternative fuel.
Our nations need to have an intelligent conversation about our energy needs, but
we must not allow one industry to dominate the discussion and to derail efforts
for a more diversified energy portfolio.
After scouring academia, industry will surely find highly paid voices to offer
these and other myths as fact in New Brunswick. But keep asking questions, dig
for the truth, and you'll get the whole story."
Referenceshttp://www.cbc.ca/news/canada/new-brunswick/does-the-natural-gasindustry-need-a-new-messenger-1.1002634

Here also is a link to a Youtube, of a lecture given by Dr Anthony Ingraffea,
It is extremely informative and insightful, from a man who has been
researching this topic for around 30 years. Pictures usually speak louder than
words. I could include a plethora of papers by Dr Anthony Ingraffea, but I feel
this video sums things up very clearly and concisely.
http://www.youtube.com/watch?v=cP4142N2g1U
Also another Link to an article, with a Youtube video attached, about Dr
Ingraffea's views on fracking.
http://ecowatch.com/2013/industry-insider-to-fracking-opponent/
There are many to be found on the net, one only needs to Google his name. A
brief over view as to who Dr Anthony Ingraffea is, can be found below, as well as
at this link:
http://www.cee.cornell.edu/people/profile.cfm?netid=ari1
Who is Dr Anthony Ingraffea?
Dr. Anthony Ingraffea is the Dwight C. Baum Professor of Engineering and
Weiss Presidential Teaching Fellow at Cornell University where he has been
since 1977.
He holds a B.S. in Aerospace Engineering from the University of Notre Dame, an
M.S. in Civil Engineering from Polytechnic Institute of New York, and a Ph.D. in
Civil Engineering from the University of Colorado.
Dr. Ingraffea's research concentrates on computer simulation and physical
testing of complex fracturing processes. He and his students performed
pioneering research in the use of interactive computer graphics and realistic
representational methods in computational fracture mechanics. He has
authored with his students and research associates over 250 papers in these
areas, and is Director of the Cornell Fracture Group (www.cfg.cornell.edu).
Since 1977, Dr. Ingraffea's research has been supported by grants from both
government agencies and private companies, with core grant research support
primarily being from the federal government (National Science Foundation;
National Aeronautics and Space Administration (NASA); U.S. Air Force Office of
Scientific Research; U.S. Army Engineer Waterways Experiment Station; U.S.
Department of Transportation; Sandia National Laboratories;) and from private
industry (Schlumberger, Gas Research Institute, IBM; Caterpillar Tractor).
Professor Ingraffea was a member of the first group of Presidential Young
Investigators named by the National Science Foundation in 1984. For his
research achievements in hydraulic fracturing he has won the International
Association for Computer Methods and Advances in Geomechanics "1994
Significant Paper Award", and he has twice won the National Research
Council/U.S. National Committee for Rock Mechanics Award for

Research in Rock Mechanics (1978, 1991). He became a Fellow of the American
Society of Civil Engineers in 1991, and named the Dwight C. Baum Professor of
Engineering at Cornell in 1992.
His group won a NASA Group Achievement Award in 1996, and a NASA Aviation
Safety /Turning Goals into Reality Award in 1999 for its work on the aging
aircraft problem. He became Co-Editor-in-Chief of Engineering Fracture
Mechanics in2005. In 2006, he won American Society for Testing and Materials'
George Irwin Award for outstanding research in fracture mechanics, and in 2009
was named a Fellow of the International Congress on Fracture.
References http://clearingthefogradio.org/dr-tony-ingraffea-and-sandrasteingraber-bust-the-myths-around-fracking/

http://blog.ucsusa.org/wp-content/uploads/2013/05/fracking-in-Wyoming.jpg

The surface footprint of the "process of coaxing gas from shale using highvolume, slickwater fracking with long laterals from clustered, multi-well pads"
(Dr Anthony Ingraffea)

HEALTH AND FRACKING

Below is an article citing issues in relation to public health in the US in relation to
shale gas, from:
http://www.hindawi.com/isrn/public.health/2013/408658/
Since this enquiry aims to look at the issues surrounding Shale Gas, one must
address the health issues surrounding this practice of extraction. Since the US
has had the longest exposure to this industry, it sets the precedents for what is to
come if we let this industry proceed in WA.
It is lengthy, but makes some very relevant points, points which we need to
consider as this industry will leave a long legacy! All references can be found via
the link above.
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Abstract
High-volume horizontal hydraulic fracturing of shale formations has the
potential to make natural gas a significant, economical energy source, but the
potential for harm to human health is often dismissed by proponents of this
method. While adverse health outcomes of medical conditions with long latency
periods will not be evident for years and will depend on the exposure, duration
of exposure, dose, and other factors, we argue that it would be prudent to begin
to track and monitor trends in the incidence and prevalence of diseases that
already have been shown to be influenced by environmental agents. The dirty
downside of modern, unconventional natural gas development, as well as the
potential for harm, is discussed.

1. Introduction
A modern form of natural gas development has become a global "game changer"
in the quest for energy. Natural gas, abundant around the world, has a clean
reputation compared to other fossil fuels since it burns less carbon when used. It
is easy to transport, reasonably economical, and requires comparatively quick
construction timelines and low capital costs.
Traditionally, natural gas was extracted using a method that bores a vertical well
in single gas reservoirs close to the surface (conventional natural gas drilling).
However, drilling for natural gas in shale rock was not particularly economical,
primarily because shale typically has insufficient permeability to allow
significant fluid flow to a well bore. With technological advances and
unconventional methods (i.e., horizontal hydraulic fracturing), gas extraction
from tight formations (e.g., shale) is now feasible.
This type of unconventional natural gas development relies on clustered, multiwell pads and long, horizontal laterals. Wells are drilled vertically (often
thousands of feet) and horizontally in multiple directions. The method entails
injecting large volumes of fluid consisting of chemicals, water, and sand into the
well to fracture the shale rock that releases the natural gas. The internal
pressure of the rock formation also causes a portion of the injected fracking
fluids to return to the surface (flowback fluids); these fluids are often stored in a
tank or pit before being pumped into trucks for transport to a disposal site.
Flowback has been shown to contain a variety of formation materials, including
brines, heavy metals, radionuclides, and organics, which can make wastewater
treatment difficult and expensive [1].
Further, other studies found that 20% to 85% of fracturing fluids may remain in
the formation, which means the fluids could continue to be a source of
groundwater contamination for years to come [2]. By 2009, there were more
than 493,000 active natural gas wells across 31 states, almost double the number
in 1990, of which approximately 90 percent have used hydraulic fracturing to
extract gas [3].
Whereas shale gas has the potential to become a significant, economical energy
source, the potential for harm and the potential of giving a false sense of energy
security are often dismissed by its proponents. The process is potentially
polluting and damaging not only to human and animal health but also to the
environment, as a result of clearing of land for well pads, drilling the wells,
extracting the gas, storing the byproducts of the extraction, transporting the gas
by diesel trucks, and the final capping of the well. The potential for harm to
children is especially worrisome. This paper focuses on a literature review of
unconventional natural gas development and its potential impact on human
health.
2. Discussion
Canaries in coal mines were used as an early-warning signal for toxic gases,
primarily carbon monoxide. The birds, being more sensitive, would become sick
before the miners thus providing advanced warning of a danger. Animals and

children also can be viewed as sentinel species. A 1993 report, now viewed as a
watershed moment for health and environmental policy, documented that
children are more vulnerable and sensitive than adults to chemicals in the
environment [4]. Early development (in utero and during the first few years after
birth) is particularly sensitive to disruption by exposures to chemicals in the
environment and to imbalanced nutrion, with potentially adverse consequences
for health later in life [5].
A child's ability to metabolize toxic chemicals is different from an adult's.
Children receive proportionately larger doses of chemical toxicants than adults,
and these exposures occur at a time in the life cycle when organs and tissues are
rapidly growing and developing.
Endocrine disrupting chemicals (EDCs) present a particularly concerning hazard
during human growth and development. EDCs can affect the reproductive
system and often effect epigenetic mechanisms leading to pathology decades
after exposure. Given the potential for harm, it would be a prudent course of
action that chemicals used in the hydraulic fracturing process be evaluated for
their EDC potential and screening assays be developed to test flowback fluids.
Landrigan et al. [6], looking at children's vulnerability to toxic chemicals, found
strong evidence that toxic chemicals are important causes of disease in children.
For example, benzene, being toxic to all humans, has been shown to contribute a
disproportionate risk of leukemia to young children [7]. Neural tube defects,
spina bifida being the most common [8], and decreased fetal growth [9] also
have been shown to occur disproportionately higher in children exposed to toxic
chemicals, including benzene. Further, because of the long latency period of
some diseases, toxic exposures in childhood are more likely to result in disease
in adulthood compared to exposure in adulthood [10].
Trasande and Liu [11], building on Landrigan et al.'s analysis of the costs of
environmental pollutants and disease [12], estimated that costs of
environmentally mediated diseases in American children totaled $76.6 billion (in
2008 dollars) and called for federal policy action to limit children's exposure to
known chemical hazards, including exposures to toxic chemicals.
Given the staggering human and economic costs of environmentally mediated
diseases, a wise course of action would be to empirically document trends in
specific diseases among children living in close proximity to unconventional
natural gas operations compared to those living in areas where drilling is not
occurring.
We acknowledge that adverse health outcomes of medical conditions with long
latency periods will not be evident for years and will depend on the exposure,
duration of exposure, dose, and other factors. A higher incidence of asthma,
cancer, heart disease, and the effects of endocrine disruption on developing
fetuses and children, due to contaminant exposure, only become evident over
ti me. However, baseline measurements should be recorded and updated over
ti me. As of this writing, the extent of health risks associated with unconventional
natural gas operations among children is unknown.

In an effort to assess the impact of hydraulic fracturing on children's health, we
are advocating that local and state governments work together to establish a
system to track the incidence and prevalence of diseases that have been shown
in the literature to be causally related or exacerbated by exposure to
environmental agents. In Pennsylvania, for example, there has been active, ongoing unconventional natural gas development since the late 2000s. There are
currently 6,773 horizontal wells drilled or under development and over 9,600
drilling permits have been issued [13]. As of May 2011, 320 daycare facilities, 67
schools, and 9 hospitals were located within two miles of natural gas wells [14].
What effect will this activity have on the development of disease among children
living in counties with active drilling as compared to children living in counties
with little or no drilling activity? Trends in childhood cancers, especially acute
lymphoblastic leukemia, birth outcomes including birth defects, premature and
low birth weight births, neurodevelopment disorders, and, respiratory disease,
especially asthma, should be monitored.
The limited information available on the chemicals that are used in the drilling
hampers efforts to empirically assess the potential for harm. Oil and gas
companies are legally permitted to withhold information on their proprietary
mixtures, and the federal government has granted oil and gas companies
exemption from many environmental law restrictions such as the Clean Water
Act, Clean Air Act, Safe Drinking Water Act, Resource Conservation and Recovery
Act, Toxic Release Inventory under Emergency Planning and Community Rightto-Know Act, and the National Environmental Policy Act. By default, states have
the responsibility for enacting regulations; however, many states have weak or
no regulations. As of February 2012, only four of 31 states have significant
drilling rules; of these, 5 adopted disclosure rules, although they still allow for
"proprietary trade secrets" [15].
3. Harm to Health
The production process creates a huge pressure cooker of organics and
inorganics, and even if every single compound pumped into the well is harmless
by itself (which is not the case), the pressure would create hundreds if not
thousands of different compounds that are highly toxic. Of the few studies that
have looked at the chemical cocktails used in the process, findings have
identified chemicals that are known to cause cancers, mutations, and diseases of
the nervous, immune, and endocrine systems, the kidney, gastrointestinal tract
and liver, heart, and skin [16]. Colburn identified almost 1,000 chemical products
and nearly 650 individual chemicals used in natural gas operations, many of
which have the potential to cause adverse health effects as well as to potentially
cause deleterious effects on the environment [17]. Specifically, the researchers
documented that the hydraulic fracturing process releases toxic and cancercausing chemicals such as benzene, toluene, xylene (BTEX), and methylene
chloride among other health-hazardous air pollutants. These health-hazardous
pollutants are released from a number of sources including blowouts, flaring,
condensate tanks, construction activity, engines, and venting. Methane, a
powerful greenhouse gas, also is emitted throughout the oil and gas
development process. Methane interacts with sunlight to produce tropospheric

ozone, which is a strong respiratory irritant associated with increased
respiratory morbidity and mortality [18].
Witter et al. were one of the first to present a detailed assessment of health
trends in Garfield County, CO, that documented the negative impact of drilling on
air, soil, water, and human health [19]. Building on those findings, McKenzie et al.
estimated health risks for exposures to air emissions from a natural gas
development project also in Garfield County and found that residents living less
than one-half mile away from wells were at greater risk for ill health effects than
those living farther away [20]. Although these studies focused on Garfield
County, CO, the researchers maintain that the exposure pathways and related
health risks would be similar wherever oil and gas development is occurring.
4. Water Contamination
Whereas the conventional method of natural gas production utilizes about
20,000 to 80,000 gallons of fluid, the unconventional method utilizes up to 5
million gallons of fluid per hydraulic fracturing event, which includes not only
water and sand, but also numerous toxic chemicals. The potential for
contamination of aquifers by the residual fracking fluids that remain
underground must be considered. The likelihood of spills throughout the entire
lifecycle of development also must be taken into account. Blowouts
(uncontrolled release of natural gas from a gas well after pressure control
systems have failed) allow gas and/or highly contaminated produced waters to
flow to the surface; hoses come undone, gaskets fail, pits or tanks that hold the
fracking fluids leak raising the serious risk of ground and water contamination.
Even small quantities of the toxic fracking fluids can contaminate shallow
aquifers with hydrocarbons, toxic chemicals, heavy metals, and radioactive
materials.
Further, improper wastewater disposal, specifically the handling of fracking
fluids including flowback wastewater (a byproduct of the process), can lead to
contamination of ground and water [21]. The flowback can be taken to sewage
plants, but it is widely acknowledged that sewage plants are not equipped to
handle the contaminants. There have been reports of untreated wastewater
being dumped into rivers and streams and sprayed on rural roads and forests
[22].
The New York Times, in its analysis of more than 30,000 pages of federal, state,
and company records relating to more than 200 gas wells, found that radioactive
wastewater from the process has been discharged into rivers that supply
drinking water to millions of people in Pennsylvania and Maryland. At least 12
sewage treatment plants in three states have discharged waste that was only
partly treated into rivers, lakes, and streams [23]. There have been wellpublicized instances of water contamination in Pavillion, WY, and Dimock, PA
[24, 25], and gas has seeped into underground drinking water supplies in five
states (Colorado, Ohio, Pennsylvania, Texas, and West Virginia). Further, a study
conducted in Northeastern Pennsylvania found that water wells near a fracking
site were 17 times more likely to exhibit methane contamination than wells not
near drilling sites [26].
5. Air and Soil Contamination
Unconventional natural gas development causes air pollution from multiple
sources. Many particulates and chemicals are released into the atmosphere,
including sulfuric oxide, nitrogen oxides, volatile organic compounds (VOCs),

benzene, toluene, diesel fuel, hydrogen sulfide, and radon gas, all of which can
have serious health implications. Further, the venting or flaring of wells during
drilling and production contributes to local air pollution.
The drilling sludge, which is brought to the surface during the drilling process,
contains fracking fluid, drilling mud, and radioactive material from the
subsurface land formation, hydrocarbons, metals, and volatile organic
compounds. Sludge, often left to dry on the surface in waste pits, may be
removed to waste disposal sites (but not always to hazardous waste sites) or
may be tilled into the soil in "land farms." These practices raise the risk of
contaminating soil, air, and surface water, as a result of the fine dust becoming
airborne thus affecting local air quality and raising the risk of respiratory
disease. Based on concerns about the exposure to dust containing silica sand, the
US Occupational Safety and Health Administration, along with the National
Institute of Occupations Safety and Health (NIOSH), released a joint hazard alert
on fracking silica in June, 2013 [27].
Unconventional natural gas development requires many diesel trucks for the
transportation of the products used in drilling as well as the removal of flowback
fluid. Diesel emissions contain nitrogen oxides and volatile organic compounds,
which can react to sunlight to produce ozone, a strong respiratory irritant
associated with increased respiratory morbidity and mortality [28].
6. Conclusion
The health impacts related to unconventional natural gas development may not
be evident for years, as medical conditions with long latency periods will present
over time. While the potential long-term, cumulative effects will not be known
for years, we argue that it would be prudent to begin to track and monitor trends
in the incidence and prevalence of diseases that already have been shown to be
influenced by environmental agents. Meanwhile, the natural gas industry needs
to address the risks to human and animal health and take steps to limit,
preferably to eliminate, the exposure pathways. We need far greater
transparency and full chemical disclosure. There needs to be an end to
discharging effluent into rivers, streams, and groundwater. There needs to be
much more attention paid to curtailing or preferably eliminating spills and leaks
of radioactive wastewater. There needs to be an end to the disposal of
radioactive sludge from drilling sites in landfills. There needs to be a safer way to
develop this resource to limit the exposure to silica, which can cause silicosis,
chronic obstructive pulmonary disease, and lung cancer. Banning the practice of
burning off the initial flow of natural gas (flaring) needs to be mandated sooner
than 2015, the date when EPA ruling goes into effect. And, perhaps most
i mportantly, there needs to be a well-designed epidemiologic study conducted to
empirically assess health status among those living proximate to active
development compared to those living in areas where development is not
occurring.

Below are some more articles, and links to articles in relation to the dangers of
Shale Gas Fracking.

Risk Analysis: An International Journal
28 December 2011 (ePub; printed August 2012)
Rozell DJ, Reaven SJ.

In recent years, shale gas formations have become economically viable through
the use of horizontal drilling and hydraulic fracturing. These techniques carry
potential environmental risk due to their high water use and substantial risk for
water pollution. Using probability bounds analysis, we assessed the likelihood of
water contamination from natural gas extraction in the Marcellus Shale.
Probability bounds analysis is well suited when data are sparse and parameters
highly uncertain. The study model identified five pathways of water
contamination: transportation spills, well casing leaks, leaks through fractured
rock, drilling site discharge, and wastewater disposal. Probability boxes were
generated for each pathway. The potential contamination risk and epistemic
uncertainty associated with hydraulic fracturing wastewater disposal was
several orders of magnitude larger than the other pathways. Even in a best-case
scenario, it was very likely that an individual well would release at least 200 m3
of contaminated fluids. Because the total number of wells in the Marcellus Shale
region could range into the tens of thousands, this substantial potential risk
suggested that additional steps be taken to reduce the potential for
contaminated fluid leaks. To reduce the considerable epistemic uncertainty,
more data should be collected on the ability of industrial and municipal
wastewater treatment facilities to remove contaminants from used hydraulic
fracturing fluid. - See more at:

http://psehealthyenergy.orgisite/view/1092#sthash.lwJkuiyf.dpuf
http://psehealthyenergy.org/site/view/1092

Natural Gas Operations from a Public Health Perspective
D01:10.1080/10807039.2011.605662

Theo Colborn a , Carol Kwiatkowski', Kim Schultz' & Mary Bachrana
pages
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Publishing models and article dates explained:

http://www.tandfonline.com/page/models-and-dates-explained
Received: 8 Jun 2010
The technology to recover natural gas depends on undisclosed types and

amounts of toxic chemicals. A list of 944 products containing 632 chemicals used
during natural gas operations was compiled. Literature searches were conducted
to determine potential health effects of the 353 chemicals identified by Chemical
Abstract Service (CAS) numbers. More than 75% of the chemicals could affect the
skin, eyes, and other sensory organs, and the respiratory and gastrointestinal
systems. Approximately 40-50% could affect the brain/nervous system, immune
and cardiovascular systems, and the kidneys; 37% could affect the endocrine
system; and 25% could cause cancer and mutations. These results indicate that
many chemicals used during the fracturing and drilling stages of gas operations
may have long-term health effects that are not immediately expressed. In
addition, an example was provided of waste evaporation pit residuals that
contained numerous chemicals on the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) and Emergency Planning and
Community Right-to-Know Act (EPCRA) lists of hazardous substances. The
discussion highlights the difficulty of developing effective water quality
monitoring programs. To protect public health we recommend full disclosure of
the contents of all products, extensive air and water monitoring, coordinated
environmental/human health studies, and regulation of fracturing under the U.S.
Safe Drinking Water Act.
www.endocrinedisruption.com/chemicals.journalarticle.php

Water Usage, Radiation and Salt
Drilling and fracturing a typical horizontal shale gas well requires roughly 10
Mill to 30 Mill liters of water (10,000 to 30,000 m3). How much is that? 20,000
m3 of water is equivalent to 8 x the volume of an Olympic-size swimming pool
(25 x 50 x 2 m). The amount of water needed depends on the length of the well,
the number of fracturing operations per well and the properties of the target
rock formation. While some amount of water is needed for drilling operations,
the majority of water in shale gas production is used during the process of
hydraulic fracturing.
http://belfercenter.ksg.harvard.edu/files/ETIP-DP-2010-15-final-4.pdf
Considering that we potentially have the 5 th largest shale gas reserve on the
planet, and Australia is the driest inhabited continent on the planet, with
industry using more water, than agriculture, this is a very unsustainable industry
to allow into Western Australia.
It has been estimated that the Canning Basin (58% of shale gas reserve in
Australia) alone, has the potential for around 100 000 wells, at the above
volumes, we are looking at around 3e+12 (that's 3 with twelve zeros) liters of
water. This water once used, now containing a cocktail of dangerous chemicals
and radioactive materials can not be cleaned and returned to the environment.
"Due to the maturity of shale rock, along with its high organic content, shale can
also contain very high levels of radioactive Radium 226. Once removed from its

source rock deep in the earth and exposed to water and air, radium starts to
decay rapidly and has a half-life of 1600 years. The decay product of radium is
radon gas. Radium is over 1 million times more radioactive than
the same mass of uranium."
http://oldsite.wilderness.org.au/files/briefing-paper-january-2012-what-thefrack-the-threat-of-fracking-and-onshore-unconventional-gas-in-wa
Another important, and often not talked about issues, is the huge quantities of
salt produced from fracking. Australia already has a very prevalent salinity
problem, there is no need to add to this. The industry itself in QLD, has admitted
it doesn't know what to do with the vast amounts of salt.
It was predicted that for one Queensland CSG project, 500,000 tonnes of salt to
be brought to the surface over the 20 year life of the project. This is one project,
and Coal Seam Gas (CSG), Shale Seam Gas, requires more far more water,
therefore brings up even greater quantities of salt!

FUGITIVE EMISSIONS

"Unconventional gas/ methane is not a cleaner fossil fuel, and can threat to airquality in shale gas extraction regions, as well as 'NASA climate scientist Drew
Shindell's work, published in the prestigious journal, Science, shows that
methane - natural gas - is 105 times more powerful than carbon dioxide as a
global warming contributor over a 20-year time horizon, and 33 times more
powerful over a century.
Unfortunately, unconventional gas drilling techniques actually leak more
methane than conventional ones.
Leaks happen routinely during regular drilling, fracking and flowback
operations, liquid unloading, processing, and along pipelines and at storage
facilities.
The rate of leakage is anywhere from 3.6 per cent to 7.9 per cent of the lifetime
of production of a shale gas well, which means from three to 200 per cent greater
leakage rate than from conventional gas wells. When it comes to global warming
potential, production of gas from shale creates effects greater than that of coal or
oil." Anthony Ingraffia

(http://wvvw.cbc.ca/news/canada/new-brunswick/does-the-natural-gasindustry-need-a-new-messenger-1.1002634)
Although this article refers to coal seam gas, the fugitive emissions are the same
and travel along similar pathways.
http://www.scu.edu.au/coastal-biogeochemistry/index.php/70

WELL CASE FAILURE

Since all fracking depends on cement to ensure well integrity, and isolation from
aquifers, which often lie above shale seams, cement needs to be perfect, to
ensure a perfect seal. It also needs to last for a very long time, even after the well
has ceased production. Both of these are highly improbable, as cement is a manmade product, and nothing lasts forever.
Irrespective of how many layers of steel casing, surrounded by cement there are,
the final casing layer will always be surrounded by cement!
As well as aquifer contamination, through well case failing, methane can
ultimately also find its way all the way into the open air, creating fugitive
emissions.
Well case failure, is also responsible for fracking fluid migration when fracking,
and when produced water is stored in disused wells.
Below are some links to articles, which discuss this very important and often
overlooked issue!
"Since the earliest gas wells, uncontrolled migration of hydrocarbons to the surface
has challenged the oil and gas industry...many of today's wells are at risk. Failure to
isolate sources of hydrocarbon either early in the well-construction process or long
after production begins has resulted in abnormally pressurized casing strings and
leaks of gas into zones that would otherwise not be gas bearing".
www.damascuscitizensforsustainability.org/wpcontent/uploads/2012/11/PSECementFailureCausesRateAnalysisIngraffea.pdf
http://this-small-planet.com/2013/major-failure-a-graphic-example-of-therisks-of-modern-well-completion-technologies/
http://protectingourwaters.wordpress.com/2012/05/02/new-study-frackfluids-can-migrate-to-aquifers-within-years/
http://www2.epa.gov/sites/production/files/documents/ingraffea.pdf

1,609 wells drilled in 2010.
97 well failures.
6% rate of failure.
1,972 wells drilled in 2011.
140 well failures.
7.1% rate of failure.
1,346 wells drilled in 2012
120 well failures.
8.9% rate of failure.
Consistent with previous industry
data, and not improving.
The above table is a count from:
http://www2.epa.gov/sites/production/files/documents/ingraffea.pdf
It again is from US wells, but as mentioned before, the same technology will be
used here in WA. Also as much as we may pride ourselves in having quality
cement, it still will NOT be perfect, nor last FOREVER! Ergo, we have a scenario
for well case failure, ground water contamination, soil contamination and
fugitive emissions.
On this point alone, fracking is not a safe, nor sustainable practice, and should
not be allowed, especially in pristine wilderness areas, like the Kimberley!
Once an Aquifer is polluted, it can not be fixed by us, and takes an extremely long
ti me to return to what it once was!!

Potential Gas Migration Paths along a Well
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EARTHQUAKES AND FRACKING

Below is a short article in relation to earthquakes triggered by fracking, again
this is in the US, where are a significant number of wells down to make the
effects of fracking on increased seismic activity very apparent.
Considering we are said to have the world's 5 largest shale gas reserve in
Australia, with the largest part being in the Kimberly's Canning Basin, the
possibility of earthquake activity, even if low, needs to be considered. Even micro
quakes can contribute to well case failings, as concrete is very hard and cracks
with enough earth disturbance.
th

Injection-Induced Earthquakes
William L. Ellsworth
Author Affiliations: 99999999777778Earthquake Science Center, U.S. Geological
Survey, Menlo Park, CA 94025, USA.
Human-induced earthquakes have become an important topic of political and
scientific discussion, owing to the concern that these events may be responsible
for widespread damage and an overall increase in seismicity. It has long been
known that impoundment of reservoirs, surface and underground mining,
withdrawal of fluids and gas from the subsurface, and injection of fluids into
underground formations are capable of inducing earthquakes. In particular,
earthquakes caused by injection have become a focal point, as new drilling and
well-completion technologies enable the extraction of oil and gas from
previously unproductive formations.

0
(N

g

§

CT
§
co

uJ

8

1970

1980

1990

2000

2010

Year

Earthquakes with magnitude (M) 3 in the U.S. midcontinent, 19672012. \

After decades of a steady earthquake rate (average of 21 events/year), activity
increased starting in 2001 and peaked at 188 earthquakes in 2011. Humaninduced earthquakes are suspected to be partially responsible for the increase.
Advances
Microearthquakes (that is, those with magnitudes below 2) are routinely
produced as part of the hydraulic fracturing (or "fracking") process used to
stimulate the production of oil, but the process as currently practiced appears to
pose a low risk of inducing destructive earthquakes. More than 100,000 wells
have been subjected to fracking in recent years, and the largest induced
earthquake was magnitude 3.6, which is too small to pose a serious risk. Yet,
wastewater disposal by injection into deep wells poses a higher risk, because
this practice can induce larger earthquakes. For example, several of the largest
earthquakes in the U.S. midcontinent in 2011 and 2012 may have been triggered
by nearby disposal wells. The largest of these was a magnitude 5.6 event in
central Oklahoma that destroyed 14 homes and injured two people. The
mechanism responsible for inducing these events appears to be the wellunderstood process of weakening a preexisting fault by elevating the fluid
pressure. However, only a small fraction of the more than 30,000 wastewater
disposal wells appears to be problematic—typically those that dispose of very
large volumes of water and/or communicate pressure perturbations directly
into basement faults.
Outlook
Injection-induced earthquakes, such as those that struck in 2011, clearly
contribute to the seismic hazard. Quantifying their contribution presents difficult
challenges that will require new research into the physics of induced
earthquakes and the potential for inducing large-magnitude events. The
petroleum industry needs clear requirements for operation, regulators must
have a solid scientific basis for those requirements, and the public needs
assurance that the regulations are sufficient and are being followed. The current
regulatory frameworks for wastewater disposal wells were designed to protect
potable water sources from contamination and do not address seismic safety.
One consequence is that both the quantity and timeliness of information on
injection volumes and pressures reported to regulatory agencies are far from
ideal for managing earthquake risk from injection activities. In addition, seismic
monitoring capabilities in many of the areas in which wastewater injection
activities have increased are not capable of detecting small earthquake activity
that may presage larger seismic events.

Read the Full Text;
http://www.sciencemag.org/content/341/6142/1225942.full
The editors suggest the following Related Resources on Science sites:
REPORT NAnthropogenic Seismicity Rates and Operational Parameters at the
Salton Sea Geothermal Field N Emily E. Brodsky and Lia J. Lajoie Science 2 August
2013: 543-546.Published online 11 July 2013 N

Abstract Full Text Full Text (PDF):
http://www.sciencemag.orecontent/341/6145/543.fu11.pdf

In Science Magazine
NEWS & ANALYSIS N SEISMOLOGY: Some Earthquakes Warn That They Are
About to Strike, Richard A. Kerr Science 12 July 2013: 117-118.N
Summary Full Text Full Text (PDF):
http://www.sciencemag.org/content/341/6142/117.summary

REPORT: N Enhanced Remote Earthquake Triggering at Fluid Injection Sites in
the Midwestern United States N Nicholas J. van der Elst, Heather M. Savage, Katie
M. Keranen, and Geoffrey A. Abers Science 12 July 2013: 164-167.
Abstract Full Text Full Text (PDF) Supplementary Materials:
http://www.sciencemag.orgicontent/341/6142/164.abstract

PODCASTS NIScience Podcast: 12 July Show N Science 12 July 2013: 199.
http://www.sciencemag.org/content/341/6142/199.2.summary

Closer to home, from The Wilderness Society and The Conservation Council
of Western Australia
This Briefing Paper again addresses many of the concerns surrounding fracking,
and serves to tie together some of the issues raised above.
The link to the full page with references can be found here:
http://oldsite.wilderness.org.au/files/briefing-paper-january-2012-what-thefrack-the-threat-of-fracking-and-onshore-unconventional-gas-in-wa

What the Frack?
The threat of fracking and onshore unconventional gas in WA
Briefing Paper - January 2012
Shale Gas
Shale gas is methane trapped within shale rock formations. The gas is absorbed
into the organic material in the shale rock. Shale formations which hold
commercial quantities of gas usually have a high organic content (0.5 - 25%).
Shale rock formations in Western Australia usually occur at depths of 1500 4000m.
Shale rock has very low permeability, so in order to extract the gas, the shale
formation also requires horizontal drilling into the shale and fracking to create a
viable rate of gas flow. All shale gas wells require fracking.
Tight Gas
Tight gas refers to methane gas trapped between the fine grains of 'tight' sand
formations (sandstones). As with shale gas, gas absorbed and trapped within
tight sand formations requires fracking to increase the permeability of the
formation and release the gas to allow it to flow into the wellbore at a viable rate.
Some tight gas wells flow quite a lot of gas for a short period of time when first
drilled, but all tight gas wells will require fracking to release gas at a sustained
and viable rate.
WHAT IS HYDRAULIC FRACTURING?
WHAT ARE THE ENVIRONMENTAL CONCERNS?
Hydraulic fracturing - 'fracking', 'fraccing'. 'hydrofracking' or 'hydraulic
stimulation' - is the process used to create fractures and fissures in source rock
formations that hold unconventional gas such as coal seams, shale and
sandstone. In most cases, a well is drilled vertically down to the target formation,
then horizontally through the formation. Small explosive charges are then set off
at intervals along the horizontal section to make a series of small cracks in the
target formation. Multiple horizontal wells can be drilled from the main vertical
section of the gas well. Multiple layers of shale and tight formations can be
drilled into and fracked from the main well.

A typical single shale/tight gas frack in WA requires a mixture of approximately
5 million litres of water and approximately 25,000 litres of chemicals
(conservative estimate based on chemical additives of 0.5%; most 'slick-water
frack fluid' mixes consist of 0.5% to 2% chemical additive) to be pumped at
extremely high pressure (15,000psi) into the well to fracture the formation
through the cracks generated by the explosive charges. The fractures in the rock
are then kept open with a 'proppant' (grains of sand or ceramic beads) that are
introduced to the fracturing fluid.
On average, a shale gas well requires up to 15 fracks (3 lateral wells drilled
horizontally from the main vertical well, with 5 frack stages per lateral) in order
to produce gas at a viable rate of sustained production. Some wells in the US are
undergoing much larger fracking operations as the industry grows. The largest
fracking operation to date (in the US) consisted of 274 fracks over a 111 day
period requiring an unknown, but huge, volume of chemicals.
Hundreds, or possibly thousands, of wells are needed to develop an
unconventional gas field - as seen in the USA. Onshore unconventional gas
developments turn wilderness areas and prime farmland into full-blown
industrial wastelands.
Underground Water and Fracking
To drill and fracture a well is an extremely water intensive process. The
Department of Mines and Petroleum WA (DMP) recently revealed that a single
frack in WA will use, on average, 5 million litres of water. A further 4 million
litres of water is used to drill the well. All up, an average shale or tight gas well
will use approximately 30million litres of water (as a well can be fracked several
ti mes). This applies unnecessary stress on the dwindling groundwater resources
that WA's natural environment, agriculture and communities rely on.
Fracking operations currently being undertaken in the Perth Basin - without
EPA assessment - are all directly below the Yarragadee and Parmelia aquifers,
putting South West WA's most valuable water resources at risk.
The DMP has assured the public that there is no risk to our aquifers from
hydraulic fracturing of shale or tight formations as the formations in WA are of
"great depth". However, WA's shale and tight formations are the same depth as
those in the US that are causing major problems. Studies showing evidence of
groundwater gasification due to exploration and development of shale and tight
formations in the US are based on formations that occur at similar depths to
formations in WA.
Chemicals commonly associated with fracking include hydrochloric acid,
benzene, toluene, xylene, formaldehyde, aldehyde, polyacrylamides and
chromates. Of 23 commonly used fracking chemicals used in Australia, only TWO
have been assessed for safety by the Australian National Industrial Chemicals
Notification and Assessment Scheme (NICNAS).

Many of the commonly used chemicals associated with fracking are known
carcinogens. Recently, benzene, toluene and xylene have been banned for use in
fracking in some parts of Australia. These three chemicals are, however,
naturally present in coal seams and shale and are released when fracking of any
hydrocarbon bearing formation occurs. Simply banning the use of these
chemicals in fracking does nothing to control their release into the environment.
Many other chemicals are used in fracking but the companies are not required to
disclose exactly which chemicals or in what concentrations.
Radioactive material - in the form of Radium 226- is also present in shale and
coal seams. Fracking wastewater in the US has been found to have up to 32,000
ti mes more radionuclides than drinking water standards allow. Fracking can
release these chemicals and radioactive material into the environment including
groundwater drinking supplies.
The three most common ways in which contaminated frack fluids and/or gases
can make their way into our groundwater are:
• Migration of fluids/gases through small existing underground fault systems
• Migration of fluids and gases along the outside of the gas well casings
• Leaching of surface wastewater ponds into shallow aquifers
Before any wells are drilled companies conduct 3D seismic surveys of the
underground geology to find the layers of gas bearing formations and find the
best places to conduct drilling and fracking. 3D seismic surveys are also used to
find geological fault systems. Companies try to avoid fracking too close to fault
systems. However, the very best 3D seismic survey data cannot find all faults, in
fact, about 20% of all minor fault systems are not detected by seismic survey.
Internal government documents recently obtained by The Wilderness Society
WA include an assessment of aquifer connectivity surrounding a proposed
fracking operation 250km north of Perth. The internal assessment states that,
"the hydraulic properties along the faults in the area are difficult to assess as
specific investigations have not yet been undertaken however, where permeable
strata are juxtaposed across a fault there could be groundwater flow between
aquifers."
The proposed fracking operation, which is in the middle of a gazetted nature
reserve, is 'estimated' to extend to within 150m of a major fault - the Peron
Fault. The EPA chose not to assess this proposal.
To produce all recoverable gas from an unconventional gas field, hundreds, or
maybe even thousands of wells need to be drilled. The more wells that are drilled
in an area the greater the likelihood of a well intersecting an undetected fault
system.

For companies to continue economically viable operations, they need to continue
drilling hundreds of wells, as wells only flow at viable rates for 5-10 years, with
peak flow occurring in the first 1-3 years.
The risk of gas and fluid migrating along the outside of well casings also
increases as multiple fracking operations can intersect existing fracked wells. In
the Barnett shale region in the US, 7,931 wells were drilled from 2000 to 2008.
This "fracking frenzy" is indicative of the way unconventional gas fields are
developed. The DMP has promoted a US style 'fracking frenzy for Western
Australia.11
It is also common for gas companies to dispose of huge volumes of wastewater
by injecting it deep underground at high pressures. This practice could result in
migration of wastewater through fault systems. Casings that are designed to
protect groundwater from contamination are likely to, and in fact do, corrode
over time. A senior officer of DMP recently told a stakeholder reference group
meeting held at the EPA offices in Perth that we need not worry about the
likelihood of failure of abandoned gas wells due to casing corrosion because
"well casings do not corrode, they are good for a lifetime - up to 100 years".
This is an entirely rhetorical statement. In fact, casing corrosion is a common
problem in the petroleum industry. For example, a conventional oil well - Hovea
8 - in the northern Perth basin, operated by Origin Energy, had to be 'shut in'
earlier this year due to casing corrosion during production. This well had only
been in operation for 8 years and was not subject to the high pressures of
fracking or high volumes of unknown chemicals used in the fracking process.
In WA, nobody is held responsible for failure of abandoned wells. Future
generations will be left with this legacy.
Surface water contamination and fracking
Fracking operations in WA are currently been undertaken - without EPA
assessment - on prime farmland and within the water catchments of
internationally and nationally significant wetlands, major river systems and
Kimberley floodplains. All WA fracking operations are within the state's declared
'Water Resource Areas'.
Huge volumes of chemicals, fuel, and wastes need to be kept on-site during
drilling and fracking operations. Spills of up to 500L do not need to be reported
under Western Australian legislation.
Drilling waste in WA does not need to be stored in plastic lined ponds, instead it
is usually kept in earthen 'evaporation ponds.'
Conventional oil and gas exploration drilling uses fine bentonite clay as a drilling
lubricant. However, shale/tight gas exploration drilling requires the use of
synthetic chemical drilling fluid additives as clays 'damage' the shale/tight
formation and inhibit gas flows.

Drilling additives being used in WA right now are proven to cause eye, skin and
respiratory irritation as well as central nervous system effects. Shale 'cuttings'
bought to the surface during drilling can contain high levels of Radium 226.
Fracking wastewater is typically stored in open, plastic lined wastewater ponds.
Large quantities of fracking wastewater also come to the surface through routine
venting and flaring during flow testing of the well. The 'flare pit' is earthen, just
like the drilling waste pond. It is usually not until the flare pit is completely filled
that it overflows into the fracking wastewater pond. Fracking wastewater is left
to seep into surrounding soils of the flare pit. Both the drilling waste pond and
the fracking wastewater pond are generally designed to hold the estimated
volume of waste water that will be recovered from the well. Unforseen high
rainfall events can result in overflow of these wastewater storage ponds.

Waste water treatment and disposal
Most water treatment facilities are not designed to handle fracking wastewater
due to the chemical additives in the fluid and also due to the huge volumes of
wastewater generated by fracking. Wastewater from fracking is often left in large
ponds to eventually evaporate. This also causes release of toxins into the
atmosphere as some of the chemicals in the wastewater `off-gas'.
Another common way companies dispose of huge volumes of wastewater is by
injecting the waste at high pressure deep into the ground. The Department of
Mines and Petroleum (DMP) recently announced that they support this method
of wastewater disposal. This method of wastewater disposal has resulted in
earthquake swarms in the US state of Arkansas.
No current method of water disposal deals with the problem of remaining
chemicals and radioactive material. Even after evaporation or filtration,
chemicals and radioactive material remain and have to be disposed of- probably
by burial. The world's best transportable industrial water filtration system
recently released for use by the unconventional gas industry in the US does not
treat water to a standard that can be released safely into the environment. Water
treated by this system still requires deep injection or evaporation for 'disposal'.

The surface footprint
The surface footprint of unconventional gas starts at the beginning of
exploration. Tracks are initially cleared in a grid pattern across the landscape to
conduct 2D and 3D seismic surveys to determine where to focus their drilling
efforts. If an area is found to have significant gas and is finally developed into a
producing gas field, hundreds or even thousands of wells could be drilled and
fracked.
Each individual well requires up to 35,000 square metres of land to be cleared. In
an operating gas field, every well will be connected via piping and every well will

require vehicle access. A road plus pipeline easement can be up to about 40m
wide.
A gas field eventually ends up resembling a giant pincushion, with every pin
connected to one another by roads and pipes, destroying farmland and
fragmenting natural ecosystems to the point of collapse.
Gas mining operations in the Perth Basin are causing the spread of the fungal
disease Phytophthora - `dieback' - through gazetted Nature Reserves in WA's
iconic 'wildflower country'. Dieback is a soil pathogen, which kills native
vegetation and can be spread via vehicles and earthmoving works. The Perth
Basin is part of an internationally recognised 'global biodiversity hotspot'. WA's
Kwongan heathland, an area being targeted by the onshore gas industry, is the
second most florally diverse ecosystem on the planet. Dieback is one of the single
biggest threats to the biodiversity of Southwest WA.
A huge amount of industrial infrastructure is required to operate a gas field,
including central processing plants, compressor stations, site offices, workers
camps, equipment storage areas, chemical storage areas, condensate tanks and
all-weather heavy haulage transport roads. Gas fields quite literally turn
farmland, wilderness areas and regional communities into large scale industrial
centres.

Shale formations and radioactive materials
Due to the maturity of shale rock, along with its high organic content, shale can
also contain very high levels of radioactive Radium 226. Once removed from its
source rock deep in the earth and exposed to water and air, radium starts to
decay rapidly and has a half-life of 1600 years. The decay product of radium is
radon gas. Radium is over 1 million times more radioactive than

the same mass of uranium.
A recent study of fracking wastewater in the US has revealed that wastewater
from fracked shale gas wells contains levels of radionuclides 3,200 times higher
than US safe drinking water guidelines.

Earthquakes
During the fracking operation, frack fluids can migrate at high pressure into
unmapped fault systems and, in effect, liquefy and lubricate the fault, causing the
fault (which was previously inactive) to slip and move - thus causing an
earthquake. Injection of fracking wastewater deep into the ground at high
pressure can also cause earthquakes. Some earthquakes associated with
fracking have reached magnitude 4.7 which is strong enough to cause property
damage to surrounding communities.
Fracking and associated unconventional gas industry activities have been
blamed for earthquake swarms in Blackpool (UK) and Arkansas and Oklahoma in

the US. Fracking is highly likely to have caused the earthquakes in Oklahoma and
Blackpool. Wastewater injection has been blamed for earthquakes in Arkansas.
Earthquake swarms in a gas field are of great concern. Earthquakes can cause
cement well casings to crack and fail in other gas wells, causing further problems
of groundwater contamination and gasification.
The industry has known for decades that deep injection of wastewater is likely to
cause earthquakes. In the late 1960's the US Army wastewater deep injection
well in Denver, was proven to be the cause of thousands of earthquakes, the
strongest being in excess magnitude 5. Yet the gas industry still uses deep
injection as a primary means of disposal for huge volumes of wastewater, as the
issue of wastewater treatment cannot yet be solved.
Is unconventional gas a 'clean', 'cheap' energy solution?
Gas produced by fracking shale and tight formations is NOT a clean energy
source.Over their full life cycle, from exploration to end use, shale gas projects
are a higher greenhouse gas emitter than conventional gas, and possibly oil or
even coal. The main source of emissions which make gas derived from shale /
tight formations such a dirty fossil fuel are 'fugitive' emissions of methane (CH4),
plus CO2 emissions from production, processing, transport and end use.
Studies based on technical data from hydraulic fractured shale gas wells in the
US shows that the very high carbon pollution from shale gas developments
makes this possibly the world's dirtiest fossil fuel.
Over the average life of shale gas wells, between 3 and 8% of the total production
of a well is emitted into the atmosphere as pure methane - one of the world's
most potent greenhouse gases. The gas is emitted during well testing, routine
venting and from common equipment leaks. Methane is also emitted with flowback return fluids following the fracking of the well.
Drilling unconventional gas wells is extremely carbon intensive. The Tyndall
Centre for Climate Change Research estimates that CO2 emissions from drilling
of shale gas wells amount to 15kg CO2 per foot drilled from diesel powered
engine use alone. In addition, diesel use during the hydraulic fracturing process
adds significantly more carbon pollution. On average 110,000 litres of diesel is
used to frack a shale or tight formation.
For an average West Australian shale gas well, carbon pollution from drilling and
fracturing combined, will likely result in at least 495 tonnes of CO2 emissions per
well from diesel engine use alone. Total emissions including gas processing,
transport, end use, and fugitive methane emissions will greatly exceed this
estimate. Australia currently has no standard methodology to measure fugitive
emissions, enabling the gas industry to get away with releasing massive amounts
of methane gas into the atmosphere with no standard for measuring or reporting
these emissions under current legislation.

Shale and tight gas is not cheap energy either.
A single shale/ tight gas well costs approximately $13million to bring into
production. The WA State Government's draft Energy Strategy27 is heavily
focussed on the development of unconventional gas as WA's next domestic
energy source, however this would cost $billions and would further lock WA into
a future of buying dirty, carbon-intensive fuel. Western Australia has access to
world-class renewable energy resources that can be developed and brought
online at a cost comparable to gas fracking, with a fraction of the environmental
i mpact.
For example, the Verve Energy 10 Megawatt photovoltaic solar project in WA's
Midwest will only cost $50 million.28 New solar technology in Europe has now
overtaken conventional photovoltaic solar panels and is producing 24 hour baseload power.
In the United Kingdom, a report recently found that the amount of investment
needed to exploit gas reserves - about €32bn - would be enough to build 2,300
offshore wind turbines. It was also found that shale gas supports fewer jobs than
renewable energy generation.
As is the case with coal, shale should be viewed as just another dirty fossil fuel
source blocking the road to renewable energy.

REGULATORY FAILURE:
The lack of WA legislation and industry regulation
Two separate independent reports have exposed the fact that the WA
Government's preferred approach to regulating fracking (and mining generally)
is totally inadequate.
All hydraulic fracturing activities are currently regulated by the DMP under the
Petroleum and Geothermal Energy Resources Act 1967 and the Petroleum Act
1967.
However it was recently revealed via the Hunter Report that the environmental
regulations set under these Acts are not legally enforceable by DMP.32
Separately, the WA Auditor General's report found that the Department of Mines
and Petroleum is comprehensively failing in its duty to manage the
environmental impact of all mining activity in WA.33
This means that gas fracking is happening in Western Australia with effectively
no conditions or compliance enforcement to protect the environment,
groundwater or public health.
Internal government documents obtained by The Wilderness Society WA
revealed that a gas well near the town of Dongara - north of Perth - was fracked
without the company, Arc Energy (now AWE Ltd), even submitting an
Environmental Management Plan to the DMP.
Given these alarming findings, it is impossible for the community to have
confidence in the Government's current approach to regulating fracking activity
in WA.

If a gas fracking project is considered by the DMP to be likely to have a significant
effect on the environment, the project MAY be referred to the Environmental
Protection Authority (EPA) for assessment under Western Australia's
Environmental Protection Act 1986. However at the time of publishing this
document, none of the gas fracking activities proposed or underway in WA had
been assessed by the EPA.
Members of the public can also refer projects to the EPA for assessment;
however this requires knowledge of the proposals. There is no requirement for
the gas industry or the DMP to disclose details of gas fracking proposals in WA to
the general public.
In WA there is no requirement for public disclosure of the chemicals used in
hydraulic fracturing, and most chemicals used in fracking have never been
assessed for potential threat.
Similarly, members of the public cannot access any information about the
environmental conditions placed on gas fracking projects, including compliance
with any conditions that may be in place. Under the WA Petroleum and
Geothermal Act 1967, a proponent is required to have an Environmental
Management Plan (EMP) which is assessed by the DMP. This EMP is not legally
enforceable and the DMP will not release the EMP's to the public.
Entry onto private land for exploration and production can be undertaken only
after either the landowner has given written consent, or compensation (if any)
has been agreed with the landowner. If compensation cannot be agreed, either
party may refer the matter to the Local Court. 34 However, private landholders
cannot stop companies being issued exploration licences, which cover their land.
Gas fracking has already been blanket banned in France and some states of the
US. In January 2012, Belgium also banned fracking for petroleum both onshore
and offshore, some of Belgium's gas bearing formations occur at depths equal to
and deeper than Western Australia. Moratoriums exist for unconventional gas
activities in NSW, across Europe, South Africa, and various states of the US.

FINAL WORDS
In conclusion, after having done extensive research into the field, I feel very
strongly that the practice of fracking is not and can not be safely executed.
The Industry works on the premise of "harm minimization", perpetuated with
extreme bias towards profit over people and environment.
I reiterate:
I sincerely hope that the Western Australian government, and with it, the
members of the Legislative Council, act with best intention and in the interest of
the people which have entrusted them, with the duty of putting people before
profit!
I ask that each member of the Council, look deeply into their hearts, and at their
own families futures in relation to health and the ability to have what we "truly"
need to sustain us. Clean air, land and water! These things hold by far more value
than profit, as money can not be breathed, drunk, eaten or farmed on!

Sincerely yours, in good faith,
Sven Borg
18 th September 2013

