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Coal Seam Gas Briefing
Update August 2012

Research undertaken by the National Toxics Network1 has identified a range
of environmental health concerns related to coal seam gas activities.  This
has led to our call for a:

! comprehensive hazard assessment for all chemicals used in Australian
CSG activities, including impacts on human health, ecotoxicology and
environmental fate (air emissions; releases to aquifers, groundwater
and watercourses).

! comprehensive environmental health assessment of all chemical
releases associated with CSG activities including gas production,
flaring, intentional venting, fugitive emissions, diesel use, waste water
management; and

! full life cycle analysis and cost-benefit to investigate the long-term
impacts of the industry in terms of cleanup and remediation of
contaminated areas, treatment of wastewater, groundwater impacts,
increased landfill capacity to dispose of CSG waste products and
accurate assessment of the industry’s greenhouse gas contribution.

In late 2010, NTN reviewed a range of industry environmental assessments
submitted to government agencies in support of CSG projects. We also
consolidated information from the publicly available regulatory data, published
reports and scientific research. The subsequent report has continued to be
updated as new information became available.

Chemical Use in Australian Gas Fields
From an assessment of industry documents, it is apparent that in some cases
large quantities of chemical additives are used both at the drilling stage and
during hydraulic fracturing. A risk assessment provided to the QLD
Department of Environment and Resource Management (DERM) listed
approximately 18,500 kilograms of chemical additive used per well with up to
40% (7,500kg) not recovered.2

                                                  
1 Lloyd-Smith, M.M & Senjen, Rye, Hydraulic Fracturing in Coal Seam Gas Mining: The Risks to Our
Health, Communities, Environment and Climate, Ntional Toxics Network September 2011 Available
www.ntn.org.au
2 Coal Seam Hydraulic Fracturing Fluid Risk Assessment. Response to the Coordinator-General
Requirements for Coal Seam Gas Operations in the Surat and Bowen Basins, Queensland. Golder
Associates 21 October 2010
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The chemicals used by CSG consist of surfactants, lubricants, acids,
scale/corrosion inhibitors and biocides. The identity of some chemicals could
not be established from their Material Safety Data Sheet (MSDS) due to ‘trade
secrets’ protection. Of those identified using CAS3 numbers, many had either
acute or chronic toxicity warnings on the MSDS or adverse findings in the
scientific literature. The vast majority of the compounds listed had only limited
data on their environmental fate and toxicology. Of the 23 identified as
commonly used ‘fracking’ chemicals, only 2 had been assessed by the
national regulator, National Industrial Chemicals Notification and Assessment
Scheme (NICNAS) and neither was for their use in CSG. Australian
Petroleum Production and Exploration Association (APPEA) now provide a list
of approximately 46 substances but with no CAS numbers, accurate
identification of the chemicals is difficult. Other industry documents identify
chemicals used, which are not listed by APPEA.4

Chemicals used in Australia:
While industry representatives at public meetings we have attended have
stated that the chemicals used are household chemicals and are ‘safe’, some
of the products used by the Australian industry include some very toxic
substances:

Ethylene Glycol, a known human respiratory toxicant and associated with
increased risks of spontaneous abortion and sub-fertility in female workers;
2-Butoxyethanol, a highly mobile and persistent contaminant of groundwater,
which can cause reproductive problems and birth defects in animals, and
destruction of red blood cells;
Ethoxylated 4-nonylphenol, a persistent, bioaccumulative, endocrine
disruptor, very toxic to aquatic organisms and causing sexual deformities in
exposed oyster larvae, found to increase the incidence of breast cancer in lab
animals;
Methanol, a volatile organic compound, highly toxic to humans (most
commonly used chemical)5;
Isopropanol, central nervous system depressant capable of causing
degenerative changes in the brains of lab animals;
Formamide, a teratogen with the potential to affect the unborn child, which
can be absorbed into the body by inhalation and through the skin;
Naphthalene, causes nasal and lung tumours and is listed by International
Agency for Research into Cancer (IARC) as possible human carcinogen’. The
US Department of Health and Humans Service found it to be ‘reasonably
anticipated to be a human carcinogen’.

                                                  
3 CAS registry numbers are unique numerical identifiers assigned by the Chemical Abstracts Service to
every chemical described in the open scientific literature.
4 Australian Petroleum Production & Exploration Association Ltd (APPEA), Chemicals that may be used
in Australian fracking fluid Available at http://www.appea.com.au
5 Methanol was used in 342 of the 750 hydraulic fracturing products, and is a hazardous air pollutant
and on the candidate list for potential regulation under the US Safe Drinking Water Act due to its risks to
human health. See United States House of Representatives Committee on Energy and Commerce,
Minority Staff, April 2011 Chemicals Used In Hydraulic Fracturing.
http://democrats.energycommerce.house.gov/sites/default/files/documents/Hydraulic%20Fracturing%20
Report%204.18.11.pdf
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Acrylic Copolymers, according to Haliburton6 acrylic polymers consists of 85%
acrylonitrile, a human carcinogen. The copolymer may also contain methyl
acrylate or other carcinogens such as vinyl chloride, butadiene and styrene.
Acrylonitrile has been detected in US air sampling of gas sites at high levels.

There are also chemicals used by the Australian CSG industry that the State
University of New York 7 have found to be ‘dangerous at concentrations near
or below chemical detection limits.’ These include glutaraldehyde, brominated
biocides (DBNPA, DBAN), propargyl alcohol, 2-butoxyethanol (2-BE) and
heavy naphtha.

BTEX (benzene, toluene, ethylbenzene, xylene) may be found in drilling fluids
(eg heavy naptha) and are also natural volatile compounds within the coal
seam. BTEX are known contaminates of air, soil, groundwater and human
blood, including that of children. They have serious short and long term health
impacts including for benzene the link to leukemia.

It is not surprising that BTEX chemicals have been found in monitoring wells
associated with CSG activities; most recently in five of 14 bores at Arrow
Energy’s gas fields, near Dalby.  Benzene was detected at levels between 6
to 15 times the Australian drinking water standard (0.001 milligram per litre
/1ppb).8

Disposal of Drilling Chemicals and Drilling ‘Muds’
CSG activities require the use of drilling chemicals. Chemicals commonly
used at Australian drill sites include calcium sulfate, anionic surfactants,
ethylene glycol monobutyl ether, polyacrylamide polymers and petroleum
distillate flocculants. Drilling fluid additives are generally claimed as trade
secrets and their contents are typically described as carrier fluids, anionic
water-soluble polymers, activators, emulsifiers and neutralizers.
Hydrocarbons are also used at the drill sites and surrounding areas and
include lubricants, rod grease, petrol and diesel for small plant equipment.

Drilling muds represent an environmental and health risk as a consequence of
both the additives introduced into the drilling mud and the chemical
composition of cuttings.9 Disposal of drilling muds by ‘landspraying’ on
agricultural land is becoming more common. Environmental hazards
associated with drilling by–products include potentially toxic additives, salt
compounds, heavy metals, hydrocarbons, pH-control additives, and total
suspended solids (TSS). Salt compounds from the drilling fluid and the
cuttings can inhibit plant growth by disrupting the ability of plants to uptake

                                                  
6 Halliburton Patent 7799744, Polymer-Coated-Particulates,
www.docstoc.com/docs/58860687/Polymer-Coated-Particulates---Patent-7799744
7 Chemical and Biological Risk Assessment for Natural Gas Extraction in New York. Ronald E. Bishop,
Ph.D., CHO, Chemistry & Biochemistry Department, State University of New York, College at Oneonta,
Sustainable Otsego March 28, 2011.
www.sustainableotsego.org/Risk%20Assessment%20Natural%20Gas%20Extraction-1.htm
8 Media Release ‘Arrow advises of monitoring results’ 26 August 2011
9 See Comments on Origin’s Environmental Management Plan Landspraying While Drilling (LWD) Trial
Program OEUP-Q8200-PLN-ENV-002 www.ntn.org.au
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water. Increased salt concentration in fresh water can also be toxic to fish,
plants, and other aquatic organisms. Heavy metals from both the drilling fluid
and the formation will not biodegrade and in some instances bioaccumulate
and be passed up the food chain causing environmental health problems

CSG’s threat to Australia’s water resources
CSG activities represent a significant threat to Australia’s water resources
particularly, to ground water. Hydrological systems involved are complex and
inadequately researched and there is a very real risk of creating connections
between the coal seam and surrounding groundwater resources during the
drilling and fracking process. In the Review of Environmental Factors
submitted by Shenhua Watermark Coal, it was acknowledged that; ‘Drill holes
or fractures may intersect with one or multiple aquifers potentially mixing
groundwater from different strata or altering the groundwater chemistry
through exposure to the air, gas, fracking chemicals and drilling fluids or the
release of natural compounds like BTEX’. 10

CSG Drawdown of Groundwater
CSG activities also use very large quantities of water, which compete with
human and agricultural needs for water, raising important equity issues. This
is clearly acknowledged by the CSG companies.

‘The drawdown of ground water heads within coal seam gas aquifers is a
necessary process and an unavoidable impact associated with the
depressurisation of the coal seam.’ 11

There can be significant losses in pressure both within the aquifer, and/or in
the overlying and underlying aquifers. Industry predicts groundwater
drawdown for the Arcadia Valley and Fairview CSG fields within the Bowen
Basin, Queensland of up to 15 metres by 2013 and 65 metres by 2028. For
the four bore wells situated in and around the fields, it was estimated they
would experience 7 to 25 metres drawdown in the groundwater level by
2028.12

Contaminated Waste Water
CSG activities also result in large quantities of contaminated ‘produced’ water.
The amount of water extracted from a CSG well varies depending on the type
and depth of the coal seam, but is reported by industry to range between 0.1 -
0.8 megalitres per day (ML/d).13 This produced water is contaminated with
heavy metals (eg cadmium, barium), radioactive substances like uranium and
thorium, fracking or drilling chemicals and high concentrations of salt. 14

                                                  
10 Shenhua Watermark Coal Pty Ltd, Review of Environmental Factors Exploration Drilling and
Associated Activities -EL 7223 February 2011 GHD-RPT-EXP-DRL-007 [1] Revision 1
11 Groundwater (Deep Aquifer Modelling) for Santos GLNG Project – Environmental Impact Statement
31/3/2009
http://www.glng.com.au/library/EIS/Section%206/06%2006%20Groundwater%20(Section%206.6)%20FI
NAL%20PUBLIC.pdf
12 ibid
13 CSG and water: quenching the industry’s thirst, Gas Today Australia — May 2009
14 Seawater has a salt concentration of 35,000ppm
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While the amount of salt depends on the location and age of the coal seam, it
is typically between five and eight tonnes (5000kg-8000kg) for every ML of
water.15 Using the most conservative estimate, each well may produce up to 1
ML of produced water and 5 tonnes of salt every 10 days. As there are many
wells in a gas field, the quantity of salt produced is extraordinary. QGC has
estimated 4.6 million tonnes of salt will be produced over their 30 years of
production in South West Queensland.

Management of Waste Water
Currently produced water is managed by disposal in evaporation ponds
(covering many hectares), used for dust suppression on roads, or ‘treated’
and released into waterways, or sold on. The Queensland government has all
but banned the use of evaporation ponds but large volumes of water do
remain in storage. The Senate Inquiry noted that ‘a long-term storage pond
can be an evaporation pond in all but name.’16 When allowed to dry out,
evaporative ponds dried sediments represent an environmental health risk
due to inhalation of dust containing hazardous residues such as thorium,
which can cause lung cancer.

The Queensland Government’s preferred method of dealing with produced
water is re-injection into the well, however as the Queensland Gas Company
(QGC) stated in its evidence to the Senate Inquiry; ‘While it is technically
feasible in some circumstances to re-inject water produced as a result of coal
seam gas extraction, this is unlikely to be possible in most cases. Re-injection
in the same location as the water is drawn from is even less likely to be
possible’.17

Produced Water Permits
Permits are provided for the release of wastewater into rivers and waterways
for extended periods. In at least two Queensland CSG projects18 permits to
release into the Murray Darling river system have been provided for 18
months at a maximum volume of 20 megalitres (ML) per day.  In PEN No.
100067807, over 80 chemical compounds as well as radionuclides were listed
in the permit and included a range of persistent, bioaccumulative toxic
substances such as nonylphenols, Bisphenol A (BPA), chlorobenzenes,
bromides, lead, cadmium, chromium, mercury and BTEX.

Many of the release limits used were not based on the Australian and New
Zealand Guidelines for Fresh and Marine Water19

 as the chemicals were
either not listed in the ANZECC guidelines or were marked as having
insufficient data to set water quality guidelines. The permits allowed the
release of an unquantified and unassessed mixture of persistent toxic
                                                  
15 Arrow Energy: Salt Management www.arrowenergy.com.au/icms_docs/95251_Salt_Management.pdf
16 Section 3.13 Senate Interim Report: the impact of mining coal seam gas on the management of the
Murray Darling Basin, November 2011
17 QGC, Submission 259, p. 10 to the Senate Interim report: the impact of mining coal seam gas on the
management of the Murray Darling Basin, November 2011
18 Schedule C, Australian Pacific LNG Pty Ltd Environmental Authority (petroleum activities) No.
PEN100067807
19 Available at
www.mincos.gov.au/publications/australian_and_new_zealand_guidelines_for_fresh_and_marine_wate
r_quality
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chemicals into a river used for irrigation and farming without any prior
assessment of the cumulative chemical load or its possible long-term impacts
on water quality, sediment, soil, stock and ecosystems.

The current regulatory proposal by the Queensland Government20 to allow
gas companies to set their own critical limits and alert levels for contaminants
in recycled CSG water through a commercial risk assessment, without any
public input is not acceptable.  Definitions of acceptable risk regarding
contamination are not the prerogative of a private company with commercial
interests in the outcome.

Treatment of contaminated produce water using membrane filtration
The optimism of industry and regulatory agencies in regards to Reverse
Osmosis membrane filtration technology to adequately treat contaminated
produce water is not justified. Despite reassurances from CSG companies on
this issue, the fact remains that reverse osmosis filtration has significant
limitations and cannot remove all contaminants.21 While, “the three
mechanisms by which a molecule may be rejected by the reverse osmosis
membrane are size exclusions (or sieving), electrostatic repulsion and
hydrophobic adsorption”22, in general, if the contaminants are larger in size
than water molecules, those contaminants will be filtered out. If the
contaminants are smaller in size, they remain in the water. Chemicals unable
to be successfully treated include bromoform, chloroform, naphthalene,
nonylphenol, octylphenol, dichloroacetic acid, trichloroethylene, tris(2-
chloroethyl)-phosphate. Low molecular weight, non polar, water soluble
solutes such as the methanol and ethylene glycol are also poorly rejected.23

Air Emissions
Many of the chemicals involved in unconventional gas activities are volatile or
semi-volatile. Little air monitoring appears to have been undertaken around
Australian gas fields and there is limited data in the public domain. Air
samples collected from around US gas operations detected 22 toxic air
contaminants associated with natural gas activities. These included
acrylonitrile, methylene chloride, benzene and hydrogen sulfide and resulted
in air pollution with carcinogens, toxins known to damage the nervous system
and respiratory irritants. The levels were between three to 3,000 times higher
than levels established by public health agencies to estimate increased risk of
serious health effects and cancer based on long-term exposure.

It is very difficult to estimate the chemical emissions from flaring.24 Over 250
pollutants25 have been identified as being released from flaring including
carcinogens such as benzopyrene, benzene, carbon di-sulphide (CS2),
                                                  
20 Consultation Draft ; Coal Seam Gas Recycled Water Management Plan and Validation Guideline
Including Exclusion Decision Application Guideline June 2011
21 www.industry.qld.gov.au/documents/LNG/csg-water-beneficial-use-approval.pdf.Also see : Stuart J.
Khan Quantitative chemical exposure assessment for water recycling schemes, Waterlines Report
Series No 27, March 2010 Commissioned by the National Water Commission.
22 ibid
23 http://www.aquatechnology.net/reverse_osmosis.html
24 Jiang et al., Life cycle greenhouse gas emissions of Marcellus shale gas, Environ. Res. Lett. 6 (2011) 
25 Canadian Public Health Association, Background to 2000 Resolution No. 3 Available at
www.climatelaw.org/cases/country/nigeria/cases/casedocuments/nigeria/report/section7/doc7.1.pdf
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carbonyl sulphide (COS) and toluene; metals such as mercury, arsenic and
chromium; nitrogen oxides (NOx); carbon dioxide (CO2); and methane (CH4).
Residents of farms south of Chinchilla QLD have already reported noxious air
emissions from a neighboring gas production, complaining of burning eyes
and respiratory problems. The gas company responded with the offer to install
air conditioners with confidentiality agreements.26

Over 120 wells were reported leaking methane in the 2010 Queensland Coal
Seam Gas Well Head Safety Program. Companies also identified and
reported numerous leaks at levels below 10% of the Lowest Flammable Level
(LFL). While these do not pose an explosive risk (to form a flammable
environment, CSG must reach a concentration of between 5% and 15% of
gas in air) they do provide a source of ongoing greenhouse gas emissions.
One QGC well was measured at 6% methane. 27

Methane Water Contamination
Methane can also contaminate bores and water wells near gas wells.28 An
analysis of 60 water wells near active gas wells in the US, found most were
contaminated with methane at levels well above US federal safety guidelines
for methane. The majority of water wells situated one kilometre or less from a
gas well, contained water contaminated with 19 to 64 parts per million of
methane. Wells more than a kilometer from active gas had only a few parts
per million of methane in their water. The study used chemical and isotopic
analyses to identify the high levels of methane in well water as being
produced in the deep shale, released by gas drilling activities. The low-level,
background methane from the more distant water wells came from methane-
generating bacteria living in shallow rock.

Sampling of CSG released water from Bohena Creek in the Pilliga Forest
detected methane at the Eastern Star Gas discharge site at 68 micrograms
per litre (ug/l), whereas it was not detected in the upstream control sample.29

Key findings

1. The approach to risk assessment in CSG operations on a project-by-
project basis does not take into account the cumulative impacts on
water and air quality.

2. The disposal of salt and treatment of contaminated produce water is a
significant challenge in CSG operations. Limited assessment has been
made of the options for treatment and capacity of wastewater facilities
and landfills to manage this hazardous waste.

3. Treatment of contaminated produce water using membrane filtration

                                                  
26 Linc site causes big ‘stink’ 08 Aug, 2011 11:24 AM, Queensland Country Life
27 Coal Seam Gas Well Head Safety Program Final Report April 2011
28 Osborn, SG, A Vengosh, NR Warner, RB Jackson. 2011. Methane contamination of drinking water
accompanying gas-well drilling and hydraulic fracturing. Proceedings of the National Academy of
Sciences, U.S.A. doi: 10.1073/pnas.1100682108. http://www.nicholas.duke.edu/cgc/pnas2011.pdf
29 Water sampling results supplied by East West Enviroag as Project No. EW 110647.
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has significant limitations, as it cannot remove all contaminants,
particularly organic compounds with low molecular weight.

4. There is no requirement for the assessment and monitoring of the
cumulative load of chemicals used in CSG operations, or their potential
to contaminate sediment, plants, aquatic species and /or animals prior
to release of contaminated produce water. A chemical-by-chemical
approach to risk assessment is also in contradiction with the current
National Water Quality Management Strategy which recommends
moving away from relying solely on chemical specific water monitoring
to a more integrated approach using direct toxicity assessments
(toxicity bioassays which assess overall toxicity of the water) and
biological monitoring to fully assess the cumulative (additive and
synergistic) impacts of complex mixtures of chemicals.

5. NTN’s review of chemicals used by the CSG industry has found that
only 2 out of the 23 most commonly used fracking chemicals in
Australia (that we could ascertain) have been assessed by NICNAS,
the federal regulator of industrial chemicals. Of the 2 assessed
chemicals, neither has been specifically assessed for its use in CSG
mining activities.

6. BTEX chemicals are components of the volatile compounds found
naturally in the coal gas seams. The fracking process itself can release
BTEX from the natural-gas reservoirs, which may allow them to
disperse into the groundwater aquifers or to volatilise into air. People
may be exposed to BTEX chemicals by drinking contaminated water,
breathing contaminated air or from spills on their skin.

7. After hydraulic fracturing is completed, a mixture of hazardous chemical
compounds remains underground. These chemicals can be distributed
over time and space making them difficult and unpredictable to manage
into the future, and potentially causing impacts to landscapes and future
uses of the land and water.

8. The lack of disclosure on Material Safety Data Sheets of the full
chemical identity of chemical ingredients used in products for CSG
mining makes it impossible to realistically assess their risks and their
possible impacts to the environment and human health.

9. There is an assumption that natural gas derived from CSG can act as a
transition fuel because it is a ‘cleaner’ fossil fuel than coal however,
there appears to be limited independent data on which to base this
assumption. The total greenhouse gas emissions associated with CSG
need to be accounted for in a thorough life cycle analysis.

10. Air pollution associated with CSG sites including emissions from well
pads, compressors, gas plants, and waste sites must undergo
continuous monitoring for volatile organic compounds and hydrogen
sulfide. The data should be provided to regulators and be made
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publically available. Facilities unable to eliminate toxic emissions should
be required to cease operations.

11. CSG exploration and extraction as an industrial activity with a
potentially significant impact on the environment and community should
require full public consultation as part of the authorisation procedure.

12. A cost/benefit analysis should be undertaken for each CSG
development and include a full life cycle assessment (including
greenhouse gas emission, resource consumption and cumulative
impacts) to demonstrate the overall costs/benefits for the society.

Contact : Dr Mariann Lloyd-Smith PhD (Law)
Senior Advisor, National Toxics Network Inc.
info@ntn.org.au
www.ntn.org.au


