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Introduction

The Santos Narrabri project proposal is not compatible with NSW agricultural and puts at risk
the region’s agricultural productivity, air quality and ground and surface water quality. The
project encompasses approximately 850 new gas wells on up to 425 well pads, 750 metres
apart, as well as a central gas hub including compression, dehydration and treatment of gas,
a major water management facility for the storage and treatment of produced water (the term
used by the industry to describe the wastewater produced along with the gas) plus infield
flares, generators and pipes. It will produce an average of 47 tonnes of salt per day with the
peak of around 115 times per day in years 2 to 4, which will need to be transported to an, as
yet, unidentified hazardous waste landfill.

In 2012 the United Nations Environment Programme acknowledged that it is impossible to
regulate the unconventional gas (UG) industry into safety and noted unintended impacts are
inevitable.

‘UG exploitation and production may have unavoidable environmental impacts. Some risks
result if the technology is not used adequately, but others will occur despite proper use of
technology. UG production has the potential to generate considerable GHG emissions, can
strain water resources, result in water contamination, may have negative impacts on public
health (through air and soil contaminants; noise pollution), on biodiversity (through land
clearance), food supply (through competition for land and water resources), as well as on soil
(pollution, crusting).’
- UNEP Global Environmental Alert System 2012

Santos Narrabri project not consistent with Chief Scientist Report on CSG

The Chief Scientist and Engineer's Independent Review of coal seam gas (CSG) Activities in
New South Wales, ' (CSS report 2014) recommended CSG only go ahead if there is
‘appropriate engineering and scientific solutions in place to manage the storage, transport,
reuse or disposal of produced water and salts.” The environmental impact statement (EIS)
notes the quantity of salts to be disposed is substantial and, other than transport to an
unidentified landfill, Santos offers no solution for this potentially environmentally hazardous
waste. Similarly, they propose to bury considerable quantities of drilling cuttings at the well
site. Neither of these proposals fit the description of ‘appropriate engineering and scientific
solutions.’

Despite many years of operation, the UG industry still does not have effective ways to deal
with its solid wastes and its impact on groundwater aquifers, nor as the Australian National
Pollutant Inventory demonstrates, can the industry, including Santos Queensland and South
Australian operations, control their toxic air emissions.

The CSS report also found there were human health risks at all stages of CSG extraction with
exposures via water, soil and air pollution and listed possible adverse health outcomes as
respiratory, cardiovascular, genitourinary and digestive diseases, skin problems, some types
of cancer, injuries, hormonal disruption, and fertility and reproductive effects. The CSS report
acknowledges there was a need to better understand the nature of the risks of pollution or
other environmental damage from CSG, as well as the capacity and cost of mitigation and/or
remediation, e.g. for abandoned wells. It stressed the need for a better understanding of the
industry impacts and to better manage cumulative impacts of the industry. The Santos EIS
fails to address these priority issues and, in effect, ignores the growing body of scientific and
medical literature reporting adverse outcomes from unconventional gas exploration and
production.
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EIS Failings

The Santos Narrabri EIS has numerous fatal omissions, which clearly indicate it should be
rejected:

In regards to the chemicals to be used, the EIS lists drilling and water treatment
chemicals, noting they may resort to other drilling chemicals not listed in the EIS.
While they propose not to use hydraulic fracturing, they have not provided a legally
enforceable guarantee that ‘fracking’ will not be used over the 20 years lifetime of the
gasfields.

Many of the chemicals proposed to be used are proprietary chemicals and their full
identity kept secret under commercial business information protection (CBI). While
chemical ingredients are not revealed then it must be assumed they have the potential
to be hazardous.

Of those chemicals and products identified, at least serious seven are very toxic. For
others, some do not have chronic health data while others provide no reproductive
data. There are also serious omissions in the consideration carcinogenic, silica-based
products.

There is no acknowledgement or discussion of the synergistic impacts of the chemical
mixtures (e.g. particulates and air pollutants), despite the wealth of medical studies
showing adverse health impacts for those residents exposed to UG mixture pollution.

There is no serious consideration of fugitive emissions or natural contaminants
existing in the coal seam such as toluene, benzene, polyaromatic hydrocarbons
(PAHs) and semi volatile substances. A serious omission is the lack of consideration
of naturally occurring radioactive materials (NORMs) potentially occurring in the coal
seam and produce water.

The assessment of air contaminants focuses on an extremely small number of
pollutants appearing to ignore the growing body of evidence demonstrating significant
air pollutants associated with gas fields and infrastructure.

There is no citing of environmental monitoring or real world pollution data from Santos’
extensive wells and gas infrastructure in Queensland.

There are many unsubstantiated assumptions, e.g., the highly unlikely statement that
there will be no emissions from any of the gas compression infrastructure or the water
treatment facility; or that all gas extracted will be near 100% methane with no
contaminants except for a small amount of ethane. No data for the unprocessed coal
seam gas is provided.

All resulting waste streams that cannot be treated are said to go to ‘licensed landfill’,
yet these landfills are not identified nor their capacity to deal with a significant waste
stream generated by the Santos project.

Importantly, there is no review of the growing body of scientific and health research
focusing on the adverse human health and environmental impacts of UG both in
Australia and overseas. These appear to have been simply ignored.
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Failure to provide a legally enforceable guarantee of “no fracking”

Santos has not provided a legally enforceable guarantee that will ensure that hydraulic
fracturing is never used at the Narrabri gas fields over the 20-year lifetime of the gasfields.
Until that is provided, the EIS should include an assessment of fracking chemicals, quantities
and related pollution.

EIS does not provide the full details on chemicals to be used nor assesses all
impacts

In Australia, a wide range of chemicals are used and released in UG exploration and
production, including drilling fluids, wastewater treatment chemicals and industrial cleaners.
Santos provides a list of drilling chemicals, but states that these may be substituted with other
chemicals based on ‘suppliers, market availability and product improvement at the time of
drilling.” Hence, the chemical assessments provided in the EIS may be irrelevant. Many of the
chemicals proposed to be used in the water treatment are proprietary chemicals and their full
identity kept secret under commercial business information protection (CBI).

While drilling chemicals, such as silica or crystalline quartz and cristobalite used as a weight
additives and bridging agents, are known to be carcinogenic with the primary malignancy
associated with exposure through inhalation,? there is no consideration of their potential
adverse impacts on human health or the environment in the EIS. Exposure to respirable
crystalline silica, as experienced in the UG Industry, is known to cause silicosis, lung cancer,
autoimmune diseases, pulmonary disease and chronic kidney disease.?

The US National Institute for Occupational Safety and Health (NIOSH) released a Hazard
Alert, in 2012, identifying exposure to airborne silica as a health hazard to workers in the UG
industry.* While workers experience the most direct exposure, silica dust may also be an air
contaminant of concern to nearby residents.®> NIOSH acknowledges a lack of information on
occupational dust exposure in the gas industry, including exposure to diesel particulates.
Diesel exhaust is also classified as a Group 1 carcinogen by IARC,° yet the large volume of
truck movements and use of infield diesel generators will result in substantial diesel pollution
that has not been addressed in the EIS.

Highly toxic chemicals to be used in Santos drilling
The EIS notes the toxicity of primary drilling fluids, with specific reference to:

Glyoxal : an antimicrobial preservative that works by forming formaldehyde in products.
People exposed to such formaldehyde-releasing ingredients may develop a formaldehyde
allergy or an allergy to the ingredient itself. Glyoxal is a human skin toxicant or allergen,
according to the US Cosmetic Ingredient Review Assessments and there is also evidence of
immune system toxicity. The main routes of occupational exposure to glyoxal during use as a
disinfectant are via inhalation of aerosol and dermal absorption, which can result in local
irritations of the eyes and respiratory tract as well as hyperemia and foamy secretion in the
lungs.
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The WHO' reports that in the laboratory, Glyoxal has been shown to have impacts on
mammalian cells (inducing DNA adducts, mutations, chromosomal aberrations, DNA repair,
sister chromatid exchanges and DNA single strand breaks), while in rat studies it appeared to
impact on DNA synthesis and DNA simple strand breaks in the rat’s liver. Glyoxal also
demonstrated a capacity to promote tumours in male Wistar rats. Exposure to glyoxal has also
been shown to inhibit activities of aerobic and anaerobic bacteria, green algae and
invertebrates.

Glutaraldehyde (pentanedial) : a biocide / antimicrobial, is highly irritating to the eyes, skin
and the respiratory tract of humans and laboratory animals. It has caused skin sensitisation in
humans and laboratory animals and asthma in occupationally exposed people. In animal tests,
glutaraldehyde by inhalation caused lung damage in rats and mice and, in tests using
mammalian cells in culture, glutaraldehyde caused DNA damage, mutations and some
evidence of chromosome damage. Glutaraldehyde is acutely toxic to aquatic organisms and
is equally toxic to warm water and cold water fish, but is slightly more toxic to freshwater fish
than salt water fish. Data indicates that both algae and fish embryos may be particularly
sensitive to long-term glutaraldehyde exposure.

Methanol : a biocide / antimicrobial, corrosion inhibitor, a volatile organic compound (VOC),
is highly toxic to humans. It causes central nervous system depression in humans and animals
as well as degenerative changes in the brain and visual system. Chronic exposure to
methanol, either orally or by inhalation, causes headache, insomnia, gastrointestinal problems
and blindness in humans and hepatic and brain alterations in animals. Methanol is included in
the TEDX List of Potential Endocrine Disruptors.8 Methanol is highly mobile in soil and can
volatilize from water. Once in air, its half-life is over 2 weeks. The chemical reacts with
photochemically-produced smog to produce formaldehyde. Methanol was listed as the most
commonly used hydraulic fracturing chemical by the United States House of Representatives
Committee on Energy and Commerce. °

Dazomet : biocide / antimicrobial, is very toxic to aquatic organisms, acutely toxic to mammals
and may be hazardous to the environment.' It is unstable in the environment and hydrolyses
rapidly to form the very toxic methyl isothiocyanate (MITC). Dazomet is irritating to the eyes
and its degradation product, MITC, is a skin sensitiser. Even dilute solutions cause skin
irritation and sensitisation in humans. Exposure to dazomet can occur through dermal contact,
inhalation of its decomposition product, MITC, and/or water runoff. Inhalation of dusts or
powders may result in irritation of the upper respiratory tract. MITC is a potent, direct-acting
irritant to the eyes and respiratory tract. Death results from acute pulmonary congestion and
haemorrhage. Developmental studies indicate that MITC caused delayed growth at maternally
toxic concentrations."

Toxic chemicals to be stored on well pad

The drilling chemicals will be prepared on the well pad, and maybe stored there for extended
periods. When drilling fluids and drill cuttings are returned to the surface, they are to be stored
in lined pits or tanks at the well pad. Once drilling is completed, recovered drilling fluids would
be transported back to the drilling fluid treatment facility for either reuse or disposed of at a
licensed waste facility.

The EIS states that well pads would be designed and managed to contain all activities
(including the handling of liquids and drilling muds) to the well pad area; but with the use of
pits and even with full concrete bunding, this cannot be assured. US researchers compiling
data on spills associated with unconventional oil and gas development in four states between
2005 and 2014 found that 50 percent of the 6,648 spills were related to storage and moving
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fluids via pipelines. They noted that equipment failure was the greatest factor, and that the
loading and unloading of trucks with material had a lot more human error than in other
places."

Table 5-2: Drilling Fluid Chemicals

Chemical Name/Use gﬁ:ﬂi (l-.gistry Use Quantity!
Primary Drilling Fluids
Copolymer of acrylamide and sodium acrylate 25085-02-3 Shale inhibitor 0.33 ml
Drilling water/Water in Product 7732-18-5 Base fluid 321.06 ml
Glyoxal 107-22-2 Fluid loss stabiliser 1.25 ml
Methanol 67-56-1 Antimicrobial 1.25ml
Pentanedial / Glutaraldehyde 111-30-8 Antimicrobial 0.2 ml
Potassium chloride 7447-40-7 Inhibitor 11.08 ml
Sodium carbonate 497-19-8 Buffer 0.42 ml
Sodium carboxymethyl cellulose 9004-32-4 Fluid loss stabiliser 1.25ml
Sodium hydroxide 1310-73-2 pH stabilizer 0.09 ml
Starch 9005-25-8 Fluid loss stabiliser 1.33ml
Tetrahydro-3,5-dimethyl-1.3.5-thiadiazine-2- 533-74-4 Fluid loss stabiliser 1.33 ml
thione (Dazomet)
Xanthan gum 11138-66-2 Viscosifier 0.91 ml
Methylisothiocyanate (MITC) 556-61-6 NA? 0ml?
Ethylene oxide/propylene oxide copolymer 9003-11-6 Defoamer 0.02 ml
Polyalkylene 9038-95-3 Shale inhibitor 10.49 ml
Polypropylene glycol 25322-69-4 Defoamer 0.02 ml
Silicic acid, potassium salt 1312-76-1 Shale stabiliser 10.66 ml
Sodium chloride 7647-14-5 Additive 12.5 ml
Secondary Drilling Fluids

Almond Hulls NA* Loss circulation NA

material
Copolymer of acrylamide and potassium acrylate | 31212-13-2 Shale inhibitor NA
Bentonite 1302-78-9 Weight additive NA
Calcined petroleum coke 64743-05-1 Loss circulation NA
Calcium Carbonate 471-34-1 pH stabiliser NA
Cellophane 9005-81-6 Loss circulation NA
Crystalline silica, cristobalite 14464-46-1 Weight additive NA
Crystalline silica. quartz 14808-60-7 Bridging agent, NA

weight additive, pH

stabiliser, Loss

circulation material
Crystalline silica, tridymite 15468-32-3 Weight additive NA
Walnut hulls Mixture (1756)* Loss circulation NA
Wood fibre Mixture (1757)* Loss circulation NA
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EIS dismisses chemical impacts too easily

The independent scientific assessment (2015) undertaken at the request of the California
State Government noted that UG operators have unrestricted use of many hazardous and
uncharacterized chemicals. The assessment acknowledged that no agency has
systematically investigated the possible impacts and noted the environmental characteristics
of many chemicals remain unknown: ‘[We] lack information to determine if these chemicals
would present a threat to human health or the environment if released to groundwater or other
environmental media.’ "

The EIS acknowledges there are risks from exposures to chemicals of potential concern
(COPCs) identified in recovered drilling fluids and drill cuttings and focuses on the very toxic
biocides that will be used in both drilling activities and water treatment. It also notes that limited
quantities of drilling fluids will be recovered.

“6.3.1 Drilling records indicate that the typical mass balance of fluids recovered from drilling is
approximately 70percent solids / cuttings and 30 percent fluids (at field saturation).”

Yet, the EIS argues the biocide MITC, a by-product the biocide dazomet (tetrahydro-3,5-
dimethyl-1,3,5-thiadiazine-2-thione), due to its high volatility in water, will likely evaporate in
the aqueous phase soil, and therefore, not present any risk. The risks associated with
glutaraldehyde, a chemical with high toxicity and with varying biodegradation rates (half-life of
1.7 days in aerobic soil, 10.6 hours in the water/sediment system, but up to 18 days for
photolytic degradation in water /combined sunlight and air) are also dismissed. These half-
lives are presented as representing very low persistency with no risk to aquatic and terrestrial
life and, despite the biocides high toxicity to aquatics species and their ability to remain in
water for many days, it is argued that they will not represent a risk. This is clearly not the case
for a substance which is highly toxic to aquatic species and has the ability to remain as a
residual in water for over two week.

The EIS also acknowledges the majority of drilling chemicals used will exceed predicted no
effect concentrations (PNECs) in water and/or soil in residual drilling materials. It argues that
chemical additives used during drilling are unlikely to migrate to a potable water source due
to the ‘additives chemical and physical properties, the area’s geology and the distance to water
bores’ (not within 200 metres of an occupied residence) and concludes that there will be no
exposure of receptors to chemical additives used in the drilling fluids and cuttings and,
therefore, they will not be further evaluated in the risk assessment. As much of the residual
drilling material will be buried on site, with the potential to leach into the surrounding
environment, this lack of assessment is unacceptable.

In support of a more detailed investigation, trials undertaken in Queensland on a proposal for
land spraying of drilling by-products identified environmental hazards including release of
potentially toxic additives, salt compounds, heavy metals, hydrocarbons, pH-control additives,
and total suspended solids (TSS)." The report notes that concentrations of aluminium, boron,
iron, manganese, molybdenum, vanadium and mercury exceeded the Australian and New
Zealand Environment and Conservation Council (ANZECC 2000) Guidelines'® and detectable
concentrations of petroleum hydrocarbons were observed in drilling muds. They concluded
that the C6-C9 fraction, which include benzene, toluene, ethyl benzene and xylenes (BTEX)
may pose a risk to the environment and to human health.
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Table 6-9: Summary of Chemical Additives in Residual Drilling Materials Exceeding
Relevant Screening Criteria
Chemical Name Cas Exceed Drinking Exceed Exceed
Number Water Guideline PNECrvater PNECs.i
Potassium chloride 7447-40-7 | X X
Copolymer of acrylamide and 25085-02-
sodium acrylate 3
Glyoxal 107-22-2 X X X (a)
Methanol 67-56-1
Pentanedial / Glutaraldehyde 111-30-8 X X
Sodium carbonate 497-19-8 X
Sodium carboxymethyl cellulose 9004-32-4 X
Sodium hydroxide 1310-73-2 | X
Starch 9005-25-8 X
Tetrahydro-3.5-dimethyl-1.3.5- 533-74-4 X X
thiadiazine-2-thione
Methylisothiocyanate (MITC) 556-61-6 X X X
Xanthan gum 11138-66- | X
2
Ethylene oxide/propylene oxide 9003-11-6 X
copolymer
Polyalkylene 9038-95-3 | X X
Polypropylene glycol 25322-69- | X X X
4
93
Chemical Name Cas Exceed Drinking Exceed Exceed
Number | Water Guideline PNECrater PNEC;ai

Silicic acid, potassium salt 1312-76-1 | X

Sodium chloride 7647-14-5 | X

Sodium polyacrylate 9003-04-7 | X X X

a/ COPC/PNECslid ratio only exceeded by spent drilling muds concentration. Cuttings (surficial and buried) COPC/PNECsolid

ratio not exceeded.

EIS presents no solution for residual materials as required by the CCS

The EIS concludes residual materials will be generated through the construction and
operational phases of the well life cycle will include recovered drill cuttings, drilling fluids and
produced water. The project will produce a long-term average of 47 tonnes of salt per day with

the peak of around 115 tonnes per day in years 2 to 4. The salt waste will be transported to
an, as yet unidentified, licensed landfill. There is no discussion of potential contamination of
salt in the EIS, including the possibility of NORMs in this waste product.
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Leaving the landholder with liabilities

Drill cuttings generally comprise rock and solid material and makeup around 30 percent of the
material recovered from the well. Drill cuttings would be stockpiled until they are used in well
pad ‘rehabilitation.” The EIS states concentrations of select COPCs within residual drilling
fluids mixed in with the drill cuttings will decrease over time through biodegradation and
photolytic degradation. During the proposed ‘rehabilitation’ of the well pads, drill cuttings would
be used in a “mix, turn and bury process,” effectively burying the waste and leaving any future
responsibilities to the landholder.

In June 2013, New Zealand milk giant, Fonterra, announced it would no longer accept milk
from farms that accept CSG muds and drilling cuttings on their properties, citing both
contamination concerns and the extra cost of testing the milk at about $80,000 per year.

Drill cuttings too contaminated to be used in this way would be transported off site and
disposed of at an, as yet unidentified, licensed waste management facility.

EIS does not adequately consider pollution risks to water

Many potential risks to ground and surface water from the UG industry have been identified
including leakage of drilling fluids from the well bore into near-surface aquifers; accidental
spills of fluids or solids at the surface; discharge of insufficiently treated waste water into
surface water or underground and naturally occurring contaminants finding their way from the
producing zone to shallow or drinking water aquifers through fractures in the rock."’

In 2014, Santos coal seam gas project in the Pilliga Forest, New South Wales, was found to
have contaminated aquifers with uranium at 335 micrograms per litre (ug/L), 20 times the
Australian Drinking Water guideline of 17 ug/L. '

Yet, the EIS claims the “potential for releases to groundwater associated with the storage and
conveyance of produced water, brine and treated water is considered negligible.”

The EIS incorrectly states that the “chemicals within the produced water are limited to
residuals from the chemicals used in the drilling fluids and if present are at very low
concentrations”, while scientific literature shows that produced water is likely to be
contaminated with heavy metals, naturally occurring radioactive materials (NORMs), fracking
or drilling chemicals, volatile and semi volatile organic compounds and high concentrations of
salts.

In Australia, high levels of lead, mercury, chromium, hydrocarbons and phenols have been
detected seven months after a spill of produced water in the Pilliga Forest CSG gas field."
The Australian CSG company, AGL was forced to end its trial of CSG wastewater for irrigation
after regulators found it left behind unacceptably high levels of salt and heavy metals.”® The
EPA reviewed the monitoring data from the irrigation trial and, based on this review, would not
support a continuation of the trial.

The US EPA investigation of water contamination in 23 drinking water wells near natural gas
extraction sites detected high concentrations of benzene, xylenes, gasoline range organics,
diesel range organics, and other hydrocarbons in groundwater samples from shallow
monitoring wells near pits indicated that the latter were a source of shallow ground water
contamination. '
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The EIS incorrectly concludes that “Beneficial uses of treated water have a limited potential to
contain chemicals of concern and are unlikely to lead to infiltration to groundwater. Beneficial
uses for dust suppression and construction water are short-term activities and insufficient
water volumes will be applied to lead to leaching to groundwater. Similarly, irrigation is not
considered to lead to a significant flux to groundwater as activities will be conducted to
minimise leaching fractions to deeper soils.”

On this basis and with little supporting information, the EIS simply claims that the potential for
impacts to groundwater from chemicals associated with drilling and water treatment in the
water gathering and transfer pipelines, ponds and beneficial uses are considered limited. No
supporting evidence is provided for these claims.

EIS ignores BTEX chemicals

BTEX chemicals were found in 5 out of 14 monitoring wells in Arrow’s Queensland gas fields
with benzene at levels 6 and 15 times Australian drinking water standard,? while toluene was
found in a private drinking water bore adjacent to Queensland gas fields.?® In 2014, BTEX
were detected in the water from two of four CSG wells and in an above ground water storage
tank at the AGL CSG project in Gloucester in New South Wales. Five samples included BTEX,
one at a concentration of 555 ppb.?* The New South Wales EPA suspended AGL's CSG
Waukivory Project.

Yet, the EIS does not mention toluene and has no discussion regarding the potential for BTEX
contamination of produce water or solid UG wastes.

EIS does not consider potential limitations of water treatment

The treatments to remove contaminants from produced water are limited by the chemicals
they can remove, the energy needed and their economic costs. Reverse osmosis has
significant limitations and cannot remove many of the organic chemicals used in UG activities.
Low molecular weight, non polar, water-soluble solutes such as methanol and ethylene glycol
are poorly rejected by reverse osmosis filtration.?® In 2011, bromine was detected in treated
produced water released by Eastern Star Gas at six times background levels. Methane was
also detected at 68 pg/L, whereas it was not detected in the upstream control sample.?®

It is reported that in Queensland, Santos claimed in an EIS they would treat the produced
water to Australian standards before disposing of it in local waterways. However, the company
found that they were unable to treat the water to Australian standards and, in late 2012,
requested permission to release the contaminated water (est.12-18 million litres) into Dawson
Creek.

There is no guarantee that the water treatment facility proposed for the Narrabri gas fields will
be capable of removing all contaminants; evidence suggest that they will not be able to.

The proposed water treatment facility will also use an extensive number of water treatment
chemicals, which will either find their way into the waste stream or be captured as residues
that will then require treatment or disposal. Many of the water treatment chemicals are listed
as proprietary chemicals with no information on their ingredients, so their risk remains
unassessed.
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EIS does not consider potential of methane to contaminate groundwater

Methane has been detected in private drinking water bores adjacent to Queensland
gasfields.?” US studies have shown that methane levels in drinking water are higher in areas
with a high density of wells and methane levels increased over time coinciding with the
increasing number of wells. Methane contamination of water was evident in 60 water wells
near active gas wells in the US.? Contamination at 19 to 64 parts per million (ppm) was above
US federal government safety guidelines. The majority were situated one kilometre or less
from a gas well. Wells more than a kilometre from active gas wells had only a few ppm. In a
follow up study, the distance to gas wells was found to be the most significant factor. Water
wells close to gas-drilling sites had methane levels more than six times higher than more
distant wells.?® There is no discussion in the EIS of the potential of methane to contaminate
groundwater or the bores of neighboring properties.

EIS does not consider the endocrine impacts of UG chemicals

Many chemicals used in the UG industry have been identified as endocrine disrupting
compounds (EDCs), e.g.,methanol which is listed to be used in the Santos EIS. As Santos
maintains the option to use any product including those not divulged in the EIS, there is a
strong likelihood that these may also include other EDCs. Chemicals associated with
unconventional oil and gas (UOG) can block or antagonise hormone receptors, particularly
androgen and oestrogen receptors (anti-oestrogens, anti-androgens). ** Prenatal exposure to
anti-androgenic EDCs like ethylene glycol, can lead to delayed sexual development, birth
defects such as hypospadias and other problems, while perinatal exposure to toluene can
reduce serum testosterone in rats. Perinatal exposure to EDCs has been shown to cause
permanent changes in the brain and effect behaviour, obesity, fertility, cancer and result in
other adverse health outcomes in laboratory animals depending on the timing of exposure.
Some impacts may be inherited and passed through epigenetic®' changes that may not
become apparent for many years.* In a 2013 US study,* surface and groundwater near areas
experiencing high levels of unconventional gas activity in Colorado were shown to contain
endocrine-disrupting chemicals (EDC) with moderate to high levels of EDC activity. The
concentrations of chemicals detected in surface and ground water were in high enough
concentrations to interfere with the response of human cells to male sex hormones and
estrogen. The EIS does not consider the endocrine impacts of either the chemicals used or
released by the Narrabri project.

EIS does not address chemical mixtures

A 2015 review** of more than 100 scientific, peer-reviewed publications on UOG chemicals
and their impacts found that research points to potential adverse health outcomes from
mixtures of these chemicals. The World Health Organisation’s (WHO) framework for
assessing mixtures® provides example situations where a risk assessment for combined
exposure to multiple chemicals might be necessary, such as the emissions of multiple
substances from a common source as in the case of fracking or drilling; the presence of
multiple substances in surface waters; exposure to multiple pollutants in the atmosphere; and
exposure to a formulated multi-component chemical product. The potential impact of co-
occurrence of, and concomitant exposure to, multiple chemicals should be taken into account
in problem formulation for a risk assessment. The EIS does not consider this issue.

EIS fails to address known UG air pollutants
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Data from the Australian government’s National Pollutant Inventory (NPI) shows the UG
industry is a significant source of air pollutants with releases of particulates (PMq, PM,5),
nitrogen oxides and VOCs. According to the NPI data, the quantities emitted are increasing.
Air toxics associated with UG activities can cause serious, irreversible health effects, including
cancer, neurological problems and birth defects.* In 2013, the World Health Organisation®
declared that outdoor air pollution is carcinogenic.

There are many sources of toxic air pollutants in gas fields and related infrastructure that are
not adequately addressed in the EIS assessment of air pollution, including high point vents,
equipment/engines, drilling rigs, boilers/heaters, generators, flares, storage tanks, injection
pumps, dehydrators, vehicles and gas skimmers. Major sources of air pollutants are the
compressor stations that move natural gas through pipelines and gas processing plants.®®

Santos now has many years of air emissions data and measured environmental impacts from
their equivalent production areas in Queensland, yet the EIS relies on unverified assumptions.
The EIS fails to discuss and quantify known air pollutants associated with this industry and,
instead, focuses on a very small number of criteria pollutants (nitrogen dioxide, carbon
monoxide, acetylene, ethane, propane, propylene).

The following priority pollutants have been identified, with some forming precursors of
secondary pollutants such as ozone.* The majority are not considered in the EIS.

Nitrogen Oxides were the focus of the air pollutant assessment. NO, are emitted from
numerous UG sources including machinery, compressors and flaring. NO, react with VOCs to
form ground-level ozone, which is linked to asthma attacks and other serious health effects.
Nitrogen dioxide can cause respiratory problems, heart conditions and lung damage. This
aspect was not adequately assessed.

Carbon monoxide - CO is emitted during flaring and from UG machinery. It is poisonous if
inhaled and inhibits the blood's ability to carry oxygen and can cause dizziness,
unconsciousness and even death. Not assessed.

Sulfur dioxide - SO, reacts with other chemicals to form acid rain and particulate pollution,
which can damage lungs and cause respiratory illness, heart conditions and premature death.
Not assessed.

Hydrogen sulfide - H,S occurs naturally in some gas formations and can be released when
gas is vented or flared, or via fugitive emissions. It is a toxic gas which is lethal if inhaled at
high concentrations. Not assessed.

Volatile Organic Compounds - VOCs are present during all stages of UG activities including
drilling, flaring, from equipment/machinery and holding pits/ponds. Some VOCs cause cancer
in animals (e.g. methylene chloride), in humans (e.g. formaldehyde) or are suspected human
carcinogens (e.g. chloroform, bromodichloromethane). VOC exposure may result in eye,
nose, and throat irritation, headaches, visual disorders, memory impairment, loss of
coordination, nausea, damage to liver, kidney, and central nervous system.*° Some VOCs like
formaldehyde and styrene are EDCs.*' Not assessed.

Sampling of the air around homes near Queensland gasfields detected a wide range of VOCs,
many of which were toxic.*> Community sampling around Queensland gas activities also
detected dichlorodifluoromethane, a potent chlorofluorocarbon (CFC) which damages the
ozone layer.*?
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BTEX (benzene, toluene, ethylbenzene, xylene) - BTEX chemicals are naturally occurring
VOCs in gas, coal deposits and groundwater.** Drilling and the removal of produced water
release BTEX from the coal seam. Their short-term health effects include skin, eye and nose
irritation, dizziness, headache, loss of coordination and impacts to respiratory system while
chronic exposure can result in damage to kidneys, liver and blood system. Not assessed.

Benzene - The WHO identified exposure to benzene as a major public health concern. They
note that benzene is a well-established cause of cancer in humans, with IARC classifying
benzene as carcinogenic to humans (Group 1). Benzene causes leukemia, non-Hodgkin's
lymphoma and also affects the immune system.. *° It has been linked to birth defects*® and
sperm abnormalities.*” Not assessed.

Polycyclic Aromatic Hydrocarbons - PAHs are a group of very toxic volatile compounds.
They are a significant air pollutant associated with UG production. People living or working
near active natural gas wells may be exposed to pollutants at higher levels than the US EPA
considers safe for lifetime exposure.*® High levels of PAHs were found across the study area
with levels increasing closest to the wells. Not assessed.

Another key omissions is the lack of consideration of volatile and semi volatile organic
compounds emitted from containment pits/ponds, high point vents, flaring and other
infrastructure, both in construction and operational phases.

EIS fails to address synergy between PM and air pollutants

Chronic inhalation of PMoand PM, s can cause respiratory problems, cancer, heart attacks,
strokes, diabetes, asthma, hypertension, renal disease or premature death. PM also provides
an effective pathway for other contaminants, such as heavy metals and NORMs, into the
broader environment. The Australian government acknowledges that there is no threshold for
PM at which health effects do not occur,* yet UG companies are not required to report
emissions of either PM, s or PMy, unless they exceed a threshold of 400 tonnes per year, or 1
tonne per hour.

PM travels deep into the lung and crosses directly into the bloodstream carrying with it other
toxic chemicals. The surface area of the particle drives a synergistic response, producing
greater than an additive response.* Together, the mixture is even more dangerous to health
than the added individual risks and importantly, there is no evidence of a safe level of
exposure to the combined air pollutants or a threshold below which no adverse health effects
occur. The EIS fails to address this recognised synergy.

EIS Ignores impacts of flaring

The US EPA has banned gas flaring (the burning off of natural gas from a new well) in most
cases since January 2015 due to growing concerns over air pollution.®" There are no
restrictions on UG flaring in Australia. Flaring releases hydrogen sulphide, methane and
BTEX,* and is recognised as a significant source of soot or black carbon pollution,* yet this
is not acknowledged in the EIS and the risks of air pollution from flaring are dismissed.

EIS ignores Australian National Pollutant Inventory UG industry reports
showing high levels of toxic emissions
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Australia is one of the few countries where the UG companies are required to self-report their
emissions to land, air and water to the government’s National Pollutant Inventory (NP1).>* The
data submitted each year represents their calculated estimated emissions for a limited list of
around 100 chemicals and heavy metals. The data show many thousands of tonnes of toxic
chemicals are annually being released to air by the UG industry and the figure is increasing.

In 2014-15, Santos Fairview Gasfield Reported emitting 1,300 tonnes of carbon monoxide,
1,800 tonnes of oxides of nitrogen, 28 tonnes of PM and 31 tonnes of VOCs. In South
Australia, Santos Merrimelia Gas projects in Leigh Creek, have significantly increased their
emissions of CO and NOx over the last three reporting periods.

Table 4: Santos Merrimelia Gas, Leigh Creek, South Australia

EMISSIONS 2012-2013 2013-2014 2014-2015
co 32 tonnes 850 tonnes 1,900 tonnes
NOx 220 tonnes 580 tonnes 1,200 tonnes

The numerous gasfields and infrastructures in a single region may add up to significant
cumulative releases. For example, in the Leigh Creek, South Australia region, where Santos
has 23 oil and gas facilities and activities, reporting to the NPl in 2014-15 included significant
amounts of volatile toxic compounds:

Table 6: Combined Santos Oil & Gas facilities, Leigh Creek, South Australia

SANTOS GAS FACILITIES VOLATILE ORGANC BENZENE (tonnes)
2014-2015 COMPOUNDS (tonnes)
Big Lake shale gas 890
Toolachee Gas 370 17
Merrimelia Gas 150
Tirrawarra Gas 460 23
Strzelecki Gas 100
Kidman Gas 160
Gidgealpa Gas 360 15
Della Gas 250 11
Daralingie Gas 220
Bookabourdie 210
TOTAL 3,170 66

The emissions resulted in over 3,170 tonnes of total VOCs and at least 66 tonnes of the very
toxic benzene released into the Leigh Creek region from Santos gas projects alone. These
projects also reported many thousands of tonnes of CO and NOx and smaller amounts of
many other contaminants. NPI figures reflect the steady growth in cumulative air emissions
from UG activities across regions. These issues are not addressed in the EIS.

EIS denies gas processing is key source of air pollution

Gas processing can produce many by-products, which are often vented to the air e.g. ethane,
propane, butanes, pentanes, higher molecular weight hydrocarbons, hydrogen sulphide and
carbon dioxide.
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The NPI data confirms that the processing of coal seam gas is a major and increasing source
of air pollution in Australia. Emissions of (PM) from the QGC’s Kenya Processing Plant
(ATP620) and Compressor Stations near Tara, have consistently risen over the last 5 years.

Table 1: QSG’s Kenya Processing Plant (ATP620) and compressor stations, Queensland

EMISSIONS
Particulate matter
(PM)

2011-2012
54 tonnes

2013 - 2014
342 tonnes

2014-2015
1,113 tonnes

Table 2: QGC’s Kenya Processing Plant

EMISSIONS

2013-2014

2014-2015

NOx

710 tonnes

1,300 tonnes

co

410 tonnes

1,000 tonnes

Total VOCs

89 tonnes

180 tonnes

The Santos Queensland Curtis LNG (QLNG) plant, which produces liquefied natural gas,
reported to the NPI for the first time for 2014-2015 reporting year. The facility released 4,800
tonnes of deadly carbon monoxide, 4,300 tonnes of nitrous oxides, 620 tonnes of VOCs, 190
tonnes of formaldehyde, 29 tonnes of acetaldehyde, and 17 tonnes each of benzene and
toluene (methylbenzene). It also released 546 tonnes of particulate matter. It was third
largest emitter in Gladstone.

In the light of the NPI data, including Santos’s own data, the EIS’s unsubstantiated
statement that there will be no emissions from any of the Narrabri gas compression
infrastructure, nor from the water treatment facility, appears unrealistic, indeed far-
fetched.

ElA fails to assess fugitive emissions

Many volatile and semi-volatile compounds are released to air and water as fugitive emissions
from UG activities. Some are the products of industrial UG uses and UG wastes and others
are the naturally occurring toxic substances released from the coal seams or shale rock.
Nevertheless, the issue of the fugitive emissions appears to have been ignored in the EIS.

A 2015 study using hourly measurements from Photochemical Assessment Monitoring
Stations in the Baltimore, MD and Washington, DC areas of the United States, observed that
daytime ethane concentrations have increased significantly since 2010, growing from 7% of
total measured non-methane organic carbon to 15% in 2013. They noted this trend appears
to be linked with the rapidly increasing natural gas production in upwind neighbouring states.*

Research conducted at Australia’s Southern Cross University®® measured atmospheric radon
(**Rn and **Rn) and carbon dioxide (CO,) concentrations as a measure of fugitive emissions
in the Queensland gas fields. The researchers found a 3-fold increase in maximum radon
*2Rn concentration inside the gas field compared to outside with a significant relationship with
the number of wells.
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The authors suggest the presence of radon and CO; indicates the possible release of other
gases, such as VOCs.

They argue that CSG activities, such as the depressurisation by groundwater extraction from
the coal bed strata, change the geological structure and pressures, helping gases to seep
through the soil and be released to the atmosphere.

In a submission to the Australian government, the same researchers reported hotspots with
concentrations of methane (CH,) as high as 6.89 ppm and CO, as high as 541 ppm near Tara.
Background atmospheric CH, outside the gas fields were lower than 2 ppm.*’ In a follow up
study, they confirmed the widespread enrichment of both CH, and CO, within the production
gas field, compared to outside. The CH, and CO; values showed distinct differences within
and outside the production field, indicatin% a CH, source within the production field had a
signature comparable to the region’s CSG.>®

EIS presents unsubstantiated conclusion

While noting air pollutant potential sources as the central gas processing facility (incorporating
a hot oil boiler; carbon dioxide removal circuit), the safety flare and power generation facility
at Leewood, the safety flare and diesel fired generators at Bibblewindi, as well as the gasfield’'s
gas fire generators and pilot well flares, the EIS then surprisingly concludes “the potential for
impacts on community health from the project associated with changes in air quality as
evaluated in the air impact assessment in the project area are estimated to be negligible.”

Pollutant release information from Santos’ other gas fields and infrastructure clearly indicate
that UG activities are the source of many serious air pollutants, which have the potential to
impact on community health. The failure to acknowledge the pollutants released by the
extensive infrastructure to be built at Narrabri, the failure to address fugitive emissions from
the gas fields, examine the synergy between PM and contaminants as well as the subsequent
failings of the Health impact assessment means that the conclusion that there will be no
impacts from air pollution on community health must be rejected.

EIS Fails to assess naturally occurring radioactive materials

Naturally Occurring Radioactive Materials or NORMs, like uranium, thorium and their progeny
radium-228 and radium-226, are found in both coal seams and shale,*® yet the issue is not
considered in the EIS.

The level of reported radioactivity can vary significantly, depending on the radioactivity of the
reservoir rock and the salinity of the water co-produced from the well. The higher the salinity,
the more NORMSs are likely to be mobilised. Since salinity often increases with the age of a
well, old wells tend to exhibit higher NORM levels than younger ones.*

UG activities such as drilling, removal of produced water, earthworks and transport result in
radioactive substances being remobilized and relocated either via wastewater, ‘bonding’ with
dust particulates or via resuspension in air. Direct particle fallout, as well as washout from rain,
provides an effective pathway for these contaminants to find their way into the wider
environment including surface water and onto rooftops and into domestic water tanks.

Both radon and radium emit alpha particles, which are most dangerous when inhaled or
ingested. Radium is a known carcinogen®' and exposure can result in increased incidence of
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bone, liver and breast cancer. Consuming radium in drinking water can cause lymphoma,
bone cancer, and leukemia.®® Radium also emits gamma rays, which raise cancer risk
throughout the body from external exposures. Radium-226 and radium-228 have half-lives of
1,600 years and 5.75 years, respectively. Radium is known to bioaccumulate in invertebrates,
molluscs, and freshwater fish,%® where it can substitute for calcium in bones.

Radon is an inert gas, so it doesn’t react with other elements and usually separates from
produced water along with methane at the wellhead. When inhaled, radon can cause lung
cancer, and there is some evidence it may cause other cancers such as leukemia.®

A US analysis of waste obtained from reserve pits used in unconventional natural gas mining
confirmed elevated beta radiation readings. Specific radionuclides present included
#2Thorium decay series (**Ra, ?®Th, 2°®Tl), and **Radium decay series (*'*Pb, '*Bi, ?'°Pb).
The research indicated the potential for exposure to technologically enhanced naturally
occurring radioactive materials and potential health effects from individual radionuclides.®

The EIS does not consider NORMs and their impacts.

EIS provides an inadequate assessment of human health impacts

The EIS does not include a comprehensive assessment of human health implications. There
is no review of the growing body of evidence and research focusing on human health impacts
from the exposure to UG activities. For example, a US-based human health risk assessment
of air emissions concluded residents closest to well pads, i.e. living less that ‘half a mile
(approx. 800m) from wells, have higher risks for respiratory and neurological effects based on
their exposure to air pollutants, and a higher excess lifetime risk for cancer. 66

Children living in close proximity to UG activities are at particular risk from air pollutants, due
to their unique vulnerability to hazardous chemicals.®” Children’s exposure to chemicals at
critical stages in their development may have severe long-term consequences for health.
WHO has expressed a priority concern around children’s exposure to air pollutants.®®

A large study from Colorado found that children born in areas with the highest number of gas
wells had a 30% increased rate of congenital heart defects compared to children born in areas
with no gas wells within 10km.®® A 2015 retrospective cohort study using electronic health
record data on 9,384 mothers linked to 10,946 neonates, between January 2009 to January
2013, showed that prenatal residential exposure to unconventional natural gas development
activity was associated with two adverse pregnancy outcomes — preterm births and high risk
pregnancies — adding to evidence that unconventional natural gas development may impact
health.” An earlier study from Cornell University concluded that babies born within 2.5km of
a gas well had lower birth weight and more health problems than babies who were born within
2.5km of a well that was planned but had not been drilled.”

As discussed by Dr Geralyn McCarron in her submission, evaluating responses to UG air
toxics is not as simple as averaging out exposure and carry out a standard desktop risk
assessment for individual contaminants. Dr David Brown et al? in their paper “Understanding
exposure from natural gas drilling puts current air standards to the test”, published in 2014,
noted “real-time measures of patterns of exposures are needed, and these must include peak
levels, durations, and components of mixtures.”

“Underlying current standards is the assumption that each toxic agent in air emission mixtures
acts independently when it is inhaled or ingested into the body...At UNGD sites, this
assumption is negated by the fact that PM is generally present at all sites; and it has been
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demonstrated that PM increases the amount of absorbed toxin by increasing transport into the
deep lung.”

The quality of the presented health impact assessment for the Santos Narrabri project is far
from acceptable and does not fulfil the requirements of the most basic scientific method, i.e.
to undertake a literature review to scope and understand the relevant issues.

We provide the following case study as evidence of real world human health impacts
experienced by residents living in and around gas fields in Queensland and as an example of
the type of issues that should have been addressed in the EIS.

For a more detailed discussion of the failings of the EIS Health Impact Assessment please
see Dr Geralyn McCarron’s Submission on the Narrabri Gas Project (April 2016)

Supplementary Information

Case study - Darling Downs / Tara, Queensland

The people of the Western Downs gas fields had been reporting adverse impacts since 2008
when untreated CSG waste was sprayed on local roads for ‘dust suppression.” In 2009,
residents reported health impacts such as rashes, nosebleeds, nausea and vomiting which
forced people to leave their homes. In 2013, the Queensland Government released its Health
Report into residents’ complaints, which acknowledged that there was ‘some evidence that
might associate some of the residents’ symptoms to exposures to airborne contaminants
arising from CSG activities.” "

Air Pollutant Testing

Despite the knowledge of the significant releases in the Tara region, there has been no
comprehensive monitoring of air pollutants. However, single point sampling of ambient air
around Tara homes by industry and government has detected a wide range of VOCs, many
of which are toxic. These include acetone, acrolein, alpha-pinene, benzene, benzothiazole,
chloromemethane, cyclohexane, dichlorofluromethane, ethanol, ethyl acetate, ethylbenzene,
2-ethyl-1-hexanol, heptane, hexane, heptadecane, hexadecane, 2-methylbutane,
methylcyclohexane, methylene chloride, methyl ethyl ketone, 3-methylhexane, 3-
methylpentane, naphthalene, pentane, phenol, propene, tetradecane, tetrachlorethylene,
1,2,4-trimethylbenzene, toluene, vinyl acetate, xylene, ethanol, phenylmaleic anhydride, and
methyl ethyl ketone.”

In sampling undertaken by Australian gas company QGC’® (the ERM Report), in response to
residents’ complaints, only 13 air samples were collected in all. A single sample was taken at
five Tara properties with two samples at each of the remaining four properties.

Benzene

While many VOCs were detected in the air, the ERM Report concluded that, apart from the
benzene exceedance, there were no other exceedances of the air quality screening criteria.
Yet, in the case of 26 chemicals, the health criterion was below the detection level used by
the laboratories. For example, US EPA Regional Screening Levels for 1,1,1,2-
tetrachloromethane is 0.33 pg/m®, whilst the limit of detection used by the different labs varied
between 8.3 |Jg/m3 and 12 ug/m?®, well above the health criteria. The report acknowledges it
cannot be categorically stated that concentrations in the samples were also below the relevant
criteria value.
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In the case where benzene was detected above health risk criteria, it was dismissed stating
that ‘benzene was not a compound that is found in CSG and therefore could not be attributed
to CSG activities.’ This was in contrast to statements found on the website of the Queensland
Government’s Department of Environment and Heritage Protection where it states that: “BTEX
compounds (benzene, toluene, ethylbenzene, xylene) are found naturally in crude oil, coal
and gas deposits and therefore they can be naturally present at low concentrations in
groundwater near these deposits”.”® Benzene had already been detected in monitoring bores
at an Arrow Energy fracking operation ”’ in Queensland. The dismissal of benzene
exceedances was unacceptable when other BTEX chemicals such as toluene, a neurotoxin,
had been found in the air around a number of Tara homes and in the air above a resident’s
water bore.”® The level of toluene in air above the bore was measured at 0.33 ppm but was
dismissed as ‘below levels of concern’. Yet, it was above the ‘Chronic Reference Exposure
Limits7’9used for long-term exposure by California, Massachusetts and Michigan states in the
USA.

Inadequate Monitoring

The total ERM monitoring period was only nine days and clearly inadequate. The methodology
resulted in testing limits of reporting for some chemicals that were substantially higher than
the reference air quality criteria. The monitoring was not designed to identify short-term peaks
or troughs in air concentrations. In order to assess air contaminants, sampling is needed over
an extended period of time. This was demonstrated in a 2012 study on air pollution associated
with unconventional gas activities. The 12 month study®® detected 44 hazardous air pollutants
at gas drilling sites including a wide range of air toxics, e.g. CH4, methylene chloride, ethane,
methanol, ethanol, acetone, propane, formaldehyde, acetaldehyde, and PAHs / naphthalene.
Most importantly, the authors noted a great deal of variability across sampling dates in the
numbers and concentrations of chemicals detected. Notably, the highest percentage of
detections occurred during the initial drilling phase, prior to hydraulic fracturing on the well
pad.

Community Testing

The Queensland Government facilitated some ad hoc sampling for VOCs in air at the
Wieambilla Estate in Tara in response to ongoing community concerns. They provided
Summa canisters®' with a 1-minute sampling period and passive diffusion samples to
residents for use when appropriate. Again, many VOCs were detected and, while most were
below relevant guidelines and the criteria used, the number and type of compounds was
diverse.

Summa canister sampling found the following VOCs: hexane, propene, chloromethane,
dichlorodifluromethane, methylene chloride, ethanol, acetone, methyl ethyl ketone, acrolein,
and vinyl acetate. Vinyl acetate exceeded the annual criteria in one case.

Passive samplers also found the following VOCs: pentane, hexane, heptane, tetradecane,
hexadecane, heptadecane, cyclohexane, 2-methylbutane, 3-methylpentane, 3-
methylhexane, methylcyclohexane, tetrachloroethylene, 2-ethyl-1-hexanol, ethyl acetate,
benzene, toluene, xylene, ethylbenzene, 1,2,4-trimethylbenzene, phenol, benzothiazole,
naphthalene, and alpha-pinene.

Benzene was detected at 0.6 ppb, above the US EPA recommendations of 0.4 ppb which,
over a lifetime, could cause a risk of one additional cancer case for every 100,000 exposed
persons.® The benzene result was simply dismissed as an ‘outlier’.

In community sampling around UG activities over an eight-hour period, ethanol and
chlorofluorocarbons (CFCs) were detected. ® Dichlorodifluoromethane, a potent ozone
depleting CFC was detected in all three air samples.
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In July 2014, a small suite of tests were undertaken by the Queensland State government
around a Tara family residence, which identified acrolein at 9.6 ppb, more than 100 times
higher than acceptable chronic exposure standard. ® The Texas (US) annual criterion is 0.066
ppb. Acrolein is an acute irritant of the eyes, nose, throat, lungs and skin, and is reported to
be used by the oil and gas industry as a biocide in drilling waters, as well as a scavenger for
hydrogen sulphide and mercaptans. Flares are also a possible source of acrolein.
Formaldehyde® was also detected.

Despite the increased rate of radon detected inside the Queensland gas fields, there has been
little radionuclide analyses or testing in the Tara communities surrounding gas fields.
However, limited independent testing has detected worrying levels of beta and alpha
radioactivity in Tara residents’ water tanks. This represents a significant concern for the
children, as they are far more vulnerable to radioactivity than adults with sensitivity to radiation
being highest early in life. 2 Particulate pollution provides an effective pathway for radioactive
substances into the broader environment, and it is hypothesized that through resuspension of
radioactive substances and washout from rain, as well as direct particle fallout onto roofs and
tanks, this has resulted in the detection of radioactivity in the water and sediment of Tara
residents’ water tanks.

An assessment of the scope and severity of the Tara region’s air pollution is not possible from
a review of the data sets that are available or from industry’s reports of the estimated air
releases. However, both the real world experience of serious particulate pollution and the
consolidation of available information, does paint a worrying picture of the region’s air quality
and its possible impacts. This requires both an urgent investigation and precautionary
management responses to protect human and environmental health.

Tara Residents’ Observed Symptoms

The physical and social impacts on the affected residents have been substantial, but the
Queensland Government's Health Report® into residents’ complaints was cursory and
included little clinical investigation. The report concluded that it was unable to determine
whether any of the health effects reported by the community were clearly linked to exposure
to CSG pollutants. This was not a surprising finding and one that is common in cases of
chronic chemical exposures and suspected health effects, especially when no baseline health
or environmental data was available. The report did, however, acknowledge that there had
been “some evidence that might associate some of the residents’ symptoms to exposures to
airborne contaminants arising from CSG activities”.

In response to the Queensland government report, which did nothing to allay community
concern, in February-March 2013 a Brisbane based GP, Dr Geralyn McCarron, conducted a
health survey of residents within the Western Downs gasfields. Her findings were published
in the Australian and New Zealand Journal of Public Health.?® Full details are also available in
her report, “Symptomatology of a gas field.”® Thirty-five households in the Tara residential
estates and the Kogan/Montrose region were surveyed in person and telephone interviews
were conducted with three families who had left the area. Information was collected on 113
people from the 38 households. Over half (58%) the residents surveyed reported that their
health was definitely adversely affected by CSG, whilst a further 19% were uncertain.

In all age groups, there were reported increases in cough, chest tightness, rashes, difficulty
sleeping, joint pains, muscle pains and spasms, nausea and vomiting. Approximately one third
of the people over six years of age were reported to have spontaneous nose bleeds, and
almost three quarters were reported to have skin irritation. Over half of children were reported
to have eye irritation.
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Of particular concern were the symptoms that could be related to neurotoxicity (or nervous
system damage), and the frequency with which these symptoms were reported in children.
Approximately a third of the all the children to age 18 were reported to experience
paraesthesia (abnormal sensations such as pins and needles, burning or tingling). Almost all
the children aged 6-18 were reported to suffer from headaches and for over half of these the
headaches were severe. Of people aged six years and over, severe fatigue and difficulty
concentrating were reported for over half. Parents of a number of young children reported
twitching or unusual movements, and clumsiness or unsteadiness.

Urine specimens from 16 people living in Queensland’s gasfields were tested privately.
Testing revealed a mixture of chemical contaminants including phenol, cresol, acetone, PAHs,
methyl ethyl ketone, toluric acid (a metabolite of xylene) and hippuric acid (a metabolite of
toluene). Thirteen people had mixtures of two or more chemicals in their urine. The chemicals
that returned positives in urine samples were not chemicals routinely tested for in normal
pathology laboratories. The associated reference ranges relate only to occupational exposure
to a single chemical toxin and to adult workers whose exposure is limited to a typical 8-hour
working day. There are no “normal” values or reference values for children exposed 24 hours
per day, 7 days per week to a chemical cocktail.

Conclusions

The Santos Narrabri EIS has numerous fundamental omissions, which demonstrate it is not
acceptable. The growing scientific evidence of the UG industries adverse impacts clearly
indicates that, this Santos project, encompassing approximately 850 new gas wells and
considerable infrastructure in an agricultural region while producing many hundreds of tonnes
of waste per annum with no technical solutions, should be rejected.

Currently, Australian guidelines and standards do not take into account low-level, chronic
exposure to environmental contaminants. To fully assess the impacts of UG development, this
is a priority. Repeatedly, research and real world experience have pointed to evidence of the
adverse impacts of this industry. When so much is at risk, the most simple cost benefit analysis
would suggest that this project represents far too great a risk to people, to agriculture and to
the environment and must be rejected.

Endnotes

http /lwww .chiefscientist.nsw.gov.au/__data/assets/pdf_file/0005/56912/140930-CSG-Final-Report.pdf

Hydraullc Fracturing for Shale and Tight Gas in Western Australian Drinking Water Supply Areas: Human
Health Risk Assessment. Public Health Division Department of Health Western Australia June 2015

% NIOSH Hazard Review, Health Effects of Occupational Exposure to Respirable Crystalline Silica. National
Toxicology Program [2012]. Report on carcinogens 12th ed. U.S. Department of Health and Human Services,
Publlc Health Service.

www osha.gov/dts/hazardalerts/hydraulic_frac_hazard_alert.htm

® Seth B.C. Shonkoff, Jake Hays,and Madelon L. Finkel, (2014) Environmental Public Health Dimensions of
Shale and Tight Gas Development, Environ Health Perspect; Vol 22: 8 DOI:10.1289/ehp.1307866

http /lwww.iarc.fr/len/media-centre/pr/2012/pdfs/pr213_E.pdf

7 World Health Organization/International Programme on Chemical Safety; Concise International Chemical
Assessment Document No. 57 Glyoxal pp.4-6 (2004)]

http /lendocrinedisruption.org/endocrine-disruption/tedx-list-of-potential-endocrine-
disruptors/chemicalsearch?sname=8&x=73&y=7&action=search&sall=1&searchfor=any&scas=&use15=1&search
cats=all



NTN 2
NATIONAL

TO
NETWORK

® 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%20Report%
204 18.11.pdf

https /Iwww.cdc.gov/niosh/ipcsneng/neng0786.html

https /Iwww.ncbi.nlm.nih.gov/books/NBK201333/

http Ilwww.ecowatch.com/fracking-spills-duke-study-
2276074733.html?utm_source=EcoWatch+List&utm_campaign=99f2258dcd-
MallChlmp+Ema|I+BIast&utm medium=email&utm_term=0_49c7d43dc9-99f2258dcd-85321873

® Birkholzer, J.T., et al An Independent Scientific Assessment of Well Stimulation in California Executive
Summary An Examlnatlon of Hydraulic Fracturing and Acid Stimulations in the Oil and Gas Industry, July 2015

* Origin's EMP Landspraying While Drilling (LWD) Trial Program OEUP-Q8200-PLN-ENV
http /Iwww.aplng.com.au/pdf/Environmental_Management_Plan_Landspraying_While_Drilling_Trial_Program.pdf

http /lwww.environment.gov.au/resource/australian-and-new-zealand-guidelines-fresh-and-marine-water-
qeuallty -volume-1-guidelines

http Ilwww .stuff.co.nz/taranaki-daily-news/news/8813978/Fonterra-rejects-new-landfarm-milk

" Potential Risks for the Environment and Human Health Arising from Hydrocarbons Operations Involving
Hydraullc Fracturing in Europe. http://ec.europa.eu/environment/integration/energy/pdf/fracking%20study.pdf

¥Santos coal seam gas project contaminates aquifer, SMH 2014 http://www.smh.com.au/environment/santos-
coal-seam-gas-project-contaminates-aquifer-20140307-34csb.html
" Flint, C & Hogan, N, The Truth Spills Out: A Case Study of Coal Seam Gas Exploration in the Pilliga, May 2012
Report for Northern Inland Council for the Environment The Wilderness Society Newcastle

http /lwww.smh.com.au/environment/water-issues/agls-irrigation-trial-using-csg-waste-water-found-to-be-
unsustalnable 20150416-1mmf82.html

http /lwww .epa.gov/region8/superfund/wy/pavillion/EPA_ReportOnPavillion_Dec-8-2011.pdf

Medla Release ‘Arrow advises of monitoring results’ 26 August 2011

2 Simtars Investigation of Kogen Water Bore (RN147705) -16 October 2012

http /lwww.agl.com.au/~/media/AGL/About%20AGL/Documents/How%20We%20Source%20Energy/Glouceste
%20Document%20Repos|tory/Fact%2OSheets/20150302 Fact%20Sheet%20GGP%20%20%20BTEX_V3.pdf

® Chemicals unable to be treated successfully include bromoform, chloroform, naphthalene, nonylphenol,
octylphenol, dichloroacetic acid, trichloroethylene. See www.industry.qld.gov.au/documents/LNG/csg-water-
beneficial-use-approval.pdf; http://www.aquatechnology.net/reverse_osmosis.html ;Stuart J. Khan Quantitative
chemical exposure assessment for water recycling schemes, Waterlines Report Series No 27, March 2010
Commissioned by the National Water Commission
% Analytlcal Results ES1118565, 25-AUG-2011 East West Enviroag Project No. EW110647

Slmtars Investigation of Kogen Water Bore (RN147705) -16 October 2012

8 Osborn, SG, A Vengosh, NR Warner, RB Jackson. (2011) Methane contamination of drinking water
accompanying gas-well drilling and hydraulic fracturing. PNAS Vol. 108 /20
http //www.nicholas.duke.edu/cgc/pnas2011.pdf

® Jackson et al, Increased stray gas abundance in a subset of drinking water wells near Marcellus shale gas
extraction PNAS 2013 110 (28) 11250-11255
% Webb et al (2014) Unconventional oil and gas operations: developmental and reproductive effects. Rev
Enwron Health 2014; 29(4): 307-318

Eplgenetlcs refers to heritable changes in gene expression (active versus inactive genes) that does not involve
changes to the underlying DNA sequence (source: http://www.whatisepigenetics.com/fundamentals/)

% Webb et al 2014
33 Kassotis et al (2013) Estrogen and Androgen Receptor Activities of Hydraulic Fracturing Chemicals and Surface and
Ground Water in a Drilling-Dense Region, Endocrinology doi: 10.1210/en.2013-1697 http://www.endo.endojournals.org

Chrlstopher D. Kassotis, Donald E. Tillitt, Chung-Ho Lin, Jane A. Mcelroy, and Susan C. Nagel. Endocrine-
Disrupting Chemicals and Oil and Natural Gas Operations: Potential Environmental Contamination and
Recommendations to Assess Complex Environmental Mixtures. Environmental Health Perspectives, 2015 DOI:
10 1289/ehp.1409535

® M.E. Meek et al. Risk assessment of combined exposure to multiple chemicals: A WHO/IPCS framework
Regulatory Toxicology and Pharmacology 60 (2011) S1-S14

Reducmg Air Pollution from the Oil and Natural Gas Industry EPA’s Final New Source Performance Standards
and National Emission Standards for Hazardous Air Pollutants, April 17, 2012
http /lwww.epa.gov/airquality/oilandgas/pdfs/20120417presentation.pdf

" International Agency for Research on Cancer, press release no 221 17 Oct 2013 - http://www.iarc.fr/en/media-
centrellarcnews/pdflprZZ1 E.pdf

http /ltoxtown.nIm.nih.gov/text_version/locations.php?id=150

A Kibble, T Cabianca, Z Daraktchieva, T Gooding, J Smithard, G Kowalczyk, N P McColl, M Singh, S
Vardoulakis and R Kamanyire Review of the Potential Public Health Impacts of Exposures to Chemical and
Radioactive Pollutants as a Result of Shale Gas Extraction: Draft for Comment, PHE-CRCE-002
http://www.hpa.org.uk/Publications/Environment/PHECRCEReportSeries/PHECRCEQ002/



NTN %
NATIONAL

TO
NETWORK

http /lwww.epa.gov/iag/voc.html

US National Library of Medicine http://toxtown.nlm.nih.gov/text_version/chemicals.php?id=65

2 These include acetone, acrolein, alpha-pinene, benzene, benzothiazole, chloromemethane, cyclohexane,
dichlorofluromethane, ethanol, ethyl acetate, ethylbenzene, 2-ethyl-1-hexanol, heptane, hexane, heptadecane,
hexadecane, 2-methylbutane, methylcyclohexane, methylene chloride, methyl ethyl ketone, 3- methylhexane, 3
methylpentane, naphthalene, pentane, phenol, propene, tetradecane, tetrachlorethylene, 1,2,4,-
trimethylbenzene, toluene, vinyl acetate, xylene, ethanol, phenylmaleic anhydride, methyl ethyl ketone. See
Symptomatology of a gas field, An independent health survey in the Tara rural residential estates and environs -
http://www.ntn.org.au/wp/wp-content/uploads/2013/05/Symptomatology-of-a-gas-field-An-independent-health-
survey -in-the-Tara-rural-residential-estates-and-environs-April-2013.pdf

% Australian Government National Measurement Institute, Report of Analysis of Air Canisters Low Level, Report
No. RN900555 (2 Feb 2012), Report No. RN893233 (16 Dec 2011), Report No. RN893232 (16 Dec 2011) as
reported in Lloyd-Smith & M, Senjen, R Halogenated Contaminants From Coal Seam Gas Activities, Proceedings
of Dioxin 2012 Conference, Cairns, Australia.

http /lwww.ehp.qgld.gov.au/management/coal-seam-gas/btex-chemicals.html

http /lwww .atsdr.cdc.gov/toxprofiles/tp3-c6.pdf

http /iwww .ncbi.nlm.nih.gov/pubmed/20923742

http /lwww .environmentalhealthnews.org/ehs/newscience/benzene-linked-to-sperm-abnormalities

8 Paulik et al., Impact of natural gas extraction on PAH levels in ambient air. Environ Sci Technol. 2015 Apr 21
49(8) 5203- 10 doi: 10.1021/es506095e. Epub 2015 Apr 9.

http /lwww .npi.gov.au/resource/particulate-matter-pm10-and-pm25
% David Brown, Beth Weinberger, Celia Lewis and Heather Bonaparte, Understanding exposure from natural gas
drilling puts current air standards to the test. Rev Environ Health 2014; DOI 10.1515/reveh-2014-0002
http /lwww.fraw.org.uk/files/extreme/brown_lewis_2014.pdf

http /lwww .epa.gov/airquality/oilandgas/pdfs/20120417presentation.pdf

http /lIwww.med.upenn.edu/ceet/documents_user/MarcellusShale_Penning3.pdf

%3 Stohl, A., Klimont, Z., Eckhardt, S. et al. (2013). Black carbon in the Arctic: the underestimated role of gas
flaring and residential combustlon emissions. Atmospheric Chemistry and Physics. 13: 8833-8855. Also see
http /lec.europa.eu/environment/integration/research/newsalert/pdf/349na5.pdf

http /lwww.npi.gov.au
% Vinciguerra, T., et al Regional air quality impacts of hydraulic fracturing and shale natural gas activity:
Ewdence from amblent VOC observations, Atmospheric Environment 110 (2015)

Douglas R. Tait, Isaac Santos, Damien Troy Maher, Tyler Jarrod Cyronak, & Rachael Jane Davis, Enrichment
of radon and carbon dioxide in the open atmosphere of an Australian coal seam gas field Environ. Sci. Technol.
http /Ipubs.acs.org/doi/abs/10.1021/es304538g

7 Submission on National Greenhouse and Energy Reporting (Measurement) Determination 2012 - Fugitive
Emissions from Coal Seam Gas. Submitted 19 October 2012 to Department of Climate Change and Energy
EfflClency by Dr. Isaac Santos Southern Cross University, NSW Australia

® Damien T. Maher & Isaac R. Santos & Douglas R. Tait, (2014) Mapping Methane and Carbon Dioxide
Concentrations and 813C Values in the Atmosphere of Two Australian Coal Seam Gas Fields Water Air Soil
Pollution 225:2216
% Fact Sheet FS-163-97 October, 1997 Radioactive Elements in Coal and Fly Ash: Abundance, Forms, and
Environmental Significance, USGShttp://pubs.usgs.gov/fs/1997/fs163-97/FS-163-97.html; Note in 2014, Santos
coal seam gas project was found to have contaminated aquifers with Uranium at 335 micrograms per litre, which
is 20 times the Australian Drinking Water guideline of 17 ug/l. See Santos coal seam gas project contaminates
aquifer’ SMH 2014 http://www.smh.com.au/environment/santos-coal-seam-gas-project-contaminates-aquifer-
20140307-34csb.html
60 http://www.world-nuclear.org/info/Safety-and-Security/Radiation-and-Health/Naturally-Occurring-Radioactive-
Materlals NORM/#.UTlc2gXfCcM

http /lwww.atsdr.cdc.gov/toxfaqs/tf.asp?id=790&tid=154

2 EPA. Radionuclides: Radium [website]. Washington, DC:Office of Radiation and Indoor Air, U.S.
Environmental Protection Agency (updated 6 March 2012). http://www.epa.gov/radiation/radionuclid
es/radium.html#affecthealth
8 Warner et al. 2013
% NRC. Health effects of radon progeny on non-lung-cancer outcomes. In: Health Effects of Exposure to Radon,
BEIR VI. Washington, DC:Committee on Health Risks of Exposure to Radon (BEIR VI), National Research
Counc;ll National Academies Press (1999). http://www.nap.edu/openbook.php?record_id=5499&page=118

® Rich AL, Crosby EC. Analysis of reserve pit sludge from unconventional natural gas hydraulic fracturing and
drilling operations for the presence of technologically enhanced naturally occurring radioactive material
(();I’ENORM). New Solut. 2013;23(1):117-35.

Lisa M. Mckenzie, Roxana Z. Witter, Lee S. Newman and John L. Adgate, Human health risk assessment of
air emissions from development of unconventional natural gas resources. Science of the Total Environment
March 21, 2012
" World Health Organization / Children’s Environmental Health. http://www.who.int/ceh/en/

Also see IFCS Children and Chemical Safety Working Group. 2005. Chemical Safety and Children’s Health:
Protecting the world’s children from harmful chemical exposures - a global guide to resources, October.




INITIM

NATIONAL

TO
NETWORK

% World Health Organisation (WHO), International Labor Office (ILO), United Nations Environment Program
(UNEP) 2006. Helping to Protect Children from the Harmful Effects of Chemicals. International Program on
Chemlcal Safety. http://www.who.int/ipcs/en/

° McKenzie et al., Birth Outcomes and Maternal Residential Proximity to Natural Gas Development in Rural
Colorado Enwron Health Perspect; DOI:10.1289/ehp.1306722 http://ehp.niehs.nih.gov/1306722/ )

Casey, J.A. et al, Unconventional Natural Gas Development and Birth Outcomes in Pennsylvania, USA
Ep/demlology 2015

" Hill, E. (2013). The impact of oil and gas development on infant health in colorado. Cornell Dyson School
Worklng Paper

% David Brown*, Beth Weinberger, Celia Lewis & Heather Bonaparte, Understanding exposure from natural gas
drilling puts current air standards to the test. Rev Environ Health 2014;
https //www.ncbi.nlm.nih.gov/pubmed/24690938

® Queensland Government's Health Report, ‘Coal seam gas in the Tara region: Summary risk assessment of
health complaints and environmental monitoring data, March 2013’

Symptomatology of a gas field, An independent health survey in the Tara rural residential estates and environs
- http://www.ntn.org.au/wp/wp-content/uploads/2013/05/Symptomatology-of-a-gas-field-An-independent-health-
survey -in-the-Tara-rural-residential-estates-and-environs-April-2013.pdf

® Queensland Gas Company Environmental Health Assessment Report Tara Complaint Investigation Report,
January 2013 Final REF: 0181432R01 (known as the ERM Report)

http /lwww.ehp.gld.gov.au/management/coal-seam-gas/btex-chemicals.html.

Medla Release ‘Arrow advises of monitoring results’ 26 August 2011

Slmtars Investigation of Kogan Water Bore (RN147705) -16 October 2012

http /loehha.ca.gov/air/chronic_rels/pdf/108883.pdf ; Also see
http://environment.gov.ab.ca/info/library/6659.pdf
8 Colborn T, Schultz K, Herrick L, and Kwiatkowski C. 2012 (in press). An exploratory study of air quality near
natural gas operations. Hum Ecol Risk Assess

Summa canister is a stainless steel vessel which when the valve is opened allows the surrounding air to fill the
canister and achieve a representative sample. The valve is then closed and the canister is sent to a laboratory for
analysrs

http /lwww.anapolschwartz.com/practices/benzene

8 Australian Government National Measurement Institute, Report of Analysis of Air Canisters Low Level, Report
No. RN900555 (2 Feb 2012), Report No. RN893233 (16 Dec 2011), Report No. RN893232 (16 Dec 2011) as
reported in Lloyd-Smith & M, Senjen, R Halogenated Contaminants From Coal Seam Gas Activities, Proceedings
of Dioxin 2012 Conference, Cairns, Australia.
8 Submission to the Senate Select Committee on Certain Aspects of Queensland Government Administration
related to Commonwealth Government Affairs, 17th November 2014 BY Dr Geralyn McCarron MB BCh BAO
FRACGP
8 Formaldehyde is a suspected human carcinogen. It can affect nearly every tissue in the human body, leading
to acute (dermal allergies, asthma) and chronic (neuro-, reproductive, hematopoietic, genetic and pulmonary
tOXICIty and cellular damage) health effects http://www.ehjournal.net/content/pdf/1476-069X-13-82.pdf

http /lwww.who.int/ceh/capacity/radiation.pdf

8 Queensland Government's Health Report, ‘Coal seam gas in the Tara region: Summary risk assessment of
health complaints and environmental monitoring data, March 2013’

® McCarron, G. Symptomatology of a gas field 2013 Unconventional Natural Gas Development: Economic
Salvatlon or Looming Public Health Disaster? Australian and New Zealand Journal of Public Health 2014.

Symptomatology of a gas field, An independent health survey in the Tara rural residential estates and environs
- http://www.ntn.org.au/wp/wp-content/uploads/2013/05/Symptomatology-of-a-gas-field-An-independent-health-
survey-in-the-Tara-rural-residential-estates-and-environs-April-2013.pdf




