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Dear Keir
er Associatioon thanks the
e Environment and Plannning Standingg Committeee
The Ausstralian Wate
for the invitation
i
to provide inpuut to the Com
mmittee’s Inquiry into Unnconvention
nal Gas in
Victoria. The Australian Water A
Association has been incrreasing the ddistribution of
o scientific
i
providing
p
faccts, terms an
nd impacts
evidence on unconvventional gass and water interaction;
that uncconventional gas will havve to the watter industry. In particularr, recently th
he Associatio
on
has pressented on th
he effects of coal seam gaas (CSG) and water, in reesponse to th
he growing
industryy in NSW and
d Queenslandd.
As the national
n
peakk organisatioon to the watter sector, th
he Australiann Water Asso
ociation
provides a platform for our wateer experts, practitioners
p
and businessses to share information
n,
O memberrs include proofessionals and
a
grow exxpertise and collaborate eeffectively. Our
practitio
oners workin
ng in utilities,, science and
d research, energy
e
and reesources, ma
anufacturingg
and agriiculture.
The Ausstralian Wate
er Associatioon conducts an
a annual survey to mea sure water sector
s
participaants’ views on
o critical isssues and provides a comp
prehensive vview on the state
s
of the
Australian water secctor, urban aand rural. In the 2014 Sta
ate of the W
Water Sector Survey,
S
we
hat 70% of re
espondents tthink that un
nconventional gas has a ssignificant to
o moderate
found th
effect on the overall managemeent of ground
d or surface water.
w
In reccognition of concern from
m
both thee water secto
or and the coommunity about the pottential adverrse effects CSSG mining
may havve on water resources booth now and in the future, the Austraalian Water Association
A
has takeen a lead role
e in providinng our memb
bers with the up‐to‐date scientific infformation
regardin
ng CSG.
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In thee April editio
on of our Waater Journal, we published a Water & CSG supplement, with the
aim of
o helping to explain key terms, facts and evidencce relating too the impacts on water frrom
coal seam
s
gas exp
ploration andd production
n. The publication providdes detailed information
i
on
key isssues including understa nding the rissks of extracttion to wate r resources, challenges in
sustaainable use of
o CSG water for irrigated
d agriculture,, using aeriall technology for farmland
d
erosio
on solutions and how em
merging confflicts between water userrs and resou
urce
devellopments siggnals the neeed for water reforms. We
e hope the CCommittee will
w consider the
t
attached CSG & Water
W
suppleement and find it valuable for inform
ming the Inquiry.
A
Water Associaation is also preparing
p
a discussion
d
paaper with the
e assistance of
The Australian
law fiirm Norton Rose
R
Fulbrighht and input from memb
bers that out lines the keyy regulationss of
CSG with
w respect to water in NSW and Qu
ueensland, th
hen providess suggestions to promotee
further harmonisation of CSG
G regulation around
a
Australia. This disscussion pap
per, Coal Sea
am
Gas and
a Water Reegulation in New South Wales
W
and Queensland
Q
w
will be finalised this montth
and we
w will provide this to th e Committee
e for conside
eration as wee believe it will
w also be
valuaable in inform
ming the Inquuiry.
On Tu
uesday 23 Ju
une the Austrralian Waterr Association held a CSG aand Water Breakfast
B
Seminar in Sydne
ey. The seminnar brought together
t
water sector prrofessionals and key indu
ustry
P
ns from AGL, the NSW Offfice of Coal SSeam Gas, th
he Universityy of
repreesentatives. Presentation
Queeensland’s Cen
ntre for Coal Seam Gas and Norton Rose
R
Fulbrighht all helped improve
particcipants’ know
wledge of thhe key water and CSG issu
ues. We wouuld be happyy to provide a
similaar event in Victoria
V
if it w
was of interest.
We lo
ook forward to engaging with the Committee as the
t Inquiry ddevelops. Ple
ease do not
hesitaate in contaccting Amandda Water – National Manager, Comm
munications and
a Policy on
n 02
9467 8416 awhite
e@awa.asn.aau if you req
quire further informationn.

Yourss sincerely,

Aman
nda White
Natio
onal Manager – Communnications and
d Policy
Austrralian Waterr Associationn

Water&CSG
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A special supplement produced by the Australian Water Association

UNDERSTANDING THE RISKS OF CSG
EXTRACTION TO WATER RESOURCES
CHALLENGES IN SUSTAINABLE USE OF
CSG WATER FOR IRRIGATED AGRICULTURE
USING AERIAL TECHNOLOGY
FOR FARMLAND EROSION SOLUTIONS
EMERGING CONFLICTS BETWEEN WATER
USERS AND RESOURCE DEVELOPMENTS
SIGNALS NEED FOR WATER REFORMS

CSG:

JUST THE LATEST
ROUND IN AN
UNDERGROUND
WAR?
CASE STUDIES • Arup: Assessment of Options for Using Coal Seam Gas Water in the Central Condamine Alluvium
• GE Power & Water: Integrated Water Treatment Solution for Coal Seam Gas-to-Liquid Natural Gas

water& CSG
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FOREWORD FROM CHIEF EXECUTIVE
The growth of coal seam gas (CSG) exploration and production has emerged
as a major issue for both the water industry and the community, which is quite
rightly concerned about the potential adverse effects CSG mining may have on
water resources both now and in the future.
Water is fundamental to our quality of life and to our economic growth.
The quality and security of water contributes to our lives and the viability
of many businesses. A reliable and affordable supply of water is also seen
as a fundamental right for all Australians. We need to ensure that our
water resources continue to be protected.
As Australia’s peak water organisation, the Australian Water Association’s (AWA) role is to bring
relevant evidence-based information to the water industry and the broader community on the effects
of CSG activity on Australia’s water resources. We need to attract and promote more evidence-based
information to inform debate and encourage solutions that are based on the known facts and evidence.
It is not the role of AWA to advocate for one industry or to justify a particular water usage – there are
plenty of others undertaking these functions. Instead, AWA’s role is to collate and distribute the available
evidence on the impacts on water to our members and to the community without fear or favour.
The opinions expressed in this special supplement do not represent the views of AWA, but rather
they are the views of the identified scientists, academics, water technology providers, government
departments and energy sector companies.
AWA’s objective in providing this information is to help explain the terms, facts and evidence relating to
the impacts on water from coal seam gas exploration and production. This relates closely to our charter
to provide information, professional development and collaboration for sustainable water management
in Australia. Clearly, the circumstances that determine the impact on water will vary between specific
locations, different geologies and the actual methods deployed to explore and produce coal seam gas.
These important geographic and process variations need to be understood to determine the real impact
on water. Geology defines the groundwater characteristics of a sedimentary basin and no two basins
are the same. It is important that the facts regarding the connectivity of aquifers and coal seam gas
targets are known and publicised to ensure that agriculture and water resources remain sustainable.
The long-term preservation of water as a national asset deserves thorough analysis rather than the
application of generic conclusions.
AWA hopes this supplement will answer some questions and encourage further analysis and debate
on the impacts of coal seam gas on our Australia’s water resources.

Published by the Australian Water
Association. For more information
contact National Manager –
Communications and Policy,
Amanda White 02 9467 8416
or awhite@awa.asn.au

DISCLAIMER

AWA assumes no responsibility
for opinions or statements of
fact expressed by contributors
or advertisers. Mention of
particular brands, products
or processes does not
constitute an endorsement.

CONTRIBUTORS

Australian Water Association;
Department of Primary Industries
NSW Office of Water; Brad Tucker
& John Williams, Wentworth Group
of Concerned Scientists; ARUP;
Dr Neil Huth & Perry Poulton,
CSIRO; Dr Glenn Dale, Verterra
Ecological Engineering; Sara Bice,
Mike Sandiford & Will Howard,
University of Melbourne (reprinted
from The Conversation); Doug
Anderson, UNSW; Andrew Carter,
GE Power & Water; Dr Adrian
Zammit, Focus Environmental;
Andrew Hodgkinson, CH2M; Adam
Webster, University of Adelaide
(reprinted from The Conversation).

– Jonathan McKeown, Chief Executive, Australian Water Association
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SOME FACTS ABOUT COAL SEAM GAS
The following is a summary of technical facts around coal
seam gas and water, prepared by AWA. The summary draws on
information from organisations such as CSIRO, the Independent
Expert Scientific Committee on Coal Seam Gas and Large Coal
Mining Development (IESC), and Geoscience Australia.
Figure 1.
A schematic of
the CSG extraction
process.

What is Coal Seam Gas?
Coal Seam Gas (CSG) is a natural gas that
is formed from the decay of organic matter
over time and held in coal seams under
pressure by groundwater. CSG is a mixture
of many gases, but is mostly made up of
methane (usually around 95–97 per cent
pure methane) (CSIRO, 2014b).
CSG is no different to natural gas derived
from conventional gas fields. Natural gas
is commonly used for cooking, heating,
as well as in industrial processes and
electricity generation.

PUMP

Water to treatment plant
Gas to processing plant

Water
pumped up
tubing

Australia’s gas resources
Australia’s main CSG resources are
found onshore in eastern Australia, with
the largest reserves being in the Bowen
and Surat Basins in Queensland, and
Gunnedah, Gloucester and Sydney
Basins in New South Wales.

BottoM Hole PUMP

How is CSG extracted?

4 Water & CSG

typically
300 to 1000
metres

CoAl SeAM

CSG is now also being explored in
South Australia, Tasmania, Victoria
and Western Australia.

To extract CSG, a well is drilled down to
target coal seams, usually 200 to 1,000
metres below the surface (Australia
Pacific LNG [no publication date]. When
groundwater is extracted the pressure is
reduced and the gas is released into the
CSG wells. The extracted water and gas is
diverted to surface infrastructure treatment
and processing plants. This groundwater
may be termed ‘co-produced water’,
‘produced water’ or ‘associated water’
(IESC, 2014a). The volume of co-produced
water can vary considerably between
geological basins and CSG developments
across Australia (190ML per petajoule (PJ)
of gas in the Surat Basin compared with
1.2 ML per PJ of gas in the Sydney Basin)
(IESC, 2014c). Over time, water production
decreases and gas production increases.
Figure 1 shows a schematic
of the extraction process.

Gas
flows up
casing

Source: Independent
Expert Scientific
Committee (IESC)
2014, Fact Sheet: Coal
Seam Gas Extraction
and Co-produced
Water, Australian
Government,
Canberra.

Sucker rod

Production tubing

Production casing

Cement
Surface casing

Centraliser

Cement

Figure 2. Crosssection of a well
showing its four
barriers.
Source: AGL’s New
South Wales Hydraulic
Fracturing Fact Sheet
and Frequently Asked
Questions. http://bit.
ly/1H5tSAP
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If the flow of gas is insufficient and groundwater is difficult to
extract, the coal seam may be hydraulically fractured (fracked)
to increase the permeability of the coal and allow the gas to
flow more freely.
Compared to conventional gas production, CSG usually requires
a higher density of wells, but they are generally shallower and
cost less to drill (CSIRO, 2014b). Depending on the geology,
geological structure and land access, wells can be vertical,
inclined or horizontal.
Figure 2 shows a simple cross-section of a well and its four
barriers. A gas well is usually cased from top to bottom with steel
casing and pressure-cemented to ensure that beneficial aquifers
are isolated from the target coal seams.

Hydraulic fracturing
To access the coal, the casing in a vertical well is perforated at
specific intervals along the well, where the fracture treatment
(fracking) is to be carried out. To frack the well, a fluid is injected
into the casing that is made up of water, sand and additives.
The additives are generally less than 0.5% of the fluid volume.
The fluid is injected at a high pressure such that the coal seam
is fractured as a result of the pressure where the well casing is
perforated (AGL, 2014a).
For a large CSG treatment, the fracture might typically be around
200 to 300 metres from the well (CSIRO, 2014a). The fractures
grow slowly with an average velocity of less than 10 metres per
minute initially and slowing to less than one metre per minute
at the end of the treatment (CSIRO, 2014a). During the fracking
process and subsequent flowback and dewatering stages, the
fracking fluid and produced water from the coal seam travels
within the well to the surface. It is physically separated from all
shallow groundwater and beneficial aquifers by the casing and
pressure cementing (described in Figure 3).

Cement and
casing to isolate
overlying intervals

Water, sand and small
amounts of chemicals
are injected under
high pressure

the mixture is
forced through
perforations and
fractures the coal

Water risks of CSG extraction
Water contamination
A source of concern is that hydraulic fracturing fluids may
escape a coal seam and enter freshwater aquifers, which are
layers of porous permeable rock (usually sandstone) that allow
water to flow through easily. Layers of rock with low permeability,
known as aquitards, limit water flow and act as natural barriers
to vertical connectivity. Depending on the local geology there
can be single or multiple aquitards located above and below the
target coal seams. Hydraulic fracturing targets the coal seams
and not the aquitard layers.
Contamination of groundwater during onshore gas production
is more likely to occur as a result of surface spills, overflows of
containment ponds or leaks of produced water, loss of hydraulic
fracturing fluids at the surface and the transport of flowback water
and produced water. Regulation, best practice and approval
conditions can reduce risks associated with surface spills.
Water pressure and connectivity
There may also be impacts on water pressure and connectivity,
as removing large amounts of formation water from a coal seam
decreases the water pressure within layers containing coal seam
gas. Where coal seams come near the surface, connectivity
between the seam and shallow aquifers or alluvium can lead to a
lowering of water pressure in aquifers or water tables in alluvium.
Generally CSG wells do not target shallow coal seams so as to
avoid these connectivity issues and large water volumes.
The more aquitards that occur and the greater the separation
between beneficial aquifers and target coal seams, the less
likely it is that there will be any connectivity.
Connectivity refers to the degree of hydraulic interaction between
aquifers, between different parts of the same aquifer, between
coal seams and aquifers, and between groundwater and surface
water systems (IESC, 2014b).
Competing use of freshwater sources
The typical water volume for a fracture stimulation is 0.5 to
1.5 ML per well. Use of non-potable sources and recycling these
waters helps to minimise the draw on freshwater sources when
a large fracture stimulation program is proposed.
Managing co-produced water
Water quality of co-produced water can vary but it typically has
moderate levels of salts. Options for re-using this water include
re-use for agriculture or other industries, injection and discharge
to surface water systems.
The production of large volumes of treated wastewater, if released
to surface water systems, could alter natural flow patterns and
have significant impacts on water quality, and river and wetland
health. There is an associated risk that if the water is overly treated,
clean water pollution of naturally turbid systems may occur.
The reinjection of treated wastewater into other aquifers (if there
is sufficient permeability and storage in those aquifers) has the
potential to change the beneficial use characteristics of those
aquifers. There could be both positive benefits and negative
impacts, so site-specific studies are required.
other environmental impacts

Figure 3. Schematic diagram of the hydraulic fracturing process.
Source: CSIRO 2014a, Fact Sheet: Hydraulic Fracturing in Coal Seams,
Australian Government, Canberra.

Other potential environmental impacts include the industry’s
potential greenhouse gas footprint, possible fragmenting of local
habitat, changes to agricultural landscapes and economic and
social impacts on rural communities.
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Coal Seam Gas –
Glossary of Terms
Note: This glossary was sourced
from NSW Department of Trade and
Investment. Please note that legislation
and definitions can vary between states.
Access Arrangement Coal seam gas
explorers must hold an appropriate title
before entering a landholder’s property.
The titleholder cannot undertake any
activity on the title unless they have
entered into an access arrangement
with the property holder.
Aquifers Aquifers are saturated
geological formations capable of yielding
water in usable quantities. They are not
underground rivers or streams.
Aquitard A layer of impermeable strata
confining an aquifer or separating two

References
AGL (2014a): Fact Sheet: Hydraulic Fracturing
Fluid. http://bit.ly/1H5tSAP. Accessed 25
February 2015.
AGL (2014b): Fact Sheet: AGL’s New South Wales
Hydraulic Fracturing Fact Sheet and Frequently
Asked Questions. http://bit.ly/1H5tSAP
Accessed 25 February 2015.
Australia Pacific LNG [no publication date]: Fact
Sheet: What Is Coal Seam Gas? www.aplng.
com.au/home/what-coal-seam-gas. Accessed
25 February 2015.
CSIRO (2014a): Fact Sheet: Hydraulic Fracturing in
Coal Seams. Australian Government, Canberra.
CSIRO (2014b) Fact Sheet: What is Coal Seam
Gas? Australian Government, Canberra.
Independent Expert Scientific Committee (IESC)
(2014a): Fact Sheet: Coal Seam Gas Extraction
and Co-produced Water. Australian Government,
Canberra.
Independent Expert Scientific Committee (IESC)
(2014b): Fact Sheet: Connectivity Between
Water Systems. Australian Government,
Canberra.
Independent Expert Scientific Committee (IESC)
(2014c): Co-produced Water – Risks to Aquatic
Ecosystems. Australian Government, Canberra.
NSW Department of Primary Industries
(DPI), Office of Water (2012): NSW Aquifer
Interference Policy, NSW Government.

For more information
on Coal Seam Gas
Australian Medical Association, Coal Seam Gas:
ama.com.au/ausmed/node/4708
Australian Petroleum Production and Exploration
Association: Oil & Gas Explained: www.appea.
com.au/oil-gas-explained

6 Water & CSG

Gas Industry Social & Environmental Research
Alliance: gisera.org.au/index.html
Geoscience Australia, ‘Australian Gas
Resource Assessment’: www.
ga.gov.au/corporate_data/74032/
AustralianGasResourceAssessment2012.pdf
Geoscience Australia, CSG Fact Sheets: www.
australianminesatlas.gov.au/education/fact_
sheets/coal_seam_gas.html
Independent Expert Scientific Committee on Coal
Seam Gas and Large Coal Mining Development
(the IESC): iesc.environment.gov.au
New South Wales Trade & Investment, Coal Seam
Gas: www.resourcesandenergy.nsw.gov.au/
landholders-and-community/coal-seam-gas
NSW Trade and Investment Resources & Energy,
Coal Seam Gas: www.resourcesandenergy.
nsw.gov.au/landholders-and-community/coalseam-gas
NSW Trade and Investment Resources &
Energy, Water and Coal Seam Gas: www.
resourcesandenergy.nsw.gov.au/landholdersand-community/coal-seam-gas/the-facts/water
Queensland Government, Department of
Natural Resources and Mines, CSG and LNG
Information for Industry: www.dnrm.qld.gov.au/
mining/coal-seam-gas/industry
Queensland Government, Department of
Environment and Heritage Protection,
About Coal Seam Gas.www.ehp.qld.gov.au/
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aquifers.
Biophysical Strategic Agricultural
land (BSAl) BSAL has the best quality
soil and water resources and is capable
of sustaining high levels of productivity.
It represents only 3.5 per cent of the
state of New South Wales, but it plays
a critical role in sustaining the state’s
$12 billion agricultural industry. CSG
activities may be approved on these
lands based on the decision of an
independent panel.
Bore A bore is a hole drilled for
drinking, irrigation, industrial or
stock water supply.
BteX Diesel and other hydrocarbons
containing BTEX chemicals have
been used historically in conventional
gas production activities to fracturestimulate wells that tap gas, condensate
and crude oil. Hydrocarbons and BTEX
compounds have not been used in
Australia in unconventional CSG to
fracture-stimulate coal seams – the
use of sand and water and food-grade
additives is sufficient.
Cleats Cleats are the naturally occurring
cracks in coal seams (millimetres or less
in width) that hold natural gas.
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Coal Bed Methane (CBM) See Coal Seam
Gas.

Wales, South Australia and the Northern

that the resource is of benefit to the

Territory. New South Wales authorities

state and can be extracted safely without

Coal Seam Gas (CSG) CSG is a natural

have monitored the GAB for more than

endangering any people, environmental/

gas comprising mostly methane and

100 years.

heritage areas and infrastructure.

occurring in coal seams located hundreds

Groundwater Water contained within

Produced Water Water that is taken

rocks and sediments below the ground’s

in the course of a prospecting operation

surface.

that is part of, or incidental to, that

and in electricity generation.

Hydraulic Fracturing Hydraulic fracturing

prospecting operation, including water

is a method of extracting natural gas from

that is encountered within and extracted

environmental Impact Statement

coal seams. The method has been used

from boreholes, petroleum wells or

in Australia for around 50 years. Sand and

excavations. Pumping groundwater

fluid are injected from a gas well into the

from a coal seam reduces the pressure

naturally occurring cracks (cleats) in the

that keeps the natural gas in place.

coal seam. The sand remains in the cracks

Reducing the pressure allows the gas

to prop them open to improve gas flow

and ‘produced’ groundwater to flow into

of metres below the earth surface. CSG
is used in domestic cooking, heating, by
industry for fuel and chemical production,

(eIS) An EIS evaluates potential impacts
of CSG activities on the environment.
The EIS also looks at potential social
and economic impacts and evaluates
the cumulative effects of the project
and possible alternatives.
evaporation Ponds allow produced water
[see Produced Water] from a coal seam
gas operation to evaporate, leaving salt
residues. They are banned in New South
Wales and Queensland unless no other
option exists.
exclusion Zones (Residential)
CSG exclusion zones prohibit new coal

into the well.

contained in coal seams may be brackish,

naturally occurring and odourless gas,

salty or fresh. If necessary, the water is

which is the main component of natural

treated and recycled for use in industry

gas in coal seams. It is not toxic and

or irrigation.

traces of CH4 are in the air we breathe.
Petroleum is a naturally occurring
carbon-based fuel derived from dead
plant or marine life trapped in sediment

seam gas activity within a two-kilometre

for millions of years beneath the earth’s

buffer around existing and planned

surface. Forms of petroleum include coal

residential areas. These areas include

seam gas and crude oil.

152 councils across New South Wales
and the north-west and south-west
growth centres of Sydney.

the well and up to the surface. The water

Methane (CH4) Methane (CH4) is a

Petroleum Assessment lease (PAl)
Once exploration is complete and
sufficient resources have been found

Strategic Agricultural land is highly
productive land that has both unique
natural resource characteristics (such
as soil and water resources) as well
as socio-economic value (such as high
productivity, infrastructure availability
and access to markets). Based on this
definition, two categories of strategic
agricultural land have been identified:
biophysical strategic agricultural land;

exploration Locating CSG resources and

in an area, a company may apply for an

reserves to establish quality, quantity and

Assessment Lease. Assessment Lease

producability. The first stage of exploration

activities include development of markets

title A licence issued by the

is geologists identifying prospective areas

and capital for the resources or product,

in an office using desktop geological

Minister of Mineral Resources to

initial design of production and evaluation

studies and geophysical surveys before

grant a company exclusive rights to

of production areas.

explore or mine minerals and petroleum

Petroleum (onshore) Act This is New

within a defined area. A title (tenement)

they move into the field, subject to
Government approvals.

and critical industry clusters.

South Wales legislation, which regulates

will only be granted once a company

Flowback Water The return to surface of

both exploration and production of

has demonstrated that the resource is a

fracture-stimulation fluids before transition

petroleum on land.

benefit to the state and can be extracted

Petroleum exploration licence (Pel)

safely, without endangering people,

to natural formation water (groundwater),
after which water flowing from the well
is termed ‘produced’ water.

A company is given the legal right to

environmental/heritage areas

explore a defined area for petroleum.

and infrastructure.

Fraccing/Fracking See Hydraulic

This title is granted first and allows the

Fracturing.

company exclusive right to the area to

Great Artesian Basin (GAB) The GAB
is one of the world’s largest natural
underground water reservoirs and is

conduct activities such as soil samples,
desktop studies and, in later stages,
taking samples and ultimately drilling.

Well A CSG well is created by drilling
through layers of earth and rock up to 1km
or more below the land surface. Multiple
layers of steel casing and cement are
inserted through which gas can safely flow

Australia’s largest groundwater basin,

Petroleum Production lease (PPl)

containing around 65 million gigalitres (GL)

Allows a company exclusive rights to

of water, with an annual water recharge of

extract the resource in the granted

Well Casing Multiple layers of steel

around 880GL. The GAB underlies more

area. In New South Wales, a PPL will

and cement that are cemented to the

than 1.7 million km2, extending beneath

only be granted once a company has

surrounding rock to contain the gas

parts of Queensland, New South

demonstrated to the NSW Government

and water produced from the well.

to the surface and be stored and piped.

7

GAS SUBMISSION 828

NSW RegioNal WateR
MoNitoRiNg StRategy
Providing facts and data

Water is vitally important to all New South
Wales (NSW) communities. That’s why the
NSW Government is gathering facts and
data to make informed decisions about
the management of the state’s water
resources now and into the future.
To provide the community with
greater confidence about the impacts
of coal seam gas extraction and mining
activities on NSW’s water resources, the
NSW Chief Scientist and Engineer has
recommended increased water monitoring
and improved access to data via a new
Environmental Portal. As a result, the
NSW Government has expanded its
water monitoring strategy to increase
the number of deep bores at which water
levels are measured and to increase water
quality monitoring in both groundwater

and surface water. The new strategy is
called the NSW Regional Water Monitoring
Strategy (the Strategy) and targets areas
affected by coal seam gas extraction and
mining activities.
The Strategy will ensure that water
monitoring and evidence-based
information adequately supports the longterm management of the state’s water
resources. For the first time in NSW,
water-monitoring data will be collected
from all relevant NSW agencies and
private industry and will be accessible
through a central web-based portal.

How will it work?
The NSW Office of Water operates
extensive water-monitoring programs

to ensure the proper management of
groundwater and surface water resources
across NSW. Data collected is stored,
managed and disseminated to the
public through a range of mechanisms
including the Office of Water website.
These systems will be enhanced to
improve community access to water data
and to incorporate the new data from
the Strategy. The new real-time data
will ensure NSW water resources are
protected from any potential impacts of
coal seam gas exploration and production.
While the existing water monitoring
programs provide an excellent and
comprehensive starting platform for
the new Strategy, there are areas of
the state where additional monitoring
sites are required.

Groundwater monitoring – taking water samples from a NSW Office of Water monitoring bore.
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Possible new coal seam gas
and mining activities
Coal seam gas operations focus on
geological strata that are deeper than
where most current groundwater use
and monitoring occurs. Groundwater is
typically accessed from shallow alluvial
aquifers for irrigation and domestic use.

Moree
Grafton

Narrabri

A series of new deep monitoring bores –
drilled to depths between 100m and 300m
– were completed in 2013 and 2014 in the
Bulga, Broke and Merriwa areas of the
Hunter Valley, and the Spring Ridge and
Gunnedah areas in the Namoi Valley.
Drilling is currently underway in the
Narrabri area prior to moving into the
Gloucester area for completion in 2015.
Further priority areas for the next tranche of
deep monitoring bore construction between
2016 and 2020 are shown on the map.
The number and location of the bores will be
determined through a rigorous assessment
of hydrogeology, current and potential
resource development and an inventory of
existing industry water monitoring.
A further expansion to the public surface
and groundwater quality monitoring
programs – targeting the aquifers and
rivers identified as the most sensitive and
potentially at risk from water quality and
quantity impacts – is also planned.
The expanded drilling and water quality
monitoring programs will create new data
that establishes baseline conditions for
aquifers and rivers in the target basins.
The data will be used to undertake risk
assessment, cumulative impact modelling
and ongoing review of the water impacts,
including any due to coal seam gas and
mining activities.

a water monitoring
framework approach
Other projects are also being
undertaken to support the Strategy,
which collectively comprise the NSW
Water Monitoring Framework. These
include the Baseline Water Data
project, led by the Land and Water
Commissioner, which is communicating
facts on water to the community, and
a number of other projects addressing
monitoring standards and data quality.
The Framework also improves the
mapping of NSW groundwater systems
and the communication of valuable
water information.
Under the new Water Monitoring
Framework, industry water data will
be incorporated into the data acquisition
and management system operated by
the Office of Water. Standards will be
developed to ensure the quality and
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Gloucester
Dubbo
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coal mining

Gunnedah

coal seam gas activity

Clarence-Moreton

Muswellbrook

4

3
Newcastle

priority area

Sydney
Gloucester
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Sydney
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Wollongong

N
Priority areas for expanded water monitoring in NSW.

water website
Industry water data

water database

Other government
agency data

NSW Environmental
Data Portal

WaterLive
mobile app

NSW Office of Water
data

Water data collection, management and access.
integrity of the data collected by
industry so that the information is
consistent and accurate.

Understanding the data

How will the community access
the new data and information?

accessible, reliable and, most

The Office of Water operates a
comprehensive water database that
is accessible through the web and via
a mobile phone application. The website
and the app will be enhanced to allow
access to the new data and to further
improve ease of use.

A primary objective of the Strategy is

A State Whole-of-Environmental Data
Portal will also be developed and hosted
by the Division of Resources and Energy.
All existing and newly acquired data
from other NSW agencies and the
private sector as part of the NSW
Water Monitoring Framework will
be accessible via the portal.

There is growing community demand
for data to be more transparent,
importantly, easy to understand.

to provide information such as maps,
graphs and interpretive reports to help
the community decipher and understand
the data. In addition, the data will be
measured against the water management
objectives and limits set under project
conditions or approvals.
This article was provided by the
Department of Primary Industries
NSW Office of Water. For more
information please go to:
www.water.nsw.gov.au
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EMERGING CONFLICTS BETWEEN
WATER USERS AND MAJOR
RESOURCE DEVELOPMENTS
Urgent need for renewed effort in national water reform

Opinion

The last wave of water reform was initiated in 2004, with
leadership from the Commonwealth, where all governments
committed to a National Water Initiative, a blueprint for water
management across the nation.
On many fronts these 2004 reforms have produced positive
outcomes: today water is used more efficiently in urban and
rural settings; the finances of water agencies have improved;
some rivers and groundwater systems have been restored from
over-allocation; and a world-leading water market in the MurrayDarling Basin has been established that gives water users
greater choice. These reforms were driven by the National
Water Commission, which was set up to independently police,
oversee and push the states’ water reform activities forward.
Collectively these achievements saw Australia emerge as
an international icon for water management. They also
provided the foundation that helped manage the subsequent
Millennium Drought.
Emerging conflicts between water users and major resource
developments is commonplace, and in the absence of strong
national leadership on water, solutions have to come solely from
the states. Yet striking an equitable balance between water users
is a national issue that affects the future use of water for growing
food, vs urban development, vs extraction of mineral resources
and fossil fuels, vs environment and conservation (Bowmer,2014).
A failure to build on our past water management investment will
result in a failure to manage the variability of our water over time
and space, a problem we have grappled with time after time since
Federation.

Coal Seam Gas Production
One recent source of conflict has been the rapid expansion of
Coal Seam Gas (CSG) production on the eastern seaboard, fuelled
by apprehension relating to the social, economic, technical and
environmental implications of CSG operations. Governments
have been caught unprepared for this expansion and, in some
cases, communities are unwilling to accommodate the industry.
Governments and industry have responded with the introduction
of legislation and codes of leading practice to minimise technical
failures, and New South Wales and Victoria have placed holds on
new CSG exploration licences until there is further certainty for
the protection of communities and natural resource assets.
Currently there is no ‘nationally consistent application of leading
practices for the regulation of industry activities’ (SCER, 2013).
The effects of unconventional gas production such as CSG and
shale gas operations on water resources (Williams et al., 2013),
food and fibre production systems, and biodiversity can be
managed in a whole-of-landscape framework that takes account of
long-term cumulative impacts. It involves:
• Understanding regional landscape capacity, and determining
if there is capacity for the development without crossing
landscape limits;
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•

Updating current development approval processes so that
new developments can only be approved on the basis of
landscape limits, and the expected cumulative impacts of
the existing and proposed developments;

• Using insights gained from whole-of-landscape cumulative
risk assessment and aligned with the limits and thresholds to
landscape function, to establish regulation, leading practice,
monitoring and compliance arrangements to manage risks.

Expanding agricultural production
Expansion of agriculture is another land use currently on the
agenda of State and Federal Governments. Australia produces
about one per cent of the world’s agricultural output – and even
if we were to double our current food production, we will never
be the food bowl of Asia. While we are a large country, there are
natural limits that constrain our ability to produce food: Australia
is the driest inhabited continent; our rainfall is highly variable; and
the majority of our soils are old, fragile and infertile. Nevertheless,
there are opportunities for expanding agricultural production,
although as recognised in the Government’s Agricultural
Competitiveness Green Paper, accessing and storing water is
one of the primary controls over increased agricultural production.
Historic water management of two of our major water basins
provides us with valuable lessons for the sustainable development
of future water resources.
The Great Artesian Basin contains the world’s third largest
store of good quality groundwater. When it was discovered in
1878 it was so large that pastoralists and governments agreed
that there was no danger of overuse. Yet in just over 130 years we
have now depleted this massive water resource to the point where
many artesian bores no longer flow and unique ecosystems are
badly degraded.
The problems of the Murray-Darling Basin are well known.
Wetlands have dried out, river red gums are dying and the mouth
of the Murray River has to be dredged to keep it open because of
the reduced flows. The immediate financial cost of recovery in the
Murray-Darling Basin is over $12 billion and still rising.

Lessons learned
Let us heed the lessons of our past water management decisions
and rely on science-based evidence to plan for the cumulative use
of water by all development activities.
The take of groundwater will impact on connected surface water
flow and this extraction must be replaced from water somewhere
in the system to re-establish hydraulic equilibrium. This reality is
regularly overlooked or just misunderstood. Development and
economic growth involves the take of water and must be planned
for, yet today’s reactive land use planning is piecemeal and typically
occurs in response to pressure from vested interest.

opinion

GAS SUBMISSION 828

Proactive planning can create sustainable
communities, profitable industries and
resilient landscapes. More than ever
we need innovative policy solutions that
balance the sensitivities of this complex
water-energy-food-environment web. The
Wentworth Group (Wentworth Group,
2014) has proposed that all governments,
industry and communities need to commit
to the next generation of water reform,
which must involve at least:
•

•

Extending water markets to heavily
used groundwater areas and integrate
groundwater management with
surface water management;
Providing adequate environmental
water in over-allocated systems
for their recovery;

•

Including all mining and petroleum,
energy generation and carbon
sequestration development in all
water planning;

•

Developing water plans and
investment decisions that provide an

Water
Research
Laboratory
School of Civil and
Environmental Engineering

•

Including water quality and ecological
risk factors into land management
and planning decisions.

These measures need to be driven
by an independent national organisation
with the authority to recommend financial
sanctions for unsatisfactory performance
and to publish regular fearless reports
of progress. This organisation needs
to invest in new knowledge so that
water planning and management can
be based on a better understanding
of the consequences of decisions.
We learnt from the federation debates
on water in the 19th century that national
leadership is a pre-condition to get
agreements and cooperation between
State and Federal Governments that
extends beyond the political timeframe.
A failure to renew our commitment to
water reform and to integrate water
quantity and quality considerations into
future development decisions will result
in lost opportunity to manage our scarce
water resources in progressive ways that
maximise our economic, environmental
and social wellbeing.

Written by Bradley Tucker & John
Williams, Wentworth Group of Concerned
Scientists. For more information please
email: btucker@wentworthgroup.org
or jwil3940@bigpond.net.au
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•

Full cost of water in the pricing
of rural and urban water services
that includes the scarcity value of
water and the cost of environmental
externalities;

adequate margin of safety to account
for climate change impacts;

horizontal & vertical permeability testing of
regular and irregular shaped drill core
up-scaling of lab measurements for numerical
modelling with statistically based uncertainty
analysis
design of clay liners, barriers and earthen
embankments including predictions of
contaminant mobility and transport
assessing consolidation behaviour when
dewatering tailings slurries.
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Assessment of options for
Using CoAl seAm gAs WAter in
the CentrAl CondAmine AllUviUm
A unique environmental challenge for industry

Case Study

executive summary
Several years ago it was identified that
there may be an opportunity to use
treated coal seam gas (CSG) water to
recharge heavily depleted groundwater
resources in a Queensland section of
the Murray-Darling Basin.
Recognising the value of this important
environmental and resource opportunity,
the Queensland Government
commissioned Arup, as part of the Healthy
HeadWaters Coal Seam Gas Water
Feasibility Study, to prepare a business
case to assess a range of options for
using CSG water to recharge the Central
Condamine Alluvium (CCA) (see Figure 1).
These options include recharge through
injection bores and infiltration trenches, or
by substitution where treated CSG water
is supplied to users in lieu of groundwater
allocations, thereby reducing take from
the aquifer and allowing natural recharge.
Development of the resultant business
case involved both extensive qualitative
and financial assessments to determine
a preferred option in terms of a scheme
that would provide the greatest
recharge potential. As a result of these
investigations and associated stakeholder
discussions, it was identified that a
substitution scheme would be less
effective unless it included injection as
a means of “banking” the CSG water
when it was not required for irrigation
(eg, during wet periods or between
growing seasons).
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Since the 1960s, the groundwater
resources of the CCA have been
developed at a rate that is unsustainable
in the long term. By 1969 it became
evident the aquifer system in the central
part of the area was becoming depleted
(as shown by the changes in groundwater
contours in Figure 1).

Background
The business case was prepared by
Arup in 2013 for the Queensland
Government Department of Natural
Resources and Mines (DNRM). It analyses
the opportunities, risks and practicability
of using CSG water to address water
sustainability and adjustment issues
in this Queensland section of the
Murray-Darling Basin.

Various measures have been introduced
to reduce groundwater use, including
metering, water charges, and announced
annual allocations. Announced
entitlements since 2010 have restricted
the maximum allowable use to 55
gigalitres per annum (GL/a). Despite these
reductions, depletion of the aquifer has
continued. In the intensely developed
area east of Cecil Plains, water levels
have fallen by as much as 26 metres
as a result of 50 years of irrigation. The
natural northerly gradient of flow in the
aquifer has been replaced by a large
zone of depression east of Cecil Plains,
and a smaller depletion zone around
Macalister (Figure1).

The work undertaken by Arup drew
together four years of investigative work by
government, industry and other technical
consultancies. Ultimately it provides a way
forward for developing and implementing
a CSG water recharge scheme in the CCA.
The project involved extensive engagement
with key industry and government
stakeholders over a number of months to
develop and assess a range of substitution
and injection schemes.

Accessing groundwater in some areas has
become more difficult and costly as the
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The recommended best option was, in
fact, an injection-only scheme to recharge
the CCA. This option was found to be
superior on both environmental and
on-farm water practice grounds.
Securing industry’s commitment to
an injection scheme in the region
would guarantee a volume of CSG water
sufficient to recharge approximately 40
per cent of the Cecil Plains area of the
CCA. If this commitment were extended
beyond the immediate vicinity of the CCA,
groundwater resources in the Cecil Plains
area could be fully replenished.
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Recharging the CCA could provide both
a disposal mechanism for large volumes
of treated CSG water, and also secure
the sustainability of this important
groundwater resource which supports a
$100 million per annum agricultural area.
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Figure 1. Changes in water levels and flows in the CCA as a result of over-extraction
(DNRM, 2012).
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water table has fallen. Some groundwater users are now unable
to access all of their licensed entitlement, and instead seasonally
assign it to other groundwater users.
In 2009 the Queensland Government commenced a process to
amend the Condamine and Balonne Water Resource Plan (WRP)
to include the CCA. This amendment was initiated to provide
a framework in which to address the over-allocation of the
groundwater system.

The Australian Government has also announced it will purchase
water entitlements to align current levels of use with SDLs
throughout the Murray-Darling Basin. The Basin Plan, including
the SDLs, will be reviewed after 2019 to ensure the objectives of
the plan are being achieved. There remains the possibility that the
SDL could be further reduced if aquifer levels do not stabilise at
acceptable levels.

Comparison of CSG water production estimates (GL/yr)
250
cwimi (2008) 28mtpa
aquaterra/usq (2011)

200

kcB (2012) independent scenario
kcB (2012) eis-based scenario

150
GL/year

schlumberger water services (2011)
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2020

2030

2040

2050

source area

Cumulative water production

Chinchilla West

419 GL (2011-2035)

Chinchilla South

509 GL (2021-2050)

CCA North

99 GL (2011-2050)

CCA Central

56 GL (2011-2050)

CCA South

90 GL (2011-2050)

The extraction of these water volumes from the WCM in
the Surat Basin to produce CSG is expected to result in the
drawdown of water levels in the aquifers lying above or below
the coal measures. Among the aquifers that may be affected
is the CCA, which is incised into the eastern margin of the
WCM. The nature of the hydraulic connectivity between the
two units is a subject of ongoing investigation. It is believed
the reduced pressure in the WCM due to CSG water extraction
will result in some water being drawn from the CCA down into
the coal measures.
On the basis of modelling undertaken by the Office of
Groundwater Impact Assessment it is predicted that in the
CCA region of maximum impact, the groundwater levels will
reduce by up to 1.2 metres.

100

0
2010

This independent water production tool was used in the business
case to develop spatial estimates of how much water may be
available over time in the region surrounding the CCA.
The findings are presented in the table below.

Case Study

However, the amendment to the WRP was deferred to allow for
the introduction of the Australian Government’s Murray-Darling
Basin Plan (the Basin Plan), which specifies limits on how much
water can be taken from surface water and groundwater systems
in catchments of the Murray-Darling Basin, including the CCA.
These long-term average sustainable diversion limits (SDLs)
reflect the maximum amount of water that can be taken without
compromising the environmental integrity and productive base
of the water resource.

areas will be developed, and in which order. Consequently
estimates of future CSG water volumes are always uncertain,
and will change over time as new information becomes available.
Figure 2 presents predicted estimates of CSG water production
forecasted from several CSG companies as well as from a Water
Production Tool developed for the Healthy Headwaters Study
to provide independent, industry-wide estimates of future
water production.

2060

Figure 2. Comparison of published CSG water production
estimates.

Csg water production in the surat Basin
CSG in the Surat Basin is sourced from the Walloon Coal
Measures (WCM), a sequence of layers of coal, mudstones
and sandstones. Large volumes of water need to be extracted
from the WCM in order to produce CSG. Under Queensland’s
regulatory framework for CSG water, CSG operators are
responsible for finding an environmentally safe way to use or
dispose of the water that they co-produce. CSG operators are
required to present their strategies for managing the CSG water
associated with a given project in the project’s environmental
impact statement (EIS) and environmental management plan
(EMP). The EMP typically includes a separate CSG water
management plan.
A major challenge in managing CSG water, and in identifying
opportunities for its use, is predicting how much will be produced
over time as the industry develops. Rates of CSG water
production vary considerably from one location to the next due
to the variable hydrological properties of the coal measures.
In addition, the industry’s development plans are constantly
evolving, so there will always be some uncertainty about which

In principle, recharging the CCA aquifer directly (via injection)
or indirectly (via substitution) using treated CSG water could
offset the impacts of CSG operations on the CCA. The proposed
recharge arrangements could even go beyond mitigating the
predicted CSG impacts, resulting in amelioration of previous
over-extraction of the CCA.

recharge scheme options considered
Based on information about the likely availability of CSG water
and the technical feasibility of aquifer injection and groundwater
substitution, three recharge scheme options were developed for
detailed consideration in this business case:
•

Option 1: Injection only

•

Option 2: Injection plus substitution to licence-holders’ land
abutting injection pipelines

•

Option 3: Injection plus substitution to a greater area of
licence-holders’ land to meet a longer peak delivery period

These options were compared against the baseline option, which
is a default groundwater substitution scheme.
In addition to the recharge scheme options, three different water
supply profiles were applied to each of the options, resulting
in a total of 10 options being considered (three injection-only
options, six hybrid injection-substitution options and the baseline
substitution option).
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These water supply profiles featured different benefit periods,
peak supply periods and total supply volumes, all of which
impacted on the financial viability of the options. These profiles
are as follows:
•

Case Study

•

•

Water supply profile A All water is supplied by tenements
in the vicinity of the CCA with no additional water imported
from other areas. This water supply profile assumes a peak
supply rate of 21.4 GL/a and a peak supply period of 10
years. In total, 351 GL of treated CSG water is supplied
over 35 years.
Water supply profile B Profile A is supplemented by
importing treated CSG water from the Chinchilla South
supply area. This extends the peak supply period from 10 to
20 years. Under this profile 577 GL of treated CSG water is
supplied over a period of 35 years.
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•

The quantitative assessment results were less open to subjective
interpretation and demonstrated:
•

The baseline substitution option required the lowest
investment across the life of the project (NPC of $93
million). That is, it is less costly to build and operate than an
injection scheme or a hybrid injection/substitution scheme.
However, if the assumptions are not fully met (for example,
not all licence-holders may be willing to accept substitution
water) the cost of this option could be significantly higher.

•

The baseline substitution option only uses CSG water
from tenements in the vicinity of the CCA. From the
industry’s perspective, this option potentially presents
technically the ‘easiest’ option to implement because there
is no need to modify legislation and regulations, and the
scheme would be fully funded using its own investment.
Notwithstanding the administrative challenges associated
with contracting agreed water volumes with individual
irrigators, this option is likely to be financially and legally
attractive to stakeholders. The most significant issue with
the baseline substitution option is that it delivers the
poorest environmental outcome of all options considered
by this business case.

•

The baseline substitution option does not consider the
challenges associated in negotiating with individual land
owners/irrigators etc, or other scheme administrative
requirements (this is why this option ranked lowest in
the qualitative assessment). In addition, while this option
has the potential to address the anticipated impact on
groundwater drawdown in the CCA, it will not provide a
mechanism to beneficially use all of the water it produces.
Hence there will be additional costs for the use/disposal
of this surplus water. It also has the shortest benefit
period (25 years) of all the options considered.

Water supply profile C Profile A is also supplemented by
importing treated CSG water from the Chinchilla South area,
but with the proviso that its production may be delayed by a
period of 10 years. Under this profile, 846 GL of treated CSG
water is supplied to the CCA over 50 years, extending the
supply period by 15 years.

The business case has assumed that the CSG water would be
treated to appropriate “fit-for-purpose“ water quality standards.
The business case also assumed the water demand profile
reflects current CCA water use practices, particularly those in
the Cecil Plains area. This demand profile was found to be
particularly problematic for the baseline substitution options.

selecting an option
In order to assess the benefits and key issues associated
with each of the 10 options discussed in this business case,
a combined qualitative and quantitative assessment
methodology was applied. The purpose of the combined
qualitative and quantitative assessment was to develop an
overall ranking for each of the options with reference to a
set of pre-determined objectives.
The quantitative assessment focused on cost estimates such
as Net Present Cost (NPC) and NPC per megalitre of water
(NPC/ML), while the qualitative analysis involved the use of a
Multi-Criteria Analysis (MCA) approach.
Criteria were developed in a workshop environment within the
following six broad categories:
•

Technical/engineering

•

Strategic

•

Environmental/sustainability

•

Social/stakeholders

•

Management/administration

•

Legislative/regulatory requirements

results from the qualitative
and quantitative assessments

Scores for Options 2 and 3 (injection plus substitution)
were also qualitatively superior to the Baseline Substitution
Option, which is the least preferred option due to its poorer
environmental outcomes.

The options with the lowest cost per megalitre of water delivered
were options 1C and 2C. This is because Water Supply Profile C
extends the peak water supply period, and delivers water for up
to 50 years. Hence the infrastructure costs are apportioned over
a far longer period. These options, however, have significantly
higher upfront costs, with an NPC of more than double the costs
of the baseline substitution option. This is because of the more
extensive pipeline network that needs to be built to source the
extra water from tenements in the Chinchilla South area, as well
as the associated distribution network.

Csg operations
Water treatment facility

irrigators
(substitution)

Key observations from the qualitative assessment showed:
•

Option 1 (injection only scheme), regardless of the
water supply profile, was qualitatively superior. This
outcome reflects the primary objective of the scheme,
which is to restore water levels in the CCA. There was
also a lower administrative burden in implementing a
pure injection scheme.
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CCA

Walloon Coal measures

Schematic for a Baseline Substitution Option.
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discussion

Conclusions

Although the business case highlights a wide range of
environmental, technical, social, infrastructure and financial
outcomes associated with the different recharge scheme
and water supply options, the challenge that presents itself
is how to ensure that a scheme that ‘optimises’ the outcomes
for the various stakeholders is introduced.

The ultimate responsibility for the long-term management of
the CCA rests with government – both Queensland and the
Commonwealth – and therefore it is essential for government
to play a key role in overseeing the transfer of CSG water to the
CCA. It is ultimately their remit to facilitate development and
implementation of an appropriate regulatory framework that
provides certainty, and enables enhanced natural resources
management outcomes.

The objective of the recharge scheme options is to maximise
the recharge benefit to the CCA. The option that scores highest
on the qualitative (non-financial) assessment, while maximising
return on investment, is the one that maximises the recharge
benefit to the CCA.
Hence the recommended option is to conduct a staged recharge
of the CCA starting with Option 1A – injection-only using water
from tenements in the vicinity of the CCA as soon as possible.

•

Greater recharge efficiency with opportunities for
maximising volumes;

•

Administrative simplicity of implementing an injection
scheme;

•

Providing flexibility for water extraction and use;

•

Reduced direct impact on land holdings and the
environment due to fewer physical infrastructure
requirements.

Further, implementing the preferred Option 1A also has the
following specific benefits:
•

The lowest capital cost of all injection options considered
in this business case;

•

It allows for a staged development (managed capital
investment) of a larger injection scheme, or a hybrid
scheme involving both injection and substitution;

•

It delivers the second best return on investment (NPC/ ML)
of all injection options considered in this business case;

•

It does not rely on additional water from CSG tenements
well removed from the CCA.

To implement this option, a trial of the injection methodologies
is essential.
Concurrent with progressing Option 1A, the business case
recommended that work should commence on confirming the
availability of additional CSG water, such that Option 1C could be
progressed at a suitable stage in the future when the extra water
volumes are online.

Csg operations
Water treatment facility

injection point

CCA

Walloon Coal measures

A simplified schematic of the Injection Only Option.

If agreements on scheme design and a clear implementation path
for an injection scheme are not committed to in the near future,
it is likely that a substitution-only scheme (similar to the baseline
substitution option) will be built. Once a substitution-only scheme
is built, it is unlikely that the additional capital costs required
to build an injection scheme would be supported by the CSG
companies. The opportunity for maximising recharge benefits
for the CCA (and the Murray-Darling Basin) will then be lost.
Securing commitment to an injection scheme in the CCA would
guarantee recharge for approximately 40 per cent of the Cecil
Plains area of the CCA. The opportunity also exists to secure
support from other regions to provide additional CSG water to
extend the injection scheme to fully recharge the Cecil Plains
area. This is equivalent to approximately 40 per cent of the deficit
in the greater CCA region.

next steps
The business case is being studied by the Commonwealth
Government, which also provided funding for the project as part
of the Water for the Future initiative.
At the time of writing (March 2015), Commonwealth approval had
not been received. Hence gas and water extraction have yet to
occur at the expected levels near the identified injection sites.
Visit the Queensland Government Department of Natural
Resources and Mines website to access the full report: www.
dnrm.qld.gov.au/water/catchments-planning/healthy-headwaters/
coal-seam-gas-water-feasibility-study

This report was prepared by Arup for the State of Queensland.
Arup drew on an exhaustive list of reference material in preparing
this business case. The full list of references can be seen in the
full business case report submitted to the Department of Natural
Resources and Mines: www.dnrm.qld.gov.au/__data/assets/
pdf_file/0015/106017/act-8-3-cca-recharge-business-case.pdf
Arup would like to gratefully acknowledge all stakeholders for
their engagement and input during the business case research
phase.
Written by Ed Beling, Associate Principal, Arup.
Email: ed.beling@arup.com
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Key reasons for recommending an injection scheme include:

While aquifer proving injection trials are required, this business
case has clearly demonstrated that it is feasible to use treated
CSG water to recharge the CCA. Furthermore, an injection
scheme is a viable option if government were to take a leadership
role. Without government leadership and support for an injection
scheme, the beneficial environmental outcomes possible in the
CCA from the use of CSG water may be lost. Given the overextraction in the CCA that has occurred since the 1960s, water
levels may stabilise once extraction is brought in line with the
SDL, but are unlikely to recover to any degree. Injecting suitably
treated CSG water into the CCA provides a once-in-a-lifetime
opportunity to improve the security of the groundwater resource
in the alluvium.
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AERIAL TECHNOLOGY FOR
ON-GROUND EROSION SOLUTIONS
ON CSG-IMPACTED FARMLANDS
Humans are always on the search for
new and more diverse energy sources
for the future. Australia has large reserves
of coal seam gas (CSG), especially in
Queensland, New South Wales and
Victoria, while large shale gas deposits
exist across the Northern Territory, South
Australia and Western Australia. The
use of these energy sources is growing
rapidly and, as a result, CSG expansion
is driving significant landscape change in
the highly productive agricultural regions
of Southern Queensland.

The impact – surface water ﬂow
Resource development brings with it
a high risk of hydrological impact and
increased erosion due to extensive
addition of roads and infrastructure.
In the rural areas of the Bowen and Surat
basins in Southern Queensland, CSG
development, with its network of wells,
pipelines and access tracks, is being
undertaken on cropping, grazing and
irrigation farmlands. To date, negotiations
on infrastructure development with
individual landholders has been
implemented on a farm-by-farm basis.
However, landscape transformations
from such developments can change
the surface hydrology at both the farm
and wider catchment levels.

Figure 1. Location of aerial survey covering 1200km2 in the Surat basin.

Knowledge of existing overland surface
flow is essential in reducing impacts from
development of service roads, culverts,
well pads, pipeline corridors and water
storage reservoirs.

Building that knowledge –
aerial photogrammetry
Surface flow models derived from finescale digital elevation models (DEMs)
are appropriate tools for monitoring the
impact of CSG operations on surface
hydrology and in identifying potential
problems. This information can be used
during early negotiation and decision
planning of future infrastructure.
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Figure 2. Example of modelled surface water flow paths generated from digital aerial
photogrammetry. Colours show variation in upstream catchment area, an indication of
water flow volume.
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Figure 3. Observed erosion in contour bank identified by surface flow modelling.
One of the five research projects in the agricultural land
management research program (www.gisera.org.au/research/
agricultural.html) supported by the Gas Industry Social and
Environmental Research Alliance (GISERA) and undertaken by
CSIRO, aims to evaluate the use of these models and techniques
that monitor interactions between access tracks and water flow.
This will develop understanding on where erosion is likely to
happen and can inform the CSG industry on access track design.
Aerial digital photogrammetry was employed in creating a
digital elevation model (DEM), which describes the elevation
of the ground surface at 20cm resolution for a 1,200km2 focal
region currently undergoing CSG development in the Surat Basin
(Figure 1).
Validation of derived surface elevations showed errors similar to
the precision of the differential GPS systems used by surveyors.
From these data, maps of predicted water flow were created
using multi-direction water accumulation models that simulate
continuous water flow across a landscape surface (Figure 2).
Evaluation of these maps with farmers has demonstrated that
the technique has the capacity to generate high-resolution
contoured surfaces and water flow maps capable of identifying
erosion rills and depressions in fields, effectiveness of erosion
management structures, and changes in surface water flows
caused by farm tracks (Figure 3).

What does it all mean for industry and farmers?
These water flow maps have the potential to improve discussions
between farmers and the CSG industry and allow for better CSGfarm designs now, and ongoing monitoring of water flow impacts
into the future.

Next steps
Previous research in Australia and overseas has shown that
rural roads are a major source of sediment flows into waterways.
Furthermore, much of the sediment from rural roads comes
from a small number of erosion hotspots. The next stage of
research will focus on extending surface flow modelling in
CSG development areas to predict and map erosion risk at the
farm, catchment and regional scale. If erosion hotspots can be
identified, they can be better managed.
These projects are part of a wider research program funded by
GISERA, a collaborative vehicle that undertakes publicly-reported,
independent research that addresses the socio-economic and
environmental impacts of Australia’s natural gas industries.
Members of GISERA include CSIRO, Australia Pacific LNG and
QGC and have invested more than $15 million on research.
More information can be found at www.gisera.org.au.
Written by Dr Neil Huth and Perry Poulton, Principle Research
Scientist and Research Agronomist respectively at CSIRO.
Email: Neil.Huth@csiro.au or Perry.Poulton@csiro.au.
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CONSIDERATIONS AND CHALLENGES IN
SUSTAINABLE USE OF COAL SEAM GAS
WATER FOR IRRIGATED AGRICULTURE
An investigation into the technical challenges relating to
sustainable use of co-produced water and the potential of
beneficial use to provide a conduit for improvements in the
sustainable development balance sheet of CSG operations
Abstract
Extraction of large volumes of saline-sodic groundwater is an
integral part of coal seam gas (CSG) operations. Management
and treatment of this water presents both a liability and an
opportunity for producers and the communities and environments
in which they operate.
Technical challenges for beneficial use include low to moderate
levels of salinity. Understanding the level of water salinity, target
crop salt tolerance, behaviour and fate of salt introduced into the
landscape through irrigation is critical to sustainable use. At the
low end of the range, CSG waters can be classed as agricultural
grade with respect to salinity. Blending is required in the midsalinity range and desalination is the only option at the high
end of the range. The fate of salts applied through irrigation is
a critical element in irrigated system design and management.
Although salinity is commonly seen as the major limitation
of CSG water for irrigated use, sodicity is of equal importance.
Understanding the interaction of sodic irrigation water with soils
is critical. Generic relationships for the effect of sodic water on
soils may not reflect specific responses, which can vary from
highly sensitive, sodicity-induced structural decline through to
highly stable, non-responsive soils.
Based on an understanding of soil salinity-sodicity relationships,
plant salt tolerance thresholds, soil salinity equilibrium in
response to irrigation volume and salinity, as well as crop water
use requirements, appropriate irrigation schedule and water
treatment specifications can be developed for sustainable
irrigation of CSG water. However, issues other than technical
factors also require consideration.
Semi-quantitative evaluation of CSG water beneficial use for
irrigated crops, using the Five Capitals Sustainable Development
Framework, indicates that appropriately implemented beneficial
use programs based on fit-for-purpose treated water can
contribute to an improvement in the sustainable development
balance sheet of CSG developers, through improvements to
financial, manufactured, social, human and natural capital.

Introduction
Extraction of underground water is an integral part of CSG
production. Water and methane occur together in coal seams
generally 300 to 1,000m below ground level (QWC, 2012).
Methane is held in coal seams by the pressure of the “associated
water”. As water is removed and the coal seam is depressurised,
gas begins to flow.
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At present, four major CSG projects are under development
across the Surat Basin in Southern Queensland and the
Bowen Basin in Central Queensland. Significant areas under
development in NSW include the Sydney, Gunnedah, Gloucester
and Clarence-Moreton Basins (Fell, 2014). In Queensland, CSG
water is extracted from coal seams that generally underlie or
overlie traditional productive aquifers of the Great Artesian Basin
(QWC, 2012), leading to public debate over potential depletion
and/or contamination of groundwater resources.
Estimates of associated water production from CSG
developments vary widely. KCB (2012) forecast water production
across the four Queensland projects of between 4,500GL and
5,100GL over a 50-year development period from 2010 to 2060
(an average water production of 90 to 102GL/year), representing
roughly 18 per cent of current annual extractions from productive
aquifers in the Queensland section of the Great Artesian Basin of
540GL/year (RPS, 2011). The forecast pattern of Queensland CSG
water production is illustrated in Figure 1.

Figure 1. Forecast pattern in associated water production from
Queensland CSG developments (GL/year). (Source: KCB, 2012)
The volume of produced water from Queensland CSG developments
on a per well basis is significantly greater than for NSW. Wells in
the Bowen and Surat Basins average 50 to 193ML/PJ respectively
(Fell, 2014), while wells in the Sydney, Gunnedah, Gloucester and
Clarence-Moreton Basins range from 1 to 36ML/PJ (Fell, 2014).
The large-volume but transient nature of production makes
CSG water a significant but temporary resource. Managed
inappropriately, CSG water is a liability with potential for
environmental harm through introduction of salt into the
environment, degradation of soil resources and perception of
resource depletion in a resource-limited environment. Managed
and used appropriately, CSG water has the potential to be an
asset, contributing to providing an opportunity for positive
community engagement and delivery of environmental benefits.
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Discussion about the wider debate relating to CSG development,
particularly the conflict between rural landholders and resource
companies, is beyond the scope of this paper. Rather, the
technical challenges relating to sustainable use of co-produced
water are reviewed, and the potential of beneficial use to provide
a conduit for improvements in the sustainable development
balance sheet of CSG operations is investigated.

Chemical characteristics of coal seam gas water

In the Surat Basin, total dissolved solids (TDS) are generally
reported to range between 1,000 to 5,000mg/L (~1600 to
7800µS/cm) (PB, 2004) and between 1,000 and 20,000mg/L (~1.6
to 31dS/cm) for the Walloon Coal Measures (QWC, 2012), but
may be as low as 200ppm (~0.3dS/cm) (DERM, 2012) and over
21,000ppm in NSW (~32dS/cm) (Fell, 2014).
Sodicity, expressed in terms of the sodium adsorption ratio
(SAR), is reported to range between 107 and 160. Bicarbonate
ranges between 1,120 to 2,060mg/L in the Surat Basin (PB,
2004). Frequently, the salinity of CSG waters in the Surat and
Bowen Basins is considered the limiting characteristic for
irrigated agriculture, but sodicity is generally a more serious
constraint. Notwithstanding, both attributes must be considered
in irrigated applications.

Cost: As a by-product of CSG production, minimisation
of water management cost within the constraints of other
attributes, particularly sustainability, is a baseline objective.
Under ideal circumstances, management options consistent
with the theory of industrial ecology (Corder and Golev, 2014)
may be identified, where a waste stream can be turned into a
resource. However, the inputs required to overcome the energy
of dissolution of a salt in solution are challenging.
Community: Approaches to water management that can
provide direct or indirect community benefits will contribute
to an organisation’s social licence, ultimately reducing the cost
of operation and supporting social licence to operate.
Beneficial use of CSG water for irrigated agriculture and forestry,
particularly irrigation of perennial crop species, is one option that
fits these attributes (TCT, 2013).

Salinity
Plant salt tolerance
Excess soil salinity affects plants in two principal ways. Firstly,
the high external concentration of salt creates an osmotic
gradient, making it harder for plants to extract water and nutrients
from the soil at any given soil moisture level (Frommer et al.,
1999). Secondly, sodium and chloride ions entering plant tissues
may act through a specific toxicity or disruption of metabolic
pathways as a result of ion imbalances (Allen et al., 1994).
Maas and Hoffman (1977) characterised typical salt tolerance
response of plants in terms of a threshold salinity level below
which no yield decline is expected, and a rate of decline in yield
above the threshold tolerance level (Figure 2). In this model,
tolerance to salinity is effectively defined as capacity to maintain
an acceptable yield within a practical working range of salinity.

Considerations for coal seam
gas water management
The production of large volumes of saline-sodic water over an
extended period of time is an unavoidable by-product of CSG
production. The nature and pattern of production dictates a
number of attributes that must be met by any approach to
CSG water management. These are:
Scale: Any management approach must have the capacity to
deal with the large volumes of produced water. Options such
as stockwater or solar ponds for energy generation (Dickinson,
1976) may provide high-value outcomes, but consume relatively
little water.
Reliability: From the perspective of a CSG producer, interruptions
that inhibit water offtake will also inhibit gas production with a
direct impact on revenue. Technically and commercially reliable
options (minimum engineering, environmental, reputational,
climatic or counter-party risk) are paramount.
Flexibility: While CSG water production is generally sustained,
it may vary geographically, temporally and for operational
production reasons. Offtake options and arrangements must not
be reliant on regular or consistent supply, and have the capacity to
accommodate both short-term fluctuations and long-term decline.
Sustainability: Environmental, community, technical and
economic sustainability is a threshold requirement for all
management options.

Figure 2. Divisions for classifying plant salt tolerance to salinity
based on a comparison of yield at elevated salinity versus low
salinity controls. (Source: Maas and Hoffman, 1977)
Management of salinity
in the soil profile
Dissolved salts are present in all irrigation waters. Similarly,
stored salt is a common feature of many Australian soils,
particularly on less permeable soils in the 400 to 800mm
rainfall belt, where evaporation exceeds rainfall (DNR, 1997).
Figure 3 shows typical salt profile shapes with soil profile
depth associated with recharge, discharge, normal and
intermittent areas.
Inappropriate irrigation practices with high-quality water can
lead to mobilisation of natural salts and development of salinity.
This can occur when irrigation is applied in excess of plant water

19

Technical Paper

Globally, formation waters associated with CSG display a similar
chemical signature regardless of formation lithology or age
(Van Voast, 2003). CSG-associated waters are typically devoid
of sulphate, calcium and magnesium, and contain primarily
sodium and bicarbonate. Where influenced by waters of marine
association, they also contain chloride, or other chemical
constituents reflecting the chemistry of connected aquifers. The
distinct geochemical signature evolves through the processes of
biochemical reduction of sulphate, enrichment of bicarbonate,
and precipitation of calcium and magnesium, and can be used
as an indicator of methane presence in test wells (Van Voast,
2003). In contrast, water in non-methane-producing coal seams is
typically high in sulphate, with diverse concentrations of calcium
and magnesium (Van Voast, 2003).
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502mm/yr, equating to a leaching fraction of 13% and
34% respectively.

use and leaching
requirements,
leading to
development
of perched
water tables
and salt rise in
the soil profile by
capillary action.
Conversely, wellmanaged irrigation
using marginal
quality saline water
can assist leaching
of natural salts
and improve soil
conditions for
plant growth.

For the less permeable sodosol soil, rootzone salinity is predicted to
reach a maximum equilibrium of 0.6dS/m when irrigated with water
of 0.6dS/m, and 2.3dS/m when irrigated with water of 3.6dS/m.
Corresponding deep drainage values are 115 and 307mm/yr, equating
to a leaching fraction of 8% and 21% respectively.

Contrasting
irrigation outcomes
Figure 3. Typical salt profile
are illustrated in
shapes. (Source: DNR, 1997)
Figure 4. Poor
irrigation practices
with good-quality water near Leeton, NSW (left) caused serious
salinisation. Thirteen-month old eucalypts (right) established on a
saline site (soil surface salinity ranging from 12 to 24dS/m) were
managed with leaching irrigation. Salt crystallisation had been
visible on the surface at establishment.

These examples indicate that even with irrigation water of
3.6dS/m, soil rootzone salinity can be maintained below the
tolerance threshold of 2dS/m for salt-sensitive crops (Maas and
Hoffman, 1977) on the red chromosol example, and below the
tolerance threshold of 4dS/m for moderately sensitive crops
on the less permeable sodosol. For both soils, deep drainage
and, correspondingly, leaching fraction, increase rapidly above
an irrigation volume of 600mm/yr, potentially leading to offsite
impacts. An understanding of the capacity of the vadose zone
to store water and the associated dissolved salts draining below
the rootzone over the life of an irrigation scheme, and following
a return to rain-fed conditions after irrigation, is necessary to
determine the potential for off-site impacts from irrigation
(Biggs et al., 2012).

Sodicity
Sodicity, expressed in terms of the sodium adsorption ratio
(SAR), is a function of the ratio of sodium (monovalent) to calcium
and magnesium (divalent) cations. SAR of CSG water can range
from 107 to 160 (PB, 2004). Typically, waters with SAR greater
than six are considered sodic, and strongly sodic for SAR greater
than 15 (DNR, 1997). Queensland regulatory conditions for
irrigation of CSG water (DEHP, 2014) require a SAR of less
than six for heavy clays and less than 12 for sands.
High SAR waters result in replacement of Ca and Mg ions with
Na ions on the cation exchange complex of clay particles. This
leads to spontaneous dispersion of soil, a decline in soil structural
integrity, loss of permeability, reduced oxygen infiltration
(necessary for healthy plant growth), increased waterlogging,
increased surface sealing and runoff, and increased propensity
for erosion (DNR, 1997).

Figure 4. Contrasting irrigation outcomes in saline
environments. (Refer text for explanation)
Predicting rootzone salinity
under saline irrigation
Because salt is applied in all irrigation waters, even water of low
salinity, a leaching fraction is required to prevent accumulation
of salt in the root zone. Sustainable irrigation can be achieved
using saline waters where irrigation is managed
to provide a leaching fraction sufficient to
maintain rootzone salinity below the crop salt
tolerance threshold, and where leached salts
can be stored in the regolith or vadose zone
with minimal risk of lateral movement to surface
waters, lower elevations in the landscape, or
vertical movement to groundwaters.

However, consideration of SAR alone is inadequate to determine
the likely effects on soil structural stability. The SAR of the soil
solution interacts with its ionic strength (salinity), clay mineralogy,
soil chemistry and pH, all of which contribute to net ionic charge
(Rengasamy and Marchuk, 2011).

Steady-state soil rootzone salinity predicted
using SALF (salt and leaching fraction) modelling
(Shaw and Thorburn, 1985) is illustrated in Figure
5 for a permeable chromosol (left) and less
permeable sodosol (right) for a range of irrigation
salinities and irrigation volumes. Average rainfall
is 690mm/yr.
It can be seen for the more permeable
chromosol soil that rootzone salinity is
predicted to reach peak equilibrium of 0.5dS/m
when irrigated with water of 0.6dS/m, and
1.7dS/m when irrigated with water of 3.6dS/m.
Corresponding deep drainage values are 189 and
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Figure 5. SALF-predicted steady-state soil rootzone salinity for a permeable
chromosol (top left) and restricted permeability sodosol (top right); deep drainage
(mm/yr) for the corresponding red chromosol (bottom left) and sodosol (bottom right).
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The generic relationship between soil structural integrity, SAR
and salinity, known as the threshold electrolyte concentration
(TEC), is illustrated in Figure 6. In the region above the curve,
(top left), the ionic strength of the soil solution is insufficient
to balance the dispersive forces of a sodium-dominated cation
exchange complex, and soils are unstable. Below the TEC curve
(bottom right), the dispersive forces of sodium are balanced by
the ionic concentration of the soil solution and the soil remains
structurally stable and permeable.

Technical Paper

Figure 7. TEC curves (i.e. 0.8Kca) for five soils (top), and for
the same soils where the threshold is arbitrarily defined as
an absolute hydraulic conductivity of 2cm/h (bottom).

Figure 6. Generic threshold electrolyte concentration (TEC) curve.
(Source: DNR, 1997)
TEC curves relating to a specific soil will vary considerably around
the generalised curve of Figure 6 in terms of absolute and relative
permeability response to sodicity.
Figure 7 illustrates TEC curves for five different soils. In the lefthand diagram, the pattern of response is similar for all soils when
the TEC is defined as an 80% reduction in baseline permeability.
When TEC is defined as an absolute hydraulic conductivity of
2cm/h, the response of the five soils is substantially different,
with Soil 3 showing limited response to increasing sodicity, and
Soil 5 being the most sensitive.
TEC curves are based on reconstituted soils using calcium
chloride to provide the ionic strength. How undisturbed field
soil profiles respond to irrigation with saline-sodic water with
macroporosity intact compared with the same soils reconstituted
can be different. Nonetheless, the tradeoff between SAR and
salinity is an important relationship to understand in developing
water treatment and irrigation systems for CSG water, and one
in which simply lowering the target salinity or sodicity in isolation
oversimplifies the complex nature of soil-salt dynamics.

Water treatment for sustainable irrigation
Based on an understanding of soil salinity-sodicity relationships,
plant salt tolerance thresholds, soil salinity equilibrium in
response to irrigation volume and salinity, as well as crop water
use requirements, appropriate irrigation schedules and water
treatment specifications can be developed.

Given the high sodicity of most CSG waters, treatment to reduce
SAR is universally required. This may be achieved by chemical
amendment to balance the concentration of calcium relative to
sodium, however, this will have the effect of increasing electrical
conductivity (salinity), so is feasible for only the lowest-salinity
waters. At moderate salinities, blending of low EC water with
raw CSG water may reduce salinity sufficiently to allow chemical
amendment. For high-salinity waters, reduction of EC (generally
by desalination) is the only feasible option.
It should be noted that excessive desalination can produce
waters of low EC but high SAR that will require chemical
amendment prior to use for irrigation. Treatment and amendment
of water should be to a quality specification fit for the intended
purpose. This consideration will avoid excessive energy (and
cost) in treating water to a standard above that required for
the intended purpose, and which may be environmentally
detrimental.
In addition to treatment for EC and SAR, the typically high
bicarbonate levels of CSG water also require treatment to
produce agricultural grade water for irrigation. High carbonates
in irrigation water may not be problematic for plant growth per se,
but may lead to excessive scaling of irrigation equipment. More
importantly, high residual carbonates will cause precipitation
of added calcium in the soil as calcium carbonate, causing a
rebound in the SAR of the soil solution, particularly as the soil
dries. The required reduction of carbonate to a level that will
minimise precipitation of calcium is a complex interaction of
the partial pressure of CO2 and the total concentration of salts
in solution (DNR, 1997). An appropriate level of residual alkalinity
may be estimated by the concept of Residual Sodium Carbonate
(RSC) (Eaton, 1950); adjusted SAR (Suarez, 1981; Ayres and
Westcot, 1985) or thermodynamic modelling (Parkhurst, 2009).
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Sustainability assessment framework
Potential options for CSG water management and CSG
developments may be considered within the framework of the
Five Capitals of Sustainability model (Forum for the Future, 2005).
This model provides a basis for understanding sustainability
in terms of economics. Any organisation will use five types
of capital – natural, human, social, manufactured and financial –
to deliver its products or services. Sustainability is improved
where an organisation maintains or enhances these stocks of
capital assets, rather than depleting or degrading them. The
Five Capitals are briefly described in Table 1.
Description

Natural

Natural resources (energy and matter)
and processes needed by organisations
to produce products and deliver services.
This includes:

Technical Paper

Capital

• Renewable (e.g. timber, grain, fish, water)
and non-renewable (e.g. coal, gas, oil)
resources;
• Sinks that absorb, neutralise or recycle
wastes (e.g. forests, oceans); and
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+/- 1 = slightly positive/negative
+/- 2 = positive/negative
+/- 3 = highly positive/negative
Using this framework in a semi-quantitative manner, the impact
or benefit on each of the Five Capitals of fit-for-purpose CSG
water treatment with beneficial use for irrigated agriculture,
compared to a baseline water management scenario (full
desalination with no beneficial use), may be assessed as follows:
Natural
Baseline: CSG extraction, by definition, involves depletion of
natural resources (gas and groundwater). However, gas provides
a lower-carbon emission fuel than coal or oil and is commonly
considered as a transition fuel to renewables.
Beneficial use: Supports production of renewable resources
(timber, cattle); may sequester carbon in soil, crops or trees.
Chemical amendment of water or treatment by reverse osmosis
will consume natural resources (amendment chemicals) and
energy. Fit-for-purpose treatment will disperse and store salts
in the regolith and minimise concentration. May contribute
to restoration of depleted groundwater aquifers (e.g., the
Condamine alluvium – refer TCT, 2013).

• Processes such as climate regulation and
the carbon cycle that enable life to continue
in a balanced way.

Human
Baseline: CSG developments provide employment across
a diverse range of disciplines, with significant multiplier
benefits to regional towns.

Human

The health, knowledge, skills, intellectual
outputs, motivation and capacity for
relationships of the individual needed
for productive work.

Beneficial use: Augments the range of employment opportunities
in work that many may find stimulating, by providing a positive
and meaningful outcome for the environment.

Social

Value added to the activities and economic
outputs of an organisation by human
relationships, partnerships and co-operation,
e.g. networks, families, communities,
businesses, unions, schools and voluntary
organisations as well as social norms,
values and trust.

Manufactured

Material goods and infrastructure owned or
controlled by an organisation that contribute
to production or service provision, but do
not become part of its output, e.g. buildings,
infrastructure and technologies.

Financial

Assets of an organisation that exist in a form
of currency that can be owned or traded,
including (but not limited to) shares, bonds
and banknotes. Financial capital reflects
the productive power of the other types
of capital.

Table 1. Summary description of the Five Capitals of Sustainable
Development.
Complete evaluation of a sustainable development balance sheet
requires detailed input from a broad range of stakeholders (see
Corder, 2013 for an example applied within the context of the
SUStainable OPerations (SUSOP) framework). In the present
analysis, a simplistic, qualitative assessment is made to indicate
direction of change rather than compare options. A three-point
unit scale was applied:
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Social
Baseline: CSG developments have contributed to invigorating
regional communities and economies. Some social benefits
may be lost in fly-in, fly-out operations. Benefits may not be
equally shared, and opposition is expressed by a sector of
the community. Community acceptance of co-existence with
agriculture is variable.
Beneficial use: Increases local jobs in operation, management
and support of irrigated agriculture. May support research,
development and implementation of new agricultural industries,
technology and infrastructure beyond gasfield operations and/or
capitalise establishment of perennial crops that will endure beyond
CSG water production (e.g., irrigated Leucaena and timber). May
promote positive engagement with rural landholders. Provides
the opportunity for commercial and environmental partnerships
with landholders and the community, changing the language of
engagement from compensation to collaboration.
Manufactured
Baseline: Full desalination plants represent an energy-intensive,
depreciating asset.
Beneficial use: Beneficially used water treated to fit-for-purpose
quality (agricultural grade) may reduce capacity requirement
for depreciating infrastructure and can be used to produce
appreciating assets (timber, crops, cattle).
Financial
Baseline: Gas production generates substantial income,
but water treatment represents a significant cost.
Beneficial use: Appropriately implemented irrigated agriculture
may reduce the direct cost of water management and return an
income (though rarely offsetting management costs) – refer Dale
et al., 2013.
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3 of the Healthy Head Waters Coal Seam Gas Water Feasibility Study.
Department of Natural Resources and Mines, Toowoomba.
Corder G (2013): Developing Better Projects Through the Early Identification
of Sustainability Opportunities and Risks. In: Proceedings of Chemeca
2013: Challenging Tomorrow: 29 September–2 October 2013, Brisbane
Convention & Exhibition Centre, Queensland/Chemical College, Engineers
Australia.
Corder GD & Golev A (2014): Industrial Ecology Forum “Shifting the Australian
Resources Paradigm”, 28 March 2014, Sydney: Outcomes and Findings
Report. Prepared for Wealth from Waste Cluster, by the Centre for Social
Responsibility in Mining, Sustainable Minerals Institute, The University of
Queensland. Brisbane, Australia.

Results of the above analysis showing the individual impact/
benefit for each component of the Five Capitals under a baseline
and beneficial use scenario are illustrated in Figure 8. This
analysis indicates that beneficial use for irrigated agriculture using
fit-for-purpose treated water provides an opportunity to improve
sustainability outcomes by providing a technical solution with
both community and environmental benefits.
All components of the Five Capitals were assessed to move in
a positive direction. Overall cumulative score increased from 3
(baseline) to 8 (beneficial use). While the specific scores may
be subjective and open to interpretation, the trend change of
positive improvement across all Five Capitals suggests that,
appropriately implemented, beneficial use of fit-for-purpose
treated CSG water by irrigated agriculture can provide an
opportunity to reduce impact, reduce project risk and improve
the sustainable development balance sheet of CSG operations.
Importantly, the analysis assumes scientifically sound design
and responsible management of beneficial use projects.

Conclusion
With scientifically sound design, fit-for-purpose treatment
and responsible management, saline-sodic CSG water can be
beneficially used for irrigated agriculture. Rather than presenting
a liability to CSG producers, appropriately managed CSG water
can be an asset, reducing project risk and providing a positive
overall contribution to the sustainability balance sheet. This, in
turn, is an important element of establishing and maintaining
social licence to operate.
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Figure 8. Individual components of capital under a baseline
water management scenario (full desalination with no beneficial
use) and the net benefit/impact of fit-for-purpose treatment with
beneficial use.
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COAL SEAM GAS IS JUST
THE LATEST ROUND IN AN
UNDERGROUND WAR
In a recent article on The Conversation,
Queensland coal seam gas (CSG)
researchers argued that the industry
is progressing faster than the science,
leading to concerns over fugitive
emissions and impacts on water.
The Southern Cross University team found
unexpectedly high levels of methane in
the air near CSG wells. They concluded
that we do not yet know enough about the
impact of CSG mining. Their findings were
attacked by industry interests as well as
some politicians.
But the search for CSG is just the latest
round in an ongoing contest for the
ground beneath our feet. The underground
pore space where CSG is found — known
to geologists as “sedimentary basins” —
is one of our most important resources.
While you may not have given them
much thought, these basins underlie half
of Australia, provide 90 per cent of our
primary energy through fossil fuels, and
sustain most of our agriculture and rural
populations with water.
Governments around Australia are making
decisions about underground resources.
Victoria, for example, recently released
its Earth Resources Statement, calling for
extensive reforms to the state’s resources
regulation. It remains to be seen how the
change in government will affect this.
In New South Wales, the recently
established Office of Coal Seam Gas has
been tasked with similar work.

must be developed,
mainly through
extraction of coal seam
gas, or the state will
face shortages.
Protesters, concerned
about impacts on
water resources and
agricultural productivity,
seek to block any such
development.
At the same time
our dependence
on groundwater is
increasing. These
reserves also support
a large fraction of
Australia’s endangered
riverine and rangeland
ecosystems.

More and
better science

Sedimentary basins underlie half of Australia (blue). Important
aquifers are shown in green, coal seam gas basins in purple.
Dots show coal mines (brown and black), geothermal wells
(red) and other mining activities (yellow).

Sedimentary basins
are a public good.
The search for new resources like
unconventional gas marks a new stage
in the contest for the subsurface. The
increasingly heated rhetoric about
environmental risks associated with coal
seam gas developments and geological
CO2 storage illustrates the need for
new approaches to the management of
sedimentary basins worldwide.

Australian Chief Scientist Ian Chubb has
responded to a report on unconventional
gas delivered to the Prime Minister’s
Science Engineering and Innovation
Council, saying we need to support
research into “the geological and
geophysical aspects of prospective
sedimentary basins” and “the surface
and groundwater dynamics of prospective
sedimentary basins”.

These regulatory decisions will have
impacts for generations. And the worrying
thing is, we don’t yet know what all those
impacts will be.

Rocky sponges
Gas and water reside in the sedimentary
basins held in the “pore spaces” of rock,
like water in a sponge.
Increasingly, sedimentary basins are being
explored for new resources and services,
such as CSG and shale gas, CO2 storage
and geothermal energy. For example, the
Federal Industry Minister, Ian Macfarlane,
has said New South Wales gas supplies
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Australia’s resource-rich sedimentary basins contain a variety of resources.
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“The increasingly heated rhetoric about
environmental risks associated with coal
seam gas developments and geological
CO2 storage illustrates the need for
new approaches to the management
of sedimentary basins worldwide.”
In other words, we need to build a better understanding of how
Australia’s sedimentary basins work and how new technologies
and extractive processes such as CSG may affect precious water
resources. And we need to do this now.

Building trust
Communities need access to robust research findings they can
trust. Governments need to make evidence-based decisions in a
timely manner. Companies require leading-edge data.
Politicians and public servants must work across parties and
jurisdictions to enact policy decisions on basins that cross State
and Territory lines.

We need the legal and regulatory expertise to develop
management regimes that cross different resources and
jurisdictions.
We need economic expertise to assess the costs and benefits
of multiple uses of the pore space.
Perhaps most importantly, we need to apply social sciences to
ensure that community aspirations are met and that a “social
licence” is fully integrated into basin management decisions.

This article has been reprinted courtesy of The Conversation
https://theconversation.com/coal-seam-gas-is-just-the-latestround-in-an-underground-war-35164. Map image courtesy
Associate Professor Tim Rawling, Melbourne University.
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This urgent need for a beefed-up science and monitoring capacity
should drive a new research agenda, providing trusted, credible
information and analysis of sedimentary basins, as well as the
opportunities and risks posed by new uses of their resources.
This agenda needs to be shared and supported by industries,
governments, communities and the research sector. The
Melbourne Energy Institute is advancing a Sedimentary Basins
Management Initiative to meet this need.

We will need geoscience for comprehensive and
independent monitoring under (groundwater systems)
and above ground (fugitive emissions of methane). This will
provide baseline data against which future impacts can be
detected and managed, a crucial need highlighted by the
Southern Cross University researchers, who note in their
paper the need to quantify greenhouse gas emissions
“before and after production commences”.

Written by Sara Bice, Research Fellow at the Centre for Public
Policy at the University of Melbourne; Mike Sandiford; Professor
of Geology and Director of Melbourne Energy Institute at the
University of Melbourne; and Will Howard, Research Scientist
at the University of Melbourne.

total water management solutions
SunWater provides the resources industry with the strength of one
of Australia’s leading water infrastructure companies.
Our total water solutions look to optimise our clients’ cost efficiencies, reduce maintenance,
save energy and maintain infrastructure integrity.
From designing and building dams and pipelines, beneficial use strategies for treated CSG
water, managing and operating bulk water infrastructure, to finding new ways to deliver
water to remote locations, we are the specialists that industry, resources and government
turn to for total water solutions.
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Understanding the
risks of Csg extraCtion
to Water resoUrCes
Coal Seam Gas (CSG) and groundwater are inherently related.
In a natural system, groundwater pressure holds the CSG inside
the coal seam matrix. Lowering the groundwater pressure allows
CSG extraction from the coal seam.
The Water Research Laboratory of the School of Civil and
Environmental Engineering at UNSW Australia prepared a
background report on groundwater resources and coal seam
gas production (Anderson et al., 2013) for the NSW Office of the
Chief Scientist and Engineer. This article summarises some of the
key findings of the report, which can be downloaded at www.wrl.
unsw.edu.au/CSG/

An overview of CSG and groundwater
Aquifers are underground geologic formations capable of holding
and transmitting water. Geologic layers (or strata) that form a natural
barrier to water flow are called aquitards. Aquitards may allow
water to pass, but water generally percolates through aquitard
layers extremely slowly compared to adjacent geological strata.
Figure 1 presents a highly simplified hydrogeological setting for a
CSG project. The CSG extraction well is drilled through an overlying
aquifer and aquitard into a coal bed a few hundred metres below
ground. In many cases the aquifers and aquitards are interbedded.
Water and CSG
Extraction

Unsaturated
Zone

Leaka

ge

Rec
har
ge
Not to
scale

Aquifer

Aquitard
Coal Bed
Aquitard

figure 1. simplified hydrogeological setting for Csg extraction.
Naturally occurring groundwater recharge to coal seam aquifers is
generally a slow process. It typically takes decades or centuries for
a small amount of rainfall falling on the ground surface to recharge
a deep aquifer. By comparison, groundwater extraction to release
CSG from the coal seam matrix occurs rapidly. Following initial
depressurisation, CSG is extracted along with further groundwater,
maintaining the depressurisation and conveying the gas.
The flow of CSG (and groundwater to the well) is sometimes
aided and increased by a process known as hydraulic fracturing
(fraccing). Fraccing involves pumping fluid, comprised mostly of
water and sand, under pressure into the coal seam, fracturing
the aquifer and increasing the hydraulic conductivity of the coal
seam, as shown in Figure 2.
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figure 2. schematic of the hydraulic fracturing process.
Often, very little baseline data describing and quantifying the
characteristics and behaviour of natural groundwater flow in
an area is available prior to CSG development. Best practice
currently attempts to collect detailed information on the behaviour
of groundwater during the exploration and pilot stages of CSG
projects. These studies should involve exploratory work drilling
wells, pumping groundwater and applying stresses to the aquifer
and measuring responses. However, pilot studies themselves
hold inherent risks to the groundwater system. As demonstrated
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in Figure 3, the greatest rate of water extraction during a CSG
development can often be during the pilot stage, which may
indeed have an adverse effect on groundwater quality and supply.

Risks to groundwater resources
The two main potential consequences to water resource aquifers
associated with CSG extraction are depletion of groundwater and
contamination of groundwater. This article only summarises the
risks of depletion of groundwater resources.
Groundwater resources are usually in upper confined or
unconfined aquifers. However, in the Great Artesian Basin
the aquifers are much deeper. The risk of groundwater
resources being adversely affected by CSG operations is
mostly dependent on the degree of separation of the aquifers
by aquitards. Under ideal conditions, minimal depletion will occur
vertically if the aquitards above and below the CSG aquifer are
continuous, have ultra-low hydraulic conductivity, and are not
faulted, fractured or jointed.
There is always potential for some natural depletion of an aquifer
by water flowing through the aquitard if the vertical pressure
difference is large enough and the hydraulic conductivity of the
aquitard allows a slow rate of leakage. Measurement of the
hydraulic conductivity of aquitard material involves complex
field and laboratory techniques including centrifuge testing.
Flow from groundwater resource aquifers into depressurised coal
seam gas aquifers will be greatly increased if preferential flow
paths exist. The rate of flow depends on the three-dimensional
geometry of the strata, the hydraulic conductivity of the various
materials and the nature of the preferential flow paths (such
as joints, fractures, faults, solution cavities or root holes). If
depletion occurs, the rate of depletion will be proportional to
the rate and volumes of water removed from the coal seam.
Determining whether these preferential flow paths exist naturally
can generally only be done by pumping trials during the pilot
stage. However, as the changes in flow rates during the test
may be small, the duration of the test short, and the monitoring
wells not proximal to preferential flow paths, a measurable effect
on the aquifer may not be observed during the pilot stage. This
may introduce uncertainty in subsequent predictions, as the
interpretations of aquifer and aquitard properties from testing
will be non-unique; however, laboratory testing of drill core can
be employed as one technique to reduce this uncertainty.
Disturbing the strata with pilot and extraction wells may create
potential leakage points through aquitards. Codes of practice

have been established to reduce the possibility of this occurring;
however, “leaky” wells can occur and uncertainty exists over the
viability of both newly installed and decommissioned wells. This
may be due to factors such as concrete corrosion or fractures
caused by in-situ stresses over the long term.
The hydraulic fracturing (fraccing) process can compromise
aquitard integrity and create preferential pathways through
the aquitard. While this risk exists, hydraulic fracturing is an
established process, and can be designed and controlled in
a manner that minimises the risks of unexpected aquitard
fractures. Since any increase in flow to a coal seam aquifer
is detrimental to the extraction process, as it can increase
the required rate of extraction, operationally it is in the interests
of the CSG operators not to damage aquitards.
A final noted risk is that lateral recharge to a CSG aquifer may
deplete or reduce pressure in other water resources, including
aquifers and protected springs potentially significant distances
away. The depletion processes may occur at very slow rates,
potentially over centuries, so the effects may not be realised
until long after CSG operations are complete.

Will these adverse consequences be realised?
Exploration, data collection and assessment activities (including
sound modelling practices) are all required to develop a realistic
conceptual understanding of the structure, extents and properties
of coal seams, the integrity of the surrounding aquitards and the
potential for any impacts to nearby beneficial aquifers and surface
water resources. Numerical modelling cannot be undertaken
without appropriate data collection and should not be used as
a substitute for real data.
Complex, long-running data collection and modelling can aid the
understanding and minimisation of CSG risks to groundwater
resources. However, it must be realised that the geological and
hydrogeological conditions of aquifers and aquitards will always
have inherent uncertainty, especially in fractured rock terrain.
Written by Doug Anderson, Principal Engineer – Groundwater
and Modelling, Water Research Laboratory, School of Civil
and Environmental Engineering, UNSW Australia. Email:
d.anderson@unsw.edu.au
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Figure 3. Water and gas extraction throughout the lifespan of a CSG well.
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GE KENYA WTP QUEENSLAND
An integrated water treatment solution for co-produced
water from Coal Seam Gas wells in south-east Queensland

Application: Advanced membrane water treatment and thermal technologies to treat saline water from coal

Case Study

seam gas (CSG) extraction
Capacity: 100 + 12 million litres/day (ML/d)

Location: Queensland, Australia

Challenge
QGC, a BG Group business and leading
Australian coal seam gas (CSG) explorer
and producer, is establishing the
Queensland Curtis LNG (QCLNG) project
to develop Queensland’s world-class CSG
reserves into liquefied natural gas (LNG)
for domestic and international use.
As a requirement of the QCLNG project,
QGC needed to build a number of
dedicated water treatment facilities to
treat the saline water produced during
the CSG extraction process.
The treated water must meet a highquality standard, as determined by the
government, to allow for beneficial reuse
in a variety of applications, including
irrigation for farmers and process
water for industrial customers.
This effort is part of QGC’s work to
develop unconventional gas reserves
in socially and environmentally friendly
ways that benefit local communities.

The QGC Kenya Water Treatment Plant at Chinchilla, Queensland.

Solution
GE has developed an integrated
process solution that combines a range of
technologies to treat the associated CSG
water and meet customer requirements.
In consortium with its EPC partner Laing
O’Rourke P/L, GE is designing and building
two major water treatment plants (WTPs) –
Kenya and Northern – on behalf of QGC.
The first plant, QGC Kenya, will be located
near the town of Chinchilla about 290
kilometres west of Brisbane.
At the QGC Kenya facility, associated
or co-produced water from wells in
the surrounding CSG field is collected
and sent to a 112 ML/d central water
treatment facility comprising a 12 ML/d
relocatable WTP and the main 100 ML/d
central WTP.
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Brine concentrators at QGC Kenya, Chinchilla.
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The containerised 12ML/d relocatable WTP at the QGC Kenya plant.

Gas-powered electricity generating plant (foreground) and the Water Treatment Plant (background) at QGC Kenya.
The saline water first passes through
a robust pre-treatment and ultrafiltration
(UF) system to remove suspended
solids, suspended metals, and biological
contaminants. Following pre-treatment,
ion exchange and reverse osmosis
(RO) systems remove dissolved metals
and inorganic dissolved solids, such as
hardness (ie, calcium and magnesium
salts), sodium and chloride, to produce
a high-quality product water suitable
for reuse.
To maximise the recovery of water for
reuse, the brine stream from the RO is
transferred to a brine concentrator that
will use evaporation to extract distillate
water from the RO brine. The distillate
water will be blended with the product

water from the RO and the combined
product water will be pH-adjusted prior
to discharge from the facility.
The water treatment plant will employ
GE’s ZeeWeed* ultrafiltration (UF),
ion exchange, RO and thermal brine
concentrator technologies. GE’s
ecomagination*-qualified Waukesha 12V
275GL+ fuel flexible mechanical gas
engines will drive the brine concentrators.
In addition to the main 100 ML/d WTP,
GE also designed and built a 12ML/d
relocatable WTP based on its extensive
process and technology experience, and
leveraging its knowledge of engineering
and containerising water treatment plant
from its global containerised WTP fleet.

The completed QGC Kenya water
treatment facility will be powered by
a dedicated electricity generation plant,
which uses GE’s Jenbacher J620 natural
gas powered engines.

Results
Once fully operational, this integrated
solution will convert an unusable water byproduct from CSG extraction into a valuable
high-quality source of water for agricultural
and industrial reuse. This water reuse will
benefit local communities in the region.
Written by Andrew Carter, GE Power &
Water – Water & Process Technologies,
Email: andrew.carter1@ge.com
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COMPARISON OF IMPACTS FROM
AGRICULTURE AND THE COAL SEAM
GAS INDUSTRY ON THE SURFACE
WATER EVIRONMENT IN QUEENSLAND
Feature Article

Abstract
The arrival of the coal seam gas (CSG) industry in Queensland
facilitated extensive and numerous environmental surveys
of the surface water environment in the Condamine-Balonne,
Fitzroy and Burdekin River catchments overlying the coal-rich
Surat and Bowen basins. Baseline and impact assessments of
surface water, undertaken by CSG companies as part of their
regulatory process, have allowed for a good understanding of
the industry’s impacts on the region’s rivers, creeks, springs and
lakes. Concomitantly, the numerous surface water environmental
studies have also provided information on the impacts caused
by grazing and cropping on the region’s waterways.
Using their experience from working closely with the CSG
industry in Queensland over many years, the authors discuss
how the environmental authorities under which this industry
is operating in the Surat and Bowen Basins have so far proved
to be effective in mitigating any significant effects on the local
and regional surface water environment. Conversely, grazing
and cropping activities, which are not subject to the same
intense level of environmental regulation, continue to adversely
impact waterways. In this article, the authors propose novel
approaches that will greatly improve the ongoing monitoring and
management of impacts on the surface water environment.

environmental regulations designed to measure and mitigate
their environmental impacts.

Land use
When assessing potential impacts caused by the CSG industry in
Queensland on surface water resources, it is important to consider
impacts caused by all other land use types, both those that have
occurred in the past, and those that are current. Historically, and
even today, the Condamine-Balonne, the Fitzroy River, and the
Burdekin River Basin Catchments where the Queensland CSG
industry operates are dominated by agricultural activities such
as cattle and sheep grazing and a degree of dryland and irrigated
cropping (O’Reagain et al., 2005; Rolfe et al., 2004).
Prior to the arrival of the first European settlers the CondamineBalonne, the Fitzroy River and the Burdekin River Catchments
were comprised of stable ecosystems dominated by native
woodlands and supporting a range of native fauna and flora
(Figure 1). As populations grew, native forests were gradually
cleared to allow for crops and grazing animals, while townships
and roads were developed to support the growing agricultural
industry. As agriculture developed during the green revolution
of the 1950s and 1960s, more land was cleared, townships
grew and more roads were built as more people settled in
the area (Figure 2).

Introduction
Over the past 10 years or so, the surface water environment of
the Condamine-Balonne, Fitzroy and Burdekin River Catchments
have a received a lot of attention as the coal seam gas
(CSG) industry rapidly developed and grew in these regions.
Applications for the exploration and development of CSG fields
has required extensive environmental studies to be carried out
in the form of environmental impact statements (EIS), related
technical studies and ongoing monitoring programs that formed
part of the proponents’ environmental authorisations (EAs). This
has meant that a significant amount of baseline and monitoring
data on the state of the surface water environment in these
catchments, including streams, wetlands and springs, now exist.
Despite the wealth of environmental studies undertaken on
these catchments since the development of the CSG industry,
certain media outlets and some sectors of the public are
sceptical of the industry’s environmental credentials and are still
calling for more environmental scrutiny and regulatory oversight
over the potential impacts on groundwater and surface water
resources in these regions.
Interestingly, while the CSG industry has received considerable
adverse media attention, no such focus has been afforded the
well-documented impacts on the surface water environment
(Burrows, 2000; Pusey & Arthington, 2003; O’Reagain et al.,
2005) of the agricultural industry, which is the dominant land
use in these catchments. Unlike the extractive resource industry,
graziers and farmers are not conditioned by the same level of
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Figure 1. Schematic representation of a typical catchment
in central Queensland prior to European settlement.
The discovery of rich coal deposits in the Surat and
Bowen Basins underlying these catchments resulted in the
establishment and growth of the CSG industry from the 1990s
to what it is today (Figure 3). Presently, the surface water
resources of the Condamine-Balonne, Fitzroy and Burdekin River
Catchments are widely utilised by a range of activities including
agriculture, potable supply, resource extraction, recreation and
maintenance of environmental flows. There is no dispute that all
of these anthropogenic activities have had, and continue to have,
impacts on the catchments’ surface water environment, and it is
therefore important to understand the magnitude and extent of
these impacts caused by all different land use types, including
agriculture and the CSG industry.
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nutrients and herbicides discharging to the Great Barrier Reef are
derived from diffuse agricultural sources such as dryland grazing
and cropping (State of Queensland, 2013a & 2013b), in particular
sourced from the wet tropics, Burdekin and Fitzroy regions
(State of Queensland, 2013b).

Figure 2. Schematic representation of a typical catchment in
central Queensland post-European settlement and prior to the
development of the CSG fields.

Grazing and cropping impacts

Although large-scale clearing of native forests for agriculture
ceased in Queensland 20 years ago, and some former
grazing land has been allowed to revert to its native state,
current agricultural practices in these catchments continue to
have significant impacts on the aquatic environment of the
Condamine-Balonne, Fitzroy and Burdekin River Catchments.
Surveys have indicated that reaches of watercourses that were
heavily accessed by grazing cattle had poor water quality and
low macroinvertebrate counts and diversity, elevated levels
of sediment, and almost non-existent riparian vegetation (frc
environmental 2009; URS 2009, URS 2014a, URS 2014b). In
contrast, reaches of watercourses where access to cattle was
prevented by fencing had a healthy cover of native riparian
grasses, sedges, shrubs and trees, no evidence of bank erosion,
better water quality and a healthy macroinvertebrate population
density and diversity that included species known to be sensitive
to poor water quality.

CSG industry impacts
Potential impacts on the surface water environment from the
CSG industry in the Condamine-Balonne, Fitzroy and Burdekin
basins stem from the industry’s need to discharge coal seam
water into the receiving environment. Despite regulatory and
economic pressures to recycle and/or reuse as much of the coal
seam water as possible for beneficial purposes, varying amounts

Photo by A Zammit, December 2012

Numerous studies indicate that land clearing and agricultural
development (particularly grazing) in these catchments have
been, and continue to be, the most significant stressors on water
quality and physical characteristics of the aquatic habitat (Brodie
et al., 2008, 2012). Cropping, particularly that under irrigation,
results in adverse impacts on the surface water environment,
unless very carefully managed. Runoff during the wet season,
containing sediment, nutrients and pesticide residues are all
major environmental concerns, especially in areas containing a
high concentration of irrigated cropping such as cotton (Rolfe et
al., 2004). Research indicates that the bulk of loads of sediment,
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Figure 3. Schematic representation of a typical catchment in
central Queensland after the development of the CSG industry.

Uncontrolled access by domestic stock to riparian land leads
to excessive run-off, bank erosion, decline in wildlife habitat,
reduced water quality, and damage to aquatic ecosystems
(Burrows, 2000; Pusey and Arthington, 2003; O’Reagain et al.,
2005). Unfortunately, domestic stock, particularly cattle, favour
riparian frontages and, if not managed carefully, will spend much
of their time along stream banks and in the water (Figures 4
and 5). In a survey of the eastern tributaries of the Comet River,
widespread signs of erosion were observed, with stock presence
within the riparian zone being attributed as the primary cause
of detriment at 78% of sites (Henderson, 2000). Most of the
riparian zones in the Dawson River Catchment are rated as in
poor condition due to agricultural clearing, grazing and weeds
(Telfer, 1995).

Figure 4. Grazing cattle prefer river frontages, leading to significant impacts to stream health.
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Figure 5. Denuded riparian vegetation and compacted river banks caused by cattle accessing watercourse.
of this water is released into the river system. The composition
of these discharges varies considerably, but generally contains
elevated sodium chloride, sodium bicarbonate and traces of other
naturally occurring compounds associated with coal (New South
Wales Department of Primary Industries, 2013; CSIRO, 2014a;
CSIRO 2014b). However, EAs issued by the state regulator for
the release of coal seam water are designed to allow releases
of this water of suitable quality at times, volumes, duration
and frequency that sustain or improve the environmental flows
and water quality of the rivers. Streamlined model conditions
for petroleum activities (including CSG) developed by the
Queensland Government Department of Environment and
Heritage Protection (EHP, 2014a) are designed to be incorporated
into EAs to manage petroleum activities and meet the objectives
of the Environmental Protection Act 1994. The conditions are
based on acceptable management approaches and constraints
to protect environmental values (EHP, 2014a).
Coal seam water is generally treated by reverse osmosis
and may be even blended to achieve water physicochemical
properties similar to that of the receiving environment.
Furthermore, coal seam water is only discharged during periods
of suitable flows in the receiving watercourses so as not to
upset the natural hydrological cycle of the aquatic environment.
Monitoring of potential impacts by coal seam water discharges
into watercourses is generally undertaken using a site-specific
Receiving Environment Monitoring Program (REMP), which
generally requires monitoring of a combination of water and
sediment physicochemical parameters, macroinvertebrates
(using the AusRivAS framework), and aquatic flora and fauna
(as specified in documents such as EHP, 2014b, ANZECC &
ARMCANZ, 2000 and EHP, 2013).
Unpublished data indicates that aquatic health of rivers receiving
coal seam water discharges have detected no discernible
changes to the aquatic environment. Levels of salinity, pH,
alkalinity, soluble metals and markers of coal seam water, such
as boron and fluoride, as well as macroinvertebrate population
density and composition, were generally found to be within
boundaries of normal temporal and spatial variations.
While critics of the industry may protest that these monitoring
studies are funded by the CSG companies themselves, it
is important to note that such assessments are undertaken
by highly qualified and experienced scientists in accordance
with current and relevant State and Federal monitoring and
assessment guidelines, such as the Queensland Water Quality
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Guidelines (EHP, 2013), Streamlined Model Conditions for
Petroleum Activities (EHP, 2014a) and Receiving Environment
Monitoring Program Guidelines (EHP, 2014b). The data and reports
for such monitoring are required to be submitted to the State
regulator, who is the final arbiter on issues of compliance with
relevant EAs.
Given the conditions that are generally included in EAs related
to coal seam water discharges, it is the authors’ opinion and
experience that, while the potential for impacts from coal seam
water discharges exists, under the current regulatory regime the
overall risk of harm to the surface water environment from CSG
activities in these catchments is very small.

Future directions
In view of the fact that cropping and grazing are the main
stressors on the surface water environment of the CondamineBalonne, Fitzroy and Burdekin Catchments, significant
improvements can be achieved by using more environmentally
sustainable agricultural practices.
Restricting or controlling access to waterways by grazing cattle
has been recognised for a long time as a powerful way to greatly
improve the health of river systems (Staton & O’Sulllivan, 2006;
Lovett & Price, 2006). Fencing river banks to control stock access
has many benefits. Native vegetation has a chance to regenerate,
helping to make riverbanks more stable and less prone to
erosion. Water run-off is reduced and nutrients are filtered before
entering the river to improve water quality. A revegetated riparian
zone creates diverse habitats for native birds, animals and aquatic
fauna such as macroinvertebrates and fish, which are essential
to a healthy river environment.
This awareness has led to a number of initiatives around
Queensland and other parts of Australia where sections of
riverbank are being fenced to exclude or restrict access by
grazing domestic animals (Amy & Roberston, 2001). Land
and Water Australia published a guide to managing stock and
waterways (Staton & O’Sullivan, 2006), which outlines strategies
for managing riparian land productively and sustainably. For
example, a massive fencing operation is planned along Williams
River near Dungog in NSW to keep cattle out of the river, while
collaboration with local landowners at the East Gippsland
CMA has led to fencing of banks on the Mitchell, Wonnangatta
and Nicholson Rivers in Victoria (East Gippsland Catchment
Management Authority, 2014). The Glenelg River Restoration
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Project in Victoria, which was awarded the Australia Riverprize
in 2013, included the fencing of 1,752km of waterway frontage
(Glenelg Hopkins Catchment Management Authority, no date).
While the impacts on the aquatic environment can be
ameliorated by improved agricultural and other land use practices,
the environmental challenge that is faced today is finding and
developing suitable methodologies by which we can measure the
cumulative impacts on the catchments’ aquatic environment from
animal grazing, cropping, coal seam extraction and other land
uses such as coal mining and urban infrastructure.

Furthermore, the major CSG companies and other large
extractive companies in the region, such as coal mines,
need to communicate and collaborate on their environmental
management efforts, perhaps facilitated by the State
Government, to establish a catchment- and/or region-wide
surface water monitoring program by which they can collectively
manage the surface waterways and dependent ecosystems.
This inter- and intra-industry collation of surface water data
will facilitate assessments of cumulative impacts, and identify
key areas where management measures can have the best
cost-benefit effect.
Given the current pressures being faced by the aquatic
environment of many Queensland catchments, and the twin
interrelated uncertainties of cumulative impacts and climate
change, it is clear that a collaborative approach to environmental
management needs to be taken if all land users are to continue
to make sustainable use of the catchments’ ecosystem services.
The need for more research and field surveys to improve our
understanding of how the aquatic environment is likely to behave
with the advent of climate change, using new and improved
methodologies by which to undertake field assessments, is
acute, as is the need to design and undertake a cumulative
impact assessment program for the Condamine-Balonne,
Fitzroy and Burdekin Catchments.
This will ensure that the sum of the complex interrelated
individual land use pressures on the aquatic environment are
monitored and mitigating management programs put in place.
The government, farmers, CSG operators, and coal miners all
need to understand that it is in all their interests that they face
these challenges together.
Written by Dr Adrian Zammit, Director, Focus Environmental
(www.focusenvironmental.com.au) (email: adrian.zammit@
focusenvironmental.com.au) and Nicky Lee, Associate Water
Quality Scientist and URS Project Manager.
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While the resource extractive industries have provided a wealth
of aquatic environmental data, there is a paucity of data from
agriculture, indicating that cumulative impacts associated with
the different land uses in these catchments cannot be clearly
identified. In a world where a user-pays system (in this case
payments for ecosystem services) has been widely adopted,
government or agricultural industry/advocacy groups and
academia need, as a first step, to embark on a program that
identifies the impacts associated with agriculture, and secondly,
to take the findings to implement a range of management
measures by which the regions’ waterways are protected.
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MANAGING SALINITY FROM
COAL SEAM GAS: A PIPE DREAM?

Opinion

A perspective for Queensland

Over the vast duration of geological time, the world’s oceans
have accumulated approximately 50,000 trillion tonnes1 of salt,
at a typical concentration of around 35g/L. That is a lot of salt, and
there is plenty more deep underground beneath our feet. Neither
of these marine or terrestrial salt stores endangers human
activity; however, when we bring salt to the surface in our quest
for mineral or petroleum resources and then store it in landfills,
there are risks and costs that must be faced and dealt with.
If a mine uses water in its production processes, and that
water is then recycled or evaporatively disposed of, the dissolved
salt accumulates, becoming highly concentrated and posing
significant challenges and risks. Water and salt are inextricably
linked and in many industries that are grappling with closing
water loops, or maintaining zero discharge conditions, salinity
management presents significant challenges to engineers,
financiers and regulators to come up with feasible and costeffective solutions.

The challenge of salt management
A fundamental feature of salinity, governing all known methods
of its management, is that it cannot be destroyed. Water can
evaporate, heat can be rejected (both of which usually leave salt
behind), organics can be oxidised, burnt or decomposed – even
radioactivity will, given enough time, decay – but salt will always
remain. This is because the common salts found in water are
already thermodynamically stable, and cannot be made more so.
Current salinity management efforts focus on concentration
then isolation. Concentrated salt brines or salt solids can be
separated from the environment by an impermeable barrier, such
as clay, usually placed in parallel with polymeric lining systems.
Eventually though, with the action of geological and climatic
processes, the salt will escape. This means virtually all forms of
terrestrial salt storage pose a potential environmental risk that
cannot be ignored, and must be managed over long timeframes.
Unlike putrescible household wastes, which go through welldocumented phases of degradation before becoming stable, salt
will always remain salt, and be present either in solid or aqueous
phases. The longevity of salt as a hazard in the context of solid
waste risk cannot be discounted.
In short, the only truly safe locations for permanent salt storage
are those already created by nature, generally either deep below
us, or in the oceans. Of these, the largest and often most feasibly
accessible are the oceans.

The Queensland context
In recent years many coal seam gas (CSG) production operations
have been established in Queensland. There are scores of
processing facilities desalinating the water produced by CSG
operations and, as a result, steadily accumulating by-product
1

salt at rates of up to hundreds of tonnes per day. By the middle
of this century, when any young engineers reading this article
may be looking to retire, current industry plans indicate there will
be tens of millions of tonnes of salt held in expensive terrestrial
storage facilities in central Queensland. These stockpiles of salt
will pose a perpetual (albeit relatively low) risk to the surrounding
communities and environments in which they are located. The
engineering standards and costs for constructing and maintaining
these long-term storage facilities are onerous. However, arguably
even a low risk, when it is permanent, is too high.
It should also be recognised that although industry should
be required to bear the cost of this long-term liability, it is
unrealistic to expect private entities (i.e. the CSG operators)
to retain responsibility for these wastes in perpetuity. This is not
to say that any of the current CSG operators are irresponsible.
Far from it. The major CSG companies are making strenuous
and extraordinary efforts to manage and mitigate the risks of
these growing quantities of salt. However, eventually the gas
wells and the money will run out, and at some future time it
seems inevitable that the state will assume responsibility for
these legacies.

An opportunity for the state
The CSG industry is creating wealth for the nation, and it
should be encouraged to operate profitably – ideally in a manner
that mitigates as far as practicable future liabilities that might
return to the community. There is at least one way to support
this industry and avoid the eternal legacy of salt: by changing
how we require it to be managed. For example, the state could
require operators to use a common conveyance asset that would
transport all of the salt by-product from CSG water management
to the Pacific Ocean.
Interestingly, now might be a good time to do this. Current
inventories of salt, while growing, are relatively small and the
low global oil price means that operators are struggling to remain
profitable. This means they are all seeking capital savings, or
deferrals. A solution that addresses a problem all operators face
may be more welcome now than in the future, when profits
are good but the salt inventories huge. The objective of the
state should be to ensure that shortly after the CSG resource is
depleted, so also will be the salt liability.
In Australia, many commercial undertakings provide bonds to the
state to ensure acceptable closure and safe site management in
perpetuity. However, a storage facility containing only salt cannot
decay or decompose into anything. Stored salt will always be salt,
and will always pose some risk to the surrounding environment.
So if the state must eventually assume liability for salt anyway,
why would it not act decisively now to ensure this liability is
completely nullified in perpetuity?

Various references report estimates for the total mass of salt in the world’s oceans in region of 4.9 x 1022 grams
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The Pacific Ocean is ecologically well adapted to receiving salt if the outfall is well designed.

An inland salt lake. Some naturally formed inland salt stores exist, but we do not need more.

Pipe vision – a “brine grid”
Water pipelines are expensive. A 500km-long pipeline and
regional collection network designed to collect and convey
salt brine to a sophisticated ocean outfall is even more so. This
means that funding such a large asset is a significant obstacle.
However, a common user asset analogous to a new tollway could
be funded using a similar ‘user pays’ method. In such a case, the
immediate and future savings accruing to CSG producers from
using the common salt management asset could be reflected
in a levy on CSG-related energy exports.
And what happens to the pipeline once the CSG salinity
flows cease? This highly specialised strategic asset would,

of necessity, be highly resistant to corrosion. Thus it could have
a potential residual life extending well beyond the date when
the last tonne of CSG brine is conveyed.
Once no longer required to convey brine, other potential uses
include transport of freshwater from the coast to the interior, or
movement of bulk materials to a port or between regions. Having
removed a major intergenerational liability, it could then provide
a positive infrastructure legacy for Queensland.
Written by Andrew Hodgkinson, Senior Principal Technologist
Industrial Water at CH2M in Melbourne. Email: Andrew.
Hodgkinson@ch2m.com.au
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REDUCING UNCERTAINTY
IN CSG ASSESSMENT
The case for better measurement of aquitard properties

This article draws attention to some of the uncertainties in the
predictions of groundwater impact from coal seam gas (CSG)
activity. It discusses how laboratory measurements of aquitard
properties, such as those from UNSW Australia’s Geotechnical
Centrifuge, are increasingly being used by industry and
government to add value to field data collections. Such data
can help increase confidence in numerical model predictions
of water impact for mining and water resources activity.

Understanding aquitard integrity
Quantification of the permeability of sediments and rocks that
disconnect or partially disconnect groundwater flow systems
is crucial not only for planning CSG and mining operations, but
also for predicting the potential magnitude of impacts of these
projects on water resources. Also known as confining strata
or aquitards, these low permeability units control the hydraulic
response, via recharge and seepage of the underlying and
overlying aquifers to changes in coal seam water pressure
caused by gas extraction or re-injection of processed water.
CSG exists within a coal seam, which is also an aquifer as it
contains groundwater. An aquifer is a water-bearing unit from
which reasonable volumes of water can be pumped. Hundreds
of years can be required for hydraulic equilibrium to be achieved
between a CSG aquifer and water resource aquifers, which are
separated by regionally extensive low permeability aquitards.
Extraction of groundwater from the CSG aquifer can have an
unintended influence on the surrounding aquifers if the integrity
or permeability of the aquitards differs from that estimated
during planning.
Pumping
Methane H2O
(A)

Water
Treatment
Plant

Discharge
(F)

Unsaturated Zone

Reinjected
(e.g. MAR)
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Aquitard

Frack gone
wrong

Induced Ground water
Exchange (D)

At the later stages of exploration and assessment, following
appropriate aquifer and pilot well testing, field engineers may
observe a pressure or water level response in the aquifers or
aquitards underlying or overlying the target coal seams. From
these observations, estimates of aquitard properties (vertical
hydraulic conductivity and storage) are inferred, and model
predictions of future impacts prepared. However, hydraulic
responses may not be apparent in the measurements, yet
still allow long-term adverse impacts.
A key issue with both of these approaches is non-uniqueness
of different combinations of properties and geometries,
which could result in the same observation. In particular,
for pilot testing, many different combinations of assumed
coal seam, aquitard and aquifer properties, geometry and
boundary conditions can be prescribed to fit the available field
observations. With this uncertainty, the envelope of predicted
hydraulic impacts can be unacceptably large.
Upper Bound
Prediction
Actual Impact
(UNKNOWN)

Lower Bound
Prediction

Induced
(B)
Leakage

Time
Baseline Leakage

Baseline Leakage

Coal Seam

Induced
Lateral (C)
Recharge
Baseline
Lateral
Recharge

Aquitard
Natural Flow

At the early stages of planning a CSG project, aquitard
properties are often assumed from the literature based on
available site-specific geological knowledge obtained from
drilling and geophysics or, in the absence of measurements,
from assumptions of similar properties between sites.
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numerical model predictions of the quantity and rate
of leakage from water resource aquifers into CSG aquifers.
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Abstract

Uncertainty in the predicted impacts of coal seam gas activity
(quality field investigations, conceptualisation and modelling
can reduce the bounds of uncertainty).

Induced Flow

Simplified conceptual cross-section of a hypothetical coal
seam gas operation.

Aquitards and uncertainty
Predictions of groundwater impact from CSG development
contain various sources of uncertainty. A significant source
of uncertainty is the assumed or unconstrained estimates of
aquitard vertical hydraulic conductivity and storage. Uncertainty
in these parameters can significantly reduce the reliability of
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Reducing uncertainty
While there have been considerable efforts in recent years to
reduce the uncertainty of CSG assessments through improved
numerical modelling, statistical assessment, better data
collection and better use of field data remain the tried and tested
options for reducing the bounds of uncertainty. This is especially
true for interpretations of pilot well testing data when fieldscale hydraulic impacts beyond the CSG aquifer are not readily
apparent, or the geometry and properties of the CSG aquifer are
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not well defined. In such cases the engineer may need to
assume values of aquitard properties in order to predict the
properties and geometry of the CSG aquifer. Clearly, in such
cases alternate measurements of aquitard properties can
contribute to a reduction in uncertainty.

The key advantage of laboratory measurement is that, by
combining direct measurements of vertical hydraulic conductivity
in the aquitard matrix with measurements of field-scale hydraulic
response, further insights into the significance of larger scale
structural features and heterogeneity can be obtained. The
laboratory data can then be input directly into computer models
of groundwater flow. For single domain models, this input
is, typically, the lower bound constraint for aquitard vertical
hydraulic conductivity in the model uncertainty analysis. For
dual domain models of fractured rock terrain, this input is the
aquitard matrix hydraulic conductivity. In both cases, the reliability
of groundwater flow predictions for aquitard leakage can be
improved by these core measurements.
Dual domain models differ from single domain models by
explicitly simulating groundwater flow through both the pores
and structural features of the aquitard (or aquifer). Single domain
models attempt to predict impact by modelling aquifers and
aquitards with ‘lumped’ or average values of hydrogeological
properties. This can be an acceptable approach for prediction
of regional-scale hydraulic impacts; however, contaminant
transport and local scale impacts will be under-estimated.

Aquitard vertical hydraulic conductivity
measurement – new solutions
Historically, the vertical permeability of aquitards has been
difficult to measure both in the field and the laboratory.
Aquitard materials, which typically are comprised of clay,
siltstone or shale, take many days, weeks or even months
to test in laboratory falling head permeameters, or months in
the field. Also, these aquitard layers can be highly sensitive to
the nature of the testing fluid. If this fluid is incompatible with
the aquitard pore water (causing swelling or dispersion of the
matrix), then the accuracy of the measurement is reduced. In
addition, the small pore spaces in aquitards are not yet amenable
to MicroCT imaging technologies. Further gas-permeameter
measurements, while fast, rely on empirical corrections to
calculate hydraulic conductivity.
Because of recent investments in novel centrifuge and
experimental shale machine facilities by the Australian Research
Council, the National Water Commission and the National Centre
for Groundwater Research and Training (NCGRT), however, many
of these methodological limitations have been overcome. Reliable
measurements of core-scale aquitard properties can now be
routinely provided to researchers, industry and government.

A typical silty sandstone and shale core sample recovered
during drilling.
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One form of readily available field evidence for measuring the
properties of aquitards, which is not sufficiently documented in
many CSG water impact assessments, is analysis of drill core
samples. These can be readily analysed in the laboratory to
determine vertical hydraulic conductivity and storage parameter
values for the aquitards (and aquifers). Several laboratories
in Australia can provide measurement services with various
instruments ranging from benchtop permeameters and
centrifuges to MicroCT imaging, depending on the geology
and nature of the drill core sample. Once a sufficient number
of samples have been analysed, the core-scale properties
from the laboratory can be up-scaled to provide appropriate
parameters for numerical modelling.

Above left: A typical irregular shaped siltstone aquitard
core sample prepared for testing at UNSW’s Water Research
Laboratory.
Above right: A photomicrograph of a silty sandstone sample
prepared for testing.
The UNSW Water Research Laboratory at Manly Vale, NSW, has
a state-of-the-art centrifuge facility that is one of only two of its
kind in the world, providing a specialist capability for assessing
the hydraulic properties of aquitards. The facility allows for
measurement of horizontal and vertical permeability of both
aquitard and aquifer drill core in very short periods of time by
spinning drill core at speeds to generate forces of up to 550
times standard gravity. Further, measures of drill core hydraulic
conductivity can be obtained using custom fluids in such a
way as to replicate in-situ mechanical stresses to depths of
approximately 100m. This represents a significant advancement
on traditional benchtop assessment methods, which are both
slow and reproduce neither the mechanical stress nor fluid
chemistry of the in-situ material.

The Geotechnical Centrifuge at UNSW Australia’s Water Research
Laboratory, showing centrifuge beam and permeameter modules
for measuring the hydraulic conductivity of CSG drill core and
assessing solute transport across engineered clay liners.
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UNSW also has an experimental shale
machine facility, which complements the
centrifuge by providing measurements
of hydraulic conductivity, permeability
and porosity using various fluids under
conditions when large mechanical stress
(>100m depth), ultra-low hydraulic
conductivity (< 2 x 10-11 m/s or 10-6 m/d)
or temperature-specific measurements
are important. In addition to measuring
permeability as a function of mechanical
stress, the shale machine also measures
rock displacement, multiphase fluid and
solute transport, and chemical, thermal
and osmotic flows. Combined with the
centrifuge, this provides UNSW with
a state-of-the-art toolkit for aquitard
assessment.
Over the last three years the centrifuge
facility has supported a range of CSG
mining assessments in Queensland
and various coal mining assessments in
New South Wales. Access to the facility
is available to industry and government
on both a research and professional
services basis. Most recently the facility
has been commissioned by Western
Australia’s Department of Water for the
Perth Confined Aquifer Capacity Study. The
centrifuge testing will provide verification
data for the vertical permeability values
being used in the Perth Regional Aquifer
Modelling System (PRAMS). Other
clients include Queensland’s Office of
Groundwater Impact Assessment (OGIA),
which is responsible for the assessment
of the cumulative impacts of CSG activity
in Queensland.

The experimental shale machine facility at UNSW Australia’s Water Research
Laboratory.

These state-of-the-art facilities also
facilitate improvement in the design
of earthen embankments, clay liners,
pit walls and tailings pond dewatering,
which are usually associated with
CSG production. This is because the
accelerated gravity of the centrifuge
provides a “time machine” like effect,
allowing ageing of engineering structures,
consolidation and contaminant mobility
to be readily assessed.
The test facilities at UNSW Australia’s Water
Research Laboratory (WRL) are maintained
collaboratively by the School of Civil and
Environmental Engineering and the School of
Mining Engineering. Interested readers may
contact the author for further information.
Written by Doug Anderson, Principal
Engineer – Groundwater and Modelling,
Water Research Laboratory, School of
Civil and Environmental Engineering,
UNSW Australia. Email: d.anderson@
unsw.edu.au
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Top: UNSW’s Mark Whelan and Dayna McGeeney collecting pore-water following
centrifuge permeameter testing. Bottom left: Pore-water sample for UV spectroscopy
containing silver nanoparticles extracted following centrifuge permeameter testing.
Bottom right: UNSW’s Water Research Laboratory Dayna McGeeney analysing porewater samples for Deuterium and Oxygen 18 to measure breakthrough curves of
contaminants through engineered clay liners.
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COULD THE CONSTITUTION
PROTECT FARM WATER FROM
COAL SEAM GAS?

Concern about coal seam gas exploration
and its impact on groundwater has
become a crucial issue in many
electorates across regional Australia,
including in the Queensland election
earlier this year. It’s one of the few issues
in the campaign that unites minor parties
and independents from across the right
and left of politics, including Katter’s
Australian Party, the Palmer United Party
and the Greens.
Queensland-born radio host Alan Jones
also weighed into the campaign against
coal seam gas projects, encouraging
Queensland voters to support “salt of
the earth people with integrity” including
independent MP Peter Wellington.
Former Federal MP Pauline Hanson was
standing as the candidate for Lockyer,
currently a safe rural Liberal National seat
west of Brisbane, where she has been
campaigning on coal seam gas and water.
But has Hanson got it right on the
Constitution and landholders’ rights to
water?

Water rights in the
Constitution
Water rights are of particular concern to
farmers who have farms close to coal
seam gas mining operations, as they rely
on the groundwater to irrigate their crops
or for livestock. A commonly expressed
fear is that coal seam gas extraction
could deplete groundwater supplies and
contaminate the aquifer.
Hanson’s claim that the Constitution
provided some protection for farmers
seems to rely on section 100, which
contains the only reference to the rights
of residents to water in the Constitution.
It states:

The Commonwealth shall not, by any law
or regulation of trade or commerce, abridge
the right of a State or of the residents
therein to the reasonable use of the waters
of rivers for conservation or irrigation.

Limits on constitutional
protection for water
Despite the fact that water is such a
scarce resource in Australia, there have
been very few legal cases involving
section 100. Prior to the Tasmanian Dam
Case in 1983, the wording of the section
had not been considered directly by the
High Court. Since that decision, the Court
has only examined section 100 on one
other occasion.
There are a number of difficulties with
relying on section 100 to protect farmers’
water rights and prevent any State
Government in Australia from allowing
further coal seam gas exploration.
Among the reasons why the Constitution
may not provide as much protection
as Hanson hopes is that section 100
only applies to Commonwealth laws or
regulations – and not to state laws or
regulations.
Section 100 entitles a State or its
residents to the reasonable use of “the
waters of rivers”. In the case of coal seam
gas mining, the primary concern is with
the impact it could have on groundwater.
But in 2010, the High Court drew a
distinction between groundwater and
rivers, and held that section 100 applied
only to the water flowing in rivers, which
further limits section 100.

What other protections are there?
In 2013, the Commonwealth Government
amended the Environment Protection
and Biodiversity Conservation Act (EPBC
Act) so that, where a coal seam gas
development will have or is likely to have
a significant impact on a water resource,
the development will be subject to Federal
assessment under the Commonwealth
EPBC Act.

But for those hoping that Hanson is
right, and that the Constitution might
give them some extra protection against
coal seam gas impacting on their water
supplies, I have to say I think she’s being
too optimistic.

“But for those hoping that
Hanson is right, and that the
Constitution might give them
some extra protection against
coal seam gas impacting on
their water supplies, I have
to say I think she’s being too
optimistic.”
The “right” that section 100 refers to is a
“right” against the Commonwealth. And
as I’ve just explained, the Commonwealth
(meaning the Federal Government) has a
more limited role when it comes to coal
seam gas and water.
Instead, the power to legislate on
these matters falls largely to the State
Parliament and the government of the day.
If Queenslanders do have any concerns
about water and coal seam gas, they
should certainly have their say. But it’s an
issue mainly to take up with your State
MP or candidates, rather than counting on
the Australian Constitution to provide the
solution.
This article has been reprinted courtesy of The
Conversation https://theconversation.com/couldthe-constitution-protect-farm-water-from-coalseam-gas-36506

Written by Adam Webster, Lecturer at
Adelaide Law School at the University of
Adelaide in South Australia and member
of the Executive Committee of the
Conservation Council of South Australia.
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“The Australian Constitution says residents
have the right to water ‘from the rivers for
irrigation and conservation purposes but
governments have brought in laws that are
restricting this’.” – One Nation’s Pauline
Hanson, campaigning for the January 31
Queensland election.
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INDEPENDENT EXPERT SCIENTIFIC
COMMITTEE (IESC) ON CSG AND
LARGE COAL MINING DEVELOPMENT

Report Summary

In June 2014 the IESC released the report: ‘Aquifer Connectivity
Within the Great Artesian Basin, and the Surat, Bowen and Galilee
Basins’. This report identified aquifer connectivity as a gap in the
science that is needed to inform the debate on Coal Seam Gas
(CSG). AWA has prepared the following summary.
The Great Artesian Basin is a large and high-priority groundwater
resource through which the Surat, Bowen and Galilee geological
Basins are linked. These are highly prospective areas for CSG
development
and/or
coal
mining.
Background
review: aquifer
connectivity
within
the Great Artesian Basin, and Surat, Bowen and Galilee Basins

Artesian Basin, the Surat and the Galilee Basins. The IESC notes
that most existing groundwater models that claim to address aquifer
connectivity via implementation of measured, site-specific hydraulic
conductivity data will under-predict inter-aquifer leakage.2 It is
necessary to fill this research gap because there are impacts
of groundwater connectivity that are not always intuitive.

CSG mining impacts on aquifer systems While it is
intuitive that water pressure in an aquifer that is being pumped will
decrease, it is less widely recognised that groundwater pumping
from multi-layered aquifer systems will also affect aquifers other
than the pumped aquifer. This raises a number of additional
concerns, which the report outlines. These include3:
•

Enhanced leakage of water from aquifers and aquitards
above and below the pumped aquifer;

•

Mobilisation of salts of contaminants derived from human
activity from aquifers and aquitards above or below the
pumped aquifer;

•

Changes in the nature and fluxes between surface water
and groundwater systems near the ground surface;

•

Declining water levels in shallow aquifers, which may
change the recharge and/or discharge rates

•

Natural features (e.g. fractures and faults) and manmade
structures (e.g. boreholes) and activities (e.g. longwall coal
mining) can influence aquifer connectivity by providing
preferential pathways for flow and contaminant transport.

With these impacts in mind, any large-scale groundwater
development that involves dewatering must utilise the best
available knowledge about aquifer connectivity.

Figure 1. IESC 2014 – Location of the Great Artesian Basin,
Surat Basin and underlying Bowen and Galilee Basins.

Figure 1 Location of the Great Artesian Basin, Surat Basin and underlying Bowen and Galilee Basins.

In an aquifer system under natural conditions, differences in hydraulic pressure will be
present, both within aquifers and between aquifers that are separated by aquitards. These
pressure differences result in flow of water
withinaquifer
and between
aquifers. When is
In and
thesolutes
report,
connectivity
groundwater is pumped from a well it is intuitive that water pressure in the aquifer being
defined
as
‘the
groundwater
interaction
between
aquifers
pumped will decrease, leading to a localised increase in the rate of flow of water
and its that
dissolved constituents towards the well. However, prolonged groundwater pumping from

Aquifer connectivity

are separated by an aquitard (often termed inter-aquifer leakage)
or between different parts of the same aquifer (intra-aquifer
page 27 of 209
connectivity). It is dependent
upon the lithology of aquitards
and aquifers and their integrity and spatial continuity’.1 Aquifer
connectivity is a major determinant of how groundwater pumping
will affect other aquifers. Connectivity can be measured at
various spatial and temporal scales using numerous techniques.

Gaps in knowledge In the past the science has traditionally
been focused on quantifying rates of groundwater recharge and
flow and concerns around water quality. Few studies explicitly
focus on connectivity and inter-aquifer leakage between the Great

What needs to be done? The IESC report recommended
the following priorities for future work:
•

Development of an agreed methodology for determining
formation-scale hydraulic conductivity of aquitards and a
consistent approach for modelling inter-aquifer leakage;

•

Understanding dual-phase flow (i.e. the flow of both gas and
water within coal seams) and the conditions under which it
needs to be incorporated into groundwater flow predictions

•

Understanding how desorption of coal bed methane may
alter the hydraulic properties of the surrounding formations.

The full report can be found at: www.environment.gov.au/system/
files/resources/004450a8-cf4f-4666-96b2-7be88a10add3/files/
background-review-aquifer-connectivity_0.pdf
Other recent publications by the IESC include Bore Integrity and
Co-produced Water – Risks to Aquatic Ecosystems and Coal Seam
Gas Extraction: Modelling Groundwater Impacts. These can be
found at: www.iesc.environment.gov.au/publications

1

IESC 2014: Background review: aquifer connectivity within the Great Artesian Basin, and Surat, Bowen and Galilee Basins,
www.environment.gov.au/system/files/resources/004450a8-cf4f-4666-96b2-7be88a10add3/files/background-review-aquifer-connectivity_0.pdf, pg 7.

2

IESC 2014: Background review: aquifer connectivity within the Great Artesian Basin, and Surat, Bowen and Galilee Basins, ibid, pg 7.

3

IESC 2014: Background review: aquifer connectivity within the Great Artesian Basin, and Surat, Bowen and Galilee Basins, ibid pg 28.
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Australia Pacific LNG
aquifer injection
Some 500 metres below the ground at Spring Gully, north of
Roma in south-western Queensland, the Precipice Sandstone
aquifer is being steadily replenished thanks to Australia Pacific
LNG’s industry-leading aquifer injection project.
The injection of treated CSG water into aquifers has the potential
to benefit landholders by offsetting any potential reductions in
groundwater levels due to CSG production or other extraction,
and increasing the long-term reliability of groundwater supplies.

The Spring Gully aquifer injection trial infrastructure has now
been upgraded to commercial grade and the injection plant,
de-oxygenation equipment, injection well head and realtime telemetry and monitoring systems were successfully
commissioned in May 2014.
Origin Senior Hydrogeologist Ryan Morris said the success at
Spring Gully was a first for the Australian CSG industry.
“The Spring Gully project received the first environmental
authority approval given to an injection scheme for treated CSG
water in Australia, so the Australia Pacific LNG Project is setting
an industry standard,” Ryan said. “It is a significant result and a
credit to the great work of the hydrogeologists, engineers and
operators on the project.”
CSG water is first filtered and then treated by reverse osmosis
technology, and adjusted to match the water quality in the receiving
aquifer, including removal of oxygen and balancing pH levels. The
water is then pumped via an injection bore, lined with steel casing
and cement, and transferred to the target aquifer (see diagram).

The Spring Gully injection bore.
Telemetry systems provide real-time monitoring of water quality
parameters and flow rates of the treated CSG water, and will
automatically adjust operations to ensure the aquifer is protected.
Monitoring bores located near the injection bores track changes in
aquifer pressure and are used to ensure the water quality in the
aquifer is not degraded.

Delivering water to landholders
Darling Downs’ feedlotter Simon Drury has a sharp eye for
business, matched by the trademark ingenuity that successful
Australian farmers use to turn adversity into opportunity.
Nothing demonstrates this better than Simon’s new centre-pivot
irrigator, the only one of its kind in Australia, equipped with
satellite tracking sensors that control position, speed and flow
rates, and fitted with ‘walking arm’ corner extensions that irrigate
a square rather than the traditional circle.
For all the state-of-the-art technology though, the extraordinary
part about the pivot is the water source: treated water from
Australia Pacific LNG’s Condabri and Talinga gas fields near Miles
in south-western Queensland. And not only that – a series of
concrete blocks, ingeniously placed to create a low ramp, allow
the pivot to successfully negotiate a CSG well located within the
irrigation plot. The well is one of 47 Australia Pacific LNG wells
located on the Drury property.
Simon, his wife Kylie, and their four sons own and manage
a 5,500 acre property called ‘Condabri’ situated on the
Condamine River between Miles and Condamine, on the
western Darling Downs. They operate a 5,000 head cattle
feedlot and grow various crops on 500 acres of centre pivot
irrigation, including wheat, barley, sorghum, corn and peanuts,
as well as dry-land crops.
With 47 CSG wells on the property, working out ways to
co-exist with CSG operations has been a priority for the Drury
family and for Origin, which is developing the gas fields for
Australia Pacific LNG.
“The pivot walks
straight up and over
the well; it does
not even know it’s
there,” Simon said.
“We wanted to
demonstrate coexistence; we wanted
to show that intensive
agriculture can run
effectively alongside
Condabri farmer Simon Drury.
gas infrastructure.”
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On behalf of Australia Pacific LNG, Origin’s Water Solutions team
conducted cutting-edge aquifer injection trials at Spring Gully,
and successfully obtained formal approval for the Australian CSG
industry’s first commercial-scale aquifer injection operations.
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David Horn, GHD’s Manager – Environment in Western
Australia, says, “The oil and gas operators face complex
challenges, with both technologies and regulations evolving
rapidly. The seminar attracted a lot of interest, and we were
delighted to see enthusiastic interaction between participants
and presenters. We aim to build on the success of this event
by organising future forums to facilitate industry connections.”

CSG News

Simon is one of seven local landholders who have signed
contracts to take treated water from Australia Pacific LNG’s
Fairymeadow Road Irrigation Pipeline project.
“We were irrigators directly out of the Condamine River for
many years and the chance of having water supplied under
pressure, guaranteed, was just absolutely phenomenal,”
Simon said.
“We have seen too many droughts and too many hard times
when the river runs dry – we couldn’t irrigate our crops, we
couldn’t water the cattle – so to have this opportunity was
something that could not be missed.”
Known as ‘Water to Landholders’, the project involves treating
water extracted from Australia Pacific LNG’s CSG wells using
state-of-the-art reverse osmosis filtration technology.

GHD is one of the world’s leading professional services companies
operating in the global markets of water, energy and resources,
environment, property and buildings, and transportation. Privately
owned by our people, we deliver engineering, architecture,
environmental and construction services to public and private sector
clients across five continents and the Pacific region. Committed to
creating lasting community benefit, we connect the knowledge,
skill and experience of our 8,500 people with innovative practices,
technical capabilities and robust systems.
For more information please visit www.ghd.com

Understanding the impacts
of CSG and coal mining
A program of scientific studies (bioregional assessments) is
examining the potential impacts of coal seam gas and large coal
mining developments on water resources and water-dependent
assets, such as wetlands or irrigation areas.

Treated water from Australia Pacific LNG’s water treatment
facilities at Talinga and Condabri is piped to the Fairymeadow
Road Irrigation Pipeline and Monreagh irrigation storage dam
for distribution to the participating landholders.

Bioregional assessments for 13 locations across Australia are
underway, to be completed by June 2016. They bring together
scientific information and local knowledge to produce publicly
available reports, maps, models and data registers. These
products will contribute to a growing supply of information for
interested individuals and organisations.

GHD seminar addresses
produced water challenges

The bioregional assessments will be available to regulators
when considering potential coal seam gas and coal mining
developments.

One of the world’s leading engineering, architecture,
environmental and construction services companies, GHD,
has helped oil and gas industry representatives share their
experience and learn from each other at its Produced Water
Seminar in Perth, Western Australia.

The Independent Expert Scientific Committee on Coal Seam
Gas and Large Coal Mining Development will also use the
assessments in the advice it provides to Australian and State
and Territory government regulators on the water-related
impacts of development proposals.

The seminar brought together industry leaders from Australia
and around the globe, with more than 70 professionals in
attendance. The focus was on how the right technology can
help meet new regulations, particularly the removal of Benzene,
Toluene, Ethylbenzene and Xylenes (BTEX), and mercury from
produced water streams.

The assessments are being delivered though a collaboration
between the Department of the Environment, the Bureau of
Meteorology, CSIRO and Geoscience Australia.

Produced water is brought to the surface from reservoirs during
extraction of oil and gas. It has unique chemical properties that
require operators to implement tailored treatment solutions.

Where will bioregional assessments be conducted?

GHD’s specialists Dr Jill Woodworth, Principal Ecotoxicologist,
and Dr Jose Romero, Principal Marine Scientist, discussed
international and Australian regulatory changes, and their
impact on operations.
Rick Gaskin, from instrumentation company Jorin Limited,
delivered an overview of produced water treatment and extensively
covered pre- and post-treatment, measurement and monitoring.
Dick Meijer, from Veolia Water Solutions & Technologies,
presented the Macro Porous Polymer Extraction water
purification process for removing mercury and BTEX.
Dr Kostas Athanasiadis, GHD’s Principal Process Engineer,
discussed innovations in mercury and BTEX removal.
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For more information please visit www.bioregionalassessments.
gov.au

The following areas are currently being assessed:
•

The Galilee, Cooper, Pedirka and Arckaringa subregions,
within the Lake Eyre Basin bioregion;

•

The Maranoa-Balonne-Condamine, Gwydir, Namoi
and Central West subregions, within the Northern
Inland Catchments bioregion;

•

The Clarence-Moreton bioregion;

•

The Hunter and Gloucester subregions,
within the Northern Sydney Basin bioregion;

•

The Sydney Basin bioregion;

•

The Gippsland Basin bioregion.
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The AGL Water Portal: A new way to monitor water resources.
AGL is producing or exploring for natural gas from coal seams in Gloucester, the Hunter Valley, and the Camden area
south-west of Sydney, and maintains a network of around 100 water monitoring points across our project areas
to ensure that local water resources are protected. While we routinely publish data from our water monitoring
programs, we have recently launched a new water portal.
The AGL Water Portal - agl.com.au/waterportal - is designed to be a one-stop
shop for information from water monitoring points across our project areas in
NSW. Depending on the type of monitoring point, users can check water level and/
or electrical conductivity (a key measure of salinity) as well as recent water quality
information. Many of our monitoring bores provide live data which is updated daily
on the water portal.
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Water ta
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What it tells us.
The water portal contains a number of features which make it unique, such as the
frequency of updates (daily for the “live” water monitoring sites, hourly for weather
stations) and water chemistry data, including information on major ions such as
calcium, magnesium, chloride and dissolved metals. This data can assist users to
monitor water level and quality and see how it changes over time.

Cable

Water level

How it works.
The water portal works by compiling data from our water monitoring sites collected
either by our hydrogeologists or technicians in the field, or transmitted regularly
from automatic monitoring devices to a central server via 3G technology. The
Gloucester and Hunter areas also have up-to-date information from AGL’s weather
stations, which provides an added layer of information for users.
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How a monitoring bore works.
Similar to a drinking straw, a monitoring bore lets us find
out what is happening with groundwater. We drill a hole
into the ground and install a sealed pipe that has tiny
holes at the bottom to let groundwater enter the pipe.
The groundwater rises up the pipe to a water level that
reflects the water pressure where the bore is installed.
We often put several monitoring bores next to
each other, installed to various depths to monitor
groundwater in different rock formations (aquifers) or
groundwater systems. We can then measure the water
level and water quality in each of the bores to see how
they relate to each other and how they change over
time.

Join AGL’s online community and sign up to our e-newsletter at yoursayagl.com.au/users/sign_up
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