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PART I - INTRODUCTION

Overview

Coal seam gas is a mixture of hydrocarbons found in coal seams. Due to the
highly fractured nature of coal seams and the phenomenon of adsorption, coal
is capable of holding large volumes of gas. The gas is held in the coal by
overlying impervious layers of rock and because of burial pressure, the gas
starts to flow when the impervious layers are breached and the accompanying
water is released. Generally, the more water that is extracted, the more gas a
well will yield, with production of gas increasing as production of water
decreases.

Substantial quantities of groundwater, known as associated water, are pumped
out to enable gas to be extracted from coal seams in, especially, the Surat
Basin. Current legislation vests entitlement to the water (for purposes
consistent with a petroleum activity) in the gas companies. An environmental
authority issued by the EPA specifies the requirements for environmental
management and disposal. The companies may sell the water to a third party,
but it then enters the water licensing regime and is subject to the Water Act
2000. Development approval under IPA may also then be required for the third-
party activity.

Companies have obtained permission from the EPA to dispose of the water
mainly in large evaporation basins, though some are negotiating with
landholders to desalinate it for rural use. One company in the Dawson
catchment has permission to discharge to the watercourse.



Although the life of individual wells is only 10-30 years, it is expected that gas
will be extracted from the Surat Basin overall for 50 years or more. Some
thousands of wells will be drilled, up to 120 or even more for a single tenement.
Typically, wells will be spaced 1.5 km apart or closer, connected by pipes and
tracks. Importantly, there is insufficient field history within Australia to make
confident predictions of the likely life or performance of wells.

Many of the waters contain sodium and bicarbonate salts and are unsuitable or
only marginally suitable for irrigation or drinking. However, quality is variable
and some waters are quite fresh. For example, the salinity in the
Fairview/Spring Gully field reportedly varies from “almost zero” (probably
several hundred ppm) in the north to about 6000 ppm in the south. These
figures should be compared with the quality of water from most of the aquifers
in Queensland's Great Artesian Basin, containing between 500 and 1,000 ppm
total dissolved solids. Although no environmental approvals are required to use
water of this standard, the operator is still required to observe the statutory
requirement not to cause environmental harm.

The salts break down the structure of irrigated soils and also potentially add to
the salt load of inland streams. Desalination is technically feasible but
expensive and leaves an even more highly concentrated (though lower volume)
residue. A small reverse osmosis plant to desalinate this waste water has been
contracted to augment Dalby’s town supply but the $10 million cost requires
subsidies: one third of the total will be from the Australian Government, two-
thirds from the Queensland Government, Dalby Council and Arrow Energy.

The water management regime that has been established is built on four
principles:

> gas producers are entitled to take the associated water as of right;

> the companies accept an obligation to monitor the consequences of this
take;

> the companies have an obligation to make good any loss suffered by

established users;

> environmental authorities are required for these activities and these may
be conditioned.

Purpose of this Paper



This paper investigates the management of water that is produced when gas is
extracted from coal seams, in Queensland’s Surat Basin in particular. The
purpose is to serve as a background paper to identify the issues which this
industry presents to governments and to place those issues in context and
perspective. Eventually, it should be useful to inform:

> policy formulation by the Queensland Government;

> investment decisions by petroleum and gas companies; and

> planning and investment by local governments and water service
providers.

This policy analysis was initiated because regional staff of the former
Department of Natural Resources, Mines and Water were fielding questions
from various stakeholders (e.g. irrigators’ associations, landcare groups, NRM
bodies and individuals) wanting some assurance that the Department is
monitoring the potential impact of CSG operations on existing water bores and
also the potential leakage from evaporation ponds. There is also substantial
community concern not to waste a potentially valuable resource.

The coal seam gas industry is an important rapidly developing energy resource
for Queensland, as recognised by the Premier’s attendance at key events, such
as the opening of the Spring Gully and Braemar gas-fired projects. But no
strategy for reconciling the concerns identified above with the Government’s
desire to develop the coal seam gas industry yet exists.

Subjects covered

In particular, this paper:

> references some factual information about the industry;

> reviews the procedures involved in granting environmental and other
permits for extracting coal seam gas and associated water and how they
interact with each other;

> explores whether the statutory regimes adequately protect the public
interest and the interests of those with acknowledged rights over
resources, particularly groundwater;

> presents some findings resulting from the analysis, leading to:



e issues requiring policy attention; and

e specific actions which the three main departments (EPA, NRW and
DME) should take.

Definitions

ATP = Authority to Prospect

CSG = coal seam gas, coal seam methane, coal bed methane (US)
DA = Development Approval

DME = Dept Mines & Energy

EA = Environmental Authority

EMP = Environmental Management Plan

EPA = Environmental Protection Agency

EP Act = Environmental Protection Act 1994

EP Reg = Environmental Protection Regulation 1998

EPBC Act = Environment Protection and Biodiversity Conservation Act 1999
(Clth)

ERA = Environmentally Relevant Activity

IDAS = Integrated Development Assessment System

IPA - Integrated Planning Act 1997

LPro = Land Protection (Pests and Stock Routes) Act 2000
LWMP = Land and Water Management Plan

ML = megalitre (of water)

MR Act = Mineral Resources Act 1989

NRW = Dept Natural Resources and Water; NRMW = former Dept of Natural
Resources, Mines and Water

P Act = Petroleum Act 1923

PAG Act = Petroleum and Gas (Production and Safety) Act 2003



PAG Reg = Petroleum and Gas (Production and Safety) Regulation 2004
PL = Petroleum Lease
PPL = Petroleum Pipeline Licence

ppm TDS = parts per million total dissolved solids (seawater is ¢.35,000 ppm;
500 ppm the upper limit for drinking water and 1000 ppm the upper limit for
potable human consumption, 5000 for cattle but lower limits may be
appropriate depending on composition, duration of exposure, climatic
conditions and other factors)

RPP = Riverine protection permit

State Works Act = State Development and Public Works Organisation Act 1971
W Act = Water Act 2000

WCM = Walloon Coal Measures

W Reg. = Water Regulation 2002
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Circumstances conspired to cut short by more than two weeks the amount of
time available to complete the report.

The analysis is grounded in investigation undertaken primarily in regard to the
Surat Basin. Although it is not specifically limited to that area, its findings will
not necessarily be applicable to operations in different coal measures and
different regions. For example, salinity is not such a concern in the Bowen
Basin as in the Surat Basin. The volumes of associated water are lower and
there has been a longer association with the coal industry. Also, there are other
water-related difficulties in the Bowen Basin: for example, the long lengths of
levee banks proposed in the flood plains of major rivers; the proposal by Xstrata
to long-wall a 6m coal seam underneath a healthy groundwater field which will



no doubt thereby be dispersed; and the large size of open coal pits exposed to
air.

The paper does not assess whether there is a need for additional staff or
budget.

Consultation with Stakeholders

The analysis has benefited from selective non-public consultation with
landholders’ representatives, the gas companies, the Australian Coal Seam Gas
Council and APPEA, local governments, the University of Queensland’s Centre
for Water in the Minerals Industry, State departments and various others.

Two relevant reference panels: an interdepartmental one and the quarterly
meeting with the Australian Coal Seam Gas Council, met during the period of
analysis.

Although some of the main emerging findings have been discussed with the
spokespeople for the industry and would not be a surprise to them, the text as
such has not been passed in front of the industry.

Finding: A version of this text, edited to remove some of the more internally-
focused criticisms of government authorities, should be made available for
managed consultation with representatives of the industry. This is to firstly,
validate factual information; secondly, confirm the perspective adopted and the
key findings; and thirdly to demonstrate good faith in what is a genuinely shared
set of challenges.

Literature Search

There is a rich geological and engineering literature from the USA where coal
seam gas has been extracted since the 1980s. While this offers a relevant guide
to technical considerations, it is of little relevance to Queensland’s statutory
regimes and policy which are the main focus of this paper. Also, each field is
geologically idiosyncratic.



A 2004 consultants’ report by Parsons Brinckerhoff co-sponsored by this
Department and industry offers a useful overview of the issues. However, the
report by itself is an inadequate foundation for policy formulation, for three
main reasons:

> the range of sources on which it has relied is narrow and for many
subjects is confined to a single US reference;

> many references are cited or quoted without evaluation and without
much context. This gives a cut and paste presentation which detracts
from confidence in its depth and scholarship;

> throughout the report, there are references along the following lines “the
proposed new petroleum and gas legislation will ensure that monitoring
and environmental control are adequate”. A consulting company is not a
position to make optimistic judgements about how well a regime is
administered before it even exists.

The Parsons Brinckerhoff report has not yet been endorsed by the Government
and does not represent Government policy. This paper is the next successor to
it and has the benefit of the industry's experience over another two years.

Market Considerations

This paper is focused on the management of associated water, so the
production and marketing of gas are outside the scope. However, some
comments on the commercial forces driving the industry and the likely trends
are necessary to place the production of water in context.

First, the significance of the CSG industry to Queensland’s economy is difficult
to exaggerate. As industry personality Richard Cottee (QGC) has declaimed,
CSG has “moved from the esoteric to essential in a very short time”. As global
prices for petroleum rise in the wake of peaking production of oil, the existence
of a convenient portable fuel such as CSG in large quantities can only grow.
Queensland is fortunate to have such a valuable gas resource, which is



remarkable on an international stage. It behoves the Government to ensure that
it is managed and husbanded for the long-term benefit of this State.

On the other hand, the predictions by some of the industry's more outspoken
enthusiasts of unlimited growth will certainly not come to pass. Even though
gas is more greenhouse friendly than coal as a source of electricity/energy, it is
substantially less greenhouse friendly than energy conservation. The world is
facing severe economic and societal disruption on account of climate change
and it is quite certain that there will be major shifts in policy in the forthcoming
years. As I write this text, Victoria is grappling with the worst bushfire
conditions in memory, six weeks earlier than they would normally have been
expected even in a dry year. Bushfire and dwindling water supplies will focus
governments’ attention mightily on the consequences of continuing to consume
fossil fuels of whatever kind.

Third, the Government’s policy directive that 13% of Queensland’s electricity is
to be met from non-coal sources has switched on demand for gas. No decision
better demonstrates the truth that markets do not enjoy an autonomous
existence: they are facilitated by government policy (along with the rules of
property, contract and corporations); and they can be shaped by changing the
statutory and policy context.

Fourth, the deliberate fostering of a competitive market has had the intended
outcome of establishing CSG as a significant player on the Australian energy
scene. Indeed, one informant noted that “This industry is about Queensland’s
cornering the national energy market”. However, a competitive market in gas
has a number of logical consequences, perhaps unintended, which are
manifestly or potentially against the public interest:

> gas, coal and renewables companies are competitors and cannot be
expected to cooperate; so macro-energy policy is hobbled;

> keen competition between these sectors will tend to under-price each
resource, encouraging waste; policy should instead be aimed at
conserving the unique and irreplaceable resources;

> a low price for gas tends to make a transition to renewable sources
difficult or to require inefficient subsidies and other governmental
interventions; the simplest way to encourage energy conservation is to
use the power of the market by pricing the non-sustainable sources to be
more expensive;

> a low price for gas places downward pressure on the willingness of
companies to spend money on environmental protection and community



development; it also tends to favour low-overhead companies lacking a
long-term horizon;

> a low price for gas makes beneficial use of the water more problematic as
there may be insufficient profit to allow the gas producers the flexibility
to innovate; or, in economic language, fierce competition discourages a
producer from internalising the true cost of the operation but instead
encourages producers to externalise as much expense as possible onto
the public purse;

> gas and electricity are both sectors of interest to the emerging
infrastructure funds, which are often highly geared and are keen to
promote new projects that have a guaranteed income stream. This motive
will tend to encourage over-production;

> on the other hand, if the competition becomes really keen, companies
may find that it is scarcely worth bringing new gas projects online; again,
macro-energy policy becomes distorted by the market.

One departmental insider observed that the circle in which he moves is
populated with people with ideas about the next power station, and how to get
it up and running before the competition. In a pro-growth atmosphere of this
kind, considerations of resource efficiency, environmental sustainability,
macroeconomic policy, land-use planning and community development fall by
the wayside all remain simply fortuitous side-effects.

If it can be shown that the price of gas is too low to support safe and beneficial
disposal, the Government would be challenged to find a way of increasing it
without confronting other strands of policy and without gifting a windfall profit
to the companies. This paper is not the place to explore how that might be
achieved. Suffice to say that the competitive gas market is anti-conducive to
market-based solutions to the benign disposal of associated water. Gas
producers under conditions of low gas price will turn to governments or user
industries to subsidise the cost of disposing of the water that is an inevitable
externality from their operations. A low gas price is the corollary of resistance
by industry to having higher standards imposed by regulation. Under fierce
competition, environmental and social responsibility will require greater effort
by ethical company people who will be disadvantaged in the marketplace.

Finding: It is offensive to economic theory to allow the consumers of a resource to
purchase at a price below the true cost of provision. This amounts to a subsidy to
the consumers from the landholders and others who suffer the adverse
consequences. This is what will happen if the full cost of benign disposal of
associated water is not borne by the companies profiting from the sale of gas. The
market will not internalise these costs unaided.



Finding: That DME re-think its policy stance of support for an independent gas
market and lead a Cabinet submission positioning the CSG industry in
Queensland’s energy future, taking into account the changes in external
conditions (such as peak oil and climate change) since the 2000 policy.

Finding: That the submission present a strategy for adjusting the bounds of the
gas market so that companies can internalise the cost of benign disposal without
threatening their viability.
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The Nunan Summary

Lawyer and member of the Australian Coal Seam Gas Council, Tony Nunan,
has summarised (2006) the legislative framework of the gas and water regime.

“Queensland’s new petroleum regime, in the form of the Petroleum and Gas
(Production and Safety) Act 2004 (PAG Act) and the Petroleum and Other
Legislation Amendment Act 2004, was long anticipated and was introduced to
provide certainty and stability to enable the development of Queensland’s
significant coal seam gas and coal resources.

Since the new petroleum regime’s commencement the CSG industry has
continued to expand due to new drilling technologies, greater market
opportunities and the encouragement of government through the Queensland
13% gas scheme. The new petroleum regime is a significant upgrade from the
former Petroleum Act 1923 (P Act) which did not contemplate the overlap
between coal and petroleum tenure which is inherent in the coal seam gas
industry. ...

CSG is extracted by removing water from a coal seam. The removal of the
water reduces the pressure in the coal seam and allows the CSG to be
released... While no two wells or coal seams behave identically, an average
CSG well in the Surat Basin can extract between 140,000 and 470,000 litres
of water per day during dewatering [50-170 ML p.a.] and an average CSG well
in the Bowen Basin can extract between 80,000 and 160,000 litres a day.

With the rapid expansion in the total number of CSG wells drilled from 72 in
2000-2001 to 167 in 2004-2005 there has also been a large increase in the
amount of water that is extracted. ...

Water extracted during the course of extracting CSG (or another authorised
activity for the tenure) is referred to as “associated water” under the P&G Act.
A petroleum tenure holder that is desirous of on-supplying associated water
must comply with the provisions of each of the P&G Act, the Environmental
Protection Act 1994 and the Water Act 2000.

Unlike water extracted by a landowner via a water bore, associated water is
considered to be a regulated waste for the purposes of the EP Act. The
storage, treatment, processing or disposal of a regulated waste is an
“environmentally relevant activity”, which requires the person proposing to
undertake the activity (the petroleum tenure holder) to apply for and be
granted an environmental authority that authorises the activity. The holder of
a petroleum tenure that extracts water from a coal seam is required to obtain
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an environmental authority to allow the holder to dispose of or on-supply the
associated water. ...

“Regulated waste” is defined very broadly under the EP Act and effectively
means any non-domestic by-product of another activity (or material surplus
to another activity) which has one of the properties set out in schedule 7 of
the Environmental Protection Regulation 1998 (which includes chlorates.
arsenic, boron and acid or alkaline solutions) and whether or not the material
has value. The EPA and NRMW have taken the view that water extracted from
coal seams during the extraction of CSG is considered a regulated waste.
S.426(1) EP Act states that a person must not carry out a petroleum activity
that is a level 1 environmentally relevant activity unless the person holds, or
is acting under an environmental authority (petroleum activities) for the
petroleum activity. ...The disposal of a regulated waste is a level 1 activity
under part 75b, schedule 1 of the EP Reg).

The PAG Act and the amendments to the Water Act have established a
detailed and comprehensive regime that regulates the on-supply of water from
petroleum tenure and imposes obligations on petroleum tenure holders to
monitor and make good any impacts that the extraction of water has on
underground water reservoirs within the area of the tenure.

The PAG Act grants the holder of petroleum tenure the right to extract
associated water providing the extraction happens during the course of or
results from the carrying out of an authorised activity for the tenure. The PAG
Act prohibits a petroleum tenure holder from drilling a water bore which is
not for the purposes of an authorised activity. Once the water is extracted, the
holder may use the water for the holder’s authorised activities or on-supply
the associated water to the owner or occupier of land within the area of the
tenure or land that adjoins land in the area of the tenure provided the owner
of the joining land is the same owner of the land within the area of the tenure.
However, the associated water on-supplied can only be used by the owner or
occupier of the land for stock or domestic purposes.

The Water Act was amended with the introduction of the PAG Act to enable a
petroleum tenure holder to apply for a water licence to on-supply associated
water for all other purposes that are not expressly authorised under the PAG
Act.

Probably the most notable amendment to the Water Act was the inclusion of a
regime which acknowledges that the extraction of associated water may
impact on land owners’ ability to extract water from the same aquifer. The
Water Act places conditions on a water licence granted to a petroleum tenure
holder requiring the tenure holder to supply stated volumes of water to
persons who have applied for, but have been refused, a water licence to take
underground water because of the petroleum tenure holder’s activities (known
as the priority group).
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Once the water licence is granted, the petroleum tenure holder can on-supply
the water but must not charge a fee to the recipient of the water unless the
petroleum tenure holder is registered as a water service provider under s.370
of the Water Act.

In addition to the Water Act acknowledging that persons within the area of an
aquifer where petroleum activities are taking place may be refused water as a
result of the petroleum activities, the PAG Act places a general obligation on
petroleum tenure holders to ensure that they:

» undertake restoration measures to restore the supply of water to the
owner of the bore; or
» compensate the owner of the bore for being affected by the dewatering.

This “make good” obligation as it is referred to in the PAG Act is not restricted
to the area of the petroleum tenure or the property on which the petroleum
activities are being undertaken. The make good obligation includes the extent
of the underground aquifer that the petroleum tenure holder is dewatering.
Any bores that have been unduly affected as a result of these activities must
be made good by the petroleum tenure holder.

A bore is considered to be unduly affected if the drop in the level of water in
the bore because of the exercise of the water rights for a petroleum tenure is
more than a trigger threshold for the aquifer set by the Chief Executive
of...NRMW [now NRW].

The aquifer from which a petroleum tenure holder is dewatering may be a
significantly large area. The broad obligation to make good affected bores
places a significant burden on the petroleum tenure holder to identify and
monitor bores within the aquifer that may be affected by the petroleum tenure
holder’s activities.

In order to ascertain if bores within the aquifer will be unduly affected the
petroleum tenure holder may request that the Chief Executive of NRMW set a
trigger threshold for the aquifer from which they are dewatering. This trigger
threshold will be the water level drop in the aquifer that the Chief Executive
considers will be a level that causes a significant reduction in the maximum
pumping rate for the bores in the area affected.

In fixing the trigger level, the Chief Executive must consider the permeability
and geology of the aquifers and the water levels in the aquifers. The petroleum
tenure holder must be given a reasonable opportunity to make submissions
about the trigger threshold proposed by the Chief Executive.

The PAG Act does not provide any detail on how the Chief Executive will
obtain the information necessary to determine the trigger level, nor how the
Chief Executive will determine the nature and extent of the aquifer. However,
the Chief Executive may ask the petroleum tenure holder to give the Chief
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Executive documents or information the Chief Executive reasonably requires
to fix the trigger threshold.

If the trigger threshold is reached and the landholder is no longer able to use
the bore for the purpose or to the potential that it was used prior to CSG
extraction, then the petroleum tenure holder must “make good” the bore.

The new petroleum regime gives the petroleum tenure holder two options to
make good a bore which has been unduly affected by the petroleum activities.

First, the petroleum tenure holder may undertake restoration measures to
ensure that the bore will no longer have an impaired capacity. This may be
done by deepening the bore or by providing the landowner with an alternative
and equivalent supply of water. Second, the petroleum tenure holder may pay
reasonable compensation for the loss of value of the owner’s land on which
the bore is located; the loss of use the owner has made, or may make, of
water from the existing bore; or any cost or loss the owner suffers that is
caused by the impaired capacity of the bore.

The inclusion of the make good obligation places significant scientific and
factual obligations on the Chief Executive in order to determine trigger
thresholds for aquifers. Such a requirement is burdensome on the Chief
Executive and NRMW as it is required to set a trigger threshold for every
aquifer from which a petroleum tenure holder is extracting water. While there
is no specific obligation on the Chief Executive to prepare a trigger threshold
for each aquifer, every petroleum tenure holder must prepare and lodge an
underground water impact report which states the trigger threshold
determined by the Chief Executive for aquifers in the area affected by the
activities of the petroleum tenure holder. The only way a petroleum tenure
holder can obtain this information is by requesting the Chief Executive to set
a trigger level for the aquifer.

A petroleum tenure holder must lodge an underground water impact report
for the aquifer from which they are dewatering by the date by which the
petroleum tenure holder is first required to lodge a royalty return for
petroleum production on their lease or in the case of an ATP, 20 business
days after the end of the first year of petroleum testing. The report must
detail:

»  the trigger threshold (determined by the Chief Executive) for aquifers in
the area affected by the dewatering;

an underground water flow model;

the area of aquifers predicted to be affected;

the bores within the area that may be affected;

an estimate of when each bore will become affected;

details of a monitoring program; and

other information and matters prescribed under regulation.

VVVVYY

The petroleum tenure holder is then required to monitor the aquifer and
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review the predicted effect that their activities will have on the underground
water impact report to demonstrate that the report continues to be
appropriate.

While the new CSG regime has introduced novel and burdensome provisions
regarding the production of water from CSG wells, we are yet to see how these
provisions will be implemented in practice. With the continued expansion of
the CSG industry and the greater impacts that petroleum production may
have on underground water aquifers it is likely that these provisions will place
significant long term monitoring obligations on both the petroleum tenure
holder and the Chief Executive.”
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PART II - TECHNICAL EXPLANATION

Overview

Coal methane has long been a hazard in coal mining but has been recognised
as a resource for only 20 years. Not all and on some accounts not many seams
are suitable for this kind of production. Moura was the first field in
Queensland, Peat Scotia the first in the north-eastern Bowen Basin and
Fairview the first field in the main Bowen Basin — Fairview commenced
production in 1998. The local industry spent 20 years before it developed
techniques suitable for extracting the resource in Queensland. Even then, the
fields are so different from conventional gas fields that predictions as to
volumes of water and gas likely to be produced have been astray, in some cases
by tens of percent.

Gas is retained in coal seams in several ways: adsorbed in micropores (most);
trapped in matrix pores; free in cleats (macropores) and fractures; free in openly
connected pore space of a porous substrate (such as a sandstone); or dissolved
in groundwater.

Adsorption is a physical process by which separate molecules of gas lodge in
the crystalline structure of a substrate, in this case carbon and other
compounds. The process is dependent on the ability of the gas to diffuse
through the compound and is greatly enhanced by fracture systems that
provide a greater surface area for easy access. Cleats are fractures and increase
the surface area of coal accessible for adsorption. Solubility of methane is not
high so not much is dissolved.

The cleats in coal are typically much closer together than fractures in other
rocks meaning that any gas that can move through the cleats has access to a
greater area of the rock; however it is the high propensity for coal to adsorb
methane and other gases that really makes the difference. There could be an
equal area in a porous fine-grained sandstone but the silica hardly adsorbs any
gas so the quantity of gas would depend on the pore space, pressure and
presence of other fluids, especially water (and carbon dioxide). The likelihood of
connections between a coal seam and an artesian aquifer depends on larger
scale geological features such as the stratigraphic sequence (eg. aquicludes)
and faulting and folding.

Gas desorbs, diffuses through the matrix and flows from natural fractures. The
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moisture content has a marked effect on the adsorption capacity.

The Basins, the Coal Measures, the Waters and the Producing Companies

Loosely, the stratigraphy of the subject areas in the Surat Basin runs as
follows:

local aquifers and seepage zones: less than about 10 m to the surface;
Condamine Valley aquifers, e.g. the Condamine Alluvium;

Walloon Coal Measures, themselves consisting of several strata;

Y V VY VY

deeper Great Artesian Basin (GAB) aquifers.

Walloon Coal Measures are an aquifer of the GAB and supply numerous
artesian bores. They occur between the Gubberamunda Sandstone/Kumbarilla
Beds (and further west the Hooray Sandstone) above and the Hutton Sandstone
and the Precipice Sandstone below. When subcropping they are overlain in part
by Condamine Alluvium. They are geologically and hydro-geologically part of the
GAB.

Depths of the measures depend on folding and faulting. Typically, gas wells
target the Walloon Coal Measures at a depth of 200-1000 m. The depth of a well
varies from field to field and is dependent on the nature of the coal stratigraphy
and the zones targeted by the company. The different companies have indicated
different depths for their operations. At Spring Gully, Origin CSG extracts CSG
from a depth of 600m. QGC in the Walloon area starts at 300 m: three to five
seams are tapped for gas. Coals shallower than that tend to be under-
saturated; deeper coals are too “tight” so 200 to 700 is the target range. These
wells are substantially more shallow than in conventional gas fields.

Origin is involved in three current operations, two in the Bowen: Peat near
Wandoan (produces negligible water so need not be further considered) and
Spring Gully; as well as a pilot at Talinga and Orana in the Walloon area of the
Surat Basin.

Santos runs two operations in the Bowen Basin: Scotia (producing negligible
water); and Fairview. It has another operation near Roma just commencing.
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Arrow is producing from Kogan North, Daandine and Tipton West. There is a
small production from Moranbah in the Bowen Basin.

QGC has operations in the Surat Basin at Berwyndale (Windibri) south-east of
Chinchilla. It has test facilities at Argyle (Wambo Downs South) and Lauren
nearby.

It is thought that much of the water being produced is 25-75,000 years old.
Although for the better known GAB aquifers, age and origin are understood
(within ranges), for the water in coal seams, overall, it is uncertain how old is
this water, its origin and how rapidly it moves, what kinds of processes are
occurring and whether water is seeping between aquifers. These parameters are
researchable.

The Production Process

The footprint of each well is about 8 m by 20 m. Wells are connected to a
central compressor on the field by pipelines that are generally laid on the land
surface or buried to shallow depths. Exploration in this industry is intensive,
conducted on a 1 km grid, and requiring extraction of large volumes of water
(and hence construction of evaporation ponds) even to prove the resource.

Typically the company may pump for six months before gas is produced. Some
wells must be de-watered for 12-18 months before usable quantities of gas
emerge; some produce gas after couple of months. Wells are predicted to last
10-30 years, with an estimated 30-50 years being the lifespan for each field.

Each well costs slightly more than $1 million compared with $2.5-3 m for a
deeper conventional field. The plant required for extraction is rather basic.

On exiting the surface and the field separator, the water then requires power to
pump it beyond the plant.

Gas Production

18



Current total demand for gas in Queensland is 120 petajoules p.a., equivalent
to 30 years’ supply from the Walloons. The State is producing 170 PJ of which
70 PJ is produced from coal seams. Fifty PJ are sold interstate. Proven and
probable reserves in the Surat Basin are some 3000 PJ. Walloon coal measures
have officially reported reserves of 1064 petajoules, Bowen Basin 2626. Origin
alone has committed to produce at least 450 PJ of gas under long-term
contract.

The industry estimates that there may be more than 15,000 PJ of recoverable
coal seam gas reserves in Queensland alone, enough to supply the gas needs of
the eastern States for 20 years at current rates of consumption. Spring Gully
and Fairview alone can supply the Queensland market for 40 years.

The industry has invested $0.5 bn in developing the fields which now supply
50% of Queensland’s gas.

CSG gas is greenhouse friendly (as far as gas can be) with low sulphur and
nitrogen oxides, 95-98%+ methane. Surat Basin gas has good prospects for
conversion to diesel.

Water Production

Spring Gully produces approximately 3-4ML per 