
 
 June 2009 
 

COAL SEAM GAS FIELD COMPONENT FOR 
ENVIRONMENTAL IMPACT STATEMENT 
 

QGC Groundwater Study Surat 
Basin, Queensland 
 

 

RE
PO

RT
 

 

  

Report Number:  087633050 016 R Rev2 
Distribution: 
1 Copy - Queensland Gas Company  
1 Copy - Golder Associates Pty Ltd 
  

Submitted to:
Queensland Gas Company 
Procurement Department 
procurement@qgc.com.au  



 

QGC GROUNDWATER STUDY 

  

June 2009 
Report No. 087633050 016 R Rev2  

 

Executive Summary 

The Project  
Queensland Gas Company (QGC), a wholly owned subsidiary of the BG Group plc, is proposing to expand 
its Coal Seam Gas (CSG) field in the Chinchilla area of southern Queensland. The extended CSG field is 
divided into three development areas: the North West Development Area; the Central Development Area; 
and the South East Development Area.  

The CSG field reserve is located in the Jurassic Walloon Coal Measures of the Surat Basin, which lies within 
the eastern-most portions of the Great Artesian Basin (GAB). The associated water extracted during CSG 
production can be high volume and low quality which presents environmental risks and requires careful 
management. 

The extraction of CSG associated water will have an impact on the groundwater levels in the Walloon Coal 
Measures, and the Hutton, Precipice, Gubberamunda and Springbok Sandstone aquifers. Little or no impact 
will occur in the shallow aquifer system and the Condamine River Alluvium. Surface water flow such as base 
flow to the rivers and to wetland areas will not be affected by the dewatering of the Walloon Coal Measures. 

Initial estimations indicate that dewatering would cause negligible subsidence of the existing land surface. 

The investigation involved the collection, compilation, interrogation and interpretation of bore databases 
including those of the NRW, QGC, EPA, AGE, and WERD; a literature study; field investigations including a 
bore inventory; and the development of conceptual and numerical groundwater models. Data collected was 
within and beyond the tenements, referred to as the study area, to describe and document the existing 
environmental condition and values. Potential impacts of groundwater dewatering on environmental values 
are recorded and possible mitigation measures noted. A water monitoring plan was developed. 

 

Legislation and regulatory requirements 
The primary legislative requirements that will guide the management and development of groundwater 
components for the Project are the Queensland Coal Seam Gas Water Management Policy 2008, the Water 
Act 2000, the Environmental Protection Act 1994, the Environmental Protection (Water) Policy 1997, 
Petroleum Act 1923, Petroleum and Gas (Production and Safety) Act 2004, and the Water Resource (Great 
Artesian Basin) Plan 2006 and Great Artesian Basin Resource Operations Plan 2007. 

 

The Existing Environment  
The Project is located largely within the Condamine and Balonne River catchment. The Condamine and 
Balonne Rivers catchment, and the Moonie River catchment, are upper catchments of the Murray Darling 
Basin. Part of the development area is also located within the Fitzroy catchment that contains a number of 
smaller streams including Horse Creek, Wandoan Creek and Woleebee Creek.  

Diverse landforms, from steep mountainous terrain near the Great Dividing Range to extensive floodplains of 
the Condamine River occur. The region is essentially flat with low relief hills scattered throughout the 
floodplains of the Moonie River. The majority of the floodplains and lowland areas have been cleared of 
native vegetation 

The climate of the Project area is sub tropical with dry winters.  Precipitation is irregular but intense, and 
flooding regularly occurs.  Predictions indicate that climate change may cause a 30% increase in 
precipitation intensity in peak tropical cyclone precipitation and increase existing average runoff by 10%. 
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The CSG field reserves are contained in the Walloon Coal Measures of the Surat Basin a sub-basin of the 
Great Artesian Basin (GAB). The three CSG development areas are separated by geological structures such 
as faults or folds. The Project area covers four of the 25 GAB groundwater management areas; the Surat 
East, Eastern Downs, Surat North and Surat areas.  

Two primary hydrogeological systems exist in the Project area. The upper, shallow, unconfined aquifer 
system contains surficial sediments, Quaternary unconsolidated alluvial sediments, and some Tertiary 
formations. Beneath this lies the Surat Basin aquifer system comprising Cretaceous and Jurassic sandstone 
aquifers including the Bungil, Mooga, Gubberamunda, Springbok, Hutton and Precipice Sandstones.  

The groundwater regimes in the Project Area are characterised by groundwater pressures (or levels) in most 
aquifers (including the Gubberamunda, Walloon Coal Measures and the Hutton) ranging between 260 m and 
300 m AHD within the tenements areas.   The direction of groundwater flow is generally down dip. Low 
groundwater gradients exist between adjacent aquifers, with a typical downward direction of groundwater 
flow. Groundwater quality ranges from fresh to brackish. The WCM contain the highest salinity water.   

The water table levels in the Alluvium have been declining for decades. The decline is considered to be due 
to abstraction from the Alluvium mainly for irrigation purposes. 

Many of the aquifers are already over abstracted or approaching sustainable abstraction levels.  CSG water 
production now exceeds the allocation from the groundwater management units containing the Walloon Coal 
Measures.  

 

Environment values 
The Environmental Values associated with the groundwater in the Project area include: 

 Aquatic ecosystems including the intrinsic groundwater environment and stygofauna, and where the 
groundwater interacts with the surface water such as supply of base flow to rivers, streams, wetlands, 
and springs 

 Groundwater levels in the hydrogeological systems of the GAB and Surat Basin including artesian water 
flows 

 Anthropogenic groundwater uses such as drinking water supply, and uses such as irrigation of crops 
and pastures; farm or domestic water supply for stock watering. 

 Other uses include irrigation of recreational areas such as parks and gardens, aquaculture, and cultural 
and spiritual values, scenic visual and amenity areas. 

Within the Project area groundwater is mostly used for irrigation. Irrigation water demand is predicted to 
increase over time.  

 

Potential Impacts  
CSG associated water abstraction has the potential to affect a number of environmental values through  

 Lowering water levels in adjacent aquifers, depleting supplies to other water users and reducing 
artesian flows, and impacting surface water base flows, wetlands and aquatic systems 

 Increasing inter-aquifer transfer of groundwater as the coal measures are depressurised.. 

 Increasing potential impacts of the associated water at surface unless strict management controls are 
imposed. This aspect is dealt with in detail in the surface water report produced by Golder Associates.  
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The drawdown of water table levels for each aquifer in each of the development areas were estimated to an 
‘order of magnitude’ value using conceptual and numerical groundwater models. The levels were estimated 
based on 40 years of CSG production, followed by a nominal 150 years of recovery after extraction has 
ceased.   

Groundwater drawdown impacts, within the aquifer units can be summarised as follows: 

 decline with distance from the CSG wellfield boundaries 

 decline gradual after cessation of the CSG groundwater pumping  

 greatest beneath the depressurisation area (idealised representation of the CSG wellfield, namely 
within the QGC tenement boundaries) 

 are greatest within the Springbok Sandstone aquifer largely because it is in direct hydraulic contact with 
the WCM units which are being pumped for CSG recovery 

 the Gubberamunda Aquifer is least affected by extraction of groundwater from the WCM (drawdowns 
are negligible or not within the resolution of the model); 

 the Hutton and Precipice are drawn down to a minor to moderate extent as a result of the CSG 
groundwater extraction; 

Specific to each of the three development areas, the following conclusions regarding groundwater drawdown 
impacts can be reached: 

 

Central Development Area (CDA) 

 Drawdown in the Springbok Sandstone is predicted to range from approximately 5 m to an expected 
maximum of 55 m at 1.8 km from the edge of the depressurisation area (i.e. boundary of the 
tenements).  Recovery of the aquifer is predicted to commence immediately after groundwater 
extraction terminates.   

 The predicted drawdown in the Hutton Sandstone ranges from less than 0.5 m to an expected 
maximum of 2.5 m.  Recovery of the Hutton Sandstone is predicted to commence about 50 years after 
groundwater extraction terminates.   

 The predicted drawdown in the Precipice Sandstone ranges from less than 0.2 m to an expected 
maximum of 1.8 m.  Recovery of the Precipice Sandstone is predicted to commence at about 60 years 
after groundwater extraction terminates. 

 The maximum predicted drawdown occurs in the Walloon Coal Measures seams and the Springbok 
Sandstone aquifers.   

 Throughout the simulation, the predicted aquifer drawdown in the Intermediate Unit (Mooga, Oralla, and 
Gubberamunda Sandstone) was minimal. 

 The modelled drawdown within the Springbok Sandstone, near the centre of the depressurisation area, 
is expected to range between 10 m and 85 m (within and beneath the tenement boundaries). The 
drawdown also decreases continuously away from the centre of the depressurisation area. 
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South East Development Area (SEDA) 

 Drawdown in the Springbok Sandstone aquifer is predicted to range from less than 2 m to an expected 
maximum of 23 m at 1.8 km from the edge of the depressurisation area (i.e. boundary of the 
tenements).  Recovery of the aquifer is predicted to commence 5 years after groundwater extraction 
terminates. 

 The model predicts that drawdown in the Hutton Sandstone may range from less than 2 m to an 
expected maximum of about 8 m.  Recovery of the Hutton Sandstone is predicted to commence about 
15 years after groundwater extraction terminates. 

 The modelled drawdown in the Precipice Sandstone ranges from less than 0.5 m to an expected 
maximum of 6 m.  Recovery of the Precipice Sandstone is predicted to begin at about 25 years after 
groundwater extraction terminates. 

 The predicted maximum drawdown in the Springbok Sandstone in the SEDA is less than the CDA.  

 The modelled drawdown in the Springbok Sandstone is expected to range from less than 2 m to 36 m, 
near the centre of the depressurisation area after 40 years of groundwater extraction.  Again, drawdown 
continuously decreases away from the centre of the depressurisation area. 

 

North West Development Area (NWDA) 

 Drawdown in the Springbok Sandstone is predicted to range between less than 0.5 m up to an 
expected maximum of 2 m at 1.8 km from the edge of the depressurisation area (i.e. boundary of the 
tenements).  Recovery of the Springbok Sandstone aquifer is predicted to commence 75 years after 
groundwater extraction terminates.   

 The predicted maximum drawdown in the Gubberamunda, Hutton Sandstone and the Precipice 
Sandstone is insignificant. 

 The predicted maximum drawdown in the Springbok Sandstone in the NWDA is less than the CDA and 
SEDA. 

 The modelled drawdown within the Springbok Sandstone is expected to range between less than 0.5 m 
and approximately 2 m, near the centre of the depressurisation area.  Drawdown, again, continuously 
decreases away from the centre of the depressurisation area. 

 

Water Quality Impacts 
Inter-formational flow induced by CSG depressurisation is unlikely to cause significant groundwater quality 
changes regionally within an aquifer or between aquifers. Although the aquifer water quality may vary within 
an aquifer, this variation is too small to cause significant changes if inter-aquifer flow occurs. Other users of 
the water are therefore unlikely to be impacted.   

Incorrect bore design and poor bore construction techniques would have the potential to increase the risk of 
inter-aquifer flows, pressure loss and water quality degradation. 
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Mitigation Measures 
To manage initial the impacts of lowering groundwater tables on other users trigger levels have been 
established for each of the principal hydrogeological units (aquifers). These act as early warning systems to 
activate management measures to reduce the likelihood of impacts happening. If trigger levels are reached 
provisions that might be activated include more intensive monitoring, detailed hydrogeological assessment, 
and providing alternative water supplies to replace the affected groundwater. 

If other water users are impacted by CSG operations, either in terms of a significantly reduced bore yield, or 
a degradation of water quality so that it was unsuitable for its intended use; actions would be considered in 
conjunction with the water user, bore owner and regulatory authorities. The actions that could be taken 
include one or more of the following: 

 re-setting the pump at a deeper level within the bore to access further available water column 

 deepening the bore to provide access to an aquifer of suitable quality and yield that is less impacted by 
CSG operations 

 installing a replacement bore, if the condition of the original bore is such that reconditioning and/or 
deepening of the bore is not possible, or if an alternative location on a bore owner’s property is less 
affected by CSG operations 

 providing bulk water of suitable quality to the bore owner to compensate for loss of yield in their water 
supply bore. This supply could include treated associated water. 

 providing monetary compensation to the bore owner equivalent to the loss incurred due to the 
diminished bore yield or water quality such as the value of the loss of agricultural productivity. 

Appropriate drilling and well installation techniques can prevent or reduce inter aquifer flow impacts. 

Leakage or over-topping of the CSG water containment or evaporation ponds at surface could pose a risk to 
the water quality of the shallow groundwater system.  The risks could be managed by a combination of 
monitoring and careful water management involving pond lining, seepage interception drains and 
groundwater monitoring. This is considered in more detail in the surface water report. 

A robust monitoring program should be implemented for each of the three development areas.  This would 
enable complete documentation of baseline conditions, to allow the changes to water levels in the aquifers or 
inter aquifer flow to be assessed and contingency actions to be implemented in a timely manner. The 
program should include monitoring of each of the primary aquifer zones; the Alluvial, Springbok Sandstone, 
Gubberamunda Sandstone, WCM, Precipice Sandstone, and Hutton Formation aquifers. 

Once additional monitoring data is available for a period (e.g. 2 to 3 years), the groundwater model 
developed for this study should be updated with new monitoring data and refined hydrogeological 
parameters, and adapted to ensure the model stays realistic. Inclusion of the impacts of other neighbouring 
CSG producers should be done to quantify the cumulative impacts on the system. Such modelling is 
recommended to be undertaken in collaboration with the other CSG producers and the regulators, 
Department of the Environment and Resource Management (ERM, previously the NRW and EPA). 
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GLOSSARY 
Item Definition 

  
1 barrel 1 barrel = 159 litres (approx.) = 42 U.S. Gallons = 35 Imperial Gallons (approx.) 

Adsorption The attraction and adhesion of ions from an aqueous solution to the surface of solids. 

AHD Australian Height Datum 

Alluvial Of, or pertaining to, material transported by water. 

Alluvium Sediments deposited by or in conjunction with running water in rivers, streams, or sheetwash 
and in alluvial fans. 

Analytical model A mathematical model that provides an exact or approximate solution of a differential 
equation (and the associated initial and boundary conditions) for subsurface water 
movement or transport. 

Anisotropy The conditions under which one or more of the hydraulic properties of an aquifer vary with 
direction. (See also isotropy). 

Anticline A fold that is convex upward or had such an attitude at some stage of development. In 
simple anticlines the beds are oppositely inclined, whereas in more complex types the limbs 
may dip in the same direction. Some anticlines are of such complicated form that no simple 
definition can be given. Anticlines may also be defined as folds with older rocks toward the 
centre of curvature, providing the structural history has not been unusually complex. 

Aquiclude A geologic formation which may contain water (sometimes in appreciable quantities), but is 
incapable of transmitting significant quantities under ordinary field conditions. 

Aquifer [A] a consolidated or unconsolidated geologic unit (material, stratum, or formation) or set of 
connected units that yields a significant quantity of water of suitable quality to wells or 
springs in economically usable amounts. Several types of aquifers are distinguished:  
confined (or artesian) - an aquifer overlain by a confining layer or aquitard (layer of low 
permeability) that restricts the upward movement of water. A confined aquifer does not have 
a water table. In a confined aquifer there is no watertable because the aquitard prevents 
water from rising (i.e. the piezometric head is above the aquifer).  leaky/semi-confined – (i) 
an aquifer that receives recharge via cross-formational flow through confining layers. (ii) an 
aquifer overlain by a layer that partly restricts the upward movement of water.   perched - a 
local, unconfined aquifer at a higher elevation than the regional unconfined aquifer. An 
unsaturated zone is present between the two unconfined aquifers. Or a sub-surface material 
containing perched groundwater, separated from a deeper aquifer by unsaturated materials.   
unconfined (or water-table) – (i) the upper surface of the aquifer is the water table. Water-
table aquifers are directly overlain by an unsaturated zone of a surface water body. (ii) an 
aquifer containing water that is not under pressure; the upper boundary is the top of the zone 
of saturation. In an unconfined aquifer, the water level in a well is the same as the watertable 
outside the well. 
See also Aquitard, and Aquiclude. 

 [B] (i) A layer of geologic material that contains water. (ii) A zone, stratum, or group of strata 
that can store and transmit water in sufficient quantities for a specific use. 

 [C] A geological formation comprising layers of rock, unconsolidated deposits or regolith that 
is capable of receiving, storing and transmitting significant quantities of water. The term is 
usually applied to saturated materials that currently contain water. 

Aquifer system Intercalated permeable and poorly permeable materials that comprise two or more 
permeable units separated by aquitards which impede vertical groundwater movement but 
do not affect the regional hydraulic continuity of the system. 

Aquitard A semi-pervious geologic formation which can store water but transmits water at a low rate 
compared to the aquifer. 

Artesian aquifer a confined aquifer in which the piezometric head sits above the ground surface so that the 
pressure causes water to flow freely from bores drilled into the aquifer. 

Average annual recharge Is the volume of water added to the groundwater source naturally, usually by infiltration from 
rainfall and river flows, and assessed on a long-term average basis.  This recognises that 
the amount of recharge to a groundwater source can vary from year to year depending on 
climatic conditions. 

Barrel (bbl) The unit of volume measurement used for petroleum and its products (1 bbl = approximately 
42 US gallons or 158.9873 (159L). 
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Item Definition 

Base flow Part of the discharge which enters a stream channel mainly from groundwater (but also from 
lakes and glaciers) during long periods when no precipitation (or snowmelt) occurs. 

Basement A general term for the solid rock that lies underneath the soil and other unconsolidated 
material. Also known as bedrock. When exposed at the surface it is referred to as outcrop. 

Basin A depression of large size in which sediments have accumulated. 

BCF Billion cubic feet (1 BCF = approximately 1.08 PJ). 

Bedrock a general term for the solid rock that lies underneath the soil and other unconsolidated 
material. Also referred to basement. When exposed at the surface it is referred to as rock 
outcrop. 

bgl Below Ground Level. 

Boundary condition specified conditions at the edges or surfaces of a groundwater system 

Catchment (a) Area of land that collects rainfall and contributes to surface water (streams, rivers, 
wetlands) or to groundwater. (b) The total area of land potentially contributing to water 
flowing through a particular point. 

CDA Central development area 

Cleat The vertical cleavage or fracture plane in coal seams. There are usually two cleat systems 
developed perpendicular to each other. The main set of joints along which coal breaks when 
mined. They provide the predominant pore space within the coal mass and can provide void 
space and a conduit plane for groundwater movement and storage. 

Coal seam A layer, vein, or deposit of coal. 

Coal seam gas (CSG) Natural gas (mostly methane) contained within coal. 

Completed Defines which aquifer the well screened is positioned opposite 

Contour an imaginary line on the surface of the earth connecting points of the same elevation (i.e. the 
same height above sea level). 

Dam a barrier, embankment or excavated earth structure constructed primarily to impound water 
for storage. Dams are generally built in or near drainage lines. Dam walls can range from 
large concrete structures such as the Wellington Dam to the small earthen walls typical of 
many farm dams.  ECe measurements on a saturation extract paste from soil samples 

Darcy’s law The mathematical relationship that governs the rate of flow of groundwater or other fluids, 
through porous media:    a) Generalization for three dimensions The rate of viscous flow of 
water in isotropic porous media is proportional to, and in the direction of, the hydraulic 
gradient.   b) Generalization for other fluids The rate of viscous flow of homogeneous fluids 
through isotropic porous media is proportional to, and in the direction of, the driving force. 
While it was established under saturated flow conditions, Darcy’s Law may be adjusted to 
account for unsaturated and multiphase flow. 

Discharge Water that moves from a groundwater body to the ground surface (or into a surface water 
body such as a lake or the ocean). Discharge typically leaves aquifers directly through 
seepage (active discharge) or indirectly through capillary rise (passive discharge). The term 
is also used to describe the process of water movement from a body of groundwater. 

Discharge area Where significant amounts of groundwater come to the surface, either as liquid water or as 
vapour by evaporation. 

Drawdown The lowering of a watertable resulting from the removal of water from an aquifer or reduction 
in hydraulic pressure. 

Drill stem test (DST) The controlled flowing of the fluids from a reservoir so that estimates of the flow rate and 
fluid type can be made. It is usually conducted for a short time only. It can be run in open 
hole or through perforations in a cased hole. 

EC An abbreviation for electrical conductivity, a measure of the ability of a medium to conduct 
electricity. EC is used often as a surrogate measure of salinity levels in water or soil as the 
conductivity of a solution generally increases in proportion with its salt content. Three types 
of electrical conductivity measurements are made on soils:  ECa measurements are taken in 
the field using an electromagnetic induction meter. EC15 measurements on a solution 
obtained by mixing one part soil with five parts distilled water. 

Effective porosity The porosity contributing to the flow of water or the interconnected porosity. 
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Item Definition 

Effects Effects include direct effects and indirect effects. Direct effects are caused by the action and 
occur at the same time and place. Indirect effects are caused by the action and are later in 
time or farther removed in distance, but are still reasonably foreseeable. Indirect effects may 
include growth inducing effects and other effects related to induced changes in the pattern of 
land use, population density or growth rate, and related effects on air and water and other 
natural systems, including ecosystems. Effect and impacts as used in this report are 
synonymous. Effects includes ecological such as the effects on natural resources and on the 
components, structures and functioning of affected ecosystems, aesthetic, historic, cultural, 
economic, social or heath, whether direct, indirect, or cumulative. Effects may also include 
those resulting from actions which may have both beneficial and detrimental effects. 

Elevation A general term for a topographic feature of any size that rises above the adjacent land or the 
surrounding ocean bottom; a place or station that is elevated. The vertical distance from a 
datum (usually mean sea level) to a point or object on the Earth's surface; especially the 
height of a ground point above the level of the sea. The term is used synonymously with 
altitude in referring to distance above sea level, but in modern surveying practice the term 
elevation is preferred to indicate heights on the Earth's surface, whereas altitude is used to 
indicate the heights of points in space above the Earth's surface. 

ERM  Department of the Environment and Resource Management (ERM, previously the NRW and 
EPA) 
 

Equipotential (f) In hydrogeology, equipotential is usually a line connecting points of equal hydraulic potential 
or hydraulic head. In general, in mathematics, chemistry and physics equipotential or 
isopotential refers to a region in space where every point in it is at the same potential. 
 

Evaporation The conversion of a liquid into a vapour. In the hydrological cycle, evaporation involves heat 
from the sun transforming water (held in surface storages in soil) from a liquid into a gaseous 
state. This allows the water to move from water bodies or the soil and enter the atmosphere 
as water vapour. 

Evaporation basin A shallow excavated earth tank or natural pond that can be used to store water (usually 
saline) and allow it to evaporate. For this reason, evaporation basins can be used as a 
method of disposal of groundwater that has been extracted from sub-surface aquifers or 
deep drains. 

Evapotranspiration The transfer of soil water to the atmosphere from vegetated land through the combined 
processes of evaporation from soils and transpiration from plants. 

Exploration well A well drilled to determine whether hydrocarbons are present in a particular area or 
structure. 

Extraction limit Is the average yearly volume that can be extracted from a water source by all access 
licences. 

Fault (a) A fracture in the Earth’s crust along which the rocks on one side are displaced relative to 
those on the other. (b) a fracture which has experienced translation or movement of the 
fracture walls parallel to the plane of the fracture 

Fault line a fracture or fracture zone of the Earth’s crust with displacement along one side in respect to 
the other. 

Fault trap A hydrocarbon trap which relies on the termination of a reservoir against a seal due to fault 
displacement. 

Field A geographical area under which an oil or gas reservoir lies. 

Flow model A digital computer model that calculates a hydraulic head field for the modelling domain 
using numerical methods to arrive at an approximate solution to the differential equation of 
groundwater flow. 

Flow rate The amount of surface water or groundwater flowing past a given point or line over a defined 
period of time. Measured as volume, depth or area of water per unit time. 

Flow system, Local a flow system transporting groundwater in which discharge and recharge occur within 
a few kilometres of each other. Flows may be permanent or temporary and the water is 
typically transported down a hill-slope through an unconfined aquifer that is relatively thin 
(<20 m) and close to the surface. 

Flow velocity The speed at which surface water or groundwater flows. Measured as a distance per unit 
time (e.g. mm/hr, or m/day). 
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Item Definition 

Fluvial, fluviatile Having originated by deposition within riverine environments (see Alluvial). Referring to 
processes occurring in a river. 

Formation (a) A unit in stratigraphy defining a succession of rocks of the same type. (b) A body of rock 
strata that consists of a certain lithology or combination of lithologies. 

Fracture a sub-planar discontinuity in a rock or soil formed by mechanical stresses. 

Fracture skin A coating of the fracture surface and/or the altered zone beneath the fracture surface which 
has different hydrogeological properties than the unaltered rock or sediment. 

Fractured rock aquifers Rocks that are capable of receiving, storing and transmitting significant quantities of water 
due to the presence of numerous cracks, fissures or fractures in what would otherwise be an 
impermeable material. 

Fresh water - Water with a salinity < 1000 mg/l; drinkable or potable water is implied. 

GDE Groundwater Dependent Ecosystem. 

Geological time scale The subdivision of millions of years of geologic time into Eras, Periods and Epochs, allowing 
the interpretation of stratigraphic relationships between rocks. 

Geology The science relating to the history and development of the Earth’s crust. 

Geomorphology The science of describing and interpreting landform patterns and processes of landscape 
formation. 

Gigajoule (GJ) 1,000,000,000 joules. 

Gravel In general, gravel refers to sedimentary grains having a particle size of between 2 and 4 mm. 
The term is applied to grains that are larger than coarse sand but finer than pebbles. 

Gravel pack, filter pack Graded sand or gravel placed in the annular space of a groundwater installation to protect 
the screens or slotted casing adjacent to selected aquifer horizons. 

Groundwater (ground water) Water stored below the ground surface that saturates (in available openings) the soil or rock 
and is at greater than atmospheric pressure and will therefore flow freely into a bore or well. 
This term is most commonly applied to permanent bodies of water found under the ground. 

Groundwater flow The movement of water through openings in sediment and rock that occurs in the zone of 
saturation. Lateral groundwater flow - movement of groundwater in a non-vertical direction. 
Lateral groundwater flows are usually, although not always, more or less parallel to the 
ground surface. 

Groundwater model A simplified conceptual or mathematical image of a groundwater system, describing the 
features essential to the purpose for which the model was developed and including various 
assumptions pertinent to the system. Mathematical groundwater models can include 
numerical and analytical models. 

Guideline value The concentration or measure of a water quality characteristic that, based on present 
knowledge, either does not result in any significant risk to the health of the consumer 
(health-related guideline value), or is associated with good quality water (aesthetic guideline 
value). 

Head (hydraulic head, static 
head) 

The energy contained within a column of water resulting from elevation or pressure. The 
static head is the height at which the surface of a column of water could be supported 
against the action of atmospheric pressure. 
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Item Definition 

Hydraulic conductivity (a) A measure of the potential rate of flow of a fluid through soil or rock. As such, it takes into 
account the nature of the fluid, the degree of saturation and the permeability of the material 
the fluid passes through. The hydraulic conductivity of a material can be measured in either 
the saturated or unsaturated states. The unsaturated hydraulic conductivity will change as a 
material becomes wetter, but the saturated hydraulic conductivity of a material remains 
constant. Hydraulic conductivity is expressed in units of length per unit time, typically 
millimetres per hour (mm/hour) or metres per day (m/day). 
(b) A coefficient of proportionality describing the rate at which a fluid can move through the 
interconnected pore spaces in a porous medium. The density and viscosity of the fluid must 
be considered in determining conductivity. 
(c) The volume of fluid that flows through a unit area of porous medium for a unit hydraulic 
gradient normal to that area; 
(d) The rate of horizontal groundwater flow through a unit area (1 x 1) of an aquifer under a 
unit hydraulic gradient (δh / δl = 1). Hydraulic conductivities are reported as m/day [L/T]. 
Values commonly range between 0.02 and 40 m/day for unconsolidated sand aquifers, less 
than 0.5 m/day for sandstone, and below 0.0001 m/day for clays or shale (see Hydraulic 
Gradient). 

Hydraulic gradient (a) The slope of the water table or potentiometric surface. The hydraulic gradient is 
determined from the decline in groundwater level (δh) at two measuring points divided by the 
distance between them (δl). (b) The change in hydraulic head with direction. 

Hydraulic head (h) The elevation in a well in reference to a specific datum; the mechanical energy per unit 
weight of water [L]. 

Hydrocarbons Naturally-occurring organic compounds containing only the elements hydrogen and carbon 
that may exist as solids, liquids or gases. 

Hydrogeology The study of groundwater movement through soil, sediment or rock under natural or induced 
conditions. 

Hydrological cycle The continuous circulation of water between the land, sea (or other water surface) and the 
atmosphere. 

Hydrology The study of water and water movement in relation to the land. Deals with the properties, 
laws, geographical distribution and movement of water on the land or under the Earth’s 
surface. 

Impermeable Describes the nature of solid material that will not allow fluids to pass freely. 

In situ Latin description of a material that occurs in the position in which it was originally formed or 
deposited, literally “at the site”. 

Infiltration The process whereby water enters the soil through its surface. The downward movement of 
water into the soil profile. 

Isotropy The condition in which the properties of a system or a parameter do not vary with direction. 

Joints Fractures along which there has been little or no displacement parallel to the fracture 
surface. 

Juvenile water Water which has never before been part of the hydrologic cycle. 

Leakage a flux of fluid from or into an aquifer or reservoir. This commonly refers to cross-formational 
flow. 

Leakance The vertical permeability of a hydrostratigraphic unit divided by its thickness. 

Licence An authority to explore for or produce oil or gas in a particular area issued to a company by 
the governing state. 

Lithology The physical and mineralogical characteristics of a rock. The characteristics, including grain 
size, of the strata of the subsurface media. 

Matrix flow Water that passes through the interconnected pores in the soil matrix as opposed through 
macropores as preferential flow. 

Mesozoic An era of geologic time between approximately 230 and 65 million years ago and including 
the Triassic, Jurassic and Cretaceous Periods (see Era). 

Metamorphic rock Rock of any origin altered in mineralogical composition, chemical composition or structure by 
heat, pressure, or movement at depth in the Earth’s crust. Examples of metamorphic rocks 
include schist, gneiss and quartzite. Most have parallel bands of minerals evident. 
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Item Definition 

Meteoric water Water which is or has recently been a part of the atmospheric portion of the hydrologic cycle. 

Migration The movement of a fluid (water, gas or oil) from regions of higher to lower pressure. 

Mining In hydrogeology, this implies extraction of water from a groundwater system which is not 
currently receiving recharge. 

Mudstone Mudstone is the result of grains of clay having been deposited layer upon layer, compacted 
by the weight of overlying material and cemented together over millions of years to form a 
hard rock. They are similar to shales but lack the feature of a layered structure. 

Nested monitoring wells A groundwater installation comprising a single large diameter hole containing multiple 
piezometer casings screened at varying depths to intersect different aquifers or aquifer 
levels. The construction of nested wells requires the accurate placement of individual filter 
packs and bentonite seals to isolate each of the aquifers intersected. 

NRW Queensland Department of the Natural Resources and the Environment (NRW now part on 
ERM) 

NWDA North west development area 

Outcrop (a) The part of a rock formation that appears at the surface of the ground. (b) A term used in 
connection with a vein or lode as an essential part of the definition of apex. It does not 
necessarily imply the visible presentation of the mineral on the surface of the earth, but 
includes those deposits that are so near to the surface as to be found easily by digging. (c) 
The part of a geologic formation or structure that appears at the surface of the earth; also, 
bedrock that is covered only by surficial deposits such as alluvium. (d) To appear exposed 
and visible at the earth’s surface; to crop out. 

Overburden Designates material of any nature, consolidated or unconsolidated, that overlies a deposit of 
useful materials, ores, or coal--esp. those deposits that are mined from the surface by open 
cuts. 

Palaeochannel A river channel or drainage line incised into an ancient land surface that has been 
subsequently infilled by the deposition of younger sediments. 

Palaeozoic an era of geologic time extending between around 600 and 230 million years ago and 
including the Cambrian, Ordovician, Silurian, Devonian, Carboniferous and Permian Periods 
(see Era). 

Perched aquifer (perched 
water table) 

An aquifer in which infiltrating water remains separated from an underlying main body of 
groundwater, with an unsaturated zone existing between the two. Usually perching occurs 
due to the presence of an intermediate impermeable or low permeability layer. Where the 
perched aquifer is unconfined, a perched water table exists. See aquifer. 

Period a geologic timeframe smaller than Eras and subdivided into Epochs. 

Permeability A measure of the capacity of rock or stratum to allow water or other fluids such as oil to pass 
through it (i.e. the relative ease with which a porous medium can transmit a fluid). Typically 
measured in darcies or millidarcies. 

Permian A geological time period approximately 298 to 251 million years ago. 

Petroleum A generic name for hydrocarbons, including crude oil, natural gas liquids, natural gas and 
their products. 

pH a measure of the acidity or alkalinity of water. It is related to the free hydrogen ion 
concentration in solution pH = 7 is neutral; pH < 7 acidic; pH > 7 alkaline. 

Phase Sequenced operational areas to divide the progression of a mining activity, including coal 
seam gas ‘mining’. 

Piezometer A pressure measuring device (a tube or pipe, or other device), open to the atmosphere at 
the top and to water at the bottom, and sealed along its length, used to measure the 
hydraulic head in a geologic unit. This device typically is an instrument that measures fluid 
pressure at a given point rather than integrating pressures over a well. 
(b) a borehole cased and completed with a seal(s) adjacent to the slotted section to observe 
the groundwater pressure over the slotted interval rather than the elevation of the watertable. 

Piezometric head The elevation to which water will rise in a piezometer connected to a point in an aquifer. 
Differences in piezometric head determine the hydraulic gradient and therefore the direction 
of groundwater flow. 
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Item Definition 

Piezometric surface A surface of equal hydraulic heads or potentials, typically depicted by a map of 
equipotentials such as a map of water-table elevations. See potentiometric surface. 

Piper diagram A graphical means of displaying the ratios of the principal ionic constituents in water. 
(modified from Davis and DeWiest, 1966, and Freeze and Cherry, 1979). SMOW is standard 
mean ocean water. 

PJ Petajoule (one million gigajoules). 

PL Petroleum Lease. 

Pleistocene a epoch of geologic time between approximately 2 million and 10,000 years ago (see 
Epoch). 

Pore water pressure Pressure exerted by fluid in the void space of soil or rock. It is usually expressed with respect 
to atmospheric pressure so that positive pressures indicate that the porous medium is 
saturated and negative pressures indicate that it is unsaturated. 

Porosity (s or n) The volume of the voids divided by the total volume of porous medium (the percentage of a 
rock or soil that is represented by open voids or spaces):    effective - the interconnected 
porosity which contributes to groundwater flow. Often used synonymously with specific yield 
although the two terms are not synonymous.   fracture - the porosity of the fractures;    
intergranular - the porosity between the grains of a sediment or sedimentary rock;    primary - 
intergranular porosity formed during the deposition of the sediment or from vesicles in 
igneous rocks;    secondary - porosity formed after the rock is lithified by either dissolution or 
fracturing. 

Porous Having porosity. 

Potable Drinkable. Potable waters can be consumed safely. 

Potentiometric surface a surface of equal hydraulic heads or potentials, typically depicted by a map of 
equipotentials such as a map of water-table elevations. 

Precipitation (a) Water condensing from the atmosphere and falling under gravity in drops or particles 
(e.g., snow, hail, sleet) to the land surface. (b) Formation of a solid from dissolved or 
suspended matter. (c) The transfer of water from the atmosphere to the land surface, 
predominantly as rainfall, but also includes dews, frosts, mists, snow, sleet, hail and fog. 

Preferential flow (sediment 
or rock) 

Rapid groundwater flow that occurs through any structure significantly more permeable than 
the bulk sediment or rock. 

Preferential flow (soil) Rapid soil water flow that occurs through macropores or any other structure significantly 
more permeable than the bulk soil. 

Preferred pathway A channel or pore in a soil layer that has low permeability through which water flows 
preferentially. Old tree root channels are preferred pathways in many clayey subsoils in the 
South-West Agricultural Region. 

Pressure (p) Force per unit area [MLt -2L-2 or ML-1t-2 or Pa]:    abnormal - any departure from 
hydrostatic pressure. This includes overpressures and underpressures.    excess or 
overpressure (u) - fluid pressures above the hydrostatic pressure (ps). Also called 
geopressures, abnormal pressures, or excess pore-fluid pressures.    hydrostatic (ps) - the 
pressure equal to that which is (or would be) induced by the weight of the overlying column 
of water, ps = rwgh , where h is the height of water above the point in question.    lithostatic 
pressure (s) - the pressure equal to that which is (or would be) induced by the weight of the 
overlying column of materials of bulk density rb , s = rbgH , where H is the height of the 
materials (rock and water) above the point in question. 

Production bore A bore from which abstraction of groundwater may take place, either through pumping or 
artesian flow. 

Project Area The term “Project Area” refers to those areas of land contained with QGC tenements (refer 
to Figures 1 and 3).  

Pump-out Test (Pumping 
Test, Test Pumping) 

A test conducted in a production bore or other installation using a pump to abstract 
groundwater. May be used to estimate the hydraulic characteristics of the aquifer or bore. 
Commonly involves the use of a production bore in association with observation bores. 

Radius of influence Radial distance to points where hydraulic head is noticeably affected by a pumping well. 



 

QGC GROUNDWATER STUDY 

  

June 2009 
Report No.  087633050 016 R Rev2 viii 

 

Item Definition 

Recharge The water that moves into a groundwater body and therefore replenishes or increases sub-
surface storage. Recharge typically enters an aquifer by rainfall infiltrating the soil surface 
and then percolating through the zone of aeration (unsaturated soil). Recharge can also 
come via irrigation, the leakage of surface water storage or leakage from other aquifers. 
Recharge rate is expressed in units of depth per unit time (e.g. mm/year). 

Recharge The process by which water enters the groundwater system or, more precisely, enters the 
phreatic zone. 

Recharge area An area of land from which a significant amount of groundwater recharge occurs. In the 
agricultural areas most of the cleared land that is not discharging groundwater contributes 
some recharge. 

Recovery The rate at which the water level in a pumped bore rises once abstraction has ceased. 

Relative permeability The ability of a porous medium to allow flow of a fluid when other fluid phases are present, 
relative to its ability to allow flow of that fluid when no other fluid phases are present. 

Relief Difference in elevation between the highest mountaintop, ridge, or hill and the lowest valley 
within a permit area. 

Representative sample A portion of material or water that is as nearly identical in content and consistency as 
possible to that in the larger body of material or water being sampled. 

Residual drawdown The difference between the original standing water level measured prior to pumping, and the 
depth to groundwater at a given instant during the recovery period following the cessation of 
pumping. 

Retention basin A basin (either natural or constructed) used to hold run-off or stream flow and thus reduce 
peak flows and the risk of flooding. Some of the water may be stored permanently in the 
basin, while the remainder is released at a controlled rate. 

Reverse osmosis (RO) The flow of fluid through a membrane from the high salinity to the low salinity side of the 
membrane typically caused by exerting very high fluid pressures on the high salinity side. 

Risk assessment The overall process of using available information to predict how often hazards or specified 
events may occur (likelihood) and the magnitude of their consequences (adapted from 
AS/NZS 43601999). 

Risk management The systematic evaluation of the water supply system, the identification of hazards and 
hazardous events, the assessment of risks, and the development and implementation of 
preventive strategies to manage the risks. 

Runoff (a) That portion of the rainfall that is not absorbed by the deep strata, is used by vegetation 
or lost by evaporation, or that may find its way into streams as surface flow. (b) Water 
flowing downslope over the ground surface, also known as overland flow. Precipitation that 
does not infiltrate into the soil and is not stored in depressions becomes run-off. 

Safe yield The volume of water that can be annually withdrawn from an aquifer (or groundwater basin 
or system) without 1) exceeding average annual recharge; 2) violating water rights; 3) 
creating uneconomic conditions for water use; or 4) creating undesirable side effects, such 
as subsidence or saline water intrusion. 

Saline (water) a term used to describe water that has high salinity levels (in excess of 5,000 mg/L) which 
limit its suitability for many uses. 

Salinity An accumulation of soluble salts in the soil root zone, at levels where plant growth or land 
use is adversely affected. Also used to indicate the amounts of various types of salt present 
in soil or water. (see Total Dissolved Solids). 

Sand Sedimentary mineral grains deposited by wind or water action having a particle size of 
between 1/16 and 2 mm diameter. The grains are made up of predominantly quartz and can 
include other minerals such as feldspars, mica, glauconite and iron oxides. 

Sandstone A sedimentary rock composed predominantly of consolidated sand-sized grains (typically 
between 1/16 and 2 mm), usually quartz, with some cement. 

Saturated zone The part of a body of soil or rock in which the voids and spaces are filled with water. 

Screen, slotted section A section of casing, usually steel or PVC, with apertures or slots cut into the tubing to allow 
groundwater to flow through. Screen usually refers to machined sections with openings that 
can be sized appropriate to the aquifer matrix and filter pack grading. 
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Item Definition 

Seal A largely impermeable rock (usually claystone or shale) that retards the passage of fluids 
(including water, gas or oil). 

SEDA South east development area 

Sediment a) Solid material, both mineral and organic, that is in suspension, is being transported, or 
has been moved from its site of origin by air, water, gravity, or ice and has come to rest on 
the Earth's surface either above or below sea level. 

 b) Solid material, whether mineral or organic, which has been moved from its position of 
origin and redeposited. 

Sedimentary rock Any rock that has formed from the consolidation of sediment. 

Seep Point at where seepage occurs. 

Seepage Occurs where the watertable intersects the ground surface and water flows out. This is 
active discharge and is driven by the hydraulic gradient. 

Seismic survey A technique for determining the detailed structure of the rocks underlying a particular area by 
passing acoustic shock waves into the strata and detecting and measuring the reflected 
signals. 

Shale A fine-grained sedimentary rock comprised of clays and other finely sized mineral particles. 

Share component Of the water access licence is the volume share of water made available in a water source. It 
is similar to the entitlement volume on previous water licences under the Water Act 1912.  
The amount of water a licence holder is allocated in any year as a result of an available 
water determination is based on their share component. 

Silt Silts are sedimentary grains having a particle size of between 0.002 to 0.05 mm diameter. It 
is almost always deposited by water action and usually comprises finely divided particles of 
quartz, carbonate dust, carbon and iron pyrite minerals. Silt transmits and absorbs water but 
does not become sticky and is therefore considered to be non-plastic. 

Siltstone A sedimentary rock comprised of silt-size particles cemented together. They are the result of 
grains of silt particles having been deposited layer upon layer, compacted by the weight of 
overlying material and cemented together over millions of years to form a hard rock. 

Sorption The general process by which solutes, ions, and colloids become attached (sorbed) to solid 
matter in a porous medium. Sorption includes absorption and adsorption. 

Specific storage (Ss) The amount of water absorbed, released or expelled from storage in a unit volume (i.e. 1 x 1 
x 1) of aquifer under a unit change in hydraulic head (i.e. δh = ± 1). 

Specific yield (Sy) The quantity of groundwater that will drain under gravity from a unit volume (i.e. 1 x 1 x 1) of 
an unconfined aquifer. A unit decline in hydraulic head under unconfined conditions results 
in both a reduction in pressure and in the saturated thickness of the aquifer. Because of this, 
the storativity of an unconfined aquifer is related to the specific yield (Sy), the thickness of 
the saturated zone (h) and the specific storage (Ss) according to the equation S = Sy + h Ss. 
The product of specific storage and saturated thickness (i.e. h Ss) is generally considerably 
less than the value of the specific yield. Hence, for almost all unconfined aquifers, the 
storativity is considered to be equivalent to the specific yield (see Storage Coefficient, 
Specific Storage). 

Standing water level (static 
water level, SWL) 

The depth to groundwater measured at any given time when pumping or recovery is not 
occurring. 

Storage coefficient 
(Storativity; S) 

The volume of groundwater that is expelled from or absorbed into storage under a unit 
change (i.e. δh = ± 1) in hydraulic head over a unit area (i.e. 1 x 1) of the aquifer. The 
storativity of a confined aquifer is related to the specific storage (Ss) and saturated thickness 
(b), by the equation S = b Ss (see Specific Storage). 

Stratigraphy The study of stratified rocks, especially their age, correlation and character. 

Structure Deformed sedimentary rocks, where the resultant bed configuration is such as to form a trap 
for migrating water gas and/or hydrocarbons. 

Study Area The term “Study Area” refers to that area of land from which the entire data set considered 
by the assessment was gathered in describing the existing environment, environmental 
values and potential impacts (refer to Figures 1 and 3).  

Stygofauna stygofauna are very small animals and microbes that live below the Earth’s surface in 
groundwater and caves. They comprise crustaceans of many types as well as other groups 



 

QGC GROUNDWATER STUDY 

  

June 2009 
Report No.  087633050 016 R Rev2 x 

 

Item Definition 

such as fish, worms, snails, arachnids, mites and insects. 

Subsidence (a) The vertical movement of the surface, although small-scale horizontal movements may 
be present. This sinking or settlement of the land surface can be caused by a number of 
processes, including production of fluids, solution, compaction, or cooling of magmatic 
bodies. 
(b) Lowering of the ground surface resulting from removal of hydrostatic pore space 
pressure (through buoyancy) or collapse of underground mine voids. 

Surface drainage Systems that are designed to intercept and remove excess surface water. Surface drainage 
works include spoon drains and W-drains. 

Surface flow A term used to describe the movement of water across the ground surface as run-off or 
stream flow. 

Sustainable yield Is the volume that can be extracted by all water users in a groundwater source without 
causing unacceptable impacts (i.e. without detrimentally affecting existing supplies or flows 
to dependent environments).  The average annual recharge minus the portion reserved for 
the environment determines the sustainable yield. 

Tertiary A period of geologic time between approximately 65 and 2 million years ago (see Period). 

Texture (soil) Proportion of gravel, sand, silt and clay in a soil. Heavy texture implies a higher proportion of 
smaller particles such as clay, while lighter texture involves more larger particles such as 
sand. 

Theis equation The equation for radial transient flow to a well in an idealized confined aquifer. 

Thiem equation The equation for radial steady flow to a well in an idealized confined aquifer. 

Throws Distance of movement along a fault plane. 

Tortuosity (T or t ) Actual length of a groundwater flow path (La) divided by the straight line distance between 
the ends of the flow path (L). There are several variations in the exact formula used in 
calculating this ratio in the literature. They are t =(La L)2 , t = La L, or their reciprocals. 

Total dissolved solids (TDS) An expression of the total soluble mineral content of water determined by either measuring 
the residue on evaporation or the sum of analysed chemical constituents. Usually quoted in 
milligrams per litre (mg/L) or the equivalent parts per million (ppm), TDS may also be 
approximated from electrical conductivity (EC) measurements using the conversion EC 
(μS/cm) x 0.68 = TDS (mg/L) (see Electrical Conductivity). 

Transmissivity (T) The rate of horizontal groundwater flow through the full saturated thickness (b) of an aquifer 
across a unit width (i.e. an area of b x 1) (i.e. through a 1 metre wide slice across the entire 
depth of an aquifer) under a unit hydraulic gradient (δh / δl = 1). Transmissivity may be 
quoted as m³/day/m [L³/T/L], but is more commonly expressed as m²/day [L²/T]. It provides a 
better comparison of the possible yield of an aquifer than saturated hydraulic conductivity 
because it takes into account the saturated thickness of an aquifer. Transmissivity is related 
to the hydraulic conductivity of the aquifer by the equation T=Kb. 

Triassic A period of geologic time extending from 230 to 180 million years ago (see Period). 

Unconfined aquifer (water 
table aquifer) 

An aquifer in which the surface of the saturated zone is at atmospheric pressure. See 
aquifer. 

Unconformity A surface between successive strata representing a missing interval in the geologic record of 
time, produced either by an interruption in deposition or by the erosion of depositionally 
continuous strata followed by renewed deposition. An unconformity is a type of discontinuity. 
 

Unsaturated zone The part of a body of soil or rock separating the land surface and the water table. 

Water balance The relationship between input, storage and output within a hydrological system. If the 
amount of water entering the system is the same as the amount leaving, then storage 
remains constant and the system can be considered to be in equilibrium. Where input 
exceeds output, the water balance becomes altered and the amount of water stored in the 
system increases. Conversely, the balance can be altered as storage decreases in response 
to output exceeding input. 

Watertable (a) The upper surface of a body of groundwater occurring in an unconfined aquifer. At the 
watertable, pore water pressure equals the atmospheric pressure. (b) The surface of a body 
of groundwater within an unconfined aquifer at which the pressure is atmospheric. 
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Item Definition 

Well a shallow work that is larger in diameter than a bore, but usually no greater than 1.5 m wide. 
Commonly, wells are less than 20 m deep and may be partially lined with concrete cylinders. 

Well screen A portion of a well casing that is perforated or slotted to allow water to flow through it. The 
screen and associated filter packing (sand) act as a filtering device to permit the flow of 
liquid or air but prevents the passage of sediments or backfill particles. 

Well yield The discharge of well at (nearly) steady flow [L3t-1]. 

Wetland Those areas that are inundated or saturated by surface or groundwater at a frequency and 
duration sufficient to support, and that under normal circumstances do support, a prevalence 
of vegetation typically adapted for life in saturated soil conditions. Lands transitional between 
terrestrial and aquatic systems where the water table is usually at or near the surface or the 
land is covered by shallow water. For purposes of this classification, wetlands must have 
one or more of the following three attributes 1. At least periodically, the land supports 
predominantly hydrophytes; 2. The substrate is predominantly undrained hydric soils; and 3. 
The substrate is non-soil and is saturated with water or covered by shallow water at some 
time during the growing season of each year. 
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1.0 INTRODUCTION 
QGC, a wholly owned subsidiary of the BG group plc, is proposing to develop a Liquefied Natural Gas (LNG) 
export facility at Gladstone in Central Queensland.  The facility will produce three to four million tonnes per 
annum (Mtpa) of LNG, with the potential for future expansion to 12 Mtpa.  The Project involves the following 
key components: 

 development of Coal Seam Gas (CSG) fields centred on Chinchilla, Miles, Moonie, Kogan, Wallumbilla 
and Dalby in the Surat Basin; 

 construction of pipelines for gas transmission to Gladstone; and 

 development of an LNG liquefaction and export facility at the port at Gladstone. 

The Project was declared a significant project in July 2008, under the State Development Public Works 
Organisation Act 1971 Qld (SDPWO Act) (Section 26).  An Environmental Impact Statement (EIS) is 
required, as part of the significant project declaration. This study has been prepared to support the EIS. To 
assist in the development of the EIS, Golder Associates Pty Ltd (Golder) was commissioned by QGC to 
examine the effects of the CSG Field component of the Project on groundwater and surface water resources.  

The purpose of an EIS in Queensland is to:  

 provide stakeholders with sufficient information to understand the type, nature, and extent of the 
proposed Project; 

 identify, examine and assess direct, indirect and cumulative impacts on the natural, built and social 
environment; 

 determine how adverse impacts can be avoided or mitigated so that any residual effects are 
acceptable; and 

 ensure the Project is based on sound environmental protection and management criteria. 

An EIS should provide this information in a form suitable for use by: 

 affected persons; 

 interested persons; 

 relevant State Government agencies ; and 

 the Australian Government Minister for the Environment, Heritage and the Arts. 

For the purposes of this report the following definitions are used: 

 The term “Project Area” refers to those areas of land contained within QGC tenements; and 

 The term “Study Area” refers to that area of land from which the entire data set considered by the 
assessment was gathered in describing the existing environment, environmental values and potential 
impacts (Figure 1). 
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1.1 This Report 
To assist in the development of the EIS, Golder Associates Pty Ltd (Golder) was commissioned by QGC to 
examine the effects of the CSG Field component of the Project on groundwater and surface water resources.  

This report considers the groundwater component of the Project only. It recognises that groundwater is part 
of the larger hydrological cycle, which interlinks strongly with surface water. The effect of the CSG activities 
on surface water components of the Project is covered in a separate Golder report (Golder report 087633050 
014 Rev1, 2009). 

The report provides information on the Project Area under the following thread of logic: 

 The Legislative and Regulatory Framework      Section 2 

 Study Approach and Methods       Section 3 

 Description of the Existing Environment and Identification of Existing Values  Sections 4 and 5 

 Potential Impacts         Section 7 

 Mitigation          Section 8 

 Summary, Conclusion and Recommendations     Sections 9 and 10 

 

1.2 Project Background 
CSG is predominantly methane gas adsorbed in underground coal beds. The methane occurs in a near-
liquid state, lining the inside of pore space openings within the coal matrix. Methane also occurs, to a much 
lesser extent, as a free gas in the groundwater within open pore space, fractures and cleats in the coal and it 
can occur in the dissolved state (saturated) within the groundwater.  

The procedure for recovering this gas involves drilling a series of wells into targeted coal layers (seams) and 
pumping out groundwater (CSG water) to lower the coal reservoir pressure in order to release the methane 
gas from the coal (reversing the adsorption reaction by causing the methane to de-sorb from the coal 
matrix).   

Groundwater extraction for CSG is closely linked to gas pressure and groundwater gas extraction.  The 
groundwater and gas extraction process consists of placing a pump in the production well, typically above 
the coal seam, and initiating groundwater extraction to lower the water level in the production well, and 
consequentially the piezometric head pressure in the aquifer.     

Groundwater pumping continues until the gas flows freely (decreasing the water pressure in the coal 
seam(s) liberates the gas).  Often, no pumping is required once the gas begins to flow as the velocity of the 
gas acts as a lifting mechanism for the groundwater and the pump may be removed.  When the gas flow rate 
falls, and the groundwater can no longer be extracted by the gas lifting effect, a pump is set back into the 
well to continue the water extraction until the CSG has been exhausted to an economic level.    

The Walloon Coal Measures (WCM) contain the main gas bearing units within the Surat Basin.  Pumping of 
groundwater from the WCM during pilot CSG activities has successfully lowered the reservoir pressure, and 
has produced good quantities of CSG.   

The WCM are considered to be in poor hydrogeological connection to overlying and underlying aquifers 
because the siltstone and mudstones which separate the sandstone and coal seam aquifers are low 
permeability rocks, i.e. they impede groundwater flow, but do not prevent groundwater flow to or from 
adjacent aquifers.  The risk that depressurisation of the coal aquifer could potentially lead to long term 
depressurisation and dewatering of adjacent aquifer units, thus potentially impacting nearby groundwater 
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users, has been recognized.  This report considers these aspects of the groundwater system which operates 
in the study area.  

 

1.3 Project Description 
The proposed LNG export facility at Gladstone will allow QGC to commercialise their Surat Basin CSG 
resources and export the processed gas, in the form of LNG, to overseas markets.  The project will involve 
the construction of a 380 km gas transmission pipeline from the QGC CSG fields to the LNG facility in 
Gladstone, and construction of the LNG facility. 

To supply the LNG facility, QGC will need to significantly increase output from its CSG fields.  This will 
involve a major expansion of well development, in-field compression stations, processing plants, associated 
water management, land access and ancillary infrastructure.  The CSG field component of the Project will 
comprise developing: 

 up to a total of  6000 production wells; 

 associated surface equipment; gas and water gathering systems; and gas processing and compression 
infrastructure; and 

 management, storage and beneficial use of CSG water. 

Upstream facilities will include:  

 production well sites, gas and associated water gathering infrastructure; 

 field compression and processing facilities; 

 support infrastructure; 

 access tracks; and 

 CSG water disposal infrastructure that will comprise one or more of the following:  

 evaporation ponds; 

 water treatment plants and/or re-injection wellfield/s; and 

 associated water reticulation systems.   

Wells will be located approximately 750 metres (m) apart to optimise production.  The well sites will require a 
firm and level area of approximately 100 m by 100 m size (approximately 1 hectare) for the drilling rig and 
associated plant.  Site selection will be based primarily on the geological analysis completed as part of the 
exploration works. 

A network of pipelines will link the gas wells to the main gas pipeline infrastructure corridor. This pipeline 
network has a planned minimum design life of 40 years. The pipelines will be monitored remotely through a 
central control room, as well as by field inspection. 

 

1.4 Project Setting and Context 
1.4.1 Local Setting 
The Study Area lies approximately 200 km west of Brisbane (Figure 1: Location Plan), within the Surat 
Basin, a sub-basin of the GAB. It is approximately 280,000 sq km in area and is located in the southeast 
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corner of the GAB. The GAB underlies the majority of inland Queensland and inland northern New South 
Wales. The Surat Basin contains significant geological resources including coal, coal seam gas, oil, natural 
gas, water and bentonite.  

The major towns near the proposed area of operation include Chinchilla, Miles, Moonie, Kogan, Wallumbilla 
and Dalby.  The major rivers running through the area include the Condamine and Balonne, Moonie, and the 
Weir Rivers.  The area is serviced by major roads; railways; and many gas pipelines, including one that 
transfers gas from Roma to Brisbane.   

The region has become reliant on groundwater for economic growth, particularly in years where rainfall and 
surface flows are low.  In 2004/2005, a total of 160 gigalitres (GL) of groundwater was extracted from the 
Condamine and Balonne region of the Surat Basin, of which 97% of the extraction occurred in the Upper 
Condamine River catchment (CSIRO, 2008).  On average groundwater accounts for 18% of all water 
diversions, while in dry years it accounts for as much as 61% of water used (CSIRO, 2008). 

Significant agricultural production occurs in the area above the eastern part of the Surat Basin due to the 
presence of fertile cracking clay soils and adequate rainfall.  Grazing and dry land cropping dominates the 
land area above the western part of the Surat Basin, where the climate becomes drier.  Agriculture in the 
western portion of the Surat Basin is supported by irrigation.  Over 112,000 hectares of irrigated crops were 
grown in 2000 and 63% of the irrigated crop was cotton (CSIRO 2008). Surface water is the main source of 
irrigation water. Approximately 55% of surface water in the WMA is diverted to agricultural purposes 
(CSIRO 2008). 

Native woodland covers areas of the Surat Basin.  Most of this native woodland is contained within protected 
State Forests and National Parks, including the Carnarvon National Park located in the northern part of the 
basin and north of QGC’s tenements. 

There are nationally significant wetlands located on the lower Balonne River system in New South Wales 
and on the Narran River. The Ramsar-listed Narran Lake Nature Reserve (which includes Back and Clear 
Lakes) is part of a large terminal wetland system.  

Less than 5% of Queensland’s total population lives in the GAB area (OESR, 2008).  The region is managed 
by three local government areas: 

 Toowoomba Regional Council; 

 Dalby Regional Council; and 

 Roma Regional Council. 
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