
 

 

Underground Water Impact Report  

ATP529P - Galilee Basin  

Date: 4 January 2013 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Underground Water Impact Report – ATP529P  

Table of Contents 

Executive summary .................................................................. 1 

Glossary and Units of Measurement ............................................ 3 

1. Introduction ..................................................................... 8 

1.1. Project area ............................................................................................... 8 

1.1.1. Summary of gas production wells ................................................................ 9 

1.2. Summary of methods ............................................................................... 12 

2. Legislation ..................................................................... 16 

2.1. Petroleum Act 1923 (Qld) ........................................................................ 16 

2.2. Water Act 2000 (Qld) ............................................................................... 16 

3. Existing geological and hydrogeological regime .................. 18 

3.1. Geological summary ................................................................................. 18 

3.1.1. Target geological formations ......................................................................20 

3.1.2. Geological Structure ..................................................................................20 

3.2. Regional and Local Hydrogeological summary ......................................... 22 

3.3. Aquifers ................................................................................................... 23 

3.3.1. Quaternary and Tertiary alluvial sediment aquifers........................................24 

3.3.2. Eromanga mid Cretaceous sedimentary rock aquifers – Winton and Mackunda 
Formations ............................................................................................................24 

3.3.3. Eromanga Cretaceous sedimentary rock aquifers – lower Cretaceous sedimentary 
aquifers  ..............................................................................................................26 

3.3.4. Eromanga Jurassic sandstone aquifers – Hutton Sandstone ............................28 

3.3.5. Permian sedimentary rock aquifers .............................................................30 

3.4. Confining layers ....................................................................................... 30 

3.5. Underground water flow and aquifer interactions .................................... 31 

3.6. Historical underground water level trend analysis ................................... 31 

3.6.1. Groundwater quality .................................................................................32 

3.7. Groundwater use...................................................................................... 33 

3.7.1. Water bores within 10km priority area .........................................................33 



 

 

Underground Water Impact Report – ATP529P  

3.8. Springs ..................................................................................................... 36 

4. Flow testing program ...................................................... 38 

4.1. Background .............................................................................................. 38 

4.2. Results to date ......................................................................................... 38 

4.2.1. Water production ......................................................................................38 

4.2.2. Underground water level trend analysis .......................................................40 

4.2.3. Groundwater quality .................................................................................49 

5. Groundwater model ........................................................ 51 

5.1. Introduction ............................................................................................. 51 

5.2. Methodology ............................................................................................ 51 

5.3. Results and discussion ............................................................................. 52 

5.4. Review of maps produced and model ....................................................... 52 

5.5. Key findings ............................................................................................. 52 

6. Groundwater management and monitoring plan ................. 54 

7. References .................................................................... 58 

7.1. Documents ............................................................................................... 58 

7.2. External datasets ..................................................................................... 58 

Appendix A – Laboratory water quality data .............................. 60 

Appendix B – Field water quality data ....................................... 63 

 

Table of Figures 

Figure 1: Location of ATP529P with respect to Galilee Basin   .........................................10
Figure 2: Location of AGL Energy – Galilee Energy flow testing activities in ATP529P   ......11
Figure 3: Northeast striking seismic line (approximately 6km section, Sardine Line 9) 
showing minimal structure across the Glenaras Anticline. Note, the vertical axis is shown 
in time, not depth.   .................................................................................................21
Figure 4: Southeast striking seismic line (approximately 7km section, Sardine Line 2) 
showing steeper plunging south eastern limb of Glenaras Anticline with minimal to nil 
faulting present, apart from Toolebuc to Wallumbilla Formations. Note, the vertical axis is 
shown in time, not depth.   ........................................................................................22
Figure 5: East-west hydrogeological cross section running through the centre of the CSG 
pilot area (adapted from PB, 2012a). Location of cross section shown as purple line in 
insert map.   ............................................................................................................23
Figure 6: Location of DERM bore database bores identified to tap into the Mackunda and 
Wallumbilla Sandstone within ATP529P   .....................................................................25
Figure 7: Standing water level for identified bores in the Wallumbilla and Mackunda 
Formations, coloured by RN (RPS, 2012).   ..................................................................26
Figure 8: Location of water bores identified to tap into the Hooray Sandstone within 
ATP529P.   ..............................................................................................................27
Figure 9: Standing water level for identified bores in the Hooray Sandstone, coloured by 
RN (data from RPS, 2012).   ......................................................................................28



 

 

Underground Water Impact Report – ATP529P  

Figure 10: Location of water bores identified to tap into the Hutton Sandstone within 
ATP529P.   ..............................................................................................................29
Figure 11: Standing water level for identified bores in the Hutton Sandstone, coloured by 
RN (data from RPS, 2012). Note, extreme outlier data point has been removed from chart.

  ............................................................................................................................30
Figure 12: Historical water level trends for DERM registered bores in ATP529P, coloured by 
RN (RPS, 2012). Note, extreme outlier data point has been removed from chart.   ...........32
Figure 13: Trilinear plot for water quality data from bores (water and other) within 
ATP529P in DERM bore database and QPED database.   ................................................33
Figure 14: Location of bores listed in DERM bore database with respect to the 10 km 
Priority Area, labelled with RN.   .................................................................................35
Figure 15: Location of springs within the vicinity of the project area and the 10 km Priority 
Area.   ....................................................................................................................37
Figure 16: Pressure data for Gowing 1 and Rodney Creek 8 (VWP1 and 2), against water 
production (and total water production) for the 5 CSG pilot wells for the period 28 August 
2010 – 31 January 2012.   ........................................................................................41
Figure 17: Cumulative departure from the mean monthly rainfall from the Summer Hill 
weather station compared with pressures observed at GW01 and RC08.   .......................42
Figure 18: Potentiometric surface map for Cadna-owie Formation/Hooray Sandstone 
aquifer prior to flow testing program representing baseline conditions, based on data from 
bores (PB, 2012a)   ..................................................................................................44
Figure 19: Simulated steady state map for Cadna-owie Formation/Hooray Sandstone 
aquifer representing baseline conditions (PB, 2012a)   ..................................................45
Figure 20: Potentiometric surface map for Hutton aquifer prior to flow testing program 
representing baseline conditions, based on data from bores (PB, 2012a)   .......................46
Figure 21: Simulated steady state map for Hutton aquifer representing baseline conditions 
(PB, 2012a)   ...........................................................................................................47
Figure 22: Predicted drawdown for Permian aquifers at the end of the flow testing program 
(representing maximum drawdown) (PB, 2012a)   .......................................................48
Figure 23: Trilinear plot of AGL water quality analysis data. More than one analysis is 
present per site location in most cases. Data spans the period October 2010 – February 
2012.   ....................................................................................................................49



 

 

Underground Water Impact Report – ATP529P  

Document Revision History 

Date Version Author Comment 

28 May 2012 V1 Nicola Fry/John Ross Draft UWIR for public release 

4 Jan 2013 V2 Nicola Fry/John Ross Revised final submission to DEHP 

    

    

 

 



 

 

Underground Water Impact Report – ATP529P 1 

Executive summary 

This underground water impact report (UWIR) has been prepared under section 370 of the 
Water Act 2000 (QLD) and with reference to the Underground Water Impact Reports and 
Final Reports Guideline (Guideline) (DERM, 2011). It provides information on the potential 
effects on underground water within Authority To Prospect (ATP) 529P as a result of 
dewatering during production testing within the five pilot production wells located within 
Glenaras Station. This UWIR covers the entire ATP529P block, however, it is mostly 
focused around the area of the five pilot production wells, in the southern portion of the 
tenement.   

The report includes: 

› a description of aquifers identified in ATP529P, and how the aquifers interact with 
each other; 

› the quantity of water already extracted and predicted to be extracted through the 
flow testing program by AGL Energy Ltd (AGL); 

› the predicted water level movement within the producing zone, and local aquifers 
as the result of the flow testing program; 

› a description of methods and techniques used by third party hydrogeological 
modelling group, Parsons Brinckerhoff, to estimate potential water level decline; 

› information on water bores within the within the adopted 10 km priority area 
surrounding the Pilot Production area; and 

› description of the annual review program for the impact predictions. 

The Cretaceous and Jurassic sandstone aquifers within the Eromanga Basin are the main 
water supply aquifers tapped by water bores across the region. It is expected that the 
shallow (Cretaceous and Jurassic aged) aquifer impact from the flow testing program in 
the target Permian coal seam within ATP529P now, and within the next three years, will be 
negligible and under the applicable trigger threshold. This conclusion has been deduced 
by: 

› The limited volumes of water (413 ML) taken from the zone of interest during the 
flow testing program to date (from December 2009 to March 2012). 

› The shallow aquifers in the area are separated from the target zone of interest by 
at least 100m of very low permeability formations. 

› The five pilot production wells have isolated the aquifers behind a layer of casing 
which has been fully pressure cemented.  

› The negligible observed changes in aquifer water quality over the flow testing 
program. 

› The negligible observed changes in water levels at nearby water bores.  

› Groundwater modelling, which indicates: 

» The predicted potential drawdown only exceeds the trigger threshold value 
of 5 m for consolidated aquifers in the Permian Coal Measures at the 
cessation of the flow testing program (the area for where this is predicted 
to occur has been defined as the Immediately Affected Area).  
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» At the cessation of the flow testing program, a drawdown of approximately 
1.6 m is predicted in the Hutton Sandstone in the area immediately 
surrounding the flow testing area. Drawdown at nearby bores is 
considerably less.  

» An absence of water level decline (above the trigger threshold of 5 m for 
consolidated aquifers) within all shallow aquifers. 

» An absence of water level decline (above the trigger threshold of 0.2 m 
drop for springs) for identified springs. 

Accordingly, and in light of the fact that no springs exist within the identified residual 
drawdown area of the current CSG exploration program, it is proposed that no mandatory 
water monitoring strategy or spring impact management strategy for ATP529P is required 
except a water monitoring strategy for the Immediately Affected Area defined for the 
Permian Coal Measures. In order to continue to refine the current understanding of the 
groundwater system, continue to monitor any changes in water levels and water quality as 
a result of the flow testing program and meet the requirements of a water monitoring 
strategy for the Permian Coal Measures, the groundwater monitoring program set out in 
Section 6 will continue to be undertaken for the duration of the flow testing period.  
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Glossary and Units of Measurement 

Alluvial aquifer Permeable zones that store and produce groundwater from 
unconsolidated alluvial sediments. Shallow alluvial aquifers are 
generally unconfined aquifers. 

Alluvium Unconsolidated sediments (clays, sands, gravels and other materials) 
deposited by flowing water. Deposits can be made by streams on river 
beds, floodplains, and alluvial fans. 

Aquifer Rock or sediment in a formation, group of formations, or part of a 
formation that is saturated and sufficiently permeable to transmit 
economic quantities of water. 

Aquifer properties The characteristics of an aquifer that determine its hydraulic behaviour 
and its response to abstraction. 

Aquifer, confined An aquifer that is overlain by low permeability strata. The hydraulic 
conductivity of the confining bed is significantly lower than that of the 
aquifer. 

Aquifer, semi-confined An aquifer overlain by a low-permeability layer that permits water to 
slowly flow through it. During pumping, recharge to the aquifer can 
occur across the confining layer – also known as a leaky artesian or 
leaky confined aquifer. 

Aquifer, unconfined Also known as a water table aquifer. An aquifer in which there are no 
confining beds between the zone of saturation and the surface. The 
water table is the upper boundary of an unconfined aquifer. 

Aquitard A low-permeability unit that can store groundwater and also transmit 
it slowly from one formation to another. Aquitards retard but do not 
prevent the movement of water to or from adjacent aquifers. 

ATP Authority To Prospect 

Australian Height 
Datum (AHD) 

The reference point (very close to mean sea level) for all elevation 
measurements, and used for correlating depths of aquifers and water 
levels in bores. 

Baseline The natural situation. 

Beneficial aquifer An aquifer that can produce water at a sufficient rate and quality for 
an identified use. 

Bore A structure drilled below the surface to obtain water from an 
aquifer/reservoir or series of aquifers. 

Casing Steel pipe cemented in place during the construction process to 
stabilize the wellbore.  

Coal A sedimentary rock derived from the compaction and consolidation of 
vegetation or swamp deposits to form a fossilised carbonaceous rock. 

Coal seam A layer of coal within a sedimentary rock sequence.  
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Coal seam gas (CSG) Coal seam gas is a form of natural gas (predominantly methane) that 
is extracted from coal seams. 

Confining layer Low permeability strata that may be saturated but will not allow water 
to move through it under ordinary hydraulic gradients. 

CSG coal seam gas 

Cumulative departure 
from the mean 

A method used to display rainfall data in a way that is comparable to 
groundwater level data in order to understand the recharge 
relationship. 

d days 

DEHP Department of Environment and Heritage Protection; as of 30 March 
2012 some functions of the former Department of Environment and 
Resource Management will be delivered to the Department of 
Environment and Heritage Protection, including matters relating to 
UWIRs. 

DERM Department of Environment and Resource Management; as of 30 
March 2012 some functions of the former Department of Environment 
and Resource Management will be delivered to the Department of 
Environment and Heritage Protection, including matters relating to 
UWIRs. 

Dewatering The process of removing formation water from a targeted coal seam.  
Dewatering is required to reduce pressure in the coal so gas can 
desorb and produce. 

Dissolved oxygen Gaseous oxygen dissolved in an aqueous solution. 

Drawdown A lowering of the water table in an unconfined aquifer or the pressure 
surface of a confined aquifer caused by pumping of groundwater from 
bores and wells. 

EA Environmental Authority; CSG operators in Queensland must obtain an 
EA from DERM before operations can commence 

Eh Reduction potential; also written as ORP 

Electrical conductivity 
(EC) 

A measure of a fluid’s ability to conduct an electrical current and is an 
estimation of the total ions dissolved. It is often used as a measure of 
water salinity. Measured in µS/cm. 

Flow testing program An exploration program designed to test the ability of pilot production 
wells to flow, dewater and produce gas. 

Fracture stimulation See hydraulic fracturing. 

Groundwater The water contained in interconnected pores or fractures located 
below the water table in the saturated zone. 

Groundwater system A system that is hydrogeologically more similar than different in 
regard to geological province, hydraulic characteristics and water 
quality, and may consist of one or more geological formations. 
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Guideline Underground Water Impact Reports and Final Reports Guideline (in 
draft) published by the Department of Environment and Resource 
Management (DERM, 2011).  

Head (hydraulic head) A specific measurement of water pressure above a geodetic datum. 

Hydraulic conductivity The rate at which water of a specified density and kinematic viscosity 
can move through a permeable medium (notionally equivalent to the 
permeability of an aquifer to fresh water). Measured in metes per day 
(m/d). 

Hydraulic fracturing A fracture stimulation technique that increases a gas well’s 
productivity by creating a pathway into the targeted coal seam by 
injecting sand and fluids through the perforated interval directly into 
the coal seam under high pressure. 

Hydrostratigraphic unit A collection of stratigraphy considered, for the purpose of building a 
conceptual or numerical model, to contain the same hydraulic 
properties. 

km kilometres 

kPa kilopascals 

Logger A device used to collect certain data at specified intervals. 

m meters 

Meteoric origin Water that originates from precipitation. 

microSiemens per 
centimetre (µS/cm) 

A measure of water salinity commonly referred to as EC (see also 
Electrical Conductivity). Most commonly measured in the field with 
calibrated field meters.  

ML megalitres 

Monitoring bore A non-pumping bore generally of small diameter that is used to 
measure the elevation of the water table and/or water quality. Bores 
generally have a short well screen against a single aquifer through 
which water can enter. 

Na(+K)-HCO3  Sodium (and Potassium), Bicarbonate 

Na(+K)-HCO3-Cl Sodium (and Potassium), Bicarbonate and Chlorine 

Numerical groundwater 
model 

A computational representation used to simulate and predict aquifer 
conditions within a defined groundwater system. 

Palustrine A wetland categorised as either an inland marsh and swamp, including 
bogs, fens, tundra and floodplains 
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Permeability A measure of the ability of a porous material (e.g. a rock or 
unconsolidated material) to allow fluids to pass through it. 

pH Potential of Hydrogen; the logarithm of the reciprocal of hydrogen-ion 
concentration in gram atoms per litre; provides a measure on a scale 
from 0 to 14 of the acidity or alkalinity of a solution (where 7 is 
neutral, greater than 7 is alkaline and less than 7 is acidic). 

Piezometer See monitoring bore or vibrating wire piezometer (as appropriate). 

Potentiometric surface The potential level to which water will rise above the water level in an 
aquifer in a bore that penetrates a confined aquifer; if the potential 
level is higher than the land surface, the bore will overflow and is 
referred to as artesian. 

Pressure cement Cement inserted around casings of a well built to withstand a required 
pressure to ensure no leakage occurs. 

Produced water Groundwater generated from coal seams during flow testing and 
production dewatering.  

Production well A well used to retrieve gas from the underground reservoir.  

QPED Queensland Petroleum Exploration Data 

QWC Queensland Water Commission 

Recharge The process which replenishes groundwater, usually by rainfall 
infiltrating from the ground surface to the water table and by river 
water reaching the water table or exposed aquifers. The addition of 
water to an aquifer. 

Resistivity The ability of a material to oppose the flow of electric current 

RN Registered number (within DERM bore database) 

Sandstone Sandstone is a sedimentary rock composed mainly of sand-sized 
minerals or rock grains (predominantly quartz). 

Sandstone aquifer Permeable sandstone that allows percolation of water and other fluids, 
and is porous enough to store large quantities of groundwater. 

SCADA Supervisory Control and Data Acquisition; a computer system that 
monitors infrastructure 

Screen A type of bore lining or casing of special construction, with apertures 
designed to permit the flow of water into a bore while preventing the 
entry of aquifer or filter pack material. 

Sedimentary rock 
aquifer 

These occur in consolidated sediments such as porous sandstones and 
conglomerates, in which water is stored in the intergranular pores, 
and limestone, in which water is stored in solution cavities and joints. 
These aquifers are generally located in sedimentary basins that are 
continuous over large areas and may be tens or hundreds of metres 
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thick. In terms of quantity, they contain the largest volumes of 
groundwater. 

Shut-in pressure The surface force per unit area exerted at the top of a wellbore when 
it is closed. 

Specific electrical 
conductivity 

A measure of the electrical conductivity of a substance normalised to 
25°C, measured in µS/cm. 

Stable isotope Forms of a given chemical element with a different atomic mass and 
are not radioactive (i.e. stable nuclei). In hydrological studies, the 
stable isotopes of interest generally relate to H, C, N, O, S, B, and Li. 

Standing water level 
(SWL) 

The height to which groundwater rises in a bore after it is drilled and 
completed, and after a period of pumping when levels return to 
natural atmospheric or confined pressure levels. 

Stratigraphic log Visual representation of the downhole stratigraphy of a particular 
well/bore. 

Stratigraphy  The depositional order of sedimentary rocks in layers. 

Storativity The volume of water released from storage per unit decline 
in hydraulic head in the aquifer, per unit area of the aquifer. 

TDS Total Dissolved Solids, measured in milligrams/litre (mg/L) 

Unconformity/ 
disconformity 

An unconformity is a buried erosion surface separating 
two rock masses or strata of different ages, indicating that 
sediment deposition was not continuous. A disconformity is an 
unconformity between parallel layers of sedimentary rocks which 
represents a period of erosion or non-deposition. 

UWIR Underground Water Impact Report 

Vibrating wire 
piezometer (VWP) 

A vibrating wire piezometer measures pore pressure and consists of a 
vibrating wire pressure transducer and signal cable. It can be installed 
in a borehole, embedded in fill or suspended in a standpipe.  

Water quality  Term used to describe the chemical, physical, and biological 
characteristics of water, usually in respect to its suitability for a 
particular purpose. 

Water table The top of an unconfined aquifer. It is at atmospheric pressure and 
indicates the level below which soil and rock are saturated with water. 

Well Pertaining to a gas exploration well or gas production well. 

Wellhead The surface termination of a wellbore. 

Workover The process of performing major maintenance or remedial treatments 
on an oil or gas well 
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1. Introduction 

The Water Act 2000 (Qld) (Water Act) requires petroleum tenure holders to manage 
impacts of extraction of underground water from their production testing or production 
activities. To assist in achieving this, petroleum tenure holders must prepare an UWIR, 
which is used to establish obligations on petroleum tenure holders and ensure measures 
and programs are in place to mitigate and measure impacts on underground water. 

The key aspects of an UWIR are:  

› information about underground water extractions resulting from the exercise of 
underground water rights; 

› information about aquifers affected, or likely to be affected; 

› maps showing the area of the affected aquifer(s) where underground water levels 
are expected to decline; 

› a water monitoring strategy;  

› a spring impact management strategy. 

This UWIR provides information about the relevant underground water extractions and the 
potential impacts on aquifers within ATP529P as a result of dewatering during production 
testing. Specifically, production testing has occurred at the five pilot production wells on 
Glenaras Station, Ilfracombe, in Queensland, which is located within the Galilee Basin and 
is approximately 80 km northeast of Longreach (Figure 1). This UWIR covers the entire 
ATP529P block; however, it is specifically concerned with the area surrounding the pilot 
production well program (Figure 2). 

Note, in late 2012 the ATP529P block was partially relinquished; the images and text in 
this document represent ATP529P prior to its partial relinquishment.  

1.1. Project area 

ATP529P is the subject of exploration activities for CSG. A spatial distribution of the AGL 
Energy Ltd (AGL) (operator and 50% owner) – Galilee Energy Ltd (50% owner) JV 
activities are shown in Figure 2. The area for which this UWIR covers is the entirety of the 
ATP529P lease, which has an area of 5942 km2. Current and recent activities within the 
area include corehole programs, seismic acquisition programs and a flow testing trial in 
the southern portion of ATP529P. 

During October 2008, AGL drilled five pilot production wells within ATP529P on Glenaras 
Station (Glenaras (GA) 02, 03, 04, 05 and 06). The wells have been constructed to 
industry standards and isolate aquifers behind a layer of steel casing which has been fully 
pressure cemented to surface.  

During November 2009, AGL drilled a water monitoring bore (Gowing 1 (GW01)) within 
the area of the pilot production wells, on the Glenaras Station. Pressure levels are also 
monitored in remote monitoring piezometers (Rodney Creek 8 (RC08)). 

During the last half of 2009, AGL also constructed a 357 ML produced water holding pond 
on Glenaras Station and commenced dewatering the five pilot production wells. Due to 
technical issues with the pumps in the wells, the dewatering has been a stop / go 
operation since commencement in late December 2009. However, major well workovers 
and pump replacements occurred in mid 2011 so that by the end of October 2011 all wells 
were operational. The wells have continued to operate since then, with some interruptions 
for maintenance. 
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1.1.1. Summary of gas production wells 

The five pilot production wells have been in operation since December 2009. GA02, GA04 
and GA06 wells have been fracture stimulated and GA03 and GA05 wells were completed 
by under-reaming. Table 1 summarises key completion information for each of the wells. 

 

Table 1: Properties of the five pilot production wells 

 Depth (m 
below rig 
rotary table) 

Completion 
method 

Open /Perforated 
intervals (m below 
rig  rotary table) 

Aquifers 
exposed 

GA02 1112 Fracture stimulated › 964.10 – 965.27 

› 968.24 – 971.87 

› 978.89 – 981.20 

› 986.10 – 989.31 

› 992.88 – 994.49 

› 996.76 – 998.51 

Betts Creek Beds 

GA03 1067.14 Under-reamed › 952.72 – 1040.00 Betts Creek Beds 

GA04 1103 Fracture stimulated 
› 964.54 – 965.51 

› 967.78 – 971.41 

› 977.47 - 980.10 

› 987.30 – 990.45 

› 994.27 – 995.73 

› 998.87 – 1000.69 

Betts Creek Beds 

GA05 1101.64 Under-reamed › 957.55 – 1015.99 Betts Creek Beds 

GA06 1102 Fracture stimulated 
› 956.02 – 956.80 

› 959.77 – 962.86 

› 968.49 – 970.84 

› 976.72 – 979.20 

› 983.80 – 985.01 

› 989.74 – 991.43 

Betts Creek Beds 
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Figure 1: Location of ATP529P with respect to Galilee Basin 
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Figure 2: Location of AGL Energy – Galilee Energy flow testing activities 
in ATP529P  
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1.2. Summary of methods 

An assessment of impacts on underground water from the pilot activities within ATP529P 
has been undertaken by referencing available relevant data and reports, including 
available hydrogeological reports, records obtained from DERM and the Australian Bureau 
of Meteorology. 

A desktop review of this data was undertaken to provide input into the development of the 
conceptual hydrogeological model for this portion of the Galilee Basin and the potential 
impacts of the current coal seam gas activities within ATP529P. From this conceptual 
hydrogeological understanding a computer based numerical groundwater model was 
developed. This model was then used to predict the potential for any impacts to 
groundwater, and it underpins the development of management strategies for this and any 
future flow testing programs. 

A summary of the UWIR requirements under the Water Act and the relevant sections of 
this report in which they have been addressed is included in Table 2 and Table 3. 

It should be noted that a requirement of the UWIR is to predict the magnitude of water 
level declines for affected aquifers. To this end, the UWIR must include a map showing the 
area of the aquifer where water level is predicted to decline, because of the taking of the 
quantities of water, by more than the applicable trigger value: 

› within 3 years following the report consultation day (this area is defined as the 
Immediately Affected Area); and 

› at any time (this area is defined as the Long Term Affected Area). 

Trigger threshold values, as defined by the Water Act, are 5 m declines in water level for 
consolidated rock (e.g. sandstone) aquifers, 2 m declines in unconsolidated aquifers, and 
0.2 m declines in water level for spring source aquifers.  

Water level declines have been predicted through application of a numerical 
hydrogeological model (refer to Section 5). 

The predicted water level declines in all aquifers in ATP529P within three years following 
the report consultation day as a result of the flow testing program are less than the 
applicable trigger values. As such, there is no Long Term Affected Area. 

Water level declines are predicted to exceed the applicable trigger value only within the 
Permian Coal Measures (not within the Great Artesian Basin aquifers) at the immediate 
end of the flow testing program. This area, with a radius of 3.5 km surrounding the Pilot 
Program, is the Immediately Affected Area within the Permian Coal Measures. There is no 
Immediately Affected Area for any other aquifer.  

Table 2: Reporting requirements from Water Act 2000, and which 
sections of this UWIR they apply to 

Reporting requirement as stated in the Water Act 2000 UWIR section 

Section 376  

(a) for the area to which the report relates— 

(i) the quantity of water produced or taken from the area because of 
the exercise of any previous relevant underground water rights; and 

Section 4.2.1 

(ii) an estimate of the quantity of water to be produced or taken 
because of the exercise of the relevant underground water rights for 

Section 4.2.1 
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a 3 year period starting on the consultation day for the report; 

(b) for each aquifer affected, or likely to be affected, by the exercise of the 
relevant underground water rights— 

(i) a description of the aquifer; and 

Section 3.2, 3.3 

(ii) an analysis of the movement of underground water to and from 
the aquifer, including how the aquifer interacts with other aquifers; 
and 

Section 3.5 

(iii) an analysis of the trends in water level change for the aquifer 
because of the exercise of the rights mentioned in paragraph (a)(i); 
and 

Sections 3.3, 3.6 and 4.2.2 

(iv) a map showing the area of the aquifer where the water level is 
predicted to decline, because of the taking of the quantities of water 
mentioned in paragraph (a), by more than the bore trigger threshold 
within 3 years after the consultation day for the report; and 

Figure 22 

(v) a map showing the area of the aquifer where the water level is 
predicted to decline, because of the exercise of relevant underground 
water rights, by more than the bore trigger threshold at any time; 

Not applicable 

(c) a description of the methods and techniques used to obtain the information 
and predictions under paragraph (b); 

Section 5 

(d) a summary of information about all water bores in the area shown on a 
map mentioned in paragraph (b)(iv), including the number of bores, and the 
location and authorised use or purpose of each bore; 

Section 3.7  

(e) a program for— 

(i) conducting an annual review of the accuracy of each map 
prepared under paragraph (b)(iv) and (v); and 

Section 5.4 and 6 

(ii) giving the chief executive a summary of the outcome of each 
review, including a statement of whether there has been a material 
change in the information or predictions used to prepare the maps; 

Section 6 

(f) a water monitoring strategy; Section 6 

(g) a spring impact management strategy; Not applicable – refer to 
Section 3.8 

(h) if the responsible entity is the commission— 

(i) a proposed responsible tenure holder for each report obligation 
mentioned in the report; and 

Not applicable to ATP529P 

(ii) for each immediately affected area—the proposed responsible 
tenure holder or holders who must comply with any make good 
obligations for water bores within the immediately affected area; 

Not applicable to ATP529P 

(i) other information or matters prescribed under a regulation. No matters identified 

Section 378  

1) A responsible entity’s water monitoring strategy must include the 
following for each immediately affected area and long-term affected area 
identified in its underground water impact report or final report— 
a)  a strategy for monitoring— 

Section 6 
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i) the quantity of water produced or taken from the area because 
of the exercise of relevant underground water rights; and 

ii) changes in the water level of, and the quality of water in, 
aquifers in the area because of the exercise of the rights; 

b) the rationale for the strategy; 
c) a timetable for implementing the strategy; 
d) a program for reporting to the commission about the implementation 

of the strategy. 
2) The strategy for monitoring mentioned in subsection (1)(a) must 

include— 
a) the parameters to be measured; and 
b) the locations for taking the measurements; and 

c) the frequency of the measurements. 
3) If the strategy is prepared for an underground water impact report, the 

strategy must also include a program for the responsible tenure holder or 
holders under the report to undertake a baseline assessment for each 
water bore that is— 

(a) outside the area of a petroleum tenure; but 
(b) within the area shown on the map prepared under 

section 376(b)(v). 
4) If the strategy is prepared for a final report, the strategy must also 

include a statement about any matters under a previous strategy that 
have not yet been complied with. 

 

Table 3: Reporting requirements as suggested in “Underground Water 
Impact Reports and Final Reports – Guidelines” document  (DERM, 
2011), and which sections of this UWIR they apply to 

Part Section UWIR Section 

Part A: Underground 
Water Extractions 

3.1.1.1 Quantity of Water Already Produced Section 4.2.1 

3.1.1.2 Quantity of Water to be Produced in 
the Next 3 Years 

Section 4.2.1 

Part B: Aquifer 
Information and 
Underground Water 
Flow 

3.1.2.1 Aquifer Descriptions Section 3.3 

3.1.2.2 Underground Water Flow and 
Aquifer Interactions 

Section 3.5 

3.1.2.3 Underground Water Level Trend 
Analysis 

Sections 3.3, 3.6, and 4.2.2 

Part C: Predicted 
Water Level Declines 
For Affected Aquifers 

3.1.3.1 Maps of Affected Areas Section 4.2.2.4 

3.1.3.2 Methods and Techniques Used Section 5 

3.1.3.3 Water Bores Within Immediately 
Affected Area 

Section 3.7.1 

3.1.3.4 Review of Maps Produced Section 5.4 

Part D: Water 
Monitoring Strategy 

 

 

3.1.4.1 Rationale Section 6 

3.1.4.2 Monitoring Strategy Section 6 

3.1.4.3 Timetable Section 6 
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3.1.4.4 Reporting Program Section 6 

Part E: Spring Impact 
Management Strategy 

3.1.5.1 Spring Inventory Section 3.8 

3.1.5.2 Connectivity Between the Spring 
and Aquifer 

n/a 

3.1.5.3 Spring Values n/a 

3.1.5.4 Management of Impacts n/a 

3.1.5.5 Timetable for Strategy n/a 

3.1.5.6 Reporting Program n/a 
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2. Legislation 

The primary legislative requirements for the management of groundwater with respect to 
coal seam gas activities for ATP529P are summarised below.  

2.1. Petroleum Act 1923 (Qld) 

ATP529P was granted under the Petroleum Act 1923 (Qld). 

Under the Petroleum Act 1923 (Qld), the petroleum tenure holder may take or interfere 
with groundwater to the extent that it is necessary and unavoidable during the course of 
an activity authorised under the petroleum tenure. The Act requires tenure holders to 
comply with underground water obligations specified in the Water Act 2000 (Qld).  

2.2. Water Act 2000 (Qld) 

The Water Act 2000 (Qld): 

› Provides a comprehensive regime for the planning and management of all water 
resources (including vesting to the State the rights over the use, flow and control of 
all surface water, groundwater, rivers and springs) in Queensland.  

› Regulates water use and the obligations of coal seam gas producers in relation to 
groundwater monitoring, reporting, impact assessment and management of impacts 
on other water users.  

› Provides a framework and conditions for preparing a Baseline Assessment Plan and 
outlines the requirements of bore owners to provide information that the petroleum 
holder reasonably requires to undertake a baseline assessment of any bore.  

› Sets out the process for applying for a Water Licence (where water is utilised 
outside of a petroleum lease or not on adjacent land owned by the same person).  

› Sets out the process for assessing, reporting, monitoring, and negotiating with other 
water users regarding the impact of coal seam gas production on aquifers.  

The management of impacts on groundwater caused by the exercise of groundwater rights 
by petroleum tenement holders is achieved primarily by: 

a) Providing a regulatory framework that: 

› Requires petroleum tenure holders to monitor and assess the impact of the 
exercise of underground water rights on water bores and to enter into “make 
good” agreements with the owners of the bores;  

› Requires the preparation of UWIRs that establish underground water 
obligations, including obligations to monitor and manage impacts on aquifers 
and springs;  

b) Giving the Queensland Water Commission functions and powers for managing 
underground water in declared cumulative impact areas. 

If a water bore has an impaired capacity as a result of CSG activities, an agreement is 
required to be negotiated with the owner of the bore about the following: 

› The reason for the bore’s impaired capacity. 
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› The measures the petroleum tenement holder will take to ensure the bore owner 
has access to a reasonable quantity and quality of water for the authorised use 
and purpose of the bore; 

› Any monetary or non-monetary compensation payable to the bore owner for 
impact on the bore. 

If an agreement relating to a water bore is made the agreement is taken to be a “make 
good” agreement for the bore. 

An UWIR will identify whether an Immediately Affected Area will result from CSG activities. 
An Immediately Affected Area is defined as an area where the predicted decline in water 
levels within 3 years is above the trigger threshold: 

› 5 m for a consolidated aquifer 

› 2 m for an unconsolidated aquifer 

› 0.2 m for a spring. 

UWIRs are published to enable the community, including bore owners and other 
stakeholders, within the area of testing, to make comments. Submissions made by 
stakeholders will be summarised by AGL, addressed as appropriate and provided to the 
Department of Environment and Heritage Protection (DEHP) together with the UWIR. 
UWIRs are submitted for approval by DEHP.  
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3. Existing geological and 
hydrogeological regime 

3.1. Geological summary 

The Galilee Basin developed as a foreland basin in response to the Hunter-Bowen 
Orogenesis over the late Carboniferous – middle Triassic. The Hunter-Bowen Orogeny 
climaxed in the middle Triassic, resulting in tilting and uplift of the Galilee Basin, following 
which, in the Jurassic – Cretaceous, the Eromanga Basin sediments were deposited within 
a large intracratonic setting. The Eromanga Basin is overlain by Tertiary sediments and 
Quaternary alluvium of the Lake Eyre/Cooper Creek catchments. The Galilee Basin is 
underlain by the: 

› early Palaeozoic age Thomson Orogeny metasediments in the centre; 

› early Devonian to early Carboniferous age Adavale Basin in the south; 

› late Devonian to early Carboniferous age Drummond Basin in the north-east (Van 
Heeswijck, 2006).  

The Galilee Basin extends over 247,000 km2, and is divided into northern and southern 
regions by the east-west trending Barcaldine Ridge (Van Heeswijck, 2006). There are 
three centres of deposition defined:  

› Lovelle Depression in the west; 

› Koburra Trough in the east (which contains the oldest formations); and 

› Powell Depression in the south (RPS, 2012). 

Coal accumulations occur throughout the Permian sediments.  

Deposition ceased by the end of the Triassic and some erosion occurred, which was 
greatest at the northern edge of the Maneroo Platform (metamorphic and granitic 
basement). Subsequently, sedimentary deposition was renewed in the Jurassic, with the 
deposition of the Eromanga Basin sedimentary sequence. The contact between the Galilee 
and Eromanga Basins is known as the basal Jurassic unconformity.  

Two major unconformities are present within the region: the Permian unconformity and 
basal Jurassic unconformity. The basal Jurassic unconformity marks the transition from the 
Galilee Basin sediments to the overlying Eromanga Basin sediments.  

The stratigraphy of the project area is shown in Table 4. For a more detailed discussion on 
the geological evolution of the Galilee Basin refer to RPS (2012) and Van Heeswijck 
(2006).  
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Table 4: Stratigraphic nomenclature of the Galilee Basin and overlying 
Eromanga Basin within ATP529P. 

Basin Age Unit Lithology* 

Approx. 
depth to 
top# 
(m) 

Modern 
Quaternary Alluvium  ‡ 

Tertiary Undifferentiated sediments  ‡ 

Eromanga 

C
re

ta
ce

ou
s 

Upper 
Winton Formation 

Lithic and feldspathic sandstone, mudstone, 
siltstone, minor conglomerate; local coal, 
lignite and volcanic detritus 

‡ 

Lower 

Mackunda Formation Feldspathic sandstone, siltstone ‡ 

Allaru Mudstone 
Primarily blue-grey mudstone (partly pyritic) 
and interbedded calcareous siltstone, cone-in-
cone limestone and lesser sandstone 

‡ 

Toolebuc Formation Limestone, calcareous bituminous shale, 
coquinite 380 

Wallumbilla Formation Mudstone and siltstone with calcareous 
concretions 387 

Cadna-owie Formation 
Transitional, non-marine to marine sandstone, 
siltstone, calcareous sandstone and pebbly 
sandstone 

552 

Hooray Sandstone 

Fluvial, pale coloured, medium- to coarse-
grained, quartzose sandstone, commonly cross 
bedded and pebbly; minor siltstone, 
conglomerate, coal 

586 

Ju
ra

ss
ic

 

Upper 

Westbourne Formation 
Fluvial-lacustrine sediments: fine-grained 
sandstone interbedded with siltstone, 
claystone, minor coal 

649 

Adori Sandstone Fine- to medium-grained clayey sandstone and 
minor pebbly sandstone and siltstone 677 

Birkhead Formation Fine-grained sandstone, siltstone and 
carbonaceous mudstone, with some coral 691 

Middle 

Hutton Sandstone 

Poorly sorted, coarse to medium-grained, 
feldspathic sublabile sandstone (at base) and 
fine-grained, well-sorted quartzose sandstone 
(at top); minor carbonaceous siltstone, 
mudstone, coal and rare pebble conglomerate 

759 

Lower 

Galilee 

Triassic 

Moolayember Formation 
Micaceous lithic sandstone, micaceous 
siltstone. ‡ 

Clematis Group  
Medium to coarse-grained quartzose to 
sublabile, micaceous sandstone, siltstone, 
mudstone and granule to pebble conglomerate. 

‡ 

Rewan Formation 

Lithic sandstone, pebbly lithic sandstone, green 
to reddish brown mudstone and minor 
volcanilithic pebble conglomerate (at base); 
deposited in a fluvial-lacustrine environment 

847 

Permian 

Betts Creek Beds 

Lithic sandstone, kaolinitic lithic sandstone, 
micaceous siltstone, conglomerate, mudstone, 
carbonaceous shale, coal, pebbly mudstone, 
tuff, breccia 

863 

Aramac Coal Measures  1035 
Jochmus Formation  1076 
Jericho Formation  ‡ 

Late 
Carboniferous (Lake Galilee Sandstone)  ‡ 

Basement Early 
Paleozoic Metasediments  ‡ 
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Key: Jagged line indicates un/disconformable contact 
 * From Geoscience Australia’s Stratigraphic Units Database 
(http://dbforms.ga.gov.au/www/geodx.strat_units.int);  
#average depth to top of unit from the five pilot production well logs at the pilot site;  
‡not recorded in well logs 

3.1.1. Target geological formations 

The principal targets for the current CSG exploration program are the Permian Betts Creek 
Beds (BCB), which are composed of interbedded sandstone and conglomerate, siltstone, 
carbonaceous shale and high volatile bituminous C coal seams, with sediment provenance 
from the Thomson Fold Belt to the west deposited in channel and floodbasin type 
environments (Van Heeswijck, 2006; Allen and Fielding, 2007). The unit disconformably 
overlies the Aramac Coal Measures, and is conformably overlain by the sandstone and 
argillaceous sediments of the Rewan Formation.  

Minor targets for this current CSG exploration program are the deeper coal seams within 
the Aramac Coal Measures which are composed of quartzose to labile sandstone, shale 
with minor occurrence of coal (Van Heeswijck, 2006).  

3.1.2. Geological Structure 

Structure within the project area is minimal with little faulting observed on seismic 
surveys. While seismic is limited for observing faulting with excess of 10m to 15m of 
movement, the overall structure and limited deformation events, as seen by minimal 
folding, suggest that no large structures are present. Frequent faulting is observed in the 
Toolebuc and Wallumbilla Formations; however the faulting dies out at the Cadna-Owie 
Formation and does not penetrate through to the Jurassic (Hutton Sandstone) aquifers. 
The Glenaras Pilot is situated on the Glenaras Anticline; the wells are located just off the 
crest (Figure 3). The south western limb dips more steeply than the north western, 
however, little structure is seen in the limb, save for the frequent faulting observed in the 
Toolebuc and Wallumbilla Formations (Figure 4). There are no observed large scale 
structures that connect the Permian water bearing zones with the shallow beneficial 
aquifers within the vicinity of the current CSG pilot exploration program.  

http://dbforms.ga.gov.au/www/geodx.strat_units.int�
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Figure 3: Northeast striking seismic line (approximately 6km section, 
Sardine Line 9) showing minimal structure across the Glenaras Anticline. 
Note, the vertical axis is shown in time, not depth. 
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Figure 4: Southeast striking seismic line (approximately 7km section, 
Sardine Line 2) showing steeper plunging south eastern limb of Glenaras 
Anticline with minimal to nil faulting present, apart from Toolebuc to 
Wallumbilla Formations. Note, the vertical axis is shown in time, not 
depth.  

3.2. Regional and Local Hydrogeological summary 

Galilee Basin aquifers are not considered to be a major water source within the project 
area. Most bores within the DERM bore database tap water from the Great Artesian Basin 
which, in this area, are the Eromanga Basin sandstone formations. 

Table 5 identifies the major hydrostratigraphic units for the area, which have been 
incorporated into the numerical model (Section 5). Figure 5 shows a regional east-west 
hydrogeological cross section which was produced as part of the numerical model.  
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Table 5: Hydrostratigraphic units for ATP529P 

Age Hydrostratigraphic 
unit 

Formations Unit type 

Quaternary/ 
Tertiary 

Alluvium  Alluvium & Undifferentiated 
sediments 

Unconfined aquifer 

Cretaceous 

 

Winton/Mackunda 
Formation 

Winton Formation, Mackunda 
Formation 

Unconfined to semi-
confined aquifer 

Allaru/Toolebuc/Wallu
mbilla Formations 

Allaru Mudstone, Toolebuc 
Formation, Wallumbilla 
Formation 

Aquitard 

Cadna-owie 
Formation/Hooray 

Sandstone 

Hooray Sandstone, Cadna-owie 
Formation 

Confined aquifer 

Jurassic 

Westbourne/Adori/Birk
head Formations 

Westbourne Formation, Adori 
Sandstone, Birkhead Formation 

Aquitard * 

Hutton Sandstone Hutton Sandstone Confined aquifer 

Triassic 
Rewan Formation Rewan Formation, Clematis 

Sandstone, Moolayember 
Formation 

Aquitard * 

Permian Coal Measures Betts Creek Beds, Aramac Coal 
Measures 

Confined aquifer 

Key: * contains minor aquifers 

 

Figure 5: East-west hydrogeological cross section running through the 
centre of the CSG pilot area (adapted from PB, 2012a). Location of cross 
section shown as purple line in insert map. 

3.3. Aquifers 

As shown in Table 5, the most important aquifers within the ATP529P area are: 

› Unconfined Quaternary and Tertiary alluvial/sediment aquifers (minor) 

› Cretaceous sedimentary rock aquifers (minor/major) (grey, brown, purple, teal 
layers in Figure 5) 

› Jurassic sandstone aquifers (major) (red layer in Figure 5) 
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› Permian sedimentary rock aquifers (minor) (within blue layer in Figure 5) 

The aquifers relevant to this flow testing program are summarised in more detail in the 
following sections.  

3.3.1. Quaternary and Tertiary alluvial sediment aquifers 

The Tertiary sediments and Quaternary alluvium, related to the Thomson River and 
tributaries, are not considered significant beneficial aquifers within the ATP529P area, and 
are not described in detail in this report.  

3.3.2. Eromanga mid Cretaceous sedimentary rock aquifers – Winton and 
Mackunda Formations 

The mid Cretaceous Eromanga sedimentary rock aquifers contain the Winton and 
Mackunda Formations. The Wallumbilla Formation is considered a minor aquifer as well as 
a confining layer. As these aquifers are only considered minor beneficial aquifers, they are 
not discussed in detail in this report. The location of water bores identified to tap into the 
Mackunda and Wallumbilla Sandstone within ATP529P are shown in Figure 6. 

Standing water level measurements for bores identified to tap into the Mackunda and 
Wallumbilla Formations are shown in Figure 7. There appears to be no clear trend, except, 
of note, the lower Wallumbilla is considerably higher pressure than the Mackunda.  
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Figure 6: Location of DERM bore database bores identified to tap into the 
Mackunda and Wallumbilla Sandstone within ATP529P 
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Figure 7: Standing water level for identified bores in the Wallumbilla and 
Mackunda Formations, coloured by RN (RPS, 2012).  

3.3.3. Eromanga Cretaceous sedimentary rock aquifers – lower 
Cretaceous sedimentary aquifers  

The Lower Cretaceous sedimentary aquifers consist of the Cadna-owie Formation and 
Hooray Sandstone. A more detailed description can be found in RPS (2012).  

Figure 8 shows the location of water bores identified to tap into the Hooray Sandstone 
within ATP529P.  

Standing water level measurements for bores identified to tap into the Hooray Sandstone 
are shown in Figure 9. There appears to be no clear trend, except in recent years where 
water levels have increased, most likely due to recent capping and piping of nearby bores. 
The potentiometric surface for the Cadna-owie Formation/Hooray Sandstone is shown in 
Figure 18. With respect to ATP529P, groundwater flows northwest from the southeast 
corner and southwest from the northeast corner, which represents a component of 
recharge derived through-flow from the edge of the Eromanga Basin (RPS, 2012).  

As stated in the DERM bore database, on average, water extracted from the Hooray 
Sandstone within ATP529P has an average electrical conductivity 804 µS/cm. Water 
quality of the Hooray Sandstone is shown in the piper plot in Figure 13. 
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Figure 8: Location of water bores identified to tap into the Hooray 
Sandstone within ATP529P.  



 

 

Underground Water Impact Report – ATP529P 28 

 

Figure 9: Standing water level for identified bores in the Hooray 
Sandstone, coloured by RN (data from RPS, 2012). 

3.3.4. Eromanga Jurassic sandstone aquifers – Hutton Sandstone 

The Jurassic Adori Sandstone (Upper Jurassic) is considered a minor aquifer and, 
therefore, is not discussed in this report.  

The Hutton Sandstone is the main Jurassic sandstone aquifer of the Eromanga Basin. A 
more detailed description can be found in RPS (2012).  

Figure 10 shows the location of water bores identified to tap into the Hutton Sandstone 
within ATP529P.  

Standing water level measurements for bores identified to tap into the Hutton Sandstone 
are shown in Figure 11. There appears to be a trend in decreasing historical water level 
(most likely due to open flow artesian bores and increases in water use), until more recent 
times where water levels have been recovering, most likely due to recent capping and 
piping of nearby bores. The potentiometric surface for the Hutton Sandstone is shown in 
Figure 20. With respect to ATP529P, the potentiometric surface for the Hutton Sandstone 
is similar to the younger Lower Cretaceous sedimentary aquifers, which indicates a low 
vertical gradient across the intervening Middle – Upper Jurassic confining layers under 
baseline conditions (a, 2012). Similarly to the younger Lower Cretaceous sedimentary 
aquifers, groundwater within the Hutton Sandstone flows from a general easterly direction 
(ranging from northeast to south east), indicating recharge derived through-flow from the 
edge of the Eromanga Basin (RPS, 2012; PB, 2012a).  

As stated in the DERM bore database, on average, water extracted from the Hutton 
Sandstone has an average electrical conductivity 617 µS/cm. Water quality of the Hutton 
Sandstone is shown in the piper plot in Figure 13. 
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Figure 10: Location of water bores identified to tap into the Hutton 
Sandstone within ATP529P.  
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Figure 11: Standing water level for identified bores in the Hutton 
Sandstone, coloured by RN (data from RPS, 2012). Note, extreme outlier 
data point has been removed from chart.  

3.3.5. Permian sedimentary rock aquifers 

The Permian aquifers consist of the Betts Creek Beds, and Aramac Coal Measures. The 
deeper formations (the Jochmus Formation and Jericho Formations) are rarely aquifers. As 
no private bores tap into these formations for use as a water source, there is very limited 
information. Information gathered from the current flow testing program in operation 
within the southern portion of ATP529P provides some insight into the properties of the 
Betts Creek Beds. This will be presented in Chapter 4. 

3.4. Confining layers 

As mentioned in Table 5, the following confining layers are identified: 

› Mid Cretaceous sedimentary formations 

› Middle – Upper Jurassic sedimentary formations 

› Triassic Rewan Formation 

The mid Cretaceous confining layers consists of the Allaru Mudstone, Toolebuc Formation 
and the Wallumbilla Formation (Note, the Wallumbilla is also considered a local minor 
aquifer). Within the current CSG exploration program area, these units are at least 180 m 
thick (not including Allaru Mudstone), according to stratigraphic logs from the pilot 
production wells.  

The Middle – Upper Jurassic sedimentary formations consist of the Birkhead Formation, 
Westbourne Formation and the Adori Sandstone (which is also considered to be a minor 
aquifer). Within the current CSG exploration program area, the Middle – Upper Jurassic 
sedimentary formations are approximately 110 m thick, according to stratigraphic logs 
from the pilot production wells.  

The early Triassic Rewan Formation which is approximately 16 m thick within the pilot 
production area, consists of green to reddish brown mudstone, lithic – pebbly lithic 
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sandstone, and minor volcanolithic pebble conglomerate (at base). The Rewan Formation 
was deposited in a fluvial-lacustrine environment and is a regionally confining unit. The 
Rewan Formation overlies the Betts Creek Beds and underlies the Hutton Sandstone within 
this area, and is interpreted to have a confining effect on the underlying Permian Coal 
Measures. 

The Rewan Formation is believed to thin westwards towards the western edge of the 
Galilee Basin, following the general westward dip of the overlying Eromanga Basin units. 
Along the western edge of the Galilee Basin, to the west of the pilot production wells 
(around the southwest corner of ATP529P and towards Longreach), the Rewan Formation 
is interpreted to have been eroded and is not present where the overlying Hutton 
Sandstone comes into contact with the Permian Coal Measures.  

Further detail describing the nature of these confining layers can be found in RPS (2012).  

3.5. Underground water flow and aquifer interactions 

The majority of this topic is discussed with respect to the results from the recent flow 
testing program and numerical model (Section 4 and 5).  

As mentioned previously, within ATP529P the potentiometric surfaces are similar for both 
the Hooray and the Hutton Sandstones, indicating recharge derived through-flow from the 
eastern edge of the Eromanga Basin (RPS, 2012; PB, 2012a). Lack of spatial data from the 
Permian Coal Measures prevents interpretation of flow directions and a potentiometric 
surface prior to the flow testing program results; however flow is expected to be similar to 
the overlying Jurassic and Cretaceous aquifers as outcrop areas occur to the east.  

Results from stable isotope samples from two of the pilot production wells (GA02 and 
GA04) indicate that the water within the Permian Coal Measures is of meteoric origin (PB, 
2012b). The isotopic signature of groundwater from the Hutton Sandstone (Gowing 1) is 
more enriched than the deeper formations (Betts Creek and Aramac Coal Measures); but 
still plots on the global meteoric water line, indicating groundwater in this aquifer is also of 
meteoric origin and younger than the deeper water held in the Permian Coal Measures 
(PB, 2012b). 

Another potential tracer that provides some insight into flow and aquifer interactions is 
fluoride. The greatest concentrations of fluoride occur at depth in the Permian aquifers (at 
around 7-9 mg/L) while lesser concentrations around 2-4 mg/L occur in the Jurassic 
aquifers. The origin of the fluoride is thought to be the granitic basement rocks and hence 
there is suspected upwards flow from the basal Permian aquifers to the intermediate depth 
Jurassic aquifers (Evans, 1996). The basement structure that truncates the Galilee Basin 
sediments just to the west of ATP529P (the Maneroo Platform) is thought responsible for 
the upward flow characteristics in this area (Evans, 1996). 

Baseline assessment has been conducted on nearby water bores. This data provides the 
foundation for assessing aquifer interactions that may or may not be evident as a result of 
the flow testing program at the pilot site. This will be discussed in more detail in Section 4. 

The chemical composition of the water within each aquifer appears to be broadly distinct, 
suggesting relative isolation and limited connectivity between each aquifer (Figure 13). 

3.6. Historical underground water level trend analysis 

As mentioned in Section 3.3, historical underground water level data from DERM 
registered bores is available as part of the RPS (2012) report. In addition to the standing 
water level plots presented throughout Section 3.3, Figure 12 shows historical water levels 
for all available bores, as included in RPS (2012).  
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Figure 12: Historical water level trends for DERM registered bores in 
ATP529P, coloured by RN (RPS, 2012). Note, extreme outlier data point 
has been removed from chart. 

3.6.1. Groundwater quality 

Water extracted from the shallow beneficial aquifers within ATP529P where reported in the 
DERM bore database is described as potable, with conductivities averaging around 1,000 
µS/cm (including bores that do not have their aquifer identified), and in some cases, quite 
fresh at 350 µS/cm. Water chemistry analyses from bores within ATP529P (in both DERM 
bore database and QPED database) is shown in Figure 13, and is typically Na(+K)-HCO3 
type waters for the shallower aquifers and more Na(+K)-HCO3-Cl for the deeper aquifers. 
The data plotted is original data and has not been edited. There are some anomalies 
present within the database; these may be incorrect data entry or analytical errors. It is 
worth noting that some of the bores are screened in more than one aquifer and, therefore, 
the water sampled is not necessarily indicative of the aquifer listed within the database.  
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Figure 13: Trilinear plot for water quality data from bores (water and 
other) within ATP529P in DERM bore database and QPED database.  

3.7. Groundwater use 

According to the DERM bore database, there are 69 bores located within ATP529P, 
including core holes and other oil/gas exploration wells; 4 located in the northern section 
of the tenement and 65 in the larger, southern section (refer to Figure 2). Although not 
documented in the DERM bore database, AGL understands the water use is almost entirely 
for domestic use and stock watering. Of the 69 bores, 20 are recorded as being 
abandoned and destroyed and 1 is recorded as abandoned but still useable.  

Of note, there are no DERM observation bores within or surrounding the ATP529P area. 

3.7.1. Water bores within the Immediately Affected Area  

The area within a radius of 3.5 km surrounding the Pilot Program is the Immediately 
Affected Area and occurs within the Permian Coal Measures. Monitoring and modelling has 
shown there is no Immediately Affected Area for any other aquifer.  

To satisfy Section 376 (d) of the Water Act, water bores are summarised within the 
Immediately Affected Area, although none of these bores tap aquifers within the Permian 
Coal Measures. Within the Immediately Affected Area there are two bores listed in the 
DERM bore database. These are shown in Figure 14 and listed in Table 6. AGL understands 
that none of these bores were/are water supply bores; one is identified as petroleum 
exploration bore and one bore (RN 146279) is the Gowing 1 monitoring bore.  
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Three of the nearby water supply bores that lie outside the Immediately Affected Area 
have been subject to baseline assessment investigations in accordance with AGL’s DERM 
endorsed baseline Assessment Plan (AGL, 2012), as detailed in Section 4.2. 
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Figure 14: Location of bores listed in DERM bore database with respect to 
the Immediately Affected Area, labelled with RN.  
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Table 6: Details of bores listed in DERM bore database located within the 
Immediately Affected Area.  

RN Status Name Aquifer Tapped Purpose 

100256 Existing EEA RODNEY CREEK 2 Permian Coal 
Measures 

Petroleum 
exploration 

146279 Existing MONITORING BORE 
(Gowing 1) Hutton Sandstone Monitoring bore 

3.8. Springs 

A review has been undertaken of the Queensland Wetland Database (version 3.0), 
prepared by DERM in 2010. The dataset provides mapping of the 2009 extent and type of 
wetlands at 1:100,000 scale across Queensland. There are 3 springs identified within the 
ATP529P tenement as well as several located outside the tenement to the east and one to 
the south west (Figure 15). Most of those that occur to the east occur in the recharge 
areas for the Mesozoic sedimentary rocks within the Great Dividing Range area. The three 
springs within ATP529P are all identified as palustrine wetlands classified as arid/semi-arid 
non-floodplain spring/swamps within the Thomson River catchment. It is not known 
whether these are groundwater dependent ecosystems (GDEs) at this time.  The closest 
spring is more than 20 km from the CSG pilot project and they all lie outside the 
Immediately Affected Area identified for the Permian Coal Measures (which has a radius of 
approximately 3.5 km surrounding the production pilot)(refer to Section 4.2.2.4).  

As no springs exist within the Immediately Affected Area of the current CSG exploration 
program, a spring management strategy is not required for this UWIR.  
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Figure 15: Location of springs within the vicinity of the project area and 
Immediately Affected Area.  
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4. Flow testing program 

4.1. Background 

During October 2008 AGL drilled five pilot production wells on the Glenaras Station 
(Glenaras (GA) 02, 03, 04, 05 and 06) within ATP529P in the Galilee Basin, Qld (Figure 2). 
The pilot wellbores are fully cased with steel and pressure cemented, and isolate the 
Cretaceous and Jurassic aquifers. A cement bond log is run downhole to confirm the 
integrity of the cement and that there is no potential for leakage.  

During November 2009 AGL drilled a water monitoring bore (Gowing 1 (GW01)) within 
1km of the pilot production wells, on the Glenaras Station. Pressure levels are also 
monitored in remote monitoring piezometers (Rodney Creek 8 (RC08)).  

During the last half of 2009 AGL also constructed a 357 ML produced water holding pond 
on Glenaras Station and commenced dewatering the five pilot production wells. Due to 
technical issues with the pumps in the wells, the dewatering has been a stop / go 
operation since commencement in December 2009. However, major well workovers and 
pump replacements occurred in mid 2011 so that by the end of October 2011 all wells 
were fully operational. The wells have continued to operate since then, with some 
interruptions for maintenance. 

For the purpose of the flow testing program, a 10km priority area was adopted by AGL and 
this is reflected in the Baseline Assessment Plan (AGL, 2012) approved by DERM. There 
are three known private water bores within 10 km of the pilot program; these bores have 
been the subject of baseline assessments (pressure readings and water chemistry 
analysis) in accordance with the Baseline Assessment Plan. 

4.2. Results to date 

Results of the flow testing program (to 31st March 2012) relevant to the UWIR are 
presented in the following sections.  

4.2.1. Water production 

Available historical water production data has been compiled for the pilot production wells 
to provide an indication of groundwater produced as a result of the flow testing program 
for ATP529P (Table 7). During the period of January – March 2012, the wells produced an 
average of 142 KL/day each. Since commencement of the flow testing program a total of 
413 ML of water has been produced (as at 31st March, 2012). Each well has historically 
produced different volumes of water.  

The volume of water produced at each well is measured by individual water flow meters 
and a SCADA system calculates the total volume produced from each well on an hourly 
and daily basis. Each meter is calibrated weekly with a series of bucket tests. The 
produced water is piped to the 357 ML holding pond. The reasonably high evaporation 
rates for the area account for the pond being just over half full at 31st March 2012.  

As the flow testing program proceeds, it is expected water production will decline. It is 
expected the flow testing program would continue for a period of at least 3 months beyond 
the first gas flow, with an average monthly production of around 21 ML or less (based on 
the average water production per month since November 2011, which is 21 ML). 
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Table 7: Volume of monthly water production from the flow testing 
program in ATP529P.  

Year Month 
Volume of produced water (ML) 

GA02 * GA03 GA04 * GA05 GA06 * Monthly 
 

2009 Dec 2.68 0.25 1.12 3.19 0.43 7.66 

2010 

Jan 6.64 9.03 4.59 10.36 0 30.61 

Feb 0.79 12.81 3.86 9.02 0 26.48 

Mar 2.86 14.55 5.50 0 0 22.91 

Apr 0.37 3.50 3.74 0 0 7.61 

May 0 0 0 0 0 0 

Jun 0 0 0 0 0 0 

Jul 0 0 0 0 0 0 

Aug 0 0 0 0 0 0 

Sep 0 0 0 0 0 0 

Oct 2.24 0 4.19 3.91 1.28 11.61 

Nov 4.37 14.29 0.51 16.61 3.23 39.00 

Dec 6.47 12.18 0.06 14.64 3.09 36.44 

2011 

Jan 7.23 0 1.26 0 2.85 11.34 

Feb 5.12 0 5.44 0 2.46 13.02 

Mar 3.67 0 5.96 0 2.29 11.91 

Apr 7.00 0 5.97 0 0.54 13.52 

May 7.87 0 1.54 0 0 9.41 

Jun 7.69 0 0 0.25 0 7.94 

Jul 5.17 0 0.98 5.64 1.50 13.28 

Aug 5.11 0 5.61 0 4.52 15.24 

Sep 5.31 0 5.21 0 4.32 14.83 

Oct 4.56 0.34 5.43 0.62 3.59 14.53 

Nov 6.60 1.78 4.98 6.11 2.11 21.59 

Dec 8.10 1.80 4.73 7.06 2.59 24.28 

2012 

Jan 7.80 1.72 4.72 7.28 2.27 23.79 

Feb 7.07 1.41 3.99 4.74 2.23 19.45 

Mar 7.27 0.05 4.37 0.45 4.13 16.27 

Total 122 74 84 90 43 413 

Key * - fracture stimulated well 
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4.2.2. Underground water level trend analysis 

4.2.2.1. Wells (Permian Coal Measures) 

Water levels (when wells are operational) are maintained (via pumping when required) 
just above or within the perforated intervals for each well, in order to initiate and sustain 
gas production. Currently water levels are still being drawn down to the optimum levels to 
assess the flow of gas. 

4.2.2.2. Monitoring bores (Hutton Sandstone and Permian Coal Measures) 

There are two dedicated monitoring bores with equipment installed to monitor the effects 
of the flow testing program on the water levels of selected aquifers.  

Gowing 1 (GW01) (RN 146279), located with the area of the five pilot production wells, is 
screened within the lower portion of the Hutton Sandstone. A pressure logger was 
originally installed 825 m below ground level and commenced data collection in August 
2010. There has been a minor depressurisation observed by the logger since October 
2011. In order to confirm the extent, cause and nature of the observed drawdown, an 
investigation work program has been designed, endorsed by DERM, and subsequently 
implemented. No conclusive cause for the observed pressure reduction by the Gowing 1 
logger can be identified at this time; although a slight decline in the pressures in the 
Jurassic (Hutton Sandstone) aquifer due to the ongoing depressurisation of the Permian 
aquifers cannot be ruled out. The observed drawdown is localised and does not extend to 
nearby water bores.  

A pressure decline of this level can be replicated using numerical modelling, however it is 
also possible that the position of the logger altered during deployment and this could 
account for part or all of the decline in pressure, rather than a real decline in pressure 
within the Hutton Sandstone. The pressure at Gowing 1 will continue to be monitored 
using two loggers throughout the remainder of the flow testing program and during the 
recovery period. A plot of the pressure observed by the GW01 logger is shown in Figure 
16. (Note, the gap and subsequent jump in data in July 2011 is due to a recalibration 
event.) 

The Rodney Creek 8 (RC08) observation bore (not recorded in DERM bore database) is 
located approximately 1 km northwest of the GW01 bore. RC08 has two vibrating wire 
piezometers installed; one (VWP2) at 950 m and a second (VWP1) at 973 m below ground 
level, both are located within the Permian Betts Creek Beds, the same formation that is 
being targeted by the pilot production wells. Since the commencement of the flow testing 
program, a gradual depressurisation has been observed at both these data collection 
points in Rodney Creek 8 (Figure 16). This is to be expected, given the dewatering 
activities occurring within the same formations as the five pilot production wells. 
Drawdowns have been continuous since the flow test commenced  
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Figure 16: Pressure data for Gowing 1 and Rodney Creek 8 (VWP1 and 
2), against water production (and total water production) for the 5 CSG 
pilot wells for the period 28 August 2010 – 31 January 2012. 

Monthly rainfall data from the closest weather station (Summer Hill weather station, which 
is located approximately 9 km to the northeast of the CSG pilot) was obtained from the 
Bureau of Meteorology. The dataset spans the period of January 1909 to February 2012 
and contains minimal data gaps. The mean monthly rainfall for the entire dataset was 
calculated and cumulative departure from the mean was derived for the entire dataset 
(starting from 0 mm for January 1909). The derived cumulative departure from the mean 
rainfall was plotted against pressures observed by the 3 pressure loggers since installation 
(Figure 17). There is no clear relationship between rainfall and pressure trends (i.e. water 
level trends) observed within the Hutton Sandstone and Betts Creek Beds during the flow 
testing program, indicating that short term rainfall events do not influence recharge within 
these deep Jurassic and Permian aquifer systems.  
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Figure 17: Cumulative departure from the mean monthly rainfall from the 
Summer Hill weather station compared with pressures observed at GW01 
and RC08.  

4.2.2.3. Private bores (Hutton and Hooray Sandstone) 

The three closest private bores to the pilot testing program are Glenaras (RN 11369) (5km 
to the northwest), Summer Hill (RN 146209) (9 km to the northeast), and Marchmont (RN 
146385) (7 km to the southwest). The boundaries of these properties are shown in Figure 
14. Baseline assessment of flows and pressures were performed on the Glenaras and 
Summer Hill bores in July 2011. The Glenaras bore taps the Hutton Sandstone aquifer 
while the Summer Hill bore taps the Hooray Sandstone aquifer. In addition, another 
baseline assessment has been performed at the Glenaras bore in January 2012. The 
Marchmont bore was installed in December 2011 and is believed to tap the Hutton 
Sandstone and/or Adori Sandstone aquifers. A baseline assessment of the Marchmont bore 
occurred in April 2012. The results of the pressure tests are summarised in Table 8. 

Table 8: Pressure test results for private bores 

 Summer Hill 
RN: 146209* 

Marchmont 
RN: 146385+  

Glenaras 
RN: 11369* 

Glenaras 
RN: 11369* 

Date of testing 27/7/2011 26/4/2012 27/7/2011 7/2/2012 

Flow Rate, steady flow (L/s) 4.537 6.747 15.195 15.412 

Flow Rate, maximum (L/s) 7.222 7.493 15.679 16.098 
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Standing water level on arrival 
(m of head) 

+11.65 2.04 +8.73 +10.57 

Standing water level at steady 
flow (m of head) 

+2.404 +2.31 +2.27 +1.78 

Standing water level after 2 hour 
recovery (m of head) 

+13.44 +6.59 +18.85 +18.80 

Pressure on arrival (kPa) 102.8 36.37 75.8 103.6 

Pressure after 20 min. static 
(kPa) 

119.4 66.18 174.1 184.2 

Pressure after 2 hour static 
(kPa) 

120.3 64.60 175.0 184.2 

Pressure at steady flow rate 
(kPa) 

12.10 22.64 12.5 17.5 

Note -  * measurements are relative to datum point 1.00 m above ground level 

+ measurement relative to ground level 

4.2.2.4. Current potentiometric surfaces and predicted drawdown as a result of the flow 
testing program 

As part of the numerical groundwater model (refer to Section 5 and PB (2012a)), 
potentiometric surfaces for the Cadna-owie Formation/Hooray Sandstone and the Hutton 
aquifer were constructed to simulate the baseline, pre-flow testing program, situation. 
Two surfaces were constructed using a) bore-derived groundwater level data (from RPS 
(2012)) and b) simulated steady state baseline conditions derived from the numerical 
model. These maps are presented in Figure 18 - Figure 21. Due to lack of data for the 
Permian aquifers, construction of a baseline situation map was not possible.  

In addition, predicted residual drawdowns representing the situation at the end of the flow 
test and the situation three years following the cessation of the flow testing program were 
also simulated.  

The predicted drawdown at the end of the flow test for the Hutton Sandstone and Permian 
Coal Measures are 1.6 m and 900 m, respectively at the centre of the pilot flow testing 
program (the latter figure drops off significantly to 5 m drawdown at 3.5 km from the 
centre point, for example). The 5 m drawdown contour for the Permian Coal Measures is 
shown in Figure 22; this, therefore, represents the Immediately Affected Area for the 
Permian Coal Measures. The predicted drawdown in the Hutton Sandstone and in the 
Cadna-owie Formation/Hooray Sandstone is significantly less than the bore trigger 
threshold for consolidated aquifers (5 m), and therefore no contour maps are presented. 
There is no Immediately Affected Area for the Hutton Sandstone aquifer or any other 
aquifer apart from the Permian Coal Measures. 

The residual drawdown in the Cadna-owie Formation/Hooray Sandstone, Hutton 
Sandstone and Permian Coal Measures three years following the cessation of the flow 
testing program were all less (or significantly less) than the bore trigger threshold of 5 m 
for consolidated aquifers (Water Act, 2000). Therefore, there is no Long Term Affected 
Area for any of the aquifers and a map satisfying Section 376 (b) iv of the Water Act is not 
presented.  
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Figure 18: Potentiometric surface map for Cadna-owie Formation/Hooray 
Sandstone aquifer prior to flow testing program representing baseline 
conditions, based on data from bores (PB, 2012a) 
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Figure 19: Simulated steady state map for Cadna-owie 
Formation/Hooray Sandstone aquifer representing baseline conditions 
(PB, 2012a) 
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Figure 20: Potentiometric surface map for Hutton aquifer prior to flow 
testing program representing baseline conditions, based on data from 
bores (PB, 2012a) 
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Figure 21: Simulated steady state map for Hutton aquifer representing 
baseline conditions (PB, 2012a) 
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Figure 22: Predicted drawdown for Permian aquifers at the end of the 
flow testing program (representing maximum drawdown). The 5m 
contour represents the extent of the Immediately Affected Area for the 
Permian Coal Measures. (PB, 2012a) 
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4.2.3. Groundwater quality  

As part of the water monitoring program, the produced water from each well, water from 
the Gowing 1 bore and the holding pond have been sampled and analysed on a quarterly 
basis since mid 2010 (subject to access constraints, pump condition and site resources). 
Examples of water analysis results are shown in Appendix A and B. 

Due to the depths of the Permian aquifers, produced water can be very hot when it 
reaches the surface (in excess of 70°C). Field parameter tests (specific electrical 
conductivity, salinity, resistivity, temperature, pH, Eh, TDS and dissolved oxygen) have 
been performed sporadically to compare with the laboratory results. Recent field water 
results are presented in Appendix B.  

Basic water quality analysis (performed quarterly, where possible) includes field parameter 
checks, major ions, dissolved metals, minor/trace elements and total suspended solids. 
Comprehensive water quality analysis (performed at the start of the program, then half-
yearly to annually, depending on the results) additionally includes nutrients, dissolved 
methane and hydrocarbon analysis.  

The trilinear plot in Figure 23 shows laboratory water quality results from the produced 
water samples from wells, samples from the pond, the Gowing 1 monitoring bore and 
baseline analysis of nearby private bores (Summer Hill, Glenaras and Marchmont) (which 
tap the Hutton (and/or Adori) and Hooray Sandstone aquifers). There is not a high 
variation between the Permian coal seam water and that sampled from the Hutton and 
Hooray Sandstones. All sampled waters indicate Na(+K)-HCO3, with the Permian aquifers 
slightly more Na(+K)-HCO3-Cl than the Hutton Sandstone.  

  

Figure 23: Trilinear plot of AGL water quality analysis data. More than 
one analysis is present per site location in most cases. Data spans the 
period October 2010 – February 2012. 
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4.2.3.1. Wells (Permian Coal Measures) 

The produced water from each well has been monitored on a quarterly basis, where 
possible, since 2010. The water is collected from an outlet located between the wellhead 
and the separator. From field analysis, the produced water from wells has an average 
specific electrical conductivity of approximately 2000 µS/cm and an average pH of 7.7. 
There are slight variations between individual wells. 

4.2.3.2. Pond 

The pond water is analysed using samples collected from two locations (the east and west 
side of the pond) from 0.5 m deep. The analytical results can vary depending on the 
amount of evaporation and/or rainfall prior to sampling. From field analysis, the pond 
water has an average specific electrical conductivity of approximately 2700 µS/cm and an 
average pH of 9.3.  

4.2.3.3. Monitoring bore (Hutton Sandstone – Gowing 1) 

Water from the Gowing 1 monitoring bore has been analysed as part of the water 
monitoring program. Water from Gowing 1 has a specific electrical conductivity of 
approximately 800 µS/cm. 

4.2.3.4. Private Bores (Hutton and Hooray Sandstone) 

As mentioned in Section 4.2.2.3, the three nearest private water supply bores to the CSG 
pilot have had water samples comprehensively analysed. The Glenaras and Summer Hill 
house bores had water samples analysed in July 2011 and a Marchmont bore sample was 
analysed in April 2012. The water from the Summer Hill (Hooray Sandstone) bore had a 
specific electrical conductivity of 1180 µS/cm and a pH of 8.48. The water from the 
Glenaras (Hutton Sandstone) bore had a specific electrical conductivity of 1039 µS/cm and 
a pH of 7.90. The water from the Marchmont bore (Hutton and/or Adori Sandstone) had a 
specific electrical conductivity of 1056 µS/cm and a pH of 8.18. 
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5. Groundwater model  

5.1. Introduction 

Parsons Brinckerhoff Australia (PB) was engaged by AGL to develop a numerical 
groundwater flow model for the whole of tenement ATP529P, which was completed in 
March 2012 (PB, 2012a). The objective of the groundwater modelling was to support the 
UWIR in the area of Part C: Predicted Water Level Declines for Affected Aquifers. 

The PB report is available on request. A summary of the modelling methodology, results 
and conclusions is supplied within the following sections.  

5.2. Methodology 

A 10 layer numerical groundwater flow model was developed using the USGS MODFLOW 
code. Each of the model’s 10 layers represents key hydrostratigraphic units identified in 
the Galilee and Eromanga Basins. The model was constructed using the available 
lithological and seismic reflection data supplied by AGL. Key geological structures such as 
the basal Jurassic unconformity and zero Hutton to Permian separation area were 
approximated in the model based on the available data. 

The model was calibrated to steady state and transient conditions. Steady state calibration 
was undertaken to approximate the baseline groundwater flow conditions. Transient 
calibration was based on the available gas well flow test data and involved calibrating to 
observed drawdown at piezometers and measured outflow rates from the gas wells. The 
final estimates of hydraulic properties represent values that best approximate both the 
baseline (steady state) and stressed (transient) groundwater flow conditions.  

The hydraulic properties shown in Table 9 were assigned to each hydrostratigraphic unit 
following calibration.  

Table 9: Model hydraulic properties 

Hydrostratigraphic 
unit 

Horizontal 
hydraulic 

conductivity 
(m/d) 

Vertical  
hydraulic 

conductivity 
(m/d) 

Specific 
storage (-/m) 

Approximate 
storativity (-) 

Winton/Mackunda 
Formation 

1 0.1 0.000001 Variable 

Wallumbilla Formation 0.00003 0.000003 0.000001 Variable 

Cadna-owie 
Formation/Hooray 

Sandstone 

0.5 0.05 0.000001 0.0001 

Westbourne/Birkhead 
Formation 

0.00005 0.000005 0.000001 0.0001 

Hutton Sandstone 0.5 0.05 0.000001 0.0001 

Rewan Formation 0.00005 0.000005 0.000001 Variable 

Permian Coal Measures 0.004 0.00005 0.0000006 0.0001 

Note: variable storativity indicates variable layer thickness across the model domain. 
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5.3. Results and discussion 

A predictive scenario was run to assess the potential water level declines in the affected 
aquifers. The scenario addressed the potential residual drawdown in the affected aquifers 
immediately at the end of the pilot flow test (which is used to define the Immediately 
Affected Area) and at three years after the cessation of the flow test (which is used to 
define the Long Term Affected Area). Drawdown is calculated at the mid-point of the 
model layer and represents average drawdown in that aquifer.  

The model results indicate that, based on the current best estimates of hydraulic 
properties, a predicted residual drawdown (or rebound) at three years after the flow test 
for each aquifer as follows: 

› Cadna-owie Formation/Hooray Sandstone - 0.05 m  

› Hutton Sandstone - 0.5 m; and  

› Permian Coal Measures - 4 m. 

These are all below the trigger threshold values and, hence, there is no Long Term 
Affected Area.  

At the end of the flow testing program (i.e. when the likely maximum drawdown would 
occur) the model predicted drawdowns of less than 1.6 m within the Hutton Sandstone; 
this value is significantly less than the trigger threshold of 5 m for consolidated aquifers. 
The model predicted negligible water level decline (above the trigger threshold of 0.2 m 
drop for springs) for any of the identified springs, which, in any case, are located outside 
the residual drawdown area. The model predicted 900 m of drawdown in Permian Coal 
Measures within the immediate area of the pilot production wells at the end of the flow 
testing program. The area where drawdown is predicted to be greater than 5 m within the 
Permian Coal Measures is thus defined as the Immediately Affected Area (Figure 22). 
There are no Immediately Affected Areas defined for any other aquifers as all drawdowns 
are predicted as less than the trigger threshold (5 m).  

5.4. Review of maps produced and model 

In view of the fact this is a ‘one off’ flow testing program, and there will be limited data 
available from the gas wells in terms of recovery water levels, there will be very little new 
information to warrant an annual review. However, in line with 376(e) of the Water Act, 
AGL will commit to conducting an annual review of the accuracy of each map and provide 
a summary of the outcome of each review to the Chief Executive of the relevant 
department (DEHP at the time of writing). This review will occur annually during the life of 
the existing flow testing program. The first annual review is scheduled to occur 1 year 
after approval of this UWIR.    

5.5. Key findings 

A summary of key findings from the preliminary impact assessment is presented below: 

› The model is best calibrated to drawdown observed at RC08 VWP1 and measured 
outflow from the gas wells. The model does not replicate the observed drawdown 
difference between RC08 VWP1 and RC08 VWP2. Further data would be necessary 
to better understand the groundwater flow regime within the Permian Coal 
Measures; however the currently available data set indicates limited vertical 
hydraulic connectivity between these two VWPs. 
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› Due to the replacement and recalibration of the pressure logger there is some 
uncertainty of the reality of the drawdown trend observed at GW01 during the flow 
testing. However, the results of the transient calibration confirm that, within 
realistic bounds of hydraulic conductivity, it is possible to simulate drawdown of 
similar magnitude to that observed at GW01. 

› The potential drawdown predicted at the end of the current flow testing program in 
the centre of the gas well layout is as follows: 

o Cadna-owie Formation/Hooray Sandstone - 0.1 m;  

o Hutton Sandstone – less than 1.6 m ; and 

o Permian Coal Measures – 900 m (Figure 22). 

The predicted potential drawdown only exceeds the trigger threshold value of 5 m 
for consolidated aquifers in the Permian Coal Measures; therefore, there is no 
Immediately Affected Area for any aquifer except the Permian Coal Measures.  

› Based on the current best estimates of hydraulic properties, a rebound (or residual 
drawdown) is predicted three years after the flow test for each aquifer in the 
centre of the pilot production well field as follows: 

o Cadna-owie Formation/Hooray Sandstone - 0.05 m;  

o Hutton Sandstone - 0.5 m and  

o Permian Coal Measures - 4 m. 

These values are all less than the trigger threshold value of 5 m for consolidated 
aquifers; therefore, there is no Long Term Affected Area for any aquifer. 
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6. Groundwater management and 
monitoring plan 

Results from the model and the baseline situation suggest that there would be minimal 
impact from the extraction of underground water on the shallow beneficial aquifers during 
the flow testing program from late 2009 until March 2012. Cretaceous and Jurassic 
aquifers (the main groundwater supply resource used in ATP529P) are separated from the 
perforated/exposed intervals of the production testing wells by lower permeability 
formations and several layers of casing and pressure cement surrounding the wellbores.  

In addition, the total amount of water extracted during the exploration phase of flow 
testing is small and the numerical modelling predicts that residual drawdown within the 
beneficial aquifers would be less than the trigger threshold. As mentioned in Section 3.8, 
there are no springs identified within the Immediately Affected Area.  

The guidelines state that there are situations where the required inclusions for UWIRs are 
reduced. Relevantly, if there are no water level declines predicted to occur above the 
trigger threshold because of the exercise of underground water rights, an underground 
water monitoring strategy and a spring impact management strategy will not be required.  

Accordingly, no mandatory water monitoring strategy or spring impact management 
strategy for ATP529P is required except a water monitoring strategy (WMS) for the 
Permian Coal Measures (as an Immediately Affected Area has been identified) (Section 
6.1). In order to meet this requirement and  in order to continue to refine the current 
understanding of the groundwater system and continue to monitor any changes in water 
levels and water quality in both the Permian Coal Measures and Hutton Sandstone aquifer 
as a result of the flow testing program, the groundwater monitoring program as detailed in 
the following sections and listed in Table 10 will continue to be undertaken for the duration 
of the flow testing period. Some additional monitoring will be required during the recovery 
period (for a minimum 12 months period) after the cessation of the flow testing program, 
as shown in Table 10. 

In view of the fact this is a ‘one off’ flow testing program, and there will be limited data 
available from the gas wells in terms of recovery water levels, there will be very little new 
information to warrant an annual review. However, in line with 376(e) of the Water Act 
2000 (Qld) AGL will commit to conducting an annual review of the accuracy of each map 
and provide a summary of the outcome of each review to the Chief Executive of the 
relevant department (DEHP at the time of writing). This review will occur annually during 
the life of the existing flow testing program. The first annual review is scheduled to occur 
1 year after approval of this UWIR.   Otherwise, as required by the Water Act 2000 (Qld), 
a new UWIR will be compiled every 3 years and submitted to DEHP. 

In addition, required under section 378 (1)(d) of the Water Act 2000 (Qld), AGL will 
submit a report relating to the implementation of the water monitoring strategy to the 
Queensland Water Commission yearly for ATP529P.  

6.1. Water monitoring strategy (WMS) 

6.1.1. Rationale for the WMS for the Permian Coal Measures  

As an Immediately Affected Area has been identified for the Permian Coal Measures a 
WMS is required specifically for monitoring the water levels and volumes taken from this 
hydrogeological unit. The comprehensive groundwater monitoring program, as listed in 
Table 10, which will continue for the life of the flow testing program, encompasses the 
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WMS for the Permian Coal Measures. Even though no Immediately Affected Area (or Long 
Term Affected Area) can be defined for any other aquifers other than the Permian Coal 
Measures, it is important that the main beneficial aquifer is incorporated as part of this 
WMS, in order to assess and improve understanding about the potential impacts of 
underground water extractions from the Permian Coal Measures on the beneficial aguifer.  

As such, the rationale underpinning the WMS is to monitor and assess changes in water 
levels and water chemistry within the Permian Coal Measures and Hutton Sandstone 
aguifer as a result CSG activities. In addition, long term employment of the WMS will 
further improve the understanding on the hydrogeological systems and potential impacts 
on the shallower beneficial aquifer. The groundwater flow model is based on a 
conceptualisation of hydrogeology of the groundwater flow system. Additional data will 
add to and improve understanding of the flow system, but also assists in future updates 
and calibration of the model.  

6.1.2. WMS locations and schedule 

The groundwater monitoring program, as shown in Table 11, has been employed (when 
possible) since 2010 and will continue to be employed for the life of the pilot production 
program (including recovery, post-flow testing, period) in order to satisfy the requirement 
of a WMS for the Immediately Affected Area defined for the Permian Coal Measures 
(section 376(e) of the Water Act 2000 (Qld)).  

Table 10: Groundwater monitoring program – site list and schedule 

Item Sites Frequency - 
Flow Testing 

Program 

Frequency - 
Recovery 

Period 
(minimum 

of 12 
months) 

Downhole groundwater 
level (pressure) 
monitoring 

RC08, GW01 Continuous Continuous 

Volumes of produced 
water at each well head 

GA02, GA03, GA04, 
GA05, GA06  

Continuous - 

Shut-in pressure 
monitoring 

Glenaras House Bore 
(RN 11369), 
Marchmont House Bore 
(RN 146385), Summer 
Hill House Bore (RN 
146209) 

Annually  Annually 

Basic water quality 
sampling and 
laboratory analysis 

GA02, GA03, GA04, 
GA05, GA06, GW01, 
holding pond 

Quarterly (where 
conditions permit or 
at least half-yearly) 

- 

Comprehensive water 
quality sampling and 
laboratory analysis 

GA02, GA03, GA04, 
GA05, GA06, GW01, 
holding pond* 

Annually Annually  

Field water quality 
measurements  

GA02, GA03, GA04, 
GA05, GA06, GW01, 
holding pond 

Monthly (where 
conditions permit or 
at least half-yearly) 

Half-yearly 
(GW01), 
Quarterly 
(holding pond) 
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* Sampling not possible for shut-in gas wells after cessation of the flow testing program 

6.1.3. Monitoring Methodology 

Water monitoring is performed in line with AGL’s Water Level and Water Sampling Protocol 
(2010), and the methodology is summarised in the following sections. 

6.1.3.1. Water level monitoring 

Pressure transducers are installed downhole of all gas wells and the two monitoring bores 
(GW01 and RC08) to continuously measure water levels in both the targeted coal seams 
and Hutton Sandstone aquifer. 

6.1.3.2. Produced water volume monitoring 

The volume of water produced at each well is constantly measured by individual water 
flow meters and a SCADA system calculates the total volume produced from each well on 
an hourly and daily basis. Each meter is calibrated weekly with a series of bucket tests. 

6.1.3.3. Water quality monitoring 

Water samples for water quality monitoring are collected in the following manner: 
› Gas wells – when wells are operational (pumping), produced water can be sampled 

at each well head. The sample is allowed to cool and then transferred to purpose 
built sample bottles for laboratory analyses and field parameters are recorded.  

› Gowing 1 monitoring bore – produced water is sampled from the artesian bore 
head. The sample is allowed to cool and then transferred to purpose built sample 
bottles for laboratory analyses and field parameters are recorded. 

› Holding pond – water is sampled from the edge of the pond at two locations 
(eastern and western edge) using a sampling bucket. The sample is transferred to 
purpose built sample bottles for laboratory analyses and field parameters are 
recorded. 

Field parameters are measured in the field at time of sampling using a calibrated handheld 
YSI meter and include: Electrical Conductivity (EC), pH, temperature and Total Dissolved 
Solids (TDS). 

Water quality samples are sent to a NATA accredited laboratory in Brisbane in appropriate 
sample bottles within the specified holding time. The analytical suite shown in Table 11 
has been adopted for water quality analysis of all CSG waters. The basic suite is a check 
on field parameters, major ions and dissolved metals and the comprehensive suite is 
everything in the list. 

Table 11: Water quality laboratory analytical suite 

Category Parameters 
Check on Field 
Parameters 

B
as

ic
 

C
o
m

p
re

h
en

si
ve

 Electrical conductivity 
and TDS 

 

Major ions Cations 

calcium 

magnesium 

sodium 

potassium 

Anions 

chloride 

carbonate 

bicarbonate 

sulphate 
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Category Parameters 
Dissolved metals and 
minor / trace elements 

aluminium 

arsenic 

barium 

beryllium 

boron 

bromine 

cadmium 

chromium 

cobalt 

copper 

iron 

lead 

manganese 

mercury 

molybdenum 

nickel 

selenium 

strontium 

uranium 

vanadium 

zinc 

Other analytes Fluoride Silica 

Total Suspended Solids  TSS  

Nutrients  Nitrate 

Nitrite 

Ammonia 

 

Dissolved gases  Methane  

Hydrocarbons  Phenol compounds 

Polycyclic aromatic 
hydrocarbons (PAH) 

Total petroleum 
hydrocarbons (TPH) 

 

6.1.3.4. Shut in pressure monitoring – nearby water supply bores 

The three closest water supply bores (RN 11369 at Glenaras Station, RN 146385 at 
Marchmont Station and RN 146209 at Summer Hill Station) are scheduled to have annual 
shut-in pressure monitoring performed by independent consultants during the life of the 
pilot.  
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Appendix A – Laboratory water quality data 

Shown in Table 11 are typical laboratory analytical results for the water samples collected.  

Table 12: Laboratory analytical results for collected water samples 

Analyte Units LOR ANZECC 
2000 

Guidelines 

Pond East Pond West GW01 GA02 GA03 GA04 GA05 GA06 

Date    14/2/2012 14/2/2012 14/2/2012 14/2/2012 14/2/2012 14/2/2012 14/2/2012 14/2/2012 
General 

Parameters 
           

EC µS/cm 20 100-5000* 3220 3200 818 1780 1840 1760 1680 1720 
pH  0.1 6.5 - 9* --- --- --- --- --- --- --- --- 

Dissolved 
Oxygen 

% sat 0.1 90 - ??* --- --- --- --- --- --- --- --- 

Dissolved 
Oxygen 

mg/L 0.1 ID --- --- --- --- --- --- --- --- 

Temperature ºC 0.01 ID --- --- --- --- --- --- --- --- 
Redox mV 1 ID --- --- --- --- --- --- --- --- 
Total 

Dissolved 
Solids 

mg/L 1  2090 2080 532 1160 1200 1140 1090 1120 

Laboratory 
Analytes 

           

Hydroxide 
Alkalinity as 

CaCO3 

mg/L 1 ID <1 <1 <1 <1 <1 <1 <1 <1 

Carbonate 
Alkalinity as 

CaCO3 

mg/L 1 ID 453 405 158 <1 <1 <1 <1 <1 

Bicarbonate 
Alkalinity as 

CaCO3 

mg/L 1 ID 764 826 171 727 739 742 697 717 

Total 
Alkalinity as 

CaCO3 

mg/L 20 ID 1220 1230 329 727 739 742 697 717 

Sulfate as 
SO4 2- 

mg/L 0.5 ID 2 3 2 <1 <1 <1 <1 <1 

Chloride mg/L 0.5 ID 356 351 52 196 199 193 181 186 
Calcium mg/L 0.1 ID 4 4 <1 13 10 13 12 14 
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Analyte Units LOR ANZECC 
2000 

Guidelines 

Pond East Pond West GW01 GA02 GA03 GA04 GA05 GA06 

Magnesium mg/L 0.1 ID 1 1 <1 2 <1 1 1 1 
Sodium mg/L 1 ID 800 820 186 423 426 412 390 391 

Potassium mg/L 1 ID 28 29 3 16 27 15 16 15 
Silica mg/L 0.1 ID 53.3 52.6 0.35 37 41.3 36.8 39.9 36.6 
Silicon mg/L 0.1 ID --- --- --- --- --- --- --- --- 

Fluoride mg/L 0.1 ID 13 12.9 2.3 6.5 7.5 6.4 7.5 6.4 
Suspended 

Solids 
mg/L  ID 14 16 <5 16 20 8 10 7 

Dissolved 
Metals 

           

Aluminium mg/L 0.005 0.055 0.01 0.01 <0.01 <0.01 0.07 <0.01 <0.01 0.01 
Antimony mg/L 0.005 ID --- --- --- --- --- --- --- --- 
Arsenic mg/L 0.005 0.013  (As V) 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Barium mg/L 0.005 ID 0.869 0.852 0.028 1.69 1.16 1.67 1.46 1.81 

Beryllium mg/L 0.005 ID <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Bismuth mg/L 0.005 ID --- --- --- --- --- --- --- --- 
Cadmium mg/L 0.0002 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Chromium mg/L 0.005 0.001 0.002 0.003 <0.001 0.002 0.002 0.001 0.001 0.001 

Cobalt mg/L 0.005 ID <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Copper mg/L 0.005 0.0014 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Gold mg/L 0.005 ID --- --- --- --- --- --- --- --- 
Lead mg/L 0.005 0.0034 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Manganese mg/L 0.005 1.9 0.004 0.004 0.009 0.017 0.023 0.02 0.012 0.032 
Mercury mg/L 0.0001 0.0006 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Molybdenum mg/L 0.005 ID 0.002 0.001 0.017 <0.001 <0.001 <0.001 <0.001 <0.001 
Nickel mg/L 0.005 0.011 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Selenium mg/L 0.005 0.011 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Silver mg/L 0.005 0.00005 --- --- --- --- --- --- --- --- 

Sulphur mg/L 0.005 ID --- --- --- --- --- --- --- --- 
Strontium mg/L 0.005 ID 0.43 0.421 0.071 0.716 0.343 0.665 0.351 0.561 
Thallium mg/L 0.005 ID --- --- --- --- --- --- --- --- 

Tin mg/L 0.005 ID --- --- --- --- --- --- --- --- 
Uranium mg/L 0.005 ID <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Vanadium mg/L 0.005 ID <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Zinc mg/L 0.005 0.008 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

Boron mg/L 0.005 0.37 1.61 1.62 0.2 0.72 0.84 0.74 0.88 0.78 
Iron mg/L 0.1 ID 0.29 0.28 0.09 0.42 0.86 0.61 0.32 0.48 

Bromine mg/L 0.005 ID 1.1 1 0.2 0.5 0.6 0.5 0.5 0.5 
Iodine mg/L 0.005 ID --- --- --- --- --- --- --- --- 

Nutrients            
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Analyte Units LOR ANZECC 
2000 

Guidelines 

Pond East Pond West GW01 GA02 GA03 GA04 GA05 GA06 

Ammonia as 
N 

mg/L 0.01 0.9 0.04 0.06 0.44 1.93 1.51 1.44 1.1 1.19 

Nitrite as N mg/L 0.01 ID <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Nitrate as N mg/L 0.01 0.7 0.02 0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 

Nitrite + 
Nitrate as N 

mg/L 0.01 0.1* 0.02 0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 

Total 
Phosphorous 

mg/L 0.1 0.1* --- --- --- --- --- --- --- --- 

Reactive 
Phosphorous 

mg/L 0.01 0.04* <0.01 <0.01 0.37 <0.01 0.02 <0.01 <0.01 <0.01 

Dissolved 
Organic 
Carbon 

mg/L 1 ID --- --- --- --- --- --- --- --- 

Ions            
Total Anions meq/L 0.01 ID 34.5 34.5 8.08 20 20.4 20.3 19 19.6 

Total 
Cations 

meq/L 0.01 ID 35.8 36.7 8.17 19.6 19.7 19 18 18.2 

Ionic 
Balance 

% 0.01 ID 1.85 2.97 0.46 1.14 1.69 3.19 2.69 3.76 

Dissolved 
Gases 

           

Methane µg/L 5 ID 57 127 3860 1700 2260 3550 659 3800 

Guideline values 

ANZECC 2000 - Water Quality Guidelines: 95% protection levels (trigger values) for the protection of freshwater aquatic ecosystems. 

* ANZECC 2000 - Water Quality Guidelines: 95% protection levels (trigger values) for the protection of lowland rivers, South Central Australia, low rainfall areas 
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Appendix B – Field water quality data 

Recent field water test results are shown in the following tables. Samples from wells are 
collected in a clean bucket from an outlet between the wellhead and separator. Due to the 
temperature of the produced water (approximately 70°C), samples are left to cool slightly 
for 15 minutes until manageable.  

Field data collected includes: 

› Temperature (°C, degrees Celsius)  

› Specific electrical conductivity (EC) (µS/cm, microSiemens per centimetre) 

› Total dissolved solids (TDS) (g/L, grams per litre)- note, TDS is calculated using a 
constant typical for Na-Cl waters and may not truly represent the real TDS 
concentrations given this is more a Na-HCO3-Cl water 

› pH 

› Oxidation reduction potential (Eh/ORP) (mV, millivolts) 

Table 13: Field water tests from 12 January 2011.  

Site Temp 
(°C) 

Specific EC (µS/cm) TDS 
(g/L) 

pH ORP (mV) 

GA02 59.4 2051 1.333 7.76 -135 

GA03 - - - - - 

GA04 - - - - - 

GA05 - - - - - 

GA06 58.1 2007 1.305 7.55 -156 

Gowing 1 - - - - - 

Pond West 29 2225 1.446 9.18 2 

Pond East 29 2192 1.425 9.19 24 

Table 14: Field water tests from 17 February 2012.  

Site Temp 
(°C) 

Specific EC (µS/cm) TDS 
(g/L) 

pH ORP (mV) 

GA02 63.78 2047 1.331 7.96 -249.5 

GA03 58.95 2072 1.347 7.99 -187.1 

GA04 59.97 2001 1.301 7.72 -216.5 

GA05 67.69 1958 1.273 8.01 -186.7 

GA06 58.6 1947 1.265 7.57 -173.8 

Gowing 1 28.78 799 0.519 9.58 -95.8 

Pond West 30.39 3156 2.052 9.37 -35.3 

Pond East 29.89 3147 2.046 9.38 -29.4 
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Table 15: Field water tests from 27 February 2012. 

Site Temp 
(°C) 

Specific EC (µS/cm) TDS 
(g/L) 

pH ORP (mV) 

GA02 62.78 2043 1.328 7.98 -120.4 

GA03 55.38 1967 1.279 7.86 -155.2 

GA04 60.98 2007 1.305 7.75 -133 

GA05* - - - - - 

GA06 57.28 1950 1.268 7.63 -145.8 

Gowing 1 28.48 823 0.535 9.56 -91.8 

Pond West 29.28 3157 2.052 9.42 -36 

Pond East 28.49 3162 2.055 9.42 -32 

Note: *pump under repair 

Table 16: Field water tests from 30 March 2012. 

Site Temp 
(°C) 

Specific EC (µS/cm) TDS 
(g/L) 

pH ORP (mV) 

GA02 63.68 2045 1.329 7.99 -179.4 

GA03 - - - - - 

GA04 61.37 2001 1.301 7.76 -190.6 

GA05 - - - - - 

GA06 58.66 1930 1.255 7.75 -170.7 

Gowing 1 33.08 727 0.472 8.94 -120.5 

Pond West 26.96 3141 2.042 9.46 -54.6 

Pond East 26.15 3125 2.031 9.5 -55.1 

Table 17: Field water tests from 13 April 2012. 

Site Temp 
(°C) 

Specific EC (µS/cm) TDS 
(g/L) 

pH ORP (mV) 

GA02 63.74 2036 1.323 8.11 -185.5 

GA03 61.61 2001 1.301 7.81 -219.5 

GA04 61.93 2005 1.303 7.8 -181.6 

GA05 51.85 2037 1.324 7.74 -242.6 

GA06 56.84 1939 1.261 7.86 -167.9 

Gowing 1 28.14 790 0.514 8.74 -101.4 

Pond West 24.28 3145 2.044 9.56 -60.6 

Pond East 23.71 3152 2.048 9.54 -48.5 
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