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Summary of Key Findings
This 2019-2020 Groundwater Assessment Report presents the results of groundwater monitoring conducted for
the APLNG project up to June 2020. The assessment is updated annually, and builds on the previous annual
reports, covering all APLNG and Origin’s CSG tenements across the Walloon Coal Measures and Bandanna
Formations in southern Queensland.
Key outcomes identified in this 2019-2020 Groundwater Assessment Report are summarised below.
Groundwater levels / pressures:


Groundwater level trends are as expected with no major, sudden changes from trends observed in the
2019-2020 report. Declining trends of 0.2-0.4m/year on average have continued to be observed in the
Gubberamunda Sandstone and the Hutton Sandstone, and declining trends have increased in
production areas in gas production reservoirs. Increased decline since mid-2018 is observed in some
bores in both the Hutton Sandstone and Gubberamunda Sandstone which is interpreted to relate to the
below average rainfall that the area has experienced for the last 5 years, and a likely higher reliance on
groundwater for the agricultural and other industries.

Groundwater Quality:



Baseline water quality datasets have been established at 46 monitoring locations. A baseline is
considered to be established after seven successive 6-monthly sampling events.
Data shows decreasing trends for several key analytes, particularly field pH and bicarbonate alkalinity.
Increasing trends in the data were also identified for several analytes, particularly beryllium and total
alkalinity.

Springs Monitoring:



The surface expression of groundwater at Barton Spring (283) varies seasonally in response to local
groundwater flux and rainfall events. Significant disturbance from feral animals and cattle is occasionally
observed in spring condition assessments.
At the Scott’s Creek mound springs a cyclic pattern is observed in the pressure data, generally
corresponding with wet and dry seasonal variability. Similarly, the wetland vegetation and discharge
extent varies seasonally in response to local groundwater flux, rainfall and climatic conditions. For the
6-year monitoring period to July 2020, an overall decline in spring pressures of approximately 0.2 to
0.3 metres is observed to end-2019, followed by significant pressure increases in February 2020
following major rainfall and flood events. These trends are observed in Hutton Sandstone monitoring
bores RN14881 (Moorabinda House Bore) and RN31097 (Moorabinda Rhodes Grass Bore), located to
the north-east of the spring vents.

Ground Surface Movement and Subsurface Deformation Monitoring





Geodetic monitoring data appear to show a general change in the direction of ground motion from uplift
in the period 2012-2016, to stability or subsidence to 2016-2020.
Two of the three permanent survey markers that exhibit on average greater than 16mm/year of
subsidence are within production areas.
High-resolution Altamira data shows downward surface movement less than 16 mm per year reporting
threshold across the APLNG tenements. There is a general correlation of ground surface movement with
development areas including Orana, Talinga and Condabri and Combabula fields.
Down-sampled Altamira data generally shows stability throughout APLNG tenure.

Injection





Over 29.7 GL of treated CSG water has been injected into the Precipice Sandstone aquifer to end
June 2020. This represents approximately 14% of produced water in the Spring Gully Development Area
and 83% of the water produced at Reedy Creek, which is part of the Combabula Development Area.
The total volume of water injected is estimated to be approximately 88% of the total groundwater
extracted under authorised allocations from the Precipice Sandstone across the entire Surat Basin over
the same period.
The aquifer pressure response in the Precipice Sandstone aquifer as a result of aquifer injection is
primarily due to injection at Reedy Creek. Increased aquifer pressures up to 4.5 metres are observed.
The water level response has flattened and declined following a reduction in CSG water production and
hence injection rates post-peak injection in 2016-2017.
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Introduction
This report details the results of groundwater related monitoring and investigations conducted for the
Australia Pacific LNG (APLNG) Project up to June 2020. The assessment has been undertaken
annually since 2013, and all seven assessments are available at https://www.aplng.com.au/aboutus/compliance/management-plans.html. The intent of the annual assessments is to provide access to
regularly updated groundwater monitoring, as well as any new or evolving understandings of the
groundwater systems in the project area learned through the monitoring or other investigations.
Figure 1 shows the extent of the assessment area, which covers all APLNG and adjoining Origin
Energy related tenements with existing or potential CSG development in the Surat Basin (Walloon Coal
Measures) and Southern Bowen basin (Bandanna Formation and equivalents).
The report is intended to satisfy the sub-regional and regional scale reporting requirements applicable
to the APLNG project stipulated in the following legislative instruments:
•

The Queensland Water Act, 2000;

•

Queensland Petroleum and Gas (Production and Safety), Act 2004;

•

APLNG Project Coordinator-General’s report on the environmental impact statement;

•

Environment Protection and Biodiversity Conservation (EPBC) Act 1999 Approval 2009/4974
for the development, construction, operation and decommissioning of the CSG field
component of the APLNG project; and

•

Underground Water Impact Report (UWIR) for the Surat Cumulative Management Area
(CMA).

The assessment is an integral part of the project’s performance assessment and adaptive
management framework. Adaptive management is a structured, iterative process of decision-making
with a focus on reducing uncertainty over time via systems monitoring and continuous improvement to
achieve the desired environmental and operational outcomes of the project.
Further details of the monitoring program are provided in the project Groundwater Management Plan
(APLNG, 2017a).

1.1

Release Notice
This assessment has been prepared by the following Origin team members.
Table 1 Project team and qualifications
Role

Name

Position

Qualifications

Relevant
Experience

Reviewer /
Author

Andrew Moser

Principal
Hydrogeologist

BSc (Applied Geology)
RPGeo (Hydrogeology)

32 years

Reviewer /
Author

Kathryn Harris

Hydrogeologist
Manager

BScHons (Geology)

9 years

Author

Peter Evans

Staff
Hydrogeologist

B App Sc (Applied Geol)
B Econ, M EnvMgmt

36 years

Author

Marcus Horgan

Hydrogeologist

BScHons (Geology)

13 years

Author

Michele
Lochhead

Geoscientist

BSc (Geology and
Geophysics)

9 years
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Geological Setting
The Surat Basin is an elongated basin comprised of fluvial to marginal marine sediments. These
deposits reach a maximum thickness of approximately 2,500 m in the axis of the Mimosa Syncline. The
basin is structurally delineated by the Kumbarilla Ridge in the east and the Nebine Ridge in the West,
however, there is varying degrees of hydraulic connectivity between the Surat and adjoining basins. A
hydrostratigraphic table is presented in Figure 2.
The hydrostratigraphic table shows a simplified geological stratigraphy, grouping together formations
with common hydraulic characteristics. Discussions within this report are made within the context of
this hydrostratigraphic framework.
The interbedded aquifer and aquitard units are broadly flat-lying, forming a broad basin on a regional
scale. There has been some differential uplift leading to a low angle south-westerly plunge to the basin
sequence. This has resulted in outcrop exposure of most units in the north of the basin. Many of the
key structural elements in the basin are influenced by, or originate in, the underlying Bowen Basin.
Figure 3 presents some of the main inferred structural features and the basement topography in the
area.
Figure 2 Surat Basin hydrostratigraphy (OGIA, 2019a)
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Figure 3 Key structural features of the Surat Basin (adapted from OSEABASEtm study)
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Monitoring Program Update
The annual assessment has been structured to meet State and Federal regulatory requirements for
regional groundwater monitoring which is achieved through implementation of the Groundwater
Management Plan (APLNG, 2017a). Numerous investigations are undertaken each year in addition to
the regulatory requirement which contribute to a better understanding of the hydrogeological systems.

2.1

Landowner Bore Surveys
Landowner bores surveys, known as Baseline Assessments under Queensland legislation, are
required where petroleum and gas production testing or production has commenced or will commence.
They are a point-in-time census of individual bore water level, quality, usage and condition. Baseline
assessments are undertaken to give a pre-development reference condition against which to compare
future impact assessments.
While most baseline assessments had been completed for the APLNG project by 2013, a small
number of baselines were undertaken over the past year for new bores, where landholders had not
previously granted access to bores, or where new bores had been drilled.

2.2

Provision of Monitoring Data to Landowners
Several landowner bores have been included in the regional monitoring network for ongoing monitoring
purposes. Their inclusion in the network has been driven by several factors, from opportunistic
monitoring points to individual landowner agreements. Where practical, bores are monitored by way of
a Remote Telemetry Unit (RTU) from which measured electronic water level data is transmitted to a
central database to minimise the frequency of site visits by Origin personnel and to maintain a
consistent approach of acquiring data across the network.
For less critical bores, such as opportunistic monitoring points or at the request of individual
landholders, bores have generally been equipped with In-Situ pressure transducers. As of June 2020,
22 landowner bores have pressure transducers installed.
Landowners with water supply or monitoring bores fitted with RTUs have been offered online access to
the pressure data being collected. The data is accessed via the internet using accounts set up
specifically for each landowner which allows them to access only data from their bore/s. As of June
2020, 40 landowner accounts (with a total of 71 bores) have been set up for online data access.

2.3

Groundwater Monitoring Program Implementation
Bores included in the groundwater monitoring network are monitored for groundwater pressure,
groundwater quality or both. Depending on the drivers and rationale, monitoring frequency varies, as
detailed in subsequent sections.
Appendix A lists the bores incorporated in the regional groundwater monitoring network for the 2020-21
monitoring period onwards. Due to the implementation of the 2019 Underground Water Impact Report
(UWIR) for the Surat CMA there have been a number of changes to the groundwater monitoring
network for which the monitoring data contained in this report has been acquired from (the monitoring
network for the 2019-20 monitoring period). The table details required monitoring for each of the
groundwater bores in the network, either levels, quality or both. The listed network includes many, but
not all, of the landowner bores currently being monitored. It excluded some bores that have no
regulatory compliance associated, or; are not required for long term monitoring, or; are being monitored
upon request from the landowner. Not all bores in the monitoring network require both water pressure
and water quality monitoring. In summary, the listed monitoring network comprises:
•

223 monitoring bores made up of dedicated monitoring bores, project water supply bores,
government monitoring bores and private landholder bores.

•

176 bores are currently instrumented for water level/pressure monitoring with a total of 223
formation intervals being monitored.

•

89 bores are being sampled for water quality analysis on a regular basis. The number of
bores will be reduced for the period post-2020 due to the new condition in the 2019 UWIR.

A map showing the current regional monitoring network is presented in Figure 4. The map identifies
nested sites (sites where multiple zones are monitored) and individual bores that are not part of a
nested array.
In addition to the dedicated groundwater monitoring network, numerous other bores are monitored for a
variety of operational reasons. The data acquired from these programs is used to provide further
insight to the groundwater system. These bores may include:
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•

Aquifer injection bores and monitoring bores for operational injection;

•

Testing and monitoring of existing landholder bores as part of baseline, springs and make
good activities and to supplement the APLNG dedicated monitoring network;

•

Water supply bores installed for landholders as part of make good activities and for
construction water supply;

•

Shallow monitoring bores installed for irrigation deep drainage and infrastructure monitoring;

•

Bores constructed and/or monitored for specific studies such as the Gas Industry Social and
Environmental Research Alliance (GISERA) environmental isotope sampling program; and

•

Water quality information from operational CSG wells.

A large volume of information from CSG exploration and development wells has also been generated
as gas field exploration and development proceeds. This is mainly in the form of geophysical logs and
stratigraphic interpretations, but also includes information from Drill Stem Testing (DST), Modular
Dynamic Testing (MDT), and core analysis.
2.3.1

Monitoring Bore Types and Equipment
Several monitoring bore designs are required to meet the various objectives of the groundwater
monitoring program. Most of the groundwater bores in the monitoring network fall into three categories.
These include:
1.

Above reservoir;

2.

Reservoir (Walloons Coal Measures, Baralaba Coal Measures or Bandanna Formation); and

3.

Sub-reservoir.

The differences in bore design and construction techniques for each of these monitoring bore types
comes from the assessed risk associated with drilling, completing and ongoing monitoring in or through
a gas reservoir.
A detailed summary of each type of monitoring bore, including bore construction techniques, well head
design, pressure monitoring techniques, and water quality monitoring techniques is given in the 20132014 Groundwater Assessment Report (APLNG, 2014b).
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3.1

Hydraulic Parameters
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Hydraulic testing is generally carried out following drilling and development of groundwater bores
installed by APLNG, except for reservoir monitoring wells. These tests are usually of relatively short
duration (less than one day), single bore tests. Longer-term pumping for project water supplies or
injection trials has provided data over several months. These tests often have monitoring bores which
provide estimates of storativity. Where formation transmissivity values are too low to pump the bore
continuously, rising head tests were performed.
Analysis of the data is typically undertaken using AQTESOLV, a curve-matching software allowing the
use of a variety of analytical solutions. In most instances, more than one solution was used per
pumping test, providing a range in calculated hydraulic parameters. Hydraulic conductivity values were
calculated based on the transmissivity determined in AQTESOLV and the screened interval or open
section thickness of the bore over which it was calculated. The raw data have not been presented in
this report, however, can be found in the 2014-2015 Groundwater Assessment (APLNG, 2015a).
In addition to the pumping tests, permeability data has been analysed through several other techniques
over the development of the project to date including:
•

DST and MDT;

•

Triaxial laboratory permeability testing;

•

Permeability probe testing;

•

Centrifuge permeameter testing; and

•

Quartz helium diffusion testing.

Results from permeability (presented as hydraulic conductivity) testing data was compiled and
presented by APLNG up to 2018 (see 2017-2018 Groundwater Assessment, APLNG, 2018) comparing
the permeability ranges modelled in the APLNG EIS and the Surat Cumulative Management Area
model for the 2012 UWIR (OGIA, 2012) and the 2016 UWIR (OGIA, 2016). OGIA now compile similar
data across all CSG operators in the Surat Cumulative Management Area, which can be found in the
current Underground Water Impact Report (OGIA, 2019a).
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Groundwater Levels / Pressures
Predicted and Actual Development Sequence
The APLNG monitoring program is predicated on an assessment-modelling-management feedback
loop. Comparison of actual development with modelled (predicted) development sequences is
therefore an essential component to ensuring that temporal water level change interpretation is correct.
As of April 2020, APLNG has commissioned approximately 2,300 CSG wells across its tenements, with
approximately 330 wells commissioned in the Spring Gully fields targeting the Bandanna Formation.
There are 441 wells across Talinga/Orana, 634 wells across Condabri, and 912 wells across Reedy
Creek/Combabula, all targeting the Walloon Coal Measures.
Figure 5 shows the changes in planned commencement timing of production areas from 2015 to 2018
(UWIR, 2019a). As discussed in the 2019 UWIR, there is a general shift of planned production to later
years. The consequence of shifts in development sequences, particularly where the model indicates an
expanded footprint that doesn’t reflect the actuality, is that the model predictions of potential impacts
would occur earlier for a consistent model parameterisation.
Figure 5 Predicted and Actual Development Sequence

4.2

Data Processing and Correction
Groundwater level and or pressure data is predominantly collected remotely using a telemetry network
or by on-site downloading of data loggers. All logger and telemetry data is captured as raw pressure
data, generally mH2O or PSI, or as an electric current in milliamp (mA) units, then converted to
groundwater levels. The mechanics of data processing are detailed in the 2013-2014 Groundwater
Assessment Report (APLNG, 2014b).
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To quality-assure logger data, manual water levels are recorded biannually. Manual water levels are
measured using an electronic water level probe where it is possible to access the water level through
the bore headworks. These manual measurements are used to validate and, if necessary, correct the
logger data for any drift, datum shifts or other issues. To ensure the accuracy of manual water levels,
electronic water level probes are replaced after 2 years of use.
For artesian bores, analog gauges are generally fitted to the well head; however, due to a general lack
of precision afforded by analog gauges these readings are used only as a guide to the reliability of the
logger data. Instead, where possible, digital gauges are used to validate logger data in artesian bores.
To ensure the continued accuracy of the gauges they are field calibrated every 6 months.
Artesian and sub-artesian data is imported into the ESdat environmental data management system,
only after being processed as outlined above.
For bores with water supply pumps installed (especially Mono type pumps), it is often not possible to
measure water levels manually. In such instances an airline may be present. Where not present, water
levels cannot be measured by any means. Where an airline is present, manual water levels can be
calculated using airline pressures, if airline depths are known.
For reservoir monitoring bores, formation pressures in major target coal seam intervals and sometimes
also in interburden are measured directly by downhole gauges separated by packers within the target
intervals. Manual water levels are not collected for reservoir monitoring bores due to wellhead
configuration which does not permit access into the bore.
4.2.1

Non-CSG Effects on Measured Water Levels
For time series trend analysis, corrections have not been made to remove non-CSG effects including
barometric, earth tide, non-CSG extraction, fluid density variability, hydrostatic loading or seismic
events. Hydrographs prepared using non-corrected groundwater levels are adequate for making overall
assessment of temporal changes in formation pressures.
Of the non-CSG impacts, temperature induced density effects and non-CSG pumping are known to be
the effects most likely to cause water level changes of a magnitude significant enough to shift water
levels away from background formation pressures. Previous annual reports (APLNG, 2017; APLNG,
2018; APLNG 2019) provide examples from groundwater level datasets of these effects.

4.2.2

Low Permeability Constraints – Springbok Sandstone
As reported in the 2013-2014 Groundwater Assessment Report (APLNG, 2014b) most bores targeting
the Springbok Sandstone are too low yielding to collect groundwater samples without compromising
the validity of pressure monitoring data. Water levels in some bores have not stabilised 6 years after
being drilled.
An assessment of the Springbok Sandstone monitoring bores assigned as UWIR water quality
monitoring points was undertaken to determine which sites would be suitable for ongoing pressure
monitoring. A summary of the results of the assessment were reported in previous years’ annual
reports (APLNG, 2019)
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Temporal Groundwater Level Assessment
Single hydrographs have been prepared for each groundwater monitoring bore where sufficient water
level/pressure data has been collected, with this generally being at least three manual water level
measurements over a minimum 12-month period. To maintain consistency, the start of the 2011
calendar year has been selected as the start point for the graphs. This corresponds approximately to
the first of the dedicated monitoring bores being commissioned. These hydrographs are available to
view online by clicking here. The hydrographs have been grouped in the nested sets as defined in the
APLNG Groundwater Management Plan (APLNG, 2017a) and identified in Appendix A. Bores not
grouped in a nest have been listed in alphabetical order.
A brief commentary has been prepared for each of the hydrographs, noting any trends or other relevant
observations (refer Appendix B).

4.3.1

Regional Observations
A range of groundwater level trends are evident in the bore hydrographs available to view online by
clicking here. To assess the geographical extent of observed trends, hydrographs containing
groundwater levels (mAHD) from the dedicated monitoring bore network have been prepared for each
of the recognised aquifers of the Surat Basin. These hydrographs are presented below as Figure 6 to
Figure 9.
Some bores with monitoring records that are not considered representative or relevant have been
excluded from this assessment. Their exclusion is due to one or more of the following reasons:


Incomplete data sets;



Limited monitoring record duration;



Lack of continuous data (<fortnightly frequency);



Unreliable data;



Data significantly impacted by injection or pumping activities that entirely mask the
background formation head potential; and



Where multiple monitoring points occur near to each other.

To enhance the regional representation of the hydrographs the development area has been roughly
split into 4 regions as per Figure 4. Significant observations are noted below each hydrograph.
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Gubberamunda Sandstone
Figure 6 Tenement-wide Gubberamunda Sandstone hydrograph
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Gubberamunda Sandstone observations:
•
The vertical range in head potentials in the Gubberamunda Sandstone across the monitoring
bore network is approximately 37 metres, from ~292 mAHD in the western fields to around
255 mAHD along the eastern margin of the Taroom Trough (Condabri). Muggleton MB1-G in
the western fields is the exception, with a much higher vertical head potential of approximately
330 mAHD. Previous reports also included south-eastern field of Gilbert Gully, where head
potentials were ~305 mAHD. These fields are no longer operated by APLNG.
•

Compared to other aquifers in the Surat, groundwater elevations in the Gubberamunda
Sandstone show a stronger vertical correlation locally and more generally across the region.
This is likely due to the regional consistency of the aquifer, particularly the basal zone where it
is present across the monitored areas.

•

Groundwater levels regionally show gradual declines, with a few exceptions related to
localised increased water use.

Released on 01/04/2021 - Revision 0 - Status Issued for use
Document Custodian is Groundwater Team
Origin Energy Upstream Operator Pty Ltd ABN 67 105 423 532
Once printed, this is an uncontrolled document unless issued
and stamped Controlled Copy or issued under a transmittal.

Based on template: AUS 1000 IMT TMP 4881989_Revision 5_Issued for review_28/08/2018_IG-SystemsInfo-DocRecordsMgt

Page 19 of 156

2019-2020 Groundwater Assessment Report
4.3.1.2

CDN 31217660

Springbok Sandstone
Figure 7 Tenement-wide Springbok Sandstone hydrographs
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Springbok Sandstone observations:
•

The vertical range in head potentials across the monitoring bore network is approximately
140 metres. The comparatively large range is a result of the mostly low permeability and high
heterogeneity of the Springbok Sandstone. Unlike the groundwater levels in the
Gubberamunda Sandstone, the Springbok Sandstone shows less consistency across the
fields and no regionally consistent trends are apparent across the monitoring network.

•

Regionally, there is no consistent trend in the Springbok Sandstone. Some bores show slight
declines while others are stable or rising.
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Hutton Sandstone

Figure 8 Tenement-wide Hutton Sandstone hydrographs
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Hutton sandstone observations:
•

The vertical range in head potentials across the monitoring bore network for the Hutton
Sandstone is approximately 125 metres. Most of the variation is within the Spring Gully field,
and excluding this field reduces the range to 60 metres.

•

Groundwater levels in the eastern fields have a vertical range of just under 30 metres with all
monitoring bores showing a consistent downward trend since monitoring commenced. Talinga
MB3 H, located southwest of Chinchilla, shows the greatest rate of decline across all areas.

•

Groundwater levels in the central fields have a vertical range of just over 25 metres and are
declining slightly at a rate <0.2 metres per year.

•

In the western region, groundwater levels from three bores at Reedy Creek were significantly
influenced by groundwater injection trial (Reedy Creek INJ1-H) and extraction (Reedy Creek
INJ1-H and Reedy Creek INJ4-H) with levels essentially fully recovered in 2018.

•

Groundwater levels in the Spring Gully area show a wide range of head potentials. This is
assumed to result from significant topographic relief across much of the area. Where the
Hutton Sandstone outcrops, it is considered a recharge area; however, groundwater levels
also indicate potential local discharge to Eurombah Creek and, therefore, local flow systems
are likely to be occurring in isolation from regional aquifer flow. From 2016, there appears to
be a slight declining trend in groundwater levels across the Spring Gully region.

•

Even though groundwater levels are generally declining in the Hutton Sandstone, there is no
evidence of CSG impact
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Precipice Sandstone
Figure 9 Tenement-wide Precipice Sandstone hydrographs
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Precipice Sandstone observations:

4.3.2

•

The vertical range in head potentials across the monitoring bore network is approximately 60
metres, with reasonably consistent head potentials across each field region. The vertical
range is artificially enhanced by aquifer injection at the Reedy Creek field with pressures up to
30 metres higher than pre-injection aquifer pressures.

•

There are no Precipice Sandstone monitoring bores in the south-eastern area where the
aquifer thins and is absent.

•

There are no Precipice Sandstone monitoring bores in the southern and central fields where
the Precipice Sandstone is well in excess of 1,500 metres deep.

•

Groundwater levels from the two dedicated monitoring bores in the eastern fields (Condabri
INJ2 P and Condabri INJ5 P) are within 5 metres of each other and are lower relative to the
fields to the west. Levels pre-2015 are impacted by injection and extraction for the Condabri
injection trial and, therefore, local aquifer trends are masked during this period. Since late
2015 levels have risen consistently in both bores due to injection at Reedy Creek. Water
levels measured in the Miles Town bore are approximately 10 metres higher than the two
monitoring bores; however, the bore is pumped daily bringing hot water into the bore.
Consequently, the measured groundwater levels are artificially elevated in comparison to the
nearby monitoring bores due to thermal effects of hot water in the bore hole. From mid-2018
there has been a decline in water levels of approximately 2 metres, reflecting increased usage
during an extended dry period facilitated by installation of a water treatment plant in 2018 to
allow increased use of bore water.

•

Groundwater levels in the western fields have a vertical range of approximately 30 metres,
however, this range is enhanced by injection at Reedy Creek. Locally, groundwater levels in
the Reedy Creek field (Reedy Creek and Combabula bores) began to stabilise in early-2016,
decline in mid-2017, and stabilise in early-2018.

•

Groundwater levels in the Spring Gully area have a vertical range of approximately 10 metres,
with the exception of measurements from Spring Gully MB9 P and Kinnoul MB1 P. The
Kinnoul monitoring bore is off-tenure towards the eastern discharge area at Kinnoul.
Consistent with fields to the east, although less pronounced, water levels rose throughout
2015 and stabilised in late-2016, with a very slight decline since 2018.

•

Compared to the shallower aquifers, the Precipice Sandstone has more consistent head
potentials across the entire monitoring network and locally within the field regions. These
observations are consistent with the hydrogeological conceptual model of the Precipice
Sandstone being a highly transmissive aquifer with a high degree of lateral connectivity and
generally very low hydraulic gradients.

Sub-Regional Observations
Hydrographs for each of the bore subsets and significant observations are documented below.

4.3.2.1

Gubberamunda Sandstone
Eastern Fields
Groundwater levels in the eastern fields (Figure 10) have a vertical range of less than 25 metres. All
bores show a downward trend of approximately 0.3 m to 0.4 m per year since monitoring commenced,
with the exception of the Talinga monitoring bores 1, 5 & 9, which, from late 2014 to 2019, show
periodic declines of approximately 2.5 m per year. From 2019 levels have remained relatively stable,
with seasonal fluctuations of up to 2 m between 263 mAHD and 265 mAHD.
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Figure 10 Gubberamunda Sandstone hydrographs – eastern fields

Subregions within the eastern fields
•

Groundwater levels in the Condabri and Ironbark fields (down-dip of Orana and Talinga
respectively) have a vertical range of less than 5 metres. All bores having a consistent
declining trend of approximately 0.3 to 0.4m per year. The Gubberamunda Sandstone in this
area is deep, with depths to the aquifer base >300mbGL.

•

The vertical range of groundwater levels in the eastern Talinga and Orana fields has
increased from approximately 5 metres in 2014 to approximately 16 metres in 2020.

•

Groundwater levels in Talinga/Orana field are more dynamic than in the Condabri and
Ironbark fields due to the relatively shallow depth of the aquifer in the Talinga/Orana area
where it is likely being recharged. Across the southern part of Talinga the aquifer has two
distinct water bearing zones, demonstrated by the relative consistency of levels in Talinga
MB4-G and Talinga MB10-G, which contrast with the very dynamic levels observed in the
Talinga monitoring bores 1, 5 & 9. The latter group of bores show a sharply declining trend
from late 2014 to 2019. It is believed this is a response to a significant increase in water use
by a nearby landowner over this period.

•

Levels in southern Talinga (Talinga MB9 G) have declined significantly since late 2014 with a
period of steady decline (November 2014 to March 2016; October 2016 to February 2017;
July 2017 to February 2018; and since June 2018) punctuated by periods of recovery. The
bores in this area (Talinga MB5-G and Talinga MB9-G) are located within 1 kilometre of each
other and have seen total declines of between 7 and 10 metres over this period. Over this
same period, the level measured in Talinga SC2-WB, which is screened across the
Westbourne Formation (aquitard between the WCM and Gubberamunda), less than 100
metres from Talinga MB5-G, does not show the same decline, indicating that the declining
pressures are not associated with reservoir depressurisation.
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Levels in some bores (Talinga MB10-G and Talinga MB4-G) at Talinga are relatively stable
and show no obvious trends, indicating they likely tap a hydraulically disconnected zone within
the Gubberamunda Sandstone.

Central Fields
Groundwater levels in the central fields (Figure 11) show a greater vertical range relative to the other
fields with approximately 30 metres of variation between the five bores. Hydraulic testing of these
bores shows a wide range of transmissivities which may suggest more heterogeneity than occurs in
other parts of the basin. The bores in the central fields also have the greatest range of constructed
depths. Consistent with fields to the east, groundwater levels show declining trends across all bores,
with the exception of Dalwogan MB1-G in which water levels were slowly recovering from early 2015
following the cessation of pumping from the aquifer in the area. It appears that water levels stabilised in
2018 and have remained stable.
Figure 11 Gubberamunda Sandstone hydrographs – central fields

Western Fields
Groundwater levels in the western fields (Figure 12) are generally consistent, with groundwater levels
having a range of <5 metres across all bores, except for Muggleton MB1-G (>330 mAHD). Lucky Gully
MB1-G and Combabula MB1-G groundwater levels are relatively stable, while Muggleton MB1-G has a
consistent slight downward trend. Reedy Creek MB1-G shows the most variability across the period
with a sharp decline from mid-2017 of 6 metres per year, recovery in early-2019, declining again mid2019 before recovery in early-2020. The declining trends correspond with increases in operational
water use. The variability and dynamic nature of the groundwater levels in this region is consistent with
the hydrogeological conceptual model that locates these bores on, or close to, formation outcrop along
the northern margin of the basin. Topographically, this region has greater relief than areas to the east
and this, combined with the aquifer’s relatively shallow depth, likely results in dissection of the aquifer
and, hence, the aquifer is likely to be laterally disconnected in places. This is most likely the reason
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Muggleton MB1-G has a groundwater level that is significantly elevated compared to nearby
Gubberamunda Sandstone bores, e.g. Reedy Creek MB1-G is approximately 17km away.
Figure 12 Gubberamunda Sandstone hydrographs – western fields

4.3.2.2

Springbok Sandstone
Eastern Fields
The Springbok Sandstone is comparatively over-represented in the eastern region monitoring network,
due to additional bores being constructed as part of the Condamine River seep monitoring program.
The formation is highly variable with regards to permeability, generally becoming less permeable down
dip to the southwest. Because of low permeability, the data quality, particularly early in the monitoring
program is of variable quality. To better display the data selected bores have not been plotted and the
x-axis clipped to January 2014 which has allowed for more thorough assessment of local trends
(Figure 13).
In the eastern fields, the vertical range in head potentials is approximately 25 metres, with the
exception of two outliers, Condabri MB2-S and Orana MB1-S.
Relative to other aquifers in the eastern fields the Springbok Sandstone shows no local or regional
pressure trends, with some going up, some down and some stable. Commonly, rising levels are
associated with levels taking time to recover back to in-situ formation pressures post drilling and
completion.
A long-term declining trend is evident for several bores across the eastern region. Declines are
generally less than 0.1 metre per year over the past 5 years with declines punctuated by periods of
stable or rising levels.
Four bores stand out as having notable declining trends over the monitoring period. These bores are in
different fields and have no correlation in terms of depth or position relative to outcrop. Talinga MB7-S
shows a reasonably consistent declining trend of approximately 0.7 metres per year. Levels in
Orana MB14-S are very dynamic having risen steeply in 2015, then gently declining from 2016 to 2019
with a slight rise in 2018, and stabilising in early 2020. This bore is located towards the margin of the
formation outcrop and consequently levels are more likely to be responsive to recharge. Condabri
MB4-S and Condabri MB6-S have experienced overall declines of approximately 0.6 metres.
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Figure 13 Springbok Sandstone hydrographs – eastern fields

The groundwater level in Condabri MB2-S is >30 metres higher than the next highest Springbok
groundwater level across all sites. It is believed this anomalous groundwater level is a result of the
heterogeneity of the aquifer, with the bore potentially tapping a disconnected high-pressure sand body.
Ironbark groundwater levels are the most consistent vertically of all fields and are generally stable.
Here, the Springbok is deep >400 metres and the permeability is generally very low.
Central and Western Fields
In the central fields, groundwater levels from 2011 to 2015 are punctuated by drawdown and recovery
cycles from sampling events (Figure 14).
The groundwater levels in the western fields have a vertical range of approximately 90 metres. Aquifer
permeability is more variable in this region and consequently some bores continue to be sampled.
Where groundwater levels are not impacted by pumping, they show no regional trends. Muggleton
MB2-S is still recovering after a sampling event in 2011. From 2015, levels are gradually recovering
over multiple years. The aquifer in these areas has very low permeability, resulting in slow recovery of
groundwater levels, anywhere from a few weeks to multiple years. A decision in early 2015 to prioritise
pressure monitoring resulted in their exclusion from future sampling events; therefore, levels stabilised
back to formation pressures in 2016 in Dalwogan and Ramyard bores, while Woleebee MB2-S is still
recovering. Water levels have remained steady since recovery. Two bores in this area have not been
included because water levels in the bores are still rising almost 4 years after they were drilled.
Six Springbok Sandstone bores are in the central region, however, levels in three bores (one in
Woleebee and two in Carinya) have not recovered following pumping/bore development and therefore
are not shown. The x-axis has been reduced to July 2015 as all previous data was unrepresentative of
aquifer pressures due to extended recovery period following sampling events.
Dalwogan MB4-S and Ramyard MB4-S are relatively stable with a slightly increased declining trend
over the past 12 months. Dalwogan MB2-S levels are more dynamic; however, it is likely that this is at
least in part due to the bore being artesian, so levels are potentially more susceptible to temperature
and headspace gas build-up effects in the headworks. In addition, the significant periods of apparent
reduced levels are due to accidental pressure bleed off from the well head.
The groundwater levels in the western fields have a vertical range of approximately 90 metres. Aquifer
permeability is more variable in this region and consequently some bores continue to be sampled.
Where groundwater levels are not impacted by pumping, they show no regional trends. Muggleton
MB2-S is still recovering after a sampling event in 2011.
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Figure 14 Springbok Sandstone hydrographs – central and western fields

4.3.2.3

Hutton Sandstone
The Hutton Sandstone bores with time series monitoring data in the Walloons development areas
(including east, south-eastern, central and western fields) have been presented in three hydrographs;
one for Condabri, Orana and Talinga (Figure 15); one for Dalwogan, Meeleebee and Carinya
(Figure 16); and one for Peat (Figure 17).. Bores tapping the Hutton Sandstone around Reedy Creek
have not been plotted as the full monitoring record history is affected by injection and extraction
activities and, therefore, does not effectively represent background aquifer pressures.
Figure 15 Hutton Sandstone hydrographs – Condabri, Talinga and Orana

Observations:
•

Groundwater levels in the Hutton Sandstone are steadily declining in Orana, Talinga and
Condabri fields. Apart from for Orana MB6-H, all the remaining bores have monitoring records
extending back to 2012 with downward trends consistent through the monitoring records. To
provide a greater visual representation the x-axis has been clipped to show data from the past
5 years only.
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•

The magnitude of decline observed varies spatially for example the first half of 2020 an
increase in declines was observed at Condabri MB9-H. Talinga MB3-H also seen an increase
in declines from 2019 onwards though this is consistent with other monitoring bores in the
area.

•

The declining pressure trend has generally been regionally consistent, with declines of
approximately 1 metre per year in Condabri, Talinga and Orana. This declining trend is likely
due to regional over extraction from the aquifer, which is consistent with OGIA’s preliminary
findings in the Annual Report 2020 for the Surat Underground Water Impact Report 2019
https://www.resources.qld.gov.au/__data/assets/pdf_file/0003/1527213/surat-uwir-annualreport-2019.pdf

Figure 16 Hutton Sandstone hydrographs – Dalwogan, Meeleebee and Carinya

Figure 17 Hutton Sandstone hydrographs – Peat
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Observations:
•

The four bores plotted above are relatively distant to each other compared to field groupings
in previous sections. Peat MB3-H has a low potentiometric head to the north at Peat
(discharge area) with the other three sites having groundwater elevations within 3 metres of
each other. Aquifer pressures in the Hutton Sandstone are generally declining consistent with
the basin wide trend, however the rate of decline is less than at Condabri and Talinga
(between Miles and Dalby). On average the rate of decline at Dalwogan is approximately 0.4
metres per year and at Carinya it is less than 0.1 metres per year. Levels in Meeleebee show
higher rates of decline after early 2017 at 0.3 meters per year. Data acquired prior to this is
not considered representative of background aquifer pressures because the bore was not
adequately developed until late-2017. At Peat, the Hutton Sandstone is shallow and close to
outcrop and consequently pressures are more dynamic than elsewhere across the monitoring
network; however, levels at Peat do showed a decline of 0.6 metres in 2018 however since
2019 water levels have remained steady and even increased by 0.2 meter in 2020 which is
indictive of aquifer recharge.

Figure 18(a) Hutton Sandstone hydrographs – Spring Gully
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Figure 19(b) Hutton Sandstone hydrographs – Spring Gully

Observations:
•

Groundwater level records are available for 13 Hutton Sandstone bores in the Spring Gully
region. Due to the number of bores two hydrographs have been presented: the first
hydrograph shows five bores with longer monitoring histories and shows the period from 2011
to present; and second hydrograph shows eight bores from late 2014 to present.

•

For the extended monitoring period, 4 of the 5 bores show a very similar trend throughout the
monitoring period with between 0.7 and 1.4 metres of decline since early 2011. Except for
Strathblane Scott’s Creek Bore which in total has observed just over 4 meters decline since
start of monitoring period.

•

For the 6.5-year monitoring period to March 2021 groundwater levels overall in most bores
have declined at a rate of approximately 0.2 meters per year. Though groundwater levels
trends are declining overall cycles of declining and recovery periods are observed in most
bores.

•

Spring Gully MB14-H, Moorabinda House Bore Spring Gully MB10-H and Spring Gully MB8-H
have observed the least amount of decline with less 0.05 meters per year.

•

Strathblane Scott’s Creek Bore has observed overall more pronounced water level declines
since 2012 with 0.4 meters per year on average and 4.3 meters overall decline.

•

The total decline across most bores since late-2015 is less than 0.2 metres but ranges up to
1.9 metres. A particularly pronounced decline is observed in Spring Gully MB15-H in early
2018, which is in the outcrop area in the northwest of the Spring Gully field, water levels have
since risen in both 2019 and 2020.

•

Groundwater levels in four of the bores are noticeably more dynamic than in the other bores.
The aquifer at these locations is generally shallower and close to either recharge or discharge
areas.

•

These dynamic groundwater levels demonstrate that the Hutton Sandstone aquifer is
responsive to recharge events (of which there have been very few in the last few years) and
potentially groundwater extraction in the Spring Gully area.
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Precipice Sandstone
Figure 20 Precipice Sandstone Hydrographs – Walloons Development areas

Observations:
•

Four Precipice Sandstone bores in the Walloons Development area have been plotted. Five
other bores located in the Reedy Creek field have been excluded from this assessment
because of disproportionate head rise associated with injection. The primary objective of
these bores is to monitor the Reedy Creek aquifer injection scheme and they are
consequently discussed in Section 9. A few water supply bores have also been excluded
because they are regularly pumped which limits the ability to deduce obvious trends.

•

The plot has been clipped to start in 2015 to focus on trends over the previous 5 years. The 4
bores included are in Condabri central, Condabri north, Kinnoul and Peat. Levels in all 4 bores
were rising through until late 2018 due to aquifer injection at Reedy Creek. The rate of the
increase has been similar for the Condabri bores and Peat, whereas the trend at Kinnoul has
been much more subdued. Since late-2018, levels have stabilised in all bores, overprinted by
seasonal fluctuations related to seasonal use.

Figure 21(a) Precipice Sandstone Hydrographs – Spring Gully
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Figure 22(b) Precipice Sandstone Hydrographs – Spring Gully

Observations:
•

In the Spring Gully region, groundwater level records from 13 Precipice Sandstone bores
have been plotted on 2 hydrographs; one with 5 bores for the period from 2011 to present and
one with all 13 bores from early-2015 to present.

•

Groundwater levels across the aquifer are generally consistent in terms of the magnitude of
change and overall trend. Consistent with the aquifer in the Walloons development fields,
pressures rose markedly from early-2015. The rate of the rising trend started decreasing in
early-2016 before levels mostly stabilised in late-2016. Since mid-2017 levels started to fall
back to base levels in most bores, however, the rate and magnitude of change has varied.
Spring Gully PB1 and Spring Gully MB7-P, in particular, have declined significantly since mid2017.

•

A distinct, rapid change, both up and down and of varying magnitude is evident across most
Precipice bores in the Spring Gully area on the 18 August 2016. This date coincides with a 5.8
magnitude earthquake off central QLD coast around of Bowen.

•

As would be expected for the Precipice Sandstone, given its stratigraphic position, the
magnitude of the response to significant recharge events has been less pronounced and more
gradual than for the Hutton Sandstone.
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Potentiometric Surfaces
Potentiometric surfaces have been prepared for the Gubberamunda Sandstone, Springbok Sandstone,
Walloon Coal Measures (including Birkhead Formation and Injune Creek Group), Hutton Sandstone
(including Marburg Sandstone) and the Precipice Sandstone. The data for these maps has been
obtained from the following sources:
•

The Queensland government groundwater database (GWBD). Many of the GWBD records
represent the water level at the time of drilling;

•

APLNG/Origin’s ESdat database, which includes monitoring bore water levels and baselined
landholder bore water levels;

•

Origin’s DST database, which includes measured formation pressures;

•

CSIRO PressurePlot for formation pressures in petroleum and gas exploration wells. These
tend to provide some of the only data from deep in the basin;

•

Monitoring data for other CSG operators in the Surat Basin provided by OGIA under Section 3
of the Water Act 2000;

•

Data from other published sources such as environmental impact statements; and

•

DNRME Groundwater Online and CSG Net Groundwater bore data.

The maps represent the most recent water level reported from each source, therefore the data for a
single map may span several decades. Only data from APLNG/Origin’s ESdat, DST databases and
DNRME CSG Net data have been updated for this report. Date ranges have been identified by the
colour symbol at the data point used. Data from non-APLNG/Origin sources has only been quality
assured by exception, for example, nominated formations have been reviewed if the data results in a
bullseye on the map.
Surfaces were generated using the Kriging algorithm in Surfer©. The maps have been clipped to the
formation extents from the UWIR (OGIA, 2016). The data has not been density-corrected.
4.4.1

Gubberamunda Sandstone
The Gubberamunda Sandstone is present across most of the Walloons tenements, except for
Meeleebee, Woleebee, northern Talinga and Orana, eastern Kainama, Gilbert Gully, Waar Waar and
Zig Zag.
Data from bores tagged to the Kumbarilla Beds have not been included due to the uncertainty of the
actual formation tapped. Exceptions exist where subsequent drilling activities have confirmed
formations depths locally. This significantly reduces the number of data points available, especially in
the eastern margin of the map extent (Talinga through to Zig Zag), which correspond to a significant
recharge zone (BRS & NRM, 2003). Hooray Sandstone bores have been used to provide interpolation
control to the west of the APLNG tenements. Since all APLNG/Origin tenures have been baselined, it is
expected that most of on-tenure bores have been identified. Any bores tagged to the Gubberamunda
Sandstone in the GWBD have been removed from the dataset as this data would be older than the
baseline dataset that Origin collected.
The mapped potentiometric surface for the Gubberamunda Sandstone (Figure 23) shows minor
changes from 2019 (APLNG, 2019). Notable features of the potentiometric surface include:
•

A series of mounds and depressions through the tenements and the area to the south. These
features are a result of the temporal variability of the data set, and high usage associated with
the Gubberamunda being the predominant regional groundwater supply.

•

An inferred regional flow direction to the southeast, which is consistent with previously
published surfaces for the formation or lateral equivalents (e.g. Habermehl, 1980;
Quarantotto, 1989; Radke et. al., 2000);

•

An assumed recharge related groundwater high to the west of the tenements, southwest of
Injune, corresponding with Mount Hutton. Here, the Gubberamunda Sandstone outcrops
below the Tertiary volcanics along the eastern slope of escarpment;

•

A potentiometric low around Roma, related to drawdown due to town water supply extraction;
and

•

A trough oriented north-south between Miles and Chinchilla, extending to Moonie and beyond,
with a potentiometric low to the west of Condabri. This trough roughly corresponds to several
large groundwater (50-200 ML/year) licenses allocated to the Gubberamunda Sandstone
(Worley Parsons, 2010).
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Springbok Sandstone
The Springbok Sandstone is essentially present across all Walloons tenements. Data for a Springbok
Sandstone potentiometric surface is sparse and comes predominantly from APLNG monitoring bores
and DSTs. There are few users of the Springbok Sandstone near the CSG fields and they are present
only where the formation is in or close to outcrop.
The potentiometric surface is characterised by bullseyes; however, QA checks show that these points
are reliable. Monitoring bores installed by APLNG are often artesian or have shallow water levels, but
because of low permeabilities, may require several months to years to stabilise (see Section 4.2.3).
Where these levels are excessively below anticipated levels, they have not been used in developing
this potentiometric surface.
The mapped potentiometric surface for the Springbok Sandstone (Figure 24) shows no major changes
from 2019 (APLNG, 2019). Notable features include:
•

A potentiometric high aligned with the Great Dividing Range through APLNG tenements;

•

A southerly inferred groundwater flow direction to the south of the divide, which is strongly
controlled by few sparse data points and is therefore considered of limited reliability;

•

An inferred northerly flow direction corresponding to the axis of the Mimosa Syncline and
north of the Great Dividing Range;

•

A recharge area to the southwest of Injune; and

•

A highly variable surface through the APLNG tenements, suggesting poor lateral connectivity
and generally low permeability within the formation.
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Walloon Coal Measures
The potentiometric surface for the Walloon Coal Measures is the most data rich owing to the
abundance of DST data on tenements. Since DST are collected over short intervals (commonly less
than 20m), they have been averaged when there are multiple measurements from different depths
within the coal measures. A large volume of data exists within the northern extent of the formation,
where it is referred to as the Birkhead Formation. There is essentially no data in the southwest of the
area of the APLNG tenements, where the top of the coal measures is over 1,000m deep.
Significant CSG production in the Walloon Coal Measures over the past several years has created
significantly reduced pressures in production areas from the pre-development dataset. Consequently,
to minimise bullseyes and steeply dipping contours around production areas, all pre-2016 pressure
values within 15km of a monitoring well in a production area have been excised from the dataset. Data
points within 15km of monitoring wells outside production areas (including where likely impacted by
non-APLNG CSG production) have been retained. This includes Byme Creek, Ironbark, Gilbert Gully,
Waar Waar and Zig Zag.
Consistent with previous years, the mapped potentiometric surface (Figure 25) shows:
•

A paucity of data in the southwest of the basin to provide control to the contouring algorithm;

•

An inferred regional flow direction towards the Taroom region;

•

Probable areas of recharge to the west of Injune, in outcrop to the northeast of Dalby, and
near Millmerran;

•

A potentiometric low to the northeast of Millmerran roughly corresponding to the Condamine
River Alluvium;

•

Compared to 2017 and 2018, the potentiometric lows have extended south Condamine and a
little to the north of Miles; and,

•

Consistent with the previous year, 2020 displays continued expansion of depressurisation
south-west of Condamine township and north-east of Yuleba township, associated with
production around to the south and west of Condabri and Combabula respectively.
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Hutton Sandstone
The Hutton Sandstone map has a reasonable data distribution around the outcrop and sub-crop areas
where groundwater is used predominantly for stock watering. Towards the south, the APLNG
groundwater drilling programs have added data points across the tenements with some data provided
by DSTs. South of APLNG tenements, data is limited to petroleum exploration well DSTs only and is
extremely scarce.
The mapped potentiometric surface for the Hutton Sandstone (Figure 26) shows no major changes
from 2019 (APLNG, 2019). Notable features include:
•

An inferred regional flow direction to the north, with inferred flow toward the Mimosa Syncline
from potentiometric highs in the outcrop to both the east and west. Discharge appears to be to
the Dawson River and tributaries near Taroom;

•

An increased hydraulic gradient near the Hutton-Wallumbilla Fault immediately adjacent to the
western boundary of the Spring Gully field, suggesting a reduction in transmissivity across the
fault through either a reduction in thickness or a reduction in hydraulic conductivity of the
aquifer;

•

An increased hydraulic gradient across the Kumbarilla Ridge, suggesting a reduction in
transmissivity across this feature;

•

A potentiometric low along Eurombah Creek within the Spring Gully tenement, immediately
south of the Hutton Sandstone outcrop. This corresponds to an area of artesian groundwater
bores and may represent an area of groundwater discharge, and;

•

A potentiometric low within northern Talinga/Orana near a feedlot with a >240ML/year
licensed allocation from the Hutton Sandstone. Although this depression corresponds with the
Condamine River and tributaries, the Hutton Sandstone is more than 350m deep and is
therefore unlikely to be discharging to the river system

Released on 01/04/2021 - Revision 0 - Status Issued for use
Document Custodian is Groundwater Team
Origin Energy Upstream Operator Pty Ltd ABN 67 105 423 532
Once printed, this is an uncontrolled document unless issued
and stamped Controlled Copy or issued under a transmittal.

Based on template: AUS 1000 IMT TMP 4881989_Revision 5_Issued for review_28/08/2018_IG-SystemsInfo-DocRecordsMgt

Page 42 of 156

r

(□

-25
-"c,._

�

or 8 n

••

L
Ii

••
••

APLNG and Origin Energy
exploration/petroleum leases

•

-26

Data point and date of reading

•

•
•
•
••••
INJUNE
• • •• � •
•
•
•
•

•

•

•

• • •
•
••

ROMA
4'>

•

2020
2010 to 2019
2000 to 2009
pre-2000

••

• ••
• ••
•• •

•

•

-26.5

.. •

•

•

•

•
•• •

•
• ••

•

•

Formation outcrop
River

•

•

•

\,

•

• •
•

•
••

•

•

YULEBA
◊

0

Kilometers

50

"\

'-

co

(I)

<s

I

••
•

\J

�o

••

150

\

I

�

•

•
••

•

•
.(�•

•

•

••
•

•

•

0�\i
.,

•

•

MOONIE
◊

•
•

• •

• •
••

•
•

-28

•
MILLMERRAN
◊

•
•

150.5

151

•
•

•

I

J

◊

•
•
•
•

150

• •

•oALBY

•

•

149.5

•
• • • ••••
• •
•

◊

-27.5

149

-

..,\

•

148.5

-1-:..y•

• •

•

�

•

\

•

•

•

•

•

◊

250

"'

•• •
•
• •
••

SURAT

I

i'

<
\

□·

-27

C
::::l
0
'(9

,,,

s,-I

◊

148

350

3:

"O

Groundwater Assessment Report
2019 - 2020
Figure 26 - Potentiometric
Surface of the Hutton Sandstone

w
(I)

Data includes bores tagged to Marburg Sandstone

tN

>

\

CONDA IN

•

450

0

:;:::;

)

•

Potentiometric surface represents the most recent
water level available for any data point.
Data sourced from:
- Origin Energy Esdat database
- Origin Energy/APLNG DST database
- Queensland Government Groundwater Database
- OGIA monitoring data

C

I

•

• "'

s
<(

rV

l,

•
•

I

7

•
•
•
•
•
• •TAROOM •
◊
•
• •

550

0

\

•

•

'
)

"1:, \s

••
• • •

650

L

I

•
•

Approximate extent of Surat and
Clarence-Moreton Basins

1

��

•

-25.5

y
I

(

•

2019-2020 Groundwater Assessment Report

4.4.5

CDN 31217660

Precipice Sandstone
Consistent with other deeper formations of the Surat Basin, there is a paucity of data for the Precipice
Sandstone, particularly in southern areas due to the excessive depth of the aquifer.
The mapped potentiometric surface for the Precipice Sandstone (Figure 27) shows no major changes
from 2019 (APLNG, 2019). Notable features include
•

Inferred recharge to the northwest of Injune;

•

Groundwater flow is consistent with surface water flow in the Dawson River catchment with
the potentiometric high roughly corresponding to the Great Dividing Range with groundwater
discharging to the Dawson River in proximity to the Precipice Sandstone outcrop on the
eastern limb of the Mimosa Syncline;

•

Easterly flow east of the Leichardt-Burunga Fault,

•

Generally, low hydraulic gradients, and;

•

An increase in hydraulic gradient near the Hutton-Wallumbilla Fault to the northwest of the
Spring Gully tenement suggests a decrease in transmissivity across this structure.
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Pressure Profiles
The increase in formation pressure with depth, in theory, follows a defined gradient known as the
hydrostatic pressure gradient. This represents a continuous column of water from the water table to the
hydrogeological basement. In some cases, however, formations may be over- or under-pressured
relative to the hydrostatic pressure gradient. Deviations from the hydrostatic pressure gradient may be
natural or induced, either related to pumping (e.g. groundwater use or CSG production) or injection.
Natural over-pressuring may be due to hydrocarbon entrapment or may be generated during basin
development (e.g. Neuzil, 1995). Comparison of pressure profiles to the hydrostatic pressure gradient
provides an indication of the interconnectivity of the individual coal seams and other parts of the
sequence. Data points falling on the hydrostatic pressure gradient do not necessarily imply hydraulic
connection between the measurement points, however, a highly variable profile (often displaying a
saw-toothing profile) indicates poor vertical connectivity.
Vertical pressure profiles are often measured in gas wells during drilling, based on drilling tests
including DSTs, modular formation tests (MFTs) and MDTs. This type of profiling only provides a
measurement at a single point in time, usually prior to production in a particular gas field. For the 2017
and 2018 assessment, pressure profiles were prepared for those sites where multiple zones are
monitored over the duration of CSG operations. These profiles have been plotted each year since as
part of each annual assessment, so that the change in profile between successive years can be
observed. Depths were calculated to mid-screen/perforation interval and pressure from bottom-hole
gauges were converted to water column lengths using a freshwater gradient (1mH2O/mDepth).
Profiles for nested sites are provided in Appendix D. A hydrostatic gradient through ground level is
included for comparison purposes. Most profiles show a reasonable amount of consistency between
the first and more recent readings with the exception of coal seams within producing fields. Specific
observations that are not immediately obvious from the hydrographs described in Section 4.3, are:
•

There is rarely any indication of significant overpressuring;.

•

Except for the produced CSG reservoir formations, most profiles show an approximate
hydrostatic gradient of 1mH2O per meter depth;

•

In areas where production has not commenced (e.g. Ironbark, Kainama, Meeleebee), the
Walloon Coal Measures generally conform with the hydrostatic gradient;

•

A change in pressure is the exception rather than the norm outside of the reservoir in
producing areas where significant pressure declines are observed. However, the vertical
pressure profiling technique does not provide the resolution of individual hydrographs in
underlying and overlying formations, and is more biased to highlighting the large reservoir
depressurisation;

•

Where reservoir formations are monitored near production, pressures have generally
decreased, sometimes by several hundred meters. This pressure decrease is rarely
consistent between the individual sub-units, which indicates a large degree of heterogeneity in
the horizontal connectivity and permeability within the formations;

•

Within Condabri, the upper Juandah Coal Measures appear to have drawn-down fastest;

•

In Orana, the Taroom Coal Measures appear to show the greatest amount of
depressurisation, and generally have the greatest rate of draw-down;

•

The Reedy Creek profile shows a more consistent spread of depressurisation across the
various producing zones;

•

While monitored coal seams within the reservoir formations may show several hundred
meters of depressurisation in a more mature development area, the pressure propagation
through the interburden is much attenuated (Figure 28). This is despite the production
wellbore being open across both parts of the formation. The attenuated drawdown provides
evidence of the interburden being of significantly lower permeability than the coals;

•

Pressures may increase in the zones within the reservoir formations due to free gas
accumulation. This is evident in the Juandah Sandstone interval on Figure 28, which is overpressured. It may also explain why the Upper Juandah Coal Measures generally does not
drawdown as much as the lower zones;

•

In undeveloped areas, the Walloon Coal Measures is often over-pressured relative to the
overlying and underlying formations. This over-pressure is most often associated with low
permeability in the monitored formations;
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•

In profiles which extend up into the Springbok Sandstone, it tends to be the least variable
pressure relative to other formations except where the pressure is still recovering from drilling.
In these cases the Springbok exhibits significant increases in pressure over time. This relates
to the very low permeability of the formation, and the significant amount of time it is taking for
the formation to recover following bore development post drilling. It is evident that in some
cases it will take many years before water levels are representative in Springbok Sandstone
monitoring bores.

•

In some cases, despite an area not being in production, slight depressurisation can be seen
from adjacent developments, such as at Kainama (Figure 29).

However, these conclusions must be viewed in light of there being fewer locations on which to base
broad scale conclusions compared to individual monitoring bores, as there are fewer sites with nested
pressure monitoring.
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Figure 28 Pressure profile in an area of extended CSG development

Figure 29 Pressure profile in an area offset from CSG development
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5.

Non-Reservoir Groundwater Quality

5.1

Monitoring Network

CDN 31217660

As of July 2020, the regional groundwater monitoring network consisted of 77 non-reservoir monitoring
bores that are operational and monitored for water quality. Note this is a decrease from last years 84
monitoring points due to refinement in monitoring scope. A map of the current regional monitoring
network is shown in Figure 4. A summary of these locations is provided in Appendix A.

5.2

Monitoring Frequency
For those bores identified in the regional groundwater monitoring network, the minimum monitoring
frequency is six-monthly, as required by the UWIR (OGIA, 2019a).

5.3

Parameters Measured
As a minimum, groundwater samples are analysed for the water quality parameter suite defined in the
UWIR (OGIA, 2019a). This includes:
•

Field parameters – pH, Specific Electrical Conductivity (SpEC), redox potential, temperature,
free gas (CH4) at wellhead;

•

Major cations and anions – calcium, magnesium, sodium, potassium, chloride, sulphate,
fluoride, bicarbonate, carbonate, total alkalinity;

•

Total Dissolved Solids (TDS)

•

Metals (dissolved) – arsenic, barium, boron, cadmium, chromium, cobalt, copper, iron, lead,
manganese, mercury, nickel, selenium, strontium, and zinc; and

•

Dissolved methane.

5.4

Methods

5.4.1

Equipment
For all newly drilled monitoring bores, an initial sample is collected immediately prior to the cessation of
the pumping test, where one is conducted. These samples are collected via a traditional purge method,
using an electric submersible pump, or in rare cases, a mono pump.
Purpose installed monitoring bores into non-reservoir formations are equipped with dedicated, airdriven low flow sampling pumps (Airwell), where the pump inlet is located within the target zone of the
monitoring bore. In most instances, due to target depths being greater than 100 metres below ground
level, the intake is at the end of a ‘stinger’ tube extending below the pump to the target zone. Stinger
tubes used have an internal diameter of slightly less than 10 mm which effectively reduces the well
volume and hence the required purge volumes. The Airwell sampling pumps are operated in
accordance with the sampling procedure detailed in Origin Energy Standard Operating Procedure
Purging and Sampling Groundwater Monitoring Bores with Dedicated Airwell Pumps (Origin, 2017a).
Specifically, sampling commences after the requisite volume of water has been purged and ensuring
the water level remains stable and water quality parameters fall within the ranges defined in Table 3.
Pump settings, required purge volumes and maximum pumping rates, for each of the dedicated
installations are determined during system commissioning, ensuring adherence to these requirements.
Landholder and existing water supply bores that have been incorporated into the monitoring network
are sampled using existing pumping infrastructure. Bores are generally purged of a minimum of three
bore volumes, and until purge water field parameters have stabilised between successive readings.
Following this, a sample will be collected. If the bore is known to have been in recent regular use,
purge volumes may be reduced, particularly if there are no storage or management options for the
purged water.

5.4.2

Sample Collection
Groundwater samples are collected in accordance with Origin Energy Standard Operation Procedures
Purging and Sampling Groundwater Monitoring Bores (Origin, 2017b) and Purging and Sampling
Groundwater Monitoring Bores with Dedicated Airwell Pumps (Origin, 2017a). All field water quality
parameters are measured in a flow-through cell when using a dedicated Airwell pumping system, or
where possible with a non-standard wellhead configuration. To ensure that samples are not affected by
stagnant water within the pumping system, it is a requirement that purge water field parameters have
stabilised between successive readings as per Table 3. Two notable exceptions to meeting the
stabilisation criteria include:
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•

Low permeability bores, purged with low flow pumps, that can’t be pumped slow enough to
maintain a stable water level during purging. The sampling method adopted for these bores is
to sample upon purging one riser volume of water, which is believed will provide the best
opportunity to obtain a sample representative of aquifer conditions. For these bores, field
parameters tend not to stabilise prior to purging the required volume;

•

Bores that have not been sufficiently developed. These bores are progressively being
“cleaned up” with each sampling event. Field parameters generally do not stabilise after the
calculated volume of water has been purged.

Table 2 Field parameter stabilisation criteria prior to sample collection

5.5

Measurement

Variability

Comparison

pH

+/- 0.1 units

3 consecutive readings

Temperature

+/- 0.2°C

3 consecutive readings

SpEC

+/- 3%

3 consecutive readings

Dissolved oxygen

+/- 0.3 mg/L

3 consecutive readings

Redox potential (Eh)

+/- 10%

3 consecutive readings

Quality Assurance/Quality Control
Water quality sample QA/QC is ensured through adherence with relevant industry guidelines, including,
but not limited to:
•

Groundwater Sampling and Analysis – A Field Guide (Sundaram et. al., 2009), and;

•

Monitoring and Sampling Manual 2009 - Environmental Protection (Water) Policy. Version 2
(DEHP, 2013)

Specific QA/QC protocols incorporated into the groundwater monitoring program include:
•

Dedicated water quality sampling equipment (pumps and headworks) in dedicated monitoring
bores to minimise the potential for cross contamination;

•

Standardised sampling methods, as detailed in APLNG Standard Operating Procedures;

•

Calibration of field water quality and gas meters;

•

Collection of samples in new, laboratory supplied sample containers, with appropriate
preservatives;

•

Submission of samples under Chain-of-Custody (CoC) protocols;

•

Submission of samples to laboratories accredited with National Association of Testing
Authorities (NATA) for the analyses to be completed.

•

Collection of QA/QC samples, including;
o

duplicates at 1 in 10 samples collected; and

o

one trip blank per esky when volatile analyses are requested.

Data received from the laboratory undergoes further QA/QC checks to assess the accuracy and
precision of the results, including:
•

Use of the tailored QA/QC procedures within the ESdat database (see Section 2.5);

•

Assessment of outliers where multiple results are available;

•

Comparison of laboratory analysis to field data; and

•

Anion-Cation Balance – a calculated balance below 5% indicates a good analysis.

Table 4 provides a summary of cation-anion balance results for all groundwater samples collected as
part of the regional groundwater monitoring network. 378 of the 427 water quality samples (89%) had
an ionic balance less than 5%, indicating that the major ion analyses are of acceptable quality (the
average ionic balance is 2.8%). The remaining water quality samples had ionic balances ranging from
0.01% to 12.1%. These samples were deemed acceptable to remain in the analysis as the ionic
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balances were still relatively low and other constituents and unmeasured constituents, such as organic
anions, nutrients, and trace metals, may contribute to higher ion balances (Hem, 1985).
Table 3 Ionic balance summary data
Average Balance

Maximum Ionic
Balance

Minimum Ionic
Balance

Sample Count*

2.8%

12.1

0.01

427

*The number of samples with a full suite of anions and cations

5.6

Water Quality Monitoring Results

5.6.1

Electrical Conductivity
The distribution of EC data (lab results) across the main geological formations is presented in Figure
30. The Springbok Sandstone has the greatest variability in EC, with an interquartile range from
2,800 µS/cm to 7,390 µS/cm (excluding outliers), and a median of 3,840 µS/cm. Together with the
highly variable pressure surface observed through the APLNG tenements (Figure 24, Section 4.4.2),
the variability in Springbok Sandstone EC suggests poor lateral connectivity within the formation.
The Hutton Sandstone also has a significant spread of EC data, with an interquartile range from
901 µS/cm to 3,340 µS/cm (excluding outliers), and a median EC of 1,310 µS/cm. The Hutton
Sandstone is well recognised as a geologically variable unit and differences in observed salinity may
be due to the influence of facies changes. In general, however, the unit is known to have relatively
fresh water quality in the northern part of the basin near outcrop areas, with the groundwater salinity
increasing towards the centre of the basin.
The Precipice Sandstone has the lowest median EC (242 µS/cm). Fresher water quality in this
formation is observed in proximity to the Dawson River, where the Precipice Sandstone is inferred to
discharge (Figure 27, Section 4.4.5). Higher salinities in the southern part of the Mimosa Syncline
support a conceptual model of slow throughflow, as discussed in previous Annual Assessments.
Monitoring bore Condabri-INJ5-P is an outlier for the Precipice Sandstone, with a median EC of
7,505 µS/cm. Faulting interpreted from 2D and 3D seismic may be influencing of the water quality
within the Precipice Sandstone at this location (APLNG, 2015b).
Figure 30 Chart of EC statistics

5.6.2

Field pH
The distribution of field pH data for each of the geological formations is presented in Figure 31. The
chart indicates that groundwater within the Surat Basin is generally neutral to alkaline for all formations.
The Precipice Sandstone has the lowest median pH (6.5), whilst the Westbourne Formation and the
Gubberamunda Sandstone have the equal highest median pH value (8.6). Excluding outliers, the
Springbok Sandstone has the largest pH interquartile range, from 7.95 to 9.0.
It should be noted that in-situ pH would most likely be lower than that value measured at the wellhead
or discharge point due to CO2 degassing as groundwater is pumped from depth. Because the
Precipice Sandstone is the deepest formation, this may be the cause of the low pH range relative to the
other formations.
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Figure 31 Chart of field pH statistics

5.6.3

Major Ion Chemistry all Formations
Major ion ratios can be used to classify different ‘types’ of water based on hydrochemical facies. The
ratios between a select group of major cations and anions are plotted on a tri-linear (piper) plot to
display the dominant water type. Distinguishing water types can assist in aquifer characterisation,
identification of mixing trends, identification of flow paths and detection of trends over time.
Figure 32 presents the major ion chemistry for the regional groundwater monitoring network, coloured
by geological formation. The piper plot shows that sodium is the dominant cation in the Surat Basin
groundwater, with a broad spread between chloride and bicarbonate anion type waters, depending on
the geological formation. Some spatial variation is evident in the major ion ratios, likely relating to
facies changes and changes in groundwater chemistry down flow lines, with groundwater in the
outcrop areas tending to comprise a higher proportion of chloride, calcium, magnesium and sulphate.
In contrast, the aquifers at depth tends to be richer in sodium and bicarbonate ions (Quarantotto,
1989).
Individual piper plots for each of the major formations are presented in Figure 33 to Figure 36.
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Figure 32 Piper plot of major ions by monitoring unit
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Major Ion Chemistry Gubberamunda Sandstone
Gubberamunda Sandstone groundwater is typically sodium bicarbonate dominant, however around the
margins of the basin there is some gradation to a chloride-bicarbonate anion type water. In particular,
Combabula MB1-G and Muggleton MB1-G, located in the outcrop areas to the north of Yuleba, have a
greater abundance of chloride, calcium, magnesium and sulphate ions. This is not unusual for
Gubberamunda Sandstone groundwater in outcrop areas (Quarantotto, 1989).
Figure 33 Piper plot of major ions – Gubberamunda Sandstone
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Major Ion Chemistry Springbok Sandstone
All Springbok Sandstone groundwater samples are strongly sodium dominant, with very minor calcium
and magnesium ions, with the exception of Orana-MB15-S, located west of Chinchilla. The Combabula
fields are strongly chloride dominant, whilst the Condabri and Talinga / Orana fields display a mix of
chloride / bicarbonate dominance. Sulphate ion concentrations are very low across all fields.
Figure 34 Piper plot of major ions – Springbok Sandstone
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Major Ion Chemistry Hutton Sandstone
The piper tri-linear diagram presented in Figure 35 indicates that the Hutton Sandstone is typically a
sodium-bicarbonate type groundwater. Exceptions to this are bores located around the basin margins,
which have a higher proportion of calcium, magnesium and chloride ions.
Peat-MB3-H, located to the north-east of Wandoan displays a sodium-chloride type water, with a high
proportion of sulphate ions. The Combabula and Spring Gully fields display a mix of chloride /
bicarbonate dominance. Spring Gully MB17-H, Spring Gully MB15-H and SB-LB005, located east of
Injune, all display a greater abundant in calcium and magnesium ions, which is typical of Hutton
Sandstone groundwater in outcrop areas (Quarantotto, 1989).
Figure 35 Piper Plot of Major Ions – Hutton Sandstone
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Major Ion Chemistry Precipice Sandstone
The Precipice Sandstone is typically a sodium-bicarbonate type groundwater (Figure 36). The
Condabri field however, shows a strong difference in water type compared with groundwater in the
north of the basin, with a dominance in chloride over bicarbonate. This suggests that faulting,
interpreted from 2D and 3D seismic data across the area, maybe having an influence of the water
quality within the Precipice Sandstone at these locations (APLNG, 2015b). Bores in the Spring Gully
field display a higher proportion of calcium and magnesium ions, which is typical of groundwater in
outcrop areas (Quarantotto, 1989).
Figure 36 Piper plot of major ions – Precipice Sandstone
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Water Quality Trend Analysis
Individual water quality analytes plotted over time for each monitoring bore are available to view online
by clicking here. Mann-Kendall trend analysis has been undertaken to evaluate increasing and
decreasing trends in concentrations for key water quality parameters. This method is well suited to
groundwater monitoring data as there are no distributional assumptions. Further, non-detects in the
data, or irregularly spaced measurement periods, are permitted.
The trend analysis was limited to those monitoring bores that have a water quality baseline. A water
quality baseline is defined after the collection of seven (7) six-monthly water quality samples (APLNG,
2014c). As of July 2020, 46 of the 77 regional groundwater monitoring bores had 7 or more laboratory
water quality samples, excluding bore development samples (refer Table 5). 71 groundwater
monitoring bores had 7 or more field water quality samples, excluding bore development samples
(refer Table 5). Analysis of trends will prove increasingly useful as more data is collected over a longer
timeframe and temporal trends emerge.
Figure 37 to Figure 40 show the summary results of the trend analysis for each of the main geological
formations, coloured by field. The axis on the charts indicates the number of bores, within that
formation, with an observed increasing (positive number) or decreasing (negative number) trend in the
analyte concentration. A zero number represents no trend in the data. Presented in this way, the data
shows decreasing trends for several key analytes, particularly field pH, bicarbonate alkalinity and lead.
Increasing trends in the data were also identified for several analytes, particularly beryllium and total
alkalinity.
Table 4 APLNG water quality monitoring network with number of valid samples
Monitoring
Unit

Mooga

Field

Bore Id

Number of Field
Samples

Number of
Laboratory
Samples

Carinya

CAR‐LB033

12

12

Condabri

CON‐LB004

4

3

CAR‐MB001

12

3

CAR‐MB003

13

12

COM‐MB001

13

3

LUK‐MB001

9

12

MUG‐MB001

11

11

RC‐MB001

16

8

CON‐MB001

14

14

CON‐MB003

11

14

CON‐MB005

10

4

DAL‐MB001

13

5

DAL‐MB003

9

3

Ironbark

IB‐MB012

9

1

Ramyard_Woleebe
e

RAM‐MB003

11

3

WOL‐MB002

12

4

Talinga_Orana

TAL‐MB005

8

8

Combabula

RC‐SC001

8

3

Talinga_Orana

TAL‐SC002

10

1

CMN‐MB002

10

2

COM‐MB002

13

12

Carinya

Combabula

Gubberamunda

Condabri

Dalwogan

Westbourne

Springbok

Combabula
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Monitoring
Unit

Bore Id

Number of Field
Samples

Number of
Laboratory
Samples

MEL‐MB001

5

0

CON‐MB002

10

12

CON‐MB004

11

13

CON‐MB006

12

11

Ironbark

IB‐MB003

8

6

Kainama

KAI‐MB002

6

5

ORN‐MB015

10

10

TAL‐MB007

13

12

TAL‐MB021

10

11

CAR‐MB005

9

2

MEL‐MB002

7

6

RC‐INJ001

10

14

RC‐INJ003

12

16

RC‐MB003

13

12

CON‐INJ001

10

12

CON‐INJ004

13

6

CON‐MB009

11

12

Dalwogan

DAL‐MB005

10

1

Peat

PT‐MB003

9

10

DM‐LB009

13

11

DMW‐MB003

10

10

SB‐LB005

12

13

SGE‐LB002

15

15

SGE‐LB004

15

6

SGE‐LB037

13

4

SGE‐MB002

8

10

SG‐LB005

18

18

SG‐LB007

16

7

SG‐MB004

13

14

SG‐MB016

9

1

SG‐MB018

9

2

SG‐MB021

9

9

ORN‐MB006

6

6

TAL‐MB003

9

11

COM‐MB004

11

12

COM‐MB005

11

10

Field

Condabri

Talinga_Orana

Carinya

Combabula

Condabri

Hutton

Spring Gully

Talinga_Orana

Precipice

CDN 31217660
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Monitoring
Unit

Field

Condabri
Peat

Spring Gully

CDN 31217660

Bore Id

Number of Field
Samples

Number of
Laboratory
Samples

COM‐MB006

10

10

COM‐WB001

6

8

MEL‐MB005

7

2

RC‐INJ002

11

20

RC‐INJ004

12

15

CON‐INJ002

8

14

CON‐INJ005

13

13

PT‐MB002

8

8

CL‐LB003

10

11

DM‐LB010

16

8

DM‐MB003

12

14

DMW‐MB001

14

15

SB‐WB001

14

12

SGE‐MB001

8

10

SG‐INJ002

20

18

SG‐MB002

7

9

SG‐MB007

10

2

SG‐MB011

11

4

SG‐MB019

8

0
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Figure 37 Summary of Mann-Kendall trend analysis – Gubberamunda Sandstone
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Figure 38 Summary of Mann-Kendall trend analysis – Springbok Sandstone
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Figure 39 Summary of Mann-Kendall trend analysis – Hutton Sandstone
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Figure 40 Summary of Mann-Kendall trend analysis – Precipice Sandstone
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CDN 31217660

Production Water Quality
The temporal variation of key water quality parameters for a representative selection of CSG
production wells in the APLNG CSG fields is discussed below. Plots are provided in 11.1Appendix E.

6.1

Spring Gully
Assessment of the timing of change with the production history of the Spring Gully field and the
individual wells, indicates that the temporal changes in water quality are likely to largely be related to:

6.1.1

•

Work-over of the wells, where additives (e.g. corrosion inhibitors, biocides) may have been
used. Wells in Spring Gully have been worked-over as frequently as annually, so the
dynamism of the water quality data may reflect the frequency of sampling relative to the
work-over periods.

•

Increased water to gas ratios when pumps have been re-installed in the wells following free
flow, or pump sizes have been upgraded.

•

Dynamic changes occur in the capture zones of individual wells and the field as a whole, as
new wells are brought into production and producing wells are temporarily or permanently
turned on and off.

Electrical Conductivity
No appreciable long-term EC trend is evident in the data, with the exception of the wells discussed
below. EC values across all wells show some temporal variability.
Rising trend:
•

Durham Ranch 13 has experienced a very slight long-term increasing EC trend from 9,700
S/cm in December 2006 to 9,910 µS/cm in March 2020, although this was less than a peak
value of 10,470 µS/cm in December 2017.

•

Durham Ranch 111 previously experienced a slight long-term increasing EC trend from
8,800 µS/cm in August 2016 to 9,640 µS/cm in May 2019, it recorded an EC of 8,678 µS/cm
in November 2020.

•

Spring Gully 20 shows a long-term net rise from 11,400 µS/cm in October 2008 to
13,200 µS/cm in November 2019.

•

Spring Gully 94 shows dynamic EC values but a long-term net rise from 12,300 µS/cm in
October 2008 to 14,500 µS/cm in March 2020.

Declining trend:
•

6.1.2

Durham Ranch 199 indicates a decline in EC from 10,320 µS/cm in November 2017 to
8,208 µS/cm in November 2019, however water production from this well has fallen markedly.
The most likely explanation for the declining EC is dilution of the formation water with an
increasing proportion of freshwater condensation. Over the production life of a typical CSG
well, initially the rate of formation water production increases with time until a peak is reached,
after which formation water production tails off whilst gas production continues. In some wells
the rate of production of formation water eventually becomes so small that overall water
production from the well becomes dominated by fresh water that condenses at the surface.
This phenomenon has been noted in several wells across the APLNG project.

Chloride
A relatively wide range exists in chloride concentration across the Spring Gully field. Of the wells
examined, four exhibit a long-term rising chloride trend. The remainder of the wells exhibited slightly
dynamic chloride levels with no net temporal trend.
Rising trend:
•

Spring Gully 94 from 3,500 mg/L in October 2008 to 4,100 mg/L in March 2020

•

Spring Gully 20 from 3,000 mg/L in October 2008 to 3,740 mg/L in November 2019

•

Durham Ranch 111 from 2,400 mg/L in September 2013 to 2,720 mg/L in November 2019

•

Durham Ranch 22 from 1,500 mg/L in December 2006 to 1,800 mg/L in March 2019
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6.1.3

CDN 31217660

Sodium
A relatively wide range exists in sodium concentration across the Spring Gully field. Of the wells
examined, three wells exhibit a long-term rising sodium trend. The remainder of the bores examined
exhibited slightly dynamic sodium levels with no net temporal trend.
Rising trend:

6.1.4

•

Spring Gully 94 from 3,100 mg/L in October 2008 to 3,400 mg/L in March 2020

•

Durham Ranch 13 from 2,500 mg/L in December 2006 to 2,800 mg/L in March 2020

•

Spring Gully 20 a slight rise from 2,900 mg/L in December 2008 to 2,940 mg/L in
November 2019.

Bicarbonate Alkalinity
A relatively wide range exists in bicarbonate alkalinity concentration across the field. Of the wells
examined, five recorded net rising bicarbonate alkalinity values over the period of record. Conversely
four other wells experienced net declines in bicarbonate alkalinity over the period of record. The
remainder of the bores exhibited slightly dynamic bicarbonate alkalinity levels with no net temporal
trend.
Rising trend:
•

Durham Ranch 13 from 2,300 mg/L in December 2006 to 2,400 mg/L in March 2020

•

Durham Ranch 111 from 740 mg/L in August 2013 to 1,020 mg/L in November 2019

•

Durham Ranch 69 from 1,400 mg/L in December 2006 to 1,930 mg/L in November 2019

•

Durham Ranch 92 from 1,600 mg/L in January 2012 to 1,900 mg/L in March 2020

•

Durham Ranch 22 from 2,000 mg/L in December 2—6 to 2,300 mg/L in March 2020

Declining trend:

6.1.5

•

Spring Gully 20 from 2,300 mg/L in October 2008 to 1,920 mg/L in November 2019

•

Spring Gully 94 from 1,800 mg/L in October 2008 to 1,400 mg/L in March 2020

•

Spring Gully 18 from 1,800 mg/L in October 2018 to 1,600 mg/L in March 2020

•

Durham Ranch 199 from 1,900 mg/L in March 2014 to 1,500 mg/L in November 2019.

Fluoride
A relatively wide range exists in fluoride concentrations across the field, from 0.4 mg/L
(Durham Ranch 111) to 13.4 mg/L (Durham Ranch 22). Some wells exhibit long-term rising fluoride
trends and other wells exhibits dynamic levels with no net long-term temporal trend.
Rising trend:

6.1.6

•

Durham Ranch 69 from 3.3 mg/L in December 2006 to 6.7 mg/L in November 2019

•

Durham Ranch 22 from 5.8 mg/L in December 2006 to 8.2 mg/L in March 2019

•

Spring Gully 30 from 3.2 mg/L in January 2012 to 5.4 mg/L in March 2020

•

Spring Gully 94 from 1.9 mg/L in October 2008 to 3.9 mg/L in March 2020

•

Durham Ranch 111 from 0.4 mg/L in July 2013 to 2.2 mg/L in November 2019

•

Spring Gully 20 from 2.0 mg/L in October 2008 to 6.4 mg/L in November 2019

•

Spring Gully 18 from 6.1 mg/L in October 2008 to 7.3 mg/L in March 2020

•

Durham Ranch 131 from 2.0 mg/L in August 2013 to 3.7 mg/L in March 2019.

Silica
The majority of the wells examined for silica concentrations exhibited net long-term declines (e.g.
Spring Gully 30 which declined from 26 mg/L in October 2008 to 7.3 mg/L in November 2019). The
exceptions to these were Durham Ranch 111 and Durham Ranch 131 which have temporally dynamic
silica concentrations with no net trend.
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6.2
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Reedy Creek/ Combabula:
The Reedy Creek/Combabula field has only been operational since 2014, however the data presented
includes some samples collected during pilot production. Below is a summary of production water
quality for a series of 11 production wells across the Reedy Creek – Combabula fields of which 8 are
currently in production (data is provided for Combabula 2, Combabula 3, and Reedy Creek 3 to provide
some historical context).

6.2.1

Electrical Conductivity
The temporal water quality data for Reedy Creek/Combabula is limited compared with that of Spring
Gully. There is a wide range in EC across the field, with a general increasing trend to the north. The EC
range in the 11 wells considered is 4,000 µS/cm to 20,000 µS/cm.
Several wells exhibit temporal trends in EC but the majority of the wells do not show a significant
temporal trend.
Rising trend:
•

Combabula 14 shows a continuing trend of rising EC of 6,217 µS/cm in June 2015 to
8,760 µS/cm in October 2019.

Declining trend:

6.2.2

•

Combabula 445 has a very significant temporal decline. The EC sharply declined from
20,000 µS/cm in October 2017 to 10,000 µS/cm in December 2017. Since that time the EC in
Combabula 445 has declined steadily, but at a much slower rate to 8,990 µS/cm in
February 2020. Combabula 445 continues to produce appreciable water and this declining
salinity trend is evident in other major ions. Accordingly, it appears to be a real phenomenon.

•

Combabula 2R from 9,025 µS/cm in July 2015 to 7,490 µS/cm in February 2020.

•

Combabula North 115 has a subtle net declining EC trend from 7,700 µS/cm in June 2015 to
7,490 µS/cm in February 2020.

•

The EC in Combabula 176 initially increased from 6,200 µS/cm in May 2015 to 7,600 µS/cm
in May 2016 and has since declined to 5,850 µS/cm in September 2019.

Chloride
Several wells exhibit temporal trends in chloride but the majority of the wells do not show a significant
temporal trend.
Rising trend:
•

Combabula 14 rise from 2,050 mg/L in June 2015 to 2,800 ng/L in February 2020). There has
also been a slight net rise in chloride in Combabula 2R (1,700 mg/L in July 2017 to
2,100 mg/L in February 2020) and in Combabula 6J (1,200 mg/L in November 2011 to
1,400 mg/L in February 2020.

Declining trend:
•

6.2.3

Combabula 445 has exhibited a decline in chloride from 4,500 mg/L in October 2017 to
2,500 mg/L in November 2017 and thence to 2,600 mg/L in February 2020. The data for the
remaining wells show no significant temporal chloride trend.

Sodium
Rising trend:
•

As with chloride, the sodium levels in Combabula 14 show a rising trend from 1,350 mg/L in
October 2015 to 1,800 mg/L in February 2020.

Declining trend:
•

Combabula 445 shows declining sodium levels, initially from 3,400 mg/L in October 2017 to
1,800 mg/L in October 2017, and to 1,700 mg/L in February 2020.

•

Reedy Creek 5 shows a declining sodium trend from 1,300 mg/L in November 2011 to
1,000 mg/L in February 2020.

•

Reedy Creek 6J from 1,430 mg/L in November 2011 to 1,200 mg/L in February 2020.

•

Combabula 176 from 1,390 mg/L in May 2017 to 1,280 mg/L in March 2019.

•

Combabula North 115 from 1,650 mg/L in June 2015 to 1,500 mg/L in February 2020.
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Bicarbonate Alkalinity
With the exception of historical data from Reedy Creek 2, the available bicarbonate alkalinity data for
the Reedy Creek / Combabula wells considered show either net long-term declining values or slightly
dynamic values with no long-term trend.
Declining trend:

6.2.5

•

Combabula 176 has shown the greatest historical decline from 1,100 mg/L in May 2015 to
925 mg/L in March 2019.

•

Reedy Creek 5 from 1,100 in November 2011 to 970 mg/L in February 2020.

•

Reedy Creek 6J from 1,100 mg/L in November 2011 to 1,000 mg/L in February 2020.

•

Combabula 14 from 607 mg/L in October 2015 to 470 mg/L in February 2020.

Fluoride
Fluoride concentrations for the Reedy Creek / Combabula field wells range from 0.76 mg/L
(Combabula 2) to 3.3 mg/L (Reedy Creek 5 and Reedy Creek 6J). There have been limited temporal
changes in fluoride concentration over the period of record.
Rising trend:
•

Combabula 445 from 0.8 mg/L in October 2017 to 1.5 mg/L in February 2020.

•

Combabula North 115 from 1.3 mg/L in June 29015 to 1.7 mg/L in February 2020.

•

Combabula 176 from 1.5 mg/L in May 2015 to 1.7 mg/L in September 2019.

•

Reedy Creek 5 from 2.9 mg/L in November 2011 to 3.1 mg/L in February 2020.

•

Reedy Creek 6j from 2.4 mg/L in November 2011 to 2.8 mg/L in February 2020.

Declining trend:

6.2.6

•

Combabula 14 from 1.6 mg/L in October 2015 to 1.2 mg/L in February 2020.

•

Reedy Creek 2 (historic) from 1.5 mg/L in March 2011 to 0.9 mg/L in August 2013.

Silica
Available silica data for the Reedy Creek / Combabula wells generally shows long-term declining
values.
Declining trend:

6.3

•

Combabula 445 from 29 mg/L in October 2017 to 16 mg/L in February 2020.

•

Reedy Creek 5 from 22 mg/L in November 2011 to 14 mg/L in February 2020.

•

Reedy Creek 6J from 26 mg/L in November 2011 to 15 mg/L in February 2020.

•

Combabula 2R from 17 mg/L in July 2017 to 13 in February 2020.

•

Combabula 14 from 19 mg/L in October 2015 to 13 mg/L in February 2020.

•

Combabula North 115 from 17.8 mg/L in June 2015 to 14 mg/L in February 2020.

Condabri
The Condabri field has been operational since 2013, but the data presented includes samples collected
prior, during pilot production (Condabri 4 and Condabri 5).
The temporal water quality data for Condabri is more limited compared with that of Spring Gully. Below
is a summary of production water quality for a series of 13 currently monitored Condabri field
production wells.

6.3.1

Electrical Conductivity
The selected wells show a relatively broad overall range in EC (3,600 µS/cm – Condabri South 25 to
12,900 µS/cm - Condabri), however there is an EC gradient across the field from approximately
4,000 µS/cm to greater than 12,000 µS/cm. This is probably due to changes in the permeability of the
coals and hence to the residence time of groundwater with higher salinities corresponding to lower
permeability.
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Of the Condabri wells with current EC data, most show a net decline in EC with time, albeit a slow rate
of decline. The remaining wells generally exhibited dynamic but largely stable EC values.
Declining trend:

6.3.2

•

Condabri 4 EC has declined from 6,410 µS/cm in September 2009 to 5,490 µS/cm in
April 2020.

•

Condabri 5 from 5,610 µS/cm in May 2009 to 5,090 µS/cm in April 2020.

•

Condabri 6 from 6,010 µS/cm in May 2009 to 4,760 µS/cm in April 2020.

•

Condabri 30 from 5,890 µS/cm in January 2014 to 5,280 µS/cm in March 2020.

•

Condabri 16 from 6,920 µS/cm in August 2014 to 5,090 µS/cm in April 2020

•

Condabri 263 from 12,690 µS/cm in May 2015 to 11,100 µS/cm in March 2020.

•

Condabri North 336 from 6500 µS/cm in April 2014 to 5,490 µS/cm in November 2019.

•

Condabri North 24 from 6,020 µS/cm in April 2015 to 5,620 µS/cm in March 2020.

Chloride
A relatively wide range exists in chloride concentration across the field with most wells exhibiting
currently declining or largely stable chloride, with the exceptions of a few wells. The chloride value of
160 mg/L for Condabri 6 which was recorded in May 2019 is a low value outlier most probably due to
dilution of produced formation water with a higher proportion of low salinity condensation.
Rising trend:
•

Condabri 101 from 380 mg/L in August 2014 to 810 mg/L in November 2019.

•

Condabri North 170 from 1,500 mg/L in May 2015 to 1,700 mg/L in November 2019.

•

Condabri 67 (historic) from 520 mg/L in August 2014 to 1,100 mg/L in April 2015.

Declining trend:

6.3.3

•

Condabri 263 from 3,980 mg/L in July 2015 to 3,200 mg/L in November 2019.

•

Condabri 16 from 1,322 mg/L in October 2012 to 730 mg/L in November 2019.

•

Condabri South 25 from 700 mg/L in April 2015 to 460 mg/L in November 2019.

•

Condabri 17T (historic) from 1,551 mg/L in October 2012 to 1,260 mg/L in September 2015.

Sodium
A relatively wide range exists in sodium concentration across the field with most wells exhibiting
declining or largely stable sodium. The sodium value of 180 mg/L for Condabri 6 which was recorded in
May 2019 is a low value outlier most probably due to dilution of produced formation water with a higher
proportion of low salinity condensation.
Declining trend:

6.3.4

•

Condabri 4 from 1,597 mg/L in September 2009 to 1,200 mg/L in November 2019.

•

Condabri 6 from 1,483 mg/L in May 2009 to 980 mg/L in November 2011.

•

Condabri 16 from 1,450 mg/L in October 2012 to 1,100 mg/L in November 2019.

•

Condabri 101 from 1,080 mg/L in August 2014 to 990 mg/L in November 2019.

•

Condabri 263 from 2,760 in July 2015 to 2,300 mg/L in November 2019.

•

Condabri South 25 from 1,220 mg/L in April 2015 to 990 mg/L in November 2019.

•

Condabri 336 from 1,400 mg/L in April 2014 to 1,200 mg/L in November 2019.

Bicarbonate Alkalinity
The Condabri field wells with more than one bicarbonate alkalinity sample recorded either net declining
values or stable but dynamic values. The exception is some historical data for Condabri 67 (1,860 mg/L
in August 2014 to 2,140 mg/L in April 2015) which showed a rising trend, albeit over a short period of
record. Again, the May 2019 observation for Condabri 6 (i.e. 240 mg/L compared to 820 mg/L in
February 2019) appears to be impacted by dilution from condensation at low production rates.
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Declining trend:

6.3.5

•

Condabri 4 – 2,039 mg/L in September 2009 to 1,500 mg/L in November 2019.

•

Condabri 101 – 1,660 mg/L in August 2014 to 1,400 mg/L in November 2019.

•

Condabri North 170 – 908 mg/L in May 2015 to 830 mg/L in November 2019.

•

Condabri 263 – 1,180 mg/L in July 2015 to 1,000 mg/L in November 2019.

•

Condabri North 336 – 2,680 mg/L on April 2014 to 1,100 mg/L in November 2019.

•

Condabri South 25 – 2,710 mg/L in April 2015 to 1,700 mg/L in November 2019.

Fluoride
A moderate range (0.88 to 4.2 mg/L) exists in fluoride concentrations for the 15 wells examined at
Condabri. Most of the wells for which more than one fluoride value is available have displayed rising
but moderate fluoride values. Only historical data for 2 wells indicate falling fluoride trend, and then
only for short periods.
Rising trend:
•

Condabri 4 – 2.17 mg/L in September 2009 to 2.9 mg/L in November 2019.

•

Condabri 5 – 1.78 mg/L in May 2009 to 2.2 mg/L in April 2015.

•

Condabri 16 – 2.39 mg/L in October 2012 to 3.6 mg/L in November 2019.

•

Condabri 101 – 2.6 mg/L in August 2014 to 3.4 mg/L in November 2019.

•

Condabri North 24 – 1.8 mg/L in April 2016 to 2.3 mg/L in November 2019.

•

Condabri North 170 – 1.2 mg/L in May 2015 to 1.8 mg/L in November 2019.

•

Condabri North 336 (2.4 mg/L in April 2014 to 2.6 mg/L in November 2019.

•

Condabri South 25 – 1.6 mg/L in April 2015 to 4.2 mg/L in November 2019.

Declining trend:

6.3.6

•

Condabri 67 – 2.7 mg/L in August 2014 to 2.0 mg/L in April 2015.

•

Condabri North 2 – 2.7 mg/L in March 2015 to 1.5 mg/L in November 2015.

Silica
A moderate range (8.1 to 37 mg/L) exists in silica concentrations for the 14 wells examined at
Condabri. Of the 10 wells presented, eight exhibited net declining silica values (six summarised below).
Condabri 6 also showed a decline in silica from 21 mg/L in May 2009 to 13 mg/L in November 2019,
although its silica value of May 2019 of 8.1 mg/L reflects dilution from condensation at low water
production rates.
Declining trend:

6.4

•

Condabri 4 – 26 mg/L in September 2009 to 18 mg/L in November 2019.

•

Condabri 101 – 20.6 mg/L in August 2014 to 16 mg/L in November 2019.

•

Condabri 16 – 22.9 mg/L at October 2012 to 19 mg/L in November 2019.

•

Condabri 263 – 23.4 mg/L in July 2015 to 19 mg/L in November 2019.

•

Condabri North 24 – 20 mg/L in April 2016 to 17 mg/L in November 2019.

•

Condabri North 170 – 16.1 mg/L in May 2015 to 13 mg/L in November 2019.

Talinga
The available temporal data suggests relative stability to slightly declining in overall salinity (excepting
Talinga 148 and Talinga 238), and a general trend of increasing fluoride and declining bicarbonate
alkalinity and silica in most of the wells considered.
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Electrical Conductivity
The EC's of produced water in Talinga are more consistent than Spring Gully and are generally in the
order of 2,000 to 5,000 µS/cm in the producing parts of the lease. EC increases in northern Talinga
(e.g. Talinga 238 recorded a spot EC value of 10,300 µS/cm in August 2018 and was at 10,000 µS/cm
in June 2020). Most of the Talinga wells display a net decline in EC over the period of record.
Declining trend:
•

Talinga 47 – long-term decline from 3,900 in July 2010 to 3,570 µS/cm in June 2020.

•

Talinga 124 – long-term decline from 4,410 µS/cm in March 2014 to 4,050 µS/cm in
November 2019.

•

Talinga 21 – long-term net decline from 3,910 µS/cm in July 2010 to 3,760 µS/cm in
June 2020.

•

Talinga 15B and Talinga 10 – slight net long-term decline. Both wells have experienced
declining water production and EC that may reflect, at least in part, the dilution of formation
water with a greater proportion of low salinity condensation water.

•

Talinga 21 – very slight long-term decline from 3,910 µS/cm in July 2010 to 3,760 µS/cm in
June 2020; however, this well still has significant water production.

Rising trend:

6.4.2

•

Talinga 148 – 5,070 µS/cm in July 2017 to 6,370 µS/cm in November 2019

•

Talinga 238 – 8,540 µS/cm in July to 2017 to 10,000 µS/cm in June 2020.

•

Talinga 36 – net long-term increase from 3,400 µS/cm in July 2010 to 3,580 µS/cm in
June 2020.

Chloride
The majority of the Talinga wells examined exhibited chloride concentrations in the range of 250 to
450 mg/L with the clear exceptions of Talinga 238 (2,600 mg/L to 2,700 mg/L), Talinga 148 (370 mg/L
to 1,600 mg/L) and Talinga 124 (600 mg/L to 680 mg/L).
Declining trend:
•

Talinga 10 – long-term continual decline from 310 mg/L in August 2008 to 240 mg/L in
November 2019.

•

Talinga 15B exhibits a net declining chloride concentration from 874 mg/L in July 2010 to
530 mg/L in November 2019.

Rising trend
•

6.4.3

There is a slight temporal increase in chloride in Talinga 238 (2,600 mg/L in February 2019 to
2,700 mg/L in November 2019), however the available chloride data presented for the residual
of the wells exhibits steady to slightly dynamic levels with no real net long-term temporal
trend.

Sodium
The majority of the Talinga wells examined for sodium exhibited concentrations in the range of 490 to
1,050 mg/L with the clear exceptions of Talinga 238 (1,900 mg/L to 2,000 mg/L), Talinga 148
(560 mg/L to 1,400 mg/L) and Talinga 124 (880 mg/L to 930 mg/L). Talinga 148 (560 mg/L in May 2019
and 1,400 mg/L in November 2019) shows a significant difference between the two available data
points, and the reason for this is not immediately apparent.
Declining trend:
•

Talinga 10 – long-term continual decline from 880 mg/L in August 2008 to 490 mg/L in
November 2019.

•

Talinga 47 – long-term net decline from 1,050 mg/L in July 2010 to 780 mg/L in
November 2019

•

Talinga 48 – long-term net decline from 1,050 mg/L in July 2010 to 710 mg/L in
November 2019.

•

Talinga 36 – long-term net decline from 869 mg/L in June 2010 to 750 mg/L in
November 2019
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•

Talinga 21– long-term net decline from 1,080 mg/L in July 2010 to 850 mg/L in
November 2019.

•

Talinga 79 – long-term net decline from 980 mg/L in July 2010 to 850 mg/L in November
2019.

Bicarbonate Alkalinity
Declining trend:

6.4.5

•

Talinga 10 – long-term decline in bicarbonate alkalinity from 1,300 mg/L in August 2008 to
740 mg/L in November 2019.

•

Talinga 21 – long-term decline from 1,786 mg/L in July 2010 to 1,400 mg/L in
November 2019.

•

Talinga 47 – long-term decline from 1,689 mg/L in July 2010 to 1,300 mg/L in November
2019.

•

Talinga 36 – long-term decline from 1,400 mg/L in July 2010 to 1,200 mg/L in
November 2019.

•

Talinga 15B – net decline from 1,368 mg/L in July 2010 to 770 mg/L in November 2019.

•

Talinga 98 – sharp decline from 1,451 mg/L in July 2010 to 1,400 mg/L in January 2012 but
has been very stable since.

Fluoride
A moderate range exists in fluoride concentrations across the Talinga field (range 2.1 to 543 mg/L).
Rising trend:
•

Seven Talinga wells for which fluoride data was considered showed a long-term increasing
trend. Talinga 36 showed the greatest increase (4 to 5.1 mg/L).

Talinga 21 showed a dynamic long-term fluoride pattern with values between 4.7 and 5.3 mg/L.
6.4.6

Silica
A moderate range exists in silica concentrations across the Talinga field (range 4.8 to 26 mg/L).
Declining trend:
•

6.5

Nine of the ten Talinga wells considered showed a long-term net decreasing trend. For
example, Talinga 47 shows a declining silica trend (21 mg/L in July 2010 to 17 mg/L in May
2019) as does Talinga 48 (21 mg/L in July 2010 to 48 mg/L in November 2019) and Talinga
10 has also historically showed a declining silica trend (26 mg/L in August 2008 to 9.5 mg/L in
November 2019).

Orana
The Orana field has been operational since July 2014.

6.5.1

Electrical Conductivity
The selected Orana wells show a moderate range in EC (1,140 µS/cm to 5,520 µS/cm), however there
is a distinct EC gradient across the field from approximately 4,400 µS/cm in the west to greater than
5,900 µS/cm in the east.
Individual Orana wells exhibit different temporal trends in EC.
Declining trend:
•

Orana 22 – net decline 3,650 µS/cm in April 2015 to 2,300 µS/cm in November 2019

•

Orana 89 – net decline 5,200 µS/cm in July 2015 to 4,3200 µS/cm in November 2019

Orana 118 – net decline 4,360 µS/cm in June 2015 to 1,140 µS/cm in July 2019, however this trend
has subsequently reversed.
Rising trend:
•

Orana 29 – net rising trend 4,120 µS/cm in October 2014 to 4,640 µS/cm in November 2019

•

Orana 122 – net rising trend 4,230 µS/cm in January 2016 to 4,920 µS/cm in November 2019.
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Chloride
Declining trend:
•

The limited chloride data for Orana indicates declining values for Orana 22 (590 mg/L in
August 2017 to 160 mg/L in November 2019) and Orana 118 (580 mg/L in July 2015 to
91 mg/L in November 2019 although this low value is likely impacted by dilution from water
condensation at low water production rates). Chloride data for Orana 89 (910 mg/L in July
2015 to 680 mg/L in November 2019) shows a dynamic but net falling trend.

Rising trend:
•

6.5.3

Data for Orana 29 (466 mg/L at October 2014 to 810 mg/L at November 2019) and Orana 122
(820 mg/L at June 2015 to 910 mg/L at November 2019) shows a slight net rising chloride
trend.

Sodium
Declining trend:
•

The limited sodium data for Orana indicates declining values for Orana 22 (1,040 mg/L in July
2015 to 510 mg/L in November 2019); Orana 89 (1,270 mg/L in July 2015 to 1,000 mg/L in
November 2019) and Orana 118 (1,080 mg/L in July 2015 to 420 mg/L in November 2019
although this low value is likely impacted by dilution from water condensation at low water
production rates). Data for Orana 122 (1,190 mg/L at June 2015 to 1,100 mg/L at November
2019) shows slightly dynamic sodium values with a slight net falling trend.

No real temporal trend in sodium concentration is evident in Orana 29, notwithstanding a slight
increase since May 2019.
6.5.4

Bicarbonate Alkalinity
Declining trend:
•

6.5.5

The limited bicarbonate alkalinity data for Orana indicates net declining values for all five of
the wells presented. For example, bicarbonate alkalinity values fell in Orana 22 from
1,340 mg/L in July 2015 to 1,100 mg/L in November 2019. Similarly, bicarbonate alkalinity
values fell in Orana 118 from 1,370 mg/L in July 2015 to 820 mg/L in November 2019,
although the two most recent values most likely reflect the impact of dilution from low salinity
water condensation at low formation water production rates.

Fluoride
Temporal fluoride values for the five Orana wells presented ranged from 2.0 to 4.3 mg/L.
Rising trend:
•

Orana 22 – fluoride concentrations rose from 3.2 mg/L in July 2015 to 4.2 mg/L in
November 2019.

•

Orana 122 – fluoride concentrations rose from 2.0 mg/L in June 2015 to 3.9 mg/L in
November 2019.

Declining trend:
•

6.5.6

In contrast fluoride levels in Orana 118 declined from 3.2 mg/L in July 2015 to 2.6 mg/L in
November 2019 although again the February and November 2019 values would be expected
to be impacted by dilution from water condensation at low formation water production rates.

Silica
Declining trend:
•

The limited silica data for Orana indicates declining values for all five wells presented with the
exception of Orana 29 which has near stable silica values.

•

The silica concentration in Orana 22 declined from 21.4 mg/L in July 2015 to 14 mg/L in
November 2019

•

The silica concentration in Orana 89 declined from 27.9 mg/L in July 2015 to 17 mg/L in
November 2019.

•

The silica concentration in Orana 118 fell from 23.6 mg/L in July 2015 to 9.6 mg/L in
November 2019, however this likely reflects dilution by water condensation at low formation
water production rates.
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Orana North
The Orana North field has only been operational since September 2014.

6.6.1

Electrical Conductivity
The selected Orana North wells show a moderate range in EC (2,290 µS/cm to 6,330 µS/cm).
Rising trend:
•

Orana North 9 – rising trend from 3,280 µS/cm in April 2015 to 5,470 µS/cm in
November 2019. Appears to have stabilised since approximately December 2017.

•

Orana North 22 – rising trend from 4,020 µS/cm in April 2015 to 5,470 µS/cm in
December 2019. Appears to have stabilised since approximately December 2017.

•

Orana North 18 initially showed a net declining EC trend (3,550 µS/cm in June 2015 to
2,290 µS/cm in May 2019) but has subsequently experienced a rise to 4,430 µS/cm in
November 2019.

The EC in Orana North 1 increased from 3,000 µS/cm in January 2016 to 5,730 µS/cm by June 2017.
After this the EC in Orana North 1 sharply declined to 3,920 µS/cm by December 2017 and has stayed
relatively stable since (3,830 µS/cm in July 2019).
The temporal EC pattern is very similar for both Orana North 2 and Orana North 3. Both exhibit a net
rise in EC from June 2015 to February 2019 and then a relatively sharp decline in EC from February
2019 to November 2019 with Orana North 2 at 2,550 µS/cm and Orana North 3 at 3,250 µS/cm.
The temporal EC pattern for Orana North 8 is somewhat similar to these wells increasing from
3,510 µS/cm in June 2015 to a peak of 5,293 µS/cm in August 2018 and then declining from then to
4,340 µS/cm by August 2019.
The temporal EC pattern for Orana North 14 has been dynamic, however there has been a net
increase from 3,200 µS/cm in March 2015 to 3,890 µS/cm in November 2019.
6.6.2

Chloride
The temporal chloride pattern is very similar for both Orana North 2 and Orana North 3. Both exhibit a
net rise in chloride from July 2016 to February 2019 and then a relatively sharp decline in chloride from
February 2019 to November 2019 with Orana North 2 at 2,550 µS/cm and Orana North 3 at
3,250 µS/cm.
The temporal chloride data for Orana North 1 and Orana North 14 is very similar and relatively stable
between 280 and 560 mg/L.
The chloride data for Orana North 18 displayed a declining trend from 440 mg/L in July 2015 to 160 in
May 2019. Since that time the chloride in Orana North 18 has sharply increased to 700 mg/L in
November 2019.
Rising trend:
•

The limited chloride data for Orana North 22 indicates a rising trend from 760 mg/L in June
2015 to 1,400 mg/L in February 2020.

Declining trend:
•
6.6.3

The limited chloride data for Orana North 9 shows dynamic values with a net decline from
1,500 mg/L in February 2019 to 1,200 mg/L in November 2019.

Sodium
The temporal sodium trend is very similar in Orana North 2 and Orana North 3. Sodium in both wells
increased from July 2016 to July 2018 and then declined significantly to 620 mg/L in Orana North 2 by
November 2019 and to 710 mg/L in Orana North 3 by November 2019).
The limited available sodium data for Orana North 1 shows relatively stable values in the range of 340
to 530 mg/L to February 2019.
Temporally dynamic sodium levels are evident in Orana North 14 (range of 660 to 970 mg/L) whilst
declining sodium levels in Orana North 18 have risen since May 2019 (500 mg/L) to 990 mg/L in
November 2019 likely due to an increase in formation water compared to condensation water.
Rising trend:
•

A rising sodium trend is evident in samples from Orana North 22 (1,150 mg/L in June 2015 to
1,400 mg/L in February 2019).
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Declining trend:
•
6.6.4

The limited temporal sodium data for Orana North 9 shows a net decline from 1,400 mg/L in
February 2019 to 1,200 mg/L in November 2019.

Bicarbonate Alkalinity
The temporal bicarbonate alkalinity trend is very similar in Orana North 2 and Orana North 3.
Bicarbonate alkalinity in both wells increased from July 2016 to July 2018 and thence declined
significantly to 1,100 mg/L in Orana North 2 by November 2019 and to 1,400 mg/L in Orana North 3 by
November 2019).
Bicarbonate alkalinity data for Orana North 9 was relatively stable (1,300 to 1,400 mg/L).
Previously declining bicarbonate alkalinity levels in Orana North 18 have risen since May 2019
(920 mg/L) to 1,400 mg/L in November 2019 likely due to an increase in formation water compared to
condensation water.
Rising trend:
•

A rising trend in bicarbonate alkalinity is evident in the data for Orana North 4 (1,320 mg/L in
March 2015 to 1,600 mg/L in November 2019).

Declining trend:
•
6.6.5

The limited temporal bicarbonate alkalinity data for Orana North 1 shows a slight decline from
1,390 mg/L in January 2016 to 1,300 mg/L by July 2018.

Fluoride
Fluoride data for Orana North 18 showed a declining trend from July 2015 to August 2017) (5.9 mg/L to
4 mg/L) but since has showed quite stable fluoride (4 mg/L in November 2019) probably reflecting as
greater proportion of formation water compared to condensation water.
Fluoride values for Orana North 1, Orana North 2 and Orana North 9 have been relatively stable with
time and generally within a range of 3 to 4 mg/L.
Rising trend:
•

6.6.6

Both Orana North 3 (3.5 mg/L in July 2016 to 4.3 mg/L in November 2016) and Orana North
14 (3.2 mg/L in March 2015 to 4.4 mg/L in November 2019) show rising fluoride trends.

Silica
Silica values for Orana North 14 and Orana North 18 have been relatively stable with time and
generally within a range of 15 to 20 mg/L.
The temporal silica trend is very similar in Orana North 2 and Orana North 3. Silica in both wells
increased from July 2016 to July 2018 and then declined significantly to 9.2 mg/L in Orana North 2 by
November 2019 and to 14 mg/L in Orana North 3 by November 2019.
Rising trend:
•

Limited temporal silica data for Orana North 1 showed an increasing trend from January 2016
(14.4 mg/L) to July 2018 (26 mg/L).
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Monitoring Requirements
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Monitoring of springs is undertaken in accordance with:
1.

the Joint Industry Plan for an Early Warning System for the Monitoring and Protection of
EPBC Springs (JIP), as per the requirements of the APLNG project approval EPBC
2009/4974; and

2.

the Spring Impact Management Strategy (SIMS), as per the requirements of the Surat CMA
UWIR.

Additional details of the regulatory framework and requirements for spring monitoring and assessment
are provided in the 2013-2014 Groundwater Assessment Report (APLNG, 2014b).

7.2

Spring Locations
In accordance with the JIP (Santos, 2013) and the SIMS (OGIA, 2019a) Origin, as the upstream
operator of APLNG, is responsible for ongoing monitoring of the Scott’s Creek (260) and Barton (283)
spring complexes (Table 6, Figure 41). The Scott’s Creek spring complex hosts Eriocaulon carsonii
(Salt Pipewort) an aquatic plant species that is listed as endangered under the Environment Protection
and Biodiversity Conservation Act, 1999 (EPBC Act) and hence considered a Matter of National
Environmental Significance (MNES).
Table 5 Summary of Origin spring complexes identified for ongoing monitoring
Monitoring requirement

Complex

Name

Vent Id

Source aquifer

SIMS
(OGIA, 2019a)

MNES present

260

Scott’s Creek

189, 190, 191, 192,
192.1

Hutton Sandstone

Yes

Yes

283

Barton

702

Gubberamunda
Sandstone

Yes

No
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Figure 41 Locations of Origin spring complexes identified for ongoing monitoring
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Monitoring Activities
The following monitoring activities have been carried out to date at the Scott’s Creek (260) and Barton
(283) spring complexes:
•

Baseline spring assessments - four baseline monitoring visits:
o

October 2013 – First baseline survey

o

February 2014 – Site access was not granted

o

June 2014– Second baseline survey

o

September 2014 – Third baseline survey

o

March 2015 –Fourth baseline survey

•

Quarterly spring monitoring – after the initial four baseline surveys, ongoing quarterly
monitoring was undertaken in accordance with the SIMS (OGIA, 2012). Quarterly monitoring
included assessment of wetland area, discharge, water quality and ecosystem condition.

•

Six-monthly spring monitoring – in accordance with the SIMS (OGIA, 2016; OGIA, 2019a).
Six-monthly monitoring includes assessment of wetland vegetation and discharge (extent),
flora and ecosystem condition. Monitoring equipment is also installed in and around the spring
vents and on groundwater bores at the Scott’s Creek spring complex.

Conceptual hydrogeological models for spring complexes were updated in June 2015 to consider new
data acquired during the baseline monitoring and other studies (OGIA, 2015a, b and c). This included
interpretation of new water chemistry, geological mapping, pressure data, spring dynamics, and flora
and fauna data. The conceptual hydrogeological models were prepared by OGIA and accepted by
APLNG at the time as representing the best current understanding of the Surat Basin spring
hydrogeology, spring dynamics and linkages with flora and macro invertebrate assemblages. The
following sections describe the new data acquired over the 2019/20 monitoring period and
conceptualisations of the spring complexes, where relevant.

7.4

Barton Spring

7.4.1

Hydrogeological Conceptualisation
Barton (283) spring complex is located within the outcrop of the Gubberamunda Sandstone, in a
location where Barton Creek is deeply incised. Spring vent 702 is located where erosion of the
landscape has exposed the water table and is classified as Type 3, according to the spring wetland
typology developed by OGIA (OGIA, 2015c). The extent of the spring pool is affected by seasonal
groundwater flux, the redistribution of bedload sediments during high flow events and impacts of
introduced species, particularly cattle and pigs. The extent of the in-stream wetland pools, and the
transient bed morphology are too variable to support significant permanent vegetation. Groundwater
chemistry data indicates the source of the water is the Gubberamunda Sandstone, however this is
seasonally influenced by rainfall. Local groundwater flux is believed to be horizontal flow interception,
rather than upwelling from regional aquifer flow through a vertical structure (OGIA, 2015c).

7.4.2

Permanent Monitoring Equipment
The Barton (283) spring complex does not lend itself to the installation of permanent monitoring
equipment. This is due to the location of the spring within an incised watercourse, with a sandy bedload
that is subject to rapid changes in streamflow. A datum marker from which the spring pool water level
can be consistently measured was installed in September 2017. Photographs of the pool extent, field
water quality measurements, a record of general spring condition and disturbance, and measurement
of water level in the nearby ‘Hand Dug Well’ (RN14360) are also undertaken during each six-monthly
monitoring visit.

7.4.3

Monitoring Results
Over the 2019/20 period, six-monthly monitoring of the Barton (283) spring complex was undertaken
on the 21st October 2019 and 30th April 2020. Key findings identified from the monitoring period
include:
The surface expression of groundwater varies seasonally in response to local groundwater flux and
rainfall. In October 2019, the water level was 1.32 m below the reference point was recorded in the
spring pool (refer Figure 42).
•

Water quality in the spring pool is similarly dependent on rainfall and streamflow. In October
2019 the pool was silty with a field water quality of 465 µS/cm SP-EC and 6.26 pH was likely
representative of a mix of streamflow and groundwater. The April 2020 the water was turbid
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beneath but covered in algae and readings reflected less rainfall contribution or more
evaporative concentration at 1285 µS/cm SP-EC and 7.7 pH;
•

Fencing of the area, including the creek itself had been undertaken between October 2019
and the previous visit, and there has been a marked decrease in disturbance from cattle;

•

Groundwater discharge likely occurs as baseflow along the creek on a quasi-permanent
basis, however, it is not visible at the surface during dryer periods, occurring within the deep
sand bedload of the watercourse.

•

Water levels in the Hand Dug Well were 5.76 m and 5.49 m below surface in October 2019
and April 2020 respectively.

Figure 42 Barton Spring photographic record March 2019 (a) and April 2020 (b)

7.5

Scott’s Creek

7.5.1

Hydrogeological Conceptualisation
The Scott’s Creek (260) spring complex occurs where Scott’s Creek transitions from the rugged
sandstone outcrop of the Hutton Sandstone, to more low-lying terrain associated with less resistant
material of the Injune Creek Group. Geological mapping undertaken by APLNG in 2014 suggests that
the spring complex is surrounded by Hutton Sandstone outcrop, with the eastern (downstream) margin
of the spring reserves defined by a fault that is expressed at the surface in a scarp. The surface
material is either remnant Eurombah Formation or low permeability material of the Hutton Sandstone.
The Hutton Sandstone is the primary source aquifer of the springs.
The spring complex comprises two spring types (OGIA, 2015b):

7.5.2

•

Large, mounded wetlands that discharge water all year round (vents 189 and 191), classified
as Type 1a, according to the spring wetland typology developed by OGIA (OGIA, 2015b); and

•

Elongated wetlands with minor mounding located within the watercourse setting of Scott’s
Creek (190, 192 and 192.1), classified as Type 1b, according to the spring wetland typology
developed by OGIA (OGIA, 2015b).

Permanent Monitoring Equipment
Permanent monitoring equipment installed at the Scott’s Creek (260) spring complex includes the
following:
•

Closed circuit television (CCTV) cameras viewing vents 189, 190 and 191. The cameras
record images twice daily (8am and 2pm).
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•

A weather station comprising a tipping bucket rain gauge, barometric pressure sensor, relative
humidity sensors and air temperature sensor, located immediately adjacent to the CCTV
cameras viewing vents 189 and 191;

•

Two vibrating wire piezometers (VWPs) installed within the wetlands at vents 189 and 191 to
depths of approximately 2.5 mbgl. Two drive point piezometers with pressure sensors were
also installed into in spring vents 189 and 191 in April 2016 as a level of redundancy for the
VWPs; and

•

Pressure sensors and telemetry units are installed on three artesian Hutton Sandstone bores
located on the property.

Two shallow standpipes with pressure sensors were previously installed in vent 192, however these
dataloggers were lost during the 2018/19 monitoring period (likely in a flood event) and have not been
recovered.
7.5.3

Monitoring Results
Over the 2019/20 period, six-monthly monitoring of the Scott’s Creek (260) spring complex was
undertaken on 18 November 2019 and 25 May 2020. All data collected to June 2020 from permanent
monitoring equipment installed at the Scott’s Creek (260) spring complex is summarised in Figure 43.
Key findings identified from the monitoring data include:
Spring Vents:
•

The pressure data in spring vents 189 and 191 shows strong correlation with barometric
pressure, with >0.1 metre pressure change in the raw data observed over a matter of days.
Barometric pressure effects have been removed from the data presented in Figure 43.

•

Spring vents 189 and 191 show a steady decline in groundwater pressures of 0.3 and 0.2
metres respectively, for the 6-year monitoring period to July 2019. Pressures recovered
significantly following heavy rainfall and flooding in February 2020 and remained relatively
stable through to July 2020.

•

A cyclic pattern is observed in the pressure data, roughly corresponding with the wet and dry
seasonal variability. This trend is particularly evident during the 2018/19 monitoring period,
with a sharp decline in groundwater pressures up to 0.4 metres observed from November
2019, with recovery of pressures observed from March 2019. The wetland vegetation and
discharge extent also varies seasonally in response to local groundwater flux and rainfall.

•

Spring vents 189 and 191 show a moderate level of disturbance with 10 – 50% toe of mound
subject to cattle tracks, dog and pig prints. Weedy species are also noted in very low densities
throughout wetland vegetation area. Very little disturbance is noted at spring vents 190 and
192.1 with <10% of wetland area subject to cattle tracks/disturbance. Spring vent 192 is
observed to be a highly turbid pool with >75% of pool subject to cattle tracks/pugs.

•

Five new discharge vents were observed on the southern side of vent 191 in the May 2020
monitoring round. The vents are small and will continue to be monitored.

Monitoring Bores:
•

Hutton Sandstone monitoring bores RN14881 (Moorabinda House Bore) and RN31097
(Moorabinda Rhodes Grass Bore), located to the north-east of the spring vents, show similar
groundwater pressure trends to that observed in spring vents 189 and 191. Both bores are
used regularly for water supply and show a cyclic pattern in water level fluctuations, roughly
corresponding with the wet and dry seasonal variability. Overall groundwater declines of
approximately 0.3 metres are observed at RN14881 and RN31097, over the 5-year period
since monitoring commenced.

•

RN14203 (Moorabinda Coolabunia Bore), located to the south-east of the spring vents, shows
an overall increasing groundwater trend from December 2015 through to December 2017,
after which time there was a sharp decline in water level. Artesian conditions in this bore are
measured by a pressure sensor fitted to the wellhead. From time to time the pressure in this
bore drops below the level of the logger (reference elevation 247.35mAHD) and is unable to
be recorded.
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Figure 43 Scott’s Creek weather station, spring pressure and bore water level monitoring
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Figure 44 Wetland vegetation extent (yellow line) at vents 189 and 191, November 2019. (NOTE:
saturated extent did not extend beyond the wetland vegetation boundary)

Figure 45i & ii Wetland vegetation extent (yellow line), wetland discharge extent (red line) and
saturated area extent (blue line) at vents 189 and 191, May 2020. Five (5) additional discharge
points denoted by blue dots
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Trigger Levels, Thresholds and Limits
The JIP (Santos, 2013) provides the framework for the development of water level drawdown trigger
levels, thresholds and limits for the protection of springs hosting EPBC listed species, or communities
dependent on groundwater discharge from the Great Artesian Basin (GAB).The use of groundwater
drawdown as an early warning proxy for monitoring impact is considered to be a conservative
approach, as a decrease in groundwater pressure does not necessarily result in an impact to MNES.
The method outlined in the JIP, and summarised in APLNG (2014c), compares actual groundwater
monitoring data with modelled predictions of drawdown (i.e. change in water level) from the UWIR
regional groundwater flow model, at each monitoring point in the early warning system (EWS) network.
Based on joint industry and regulator discussions following Origin’s 2018 annual groundwater
assessment, it was recognised that while modelling was a good predictor of potential CSG
groundwater impacts, it was often not as suited to accurate simulation of the combined effects of
underlying trends and shorter-term variations associated with climatic conditions and extraction by
other users. Subsequent detailed analysis (OGIA, 2019b) confirmed that contextual information and
professional judgement was essential to assist in separating CSG and non-CSG influences.
Hydrographs for nominated EWS monitoring bores are presented in Appendix C and trends relating to
each spring complex are discussed incorporating this approach below.
Scott’s Creek Spring Complex
Trigger Monitoring Bores and Early Warning Monitoring Bores – Hutton Sandstone
Water levels in the Hutton Sandstone show slightly declining background trends since the
commencement of monitoring. Trigger monitoring bores Strathblane Scott’s Creek Bore (RN38333)
and Waikola House Paddock Bore (RN13946) have been monitored since 2011 and show background
declining trends of approximately 0.4 m/year and 0.15 m/year respectively. Strathblane Scott’s Creek
Bore shows strong correlation with major recharge events, including the February 2020 flood event.
Manual readings have been plotted for Waikola House Paddock Bore for 2019-2020. Logger data does
not correlate to manual readings and logger parameters are under investigation. Moorabinda House
Bore (RN14881) has been monitored since 2015 and shows a net declining rate of 0.05 m/year.
Early Warning monitoring bores Spring Gully-MB4-H (RN160178) and Spring Gully-MB17-H
(RN160793) also show background declining trends of 0.25 m/year and 0.15 m/year respectively since
commencement of monitoring.
Modelled trigger levels do not indicate any predicted impacts from CSG activities in the reporting
period. Observed water level trends are interpreted as background trends in line with trends across the
Surat Basin evident prior to the commencement of CSG production, and a result of overall use greater
than recharge across the region.
Early Warning Monitoring Bores – Precipice Sandstone
Water levels in the Precipice Sandstone show the effects of injection, with rising levels through 2015
reflecting increased injection. Levels stabilised in 2017 following a reduction in injection. From mid2018 to early 2019, Spring Gully MB16-P (RN160691) showed a gradual decline in water levels of
approximately 0.7 m/year reflecting reduced injection. Levels remained relatively steady throughout
2019, with slight increases in early 2020. Levels are approximately 1.5 m above pre-injection levels.
The modelled CSG-impacted drawdown trigger levels do not show the effects of injection. Modelled
impacts in Spring Gully MB16-P show a gradual drawdown of approximately 0.02 m/year.
Dawson River 8 Spring Complex
Trigger Monitoring Bores and Early Warning Monitoring Bores – Hutton Sandstone
Water levels in the Hutton Sandstone show seasonal fluctuations. The early warning monitoring bore,
Peat-MB3-H (RN160795), shows that from early-2018, water levels declined slightly reflecting
background regional trends throughout the drought period. Levels remained relatively steady
throughout 2019, with slight increases in early 2020. The trigger monitoring bore, Kinnoul-MB2-H
(RN160986) also shows a similar declining trend from late-2018, and slight responses to recharge
events in 2019-2020..
Modelled trigger levels do not indicate any predicted impacts from CSG activities in the reporting
period.
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Yebna 2
Early Warning Monitoring Bores – Hutton Sandstone
Bore SG-MB9 (RN160388) was a pond monitoring bore used in the early stages of the groundwater
monitoring program. Once the monitoring program had been established, there was no justification for
its continued inclusion on the basis that there was sufficient regional monitoring in place. Modelled
trigger levels do not indicate any predicted impacts from CSG activities in the reporting period.
Abyss
Early Warning Monitoring Bores – Hutton Sandstone
Water levels in the Hutton Sandstone show a gradually declining trend since the commencement of
monitoring in 2015. Between late-2017 and early-2018, there was an increased rate of decline.
Coincident with this were roadworks in the immediate area and a temporary CSG camp approximately
2 km east-north-east of Spring Gully-MB15-H. It is unknown if these activities utilised water from the
bore or from nearby Hutton water sources. Water levels stabilised in early-2018 and show a continued
rising trend through 2019-2020..
Modelled trigger levels do not indicate any predicted impacts from CSG activities in the reporting
period.
Lucky Last Spring Complex
Early Warning Monitoring Bores – Precipice Sandstone
Water levels in the Precipice Sandstone show the effects of injection at Reedy Creek, with rising levels
through 2015-2016 reflecting increased injection, followed in late 2016 by gradually declining levels
approaching initial conditions reflecting reduced injection, and steady or rising levels in 2019-2020
(Spring Gully PB-1 and Spring Gully PB-3). Prior to CSG activities in 2015, Spring Gully PB3 shows a
declining background trend of approximately 0.3 m/year.
The modelled CSG-impacted drawdown trigger levels do not take into account the effects of injection.
Modelled impacts show a gradual drawdown of approximately 0.04 m/year at Spring Gully PB3 to
0.07 m/year at Spring Gully-PB1 from 2016 to 2019. If these impacts have occurred, they are masked
by the much greater positive influence that injection is having on water levels in the Precipice
Sandstone.
Cockatoo Creek / Dawson River
Early Warning Monitoring Bores – Precipice Sandstone
Water levels in the Precipice Sandstone at Peat MB2 P (RN160887) show the effects of injection at
Reedy Creek, with rising water levels from the commencement of monitoring, followed by relatively
steady water levels from late-2017, rising in early 2020.
Modelled water levels do not show the effects of injection and do not indicate any predicted impacts
from CSG activities in the reporting period.
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Ground Surface Movement
Depressurisation of the target CSG coal seams can lead to compaction and therefore a reduction in
thickness of the coals. A proportion of this compaction can potentially be transmitted to ground surface
depending on numerous factors including coal thickness, depth, and the geomechanical properties of
the strata overlying the coal seams. Any ground surface movement would normally be regionally
consistent, and therefore unobtrusive in terms of environmental and land use impacts. However,
monitoring systems have been established to distinguish any significant differential ground surface
movement as a result of CSG operations from natural ground surface changes such as attrition and
climatic induced soil swelling and depletion.
From commencement in 2012, local scale programs were focussed around the developing gas fields at
Talinga and Reedy Creek. The purpose of the local scale monitoring was to attempt to understand the
mechanisms for deformation.
Tiltmeters and extensometers were used to detect small scale (mm) movement at surface and within
the Westbourne Formation (aquitard). Over the eight years of monitoring, which included pre- and postgas development, no trends have been observed. All notable changes to the data recorded have been
linked to sudden events, such as pumping from the Westbourne Formation and knocks or impacts from
machinery or personnel. Such events have caused some minor shifts on a sub-mm and sub-degree
scale. Based on the data collected to date, and the lack or correlation with regional scale changes, it is
no longer considered necessary to undertake a detailed annual assessment of the data. The results of
the monitoring program from 2012-2018 are reported in (APLNG, 2018).
Regional scale monitoring extends across the full spatial extent of APLNG/Origin CSG tenements and
is undertaken in partnership with the other CSG tenure holders across their leases to provide a
comprehensive and seamless coverage.

8.1

Geodetic Monitoring
Geodetic monitoring is programmed to be undertaken every second year (APLNG, 2014c). Monitoring
is undertaken at 44 permanent survey marks (PSM’s) across the project area. The initial survey was
undertaken in September 2012, and follow-up surveys in September 2014, July 2016, July 2018 and
July 2020.
The results are presented in Table 7 and are plotted on Figure 46. There are no significant variations
between the 2018 and 2020 observations. Minor differences in elevation can be attributed to revisions
in the permanent reference station network elevations and the relative accuracy of each individual
observation. Note previous elevation observations from 2012 to 2018 presented in Table 7 below have
been reprocessed using the current coordinate system GDA2020/Ausgeoid 2020. Static observation
data was collected over four hours and processed using AUSPOS yields a positional uncertainty of +/30mm in elevation.
The data appear to show a general change in the direction of ground motion of the 2016-2020 period.
From 2012 to 2016, the direction of mean annual velocity was generally of uplift, whereas from 20122020 the mean annual velocity shows generally appear to be subsiding. The majority of PSM’s are
outside of currently producing gas fields, however two of the PSM’s that exhibit on average greater
than 16mm/year of subsidence are within production areas (Figure 46). There appears to be no direct
correlation to InSAR data.
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Table 6 Permanent survey mark repeat survey data (2012 to 2020)
Elevation
(mAHD) 2014

Elevation
(mAHD) 2016

Elevation
(mAHD) 2018

Elevation
(mAHD) 2020

Mean
Annual
Velocity
2012-2014
(mm/yr)

Mean
Annual
Velocity
2012-2016
(mm/yr)

Mean
Annual
Velocity
2012-2018
(mm/yr)

Mean
Annual
Velocity
2012-2020
(mm/yr)

-6
-12
-11
7
1
3
5
-10

-4
-7
-14
0
0
-8
1
-8

-3
-2
-11
2
5
-3
1
2

0
-27
9
-1
-4
-10
1
-20
-7
6
-16

-1
-17
2
0
-4
-9
2
-20
-1
0
-17

-3
NA*
2
NA*
NA*
-10
-2
11
5
0
-16

Mark

Easting

Northing

Elevation
(mAHD) 2012

PSM 1415
PSM 8240
PSM 8620
PSM 9706
PSM 27113
PSM 29917
PSM 30370
PSM 30371
PSM 32884
PSM 36000
PSM 61546
PSM 65636
PSM 68160
PSM 70746
PSM 86008
PSM 86711
PSM 89145
PSM 89358
PSM 111710
PSM 121898

774379
248464
217038
765572
259183
737253
781955
789558
217817
777791
307307
787379
295883
306058
743626
749643
718648
278038
221379
240910

7050464
7045939
7026881
7050226
7033829
7097490
7050031
7050480
7031509
7064541
6947428
7105377
6903767
6923397
7074302
7079694
7154701
7007062
7048471
7023469

327.736
344.373
291.331
347.825
296.261
298.268
351.973
356.878
302.453
366.167
415.445
269.933
366.731
452.350
334.002
356.461
262.002
328.393
311.422
304.217

327.709
344.351
291.498
347.868
296.280
298.236
351.987
356.879

327.713
344.324
291.286
347.852
296.267
298.280
351.992
356.837

327.711
344.329
291.250
347.822
296.260
298.218
351.979
356.830

366.151
415.305
269.962
366.690
452.285
333.942
356.452
261.936
328.404
311.388
304.168

366.165
415.337
269.968
366.726
452.333
333.963
356.466
261.921
328.366
311.448
304.153

366.158
415.345
269.945
366.729
452.329
333.949
356.476
261.881
328.384
311.423
304.114

327.709
-13
344.361
-11
291.246
83
347.842
22
296.305
9
298.244
-16
351.983
7
356.895
1
PSM Destroyed
366.141
-8
NA*
-70
269.950
14
NA*
-20
NA*
-32
333.920
-30
356.446
-5
262.090
-33
328.436
6
311.426
-17
304.087
-24

PSM 126914

307925

6911496

387.705

388.100

387.588

387.578

NA*

198

-29

-21

NA*

PSM 133510
PSM 148138
PSM 153189
PSM 158500
PSM 159921
PSM 162615

218072
210824
235989
229920
797780
220139

7054254
7038919
7023688
7007194
7047401
7046484

311.514
318.018
316.599
330.583
324.799
298.292

311.527
318.074
316.580
No Access
324.875
298.271

311.565
318.043
316.562

311.519
318.058
316.552
330.511
324.839
298.281

311.507
318.044
316.534
330.526
324.849
298.255

6
28
-10
No Access
38
-10

13
6
-9

1
7
-8
-12
7
-2

-1
3
-8
-7
6
-5

324.830
298.290
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Mark

Easting

Northing

Elevation
(mAHD) 2012

PSM 168619
PSM 173572
PSM 173645
PSM 173646
PSM 173647
PSM 176255
PSM 176256
PSM 176658
PSM 176688
PSM 181319
PSM 183532
PSM 185010
PSM 185050
PSM 187251
PSM 187253
PSM 189029
PSM 189236
PSM 190826
PSM 192739
PSM 192750
CAR 6 BM2

688200
787290
772847
243671
237198
211124
216071
259524
782772
738633
757678
694270
792863
217955
221987
227552
224446
213285
213605
738910
784144

7143349
7080293
7075203
7032170
7032171
7066091
7057634
7013485
7042102
7122535
7097226
7108947
7065932
7032598
7018176
7035092
7044190
7048930
7058378
7088533
7071274

350.681
383.172
415.439
364.425
302.459
348.021
327.503
312.608
312.729
289.556
301.162
353.251
376.836
298.349
295.046
310.534
312.967
319.840
310.657
373.973
394.619

CDN 31217660

Elevation
(mAHD) 2014

Elevation
(mAHD) 2016

Elevation
(mAHD) 2018

Elevation
(mAHD) 2020

Mean
Annual
Velocity
2012-2014
(mm/yr)

Mean
Annual
Velocity
2012-2016
(mm/yr)

Mean
Annual
Velocity
2012-2018
(mm/yr)

Mean
Annual
Velocity
2012-2020
(mm/yr)

350.662
383.196
415.416
364.476
302.463
348.108
327.514
312.643
312.739
289.619
301.066
353.265
376.819
298.352
295.074
310.549
312.838
319.798
310.667
374.030
394.586

350.676
383.184
415.459
364.416
302.404
348.057
327.470
312.625
312.726
289.634
301.039
353.276
376.843
298.340
295.032
310.525
312.832
319.857
310.643
374.017
394.498

350.694
383.133
415.467
364.433
302.429
348.054
327.511
312.617
312.733
289.601
300.991
353.247
376.844
298.332
294.996
310.456
312.820
319.870
310.665
373.950
394.554

350.658
383.141
415.442
364.380
302.373
348.050
327.505
312.564
312.712
289.626
300.971
353.294
376.845
298.330
295.046
310.480
312.770
319.850
310.666
374.002
394.567

-10
12
-12
25
2
43
6
17
5
32
-48
7
-8
1
14
7
-64
-21
5
28
-17

-1
3
5
-2
-14
9
-8
4
-1
20
-31
6
2
-2
-4
-2
-34
4
-4
11
-30

2
-7
5
1
-5
5
1
2
1
8
-28
-1
1
-3
-8
-13
-24
5
1
-4
-11

-3
-4
0
-6
-11
4
0
-5
-2
9
-24
5
1
-2
0
-7
-25
1
1
4
-7

*NA – PSM locations no longer required to be measured, PSMs located on ATP663 (Gilbert Gully) which was divested to Tri-Star in 2018
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InSAR
Following the baseline interferometric synthetic aperture radar (InSAR) survey for the period 2005 to
2011, and reported in APLNG (2014a), Altamira Information was commissioned for ongoing surface
deformation monitoring across the APLNG and Origin tenements.
The second phase of data acquisition commenced in July 2012 using Radarsat-2 satellite imagery and
has been processed for the period through to December 2017. The data was acquired across five
frames with 42 images per frame. The revisit period during the reported acquisition was 24 days from
July 2012 to October 2013 and 48 days thereafter. The acquisitions resulted in the generation of more
than 2.958 million measurement points at an average density of about 230 points per square kilometre
across a study area of 19,983 km2. Acquisition continued post December 2014 at a 48-day frequency.
The third phase of data acquisition commenced in January 2018 using the Sentinel satellite imagery
and has been processed with using application of the SqueeSARTM methodology, TRE ALTAMIRA
Persistent Scatterer Interferometry technique (PSI. This set was composed of 2 descending tracks
(track 45 and track 118) and obtained 833,980 and 778,509 measurement points respectively, which
represent a mean density of about 174 measurement points per square kilometre. Acquisition with
Sentinel images has higher frequency than Radarsat-2 with measurement every 6 and 12 days.
Figure 46 shows a down-sampled data set, where the 35 x 35 m processing resolution was reduced to
a 1,500m x 1,500 m grid. The technique required a minimum of 20 measured points within each 1,500
m grid cell for calculations to be performed. Stable has been classified as ground motion of less than
16mm per year (subsidence or uplift) as the threshold identified in APLNG (2014c).
These data show stability throughout APLNG tenure, with the areas of uplift identified in the 2013 2014
Groundwater Assessment Report (APLNG, 2014b) now showing stability. Areas of subsidence are less
than the follow-up threshold of more than 50% of data points showing greater than 16mm/year in a
1,500m grid cell.
While the down sampled data for trigger assessment purpose indicates stability across the fields, the
high-resolution data shows downward surface movement across the APLNG tenements that can be
correlated with areas of CSG production development across the Orana, Talinga and Condabri and
Combabula fields. There is a small area within Condabri which is subsiding at greater than 16 mm/year
(maximum of approximately 18mm/year), but over an area of less than 1,500 x 1,500m. This small area
is also an area of higher than average water and gas production and is captured in the reservoir model.
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Aquifer Injection
The regulatory framework in Queensland encourages the highest value beneficial reuse of CSG
associated water and permits injection of this water for aquifer augmentation at similar or better quality
than in-situ groundwater. In accordance with commitments made in (1) APLNG’s Environmental Impact
Statement (EIS); (2) State and Federal conditions for the project; and (3) the Coal Seam Gas Water
Management Policy (DEHP, 2012), Origin, on behalf of APLNG, assessed the technical feasibility of
the injection of treated water from its CSG operations into aquifers within the project area. Hydraulic
and geochemical assessments confirmed the technical feasibility of treated CSG water injection into
the Precipice Sandstone aquifer at APLNG’s Spring Gully and Reedy Creek sites. Following the
completion of a successful injection trials, operational aquifer injection commenced at both sites in
January 2015.
At the Reedy Creek aquifer injection site, treated CSG water is injected into the Precipice Sandstone
aquifer through a network of 12 injection bores, at a depth of approximately 1,400 meters below ground
level. APLNG has approval for an additional 9 injection bores at this site if required in future. Five
Precipice Sandstone monitoring bores are located within the injection borefield, with several additional
Precipice Sandstone bores monitored further afield. Aquifer injection is the primary means of managing
associated water at Reedy Creek. At Spring Gully, aquifer injection is undertaken into the Precipice
Sandstone aquifer through a network of 3 injection bores, at a depth of approximately 450 metres
below ground level. Pressure and water quality monitoring occurs both within the injection borefield (infield) and at regional monitoring bores. Pasture irrigation is currently the primary means of managing
CSG water at Spring Gully, with aquifer injection managing treated CSG water in excess of irrigation
requirements.
Over 29.7 GL of treated CSG water has been injected into the Precipice Sandstone aquifer to end
June 2020. This represents approximately 14% of produced water in the Spring Gully Development
Area and 83% of the water produced at Reedy Creek, which is part of the Combabula Development
Area. Daily aquifer injection rates for each site are shown on Figure 47, compared with CSG produced
water over the same period. The total volume of water injected is estimated to be approximately 88% of
the total groundwater extracted under authorised allocations from the Precipice Sandstone (Figure 47)
over the same period, using the OGIA (2019) estimated rate of Precipice Sandstone groundwater
extraction.
Figure 48 shows the aquifer pressure response in the Precipice Sandstone aquifer as a result of
aquifer injection. Based on subsurface hydraulic conditions at the two scheme locations, the regional
response is believed to be primarily due to injection at Reedy Creek. Increased aquifer pressures up to
1.6 metres are observed approximately 75 km north of the Reedy Creek borefield, with a 4.5 metre
pressure increase observed approximately 100 kms southeast of the borefield, near Miles. The
injection rate at Reedy Creek has reduced from its initial peak and is currently relatively stable at
approximately 12.5 ML/day. This stabilisation of injection rate is observed in the water level responses,
which flattened in 2017 and have declined slightly, particularly to the north and northwest of the
borefield.
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Figure 47 Comparison of produced water and treated CSG water injected
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Figure 48 Pressure response due to injection at Reedy Creek
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Early Warning System Measured Water Levels
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Vertical Pressure Profiles
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Production Well Water Quality

Figure 49 Spring Gully production well – EC

Figure 50 Spring Gully production well – Chloride
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Figure 51 Spring Gully production well – Sodium

Figure 52 Spring Gully production well – Bicarbonate alkalinity
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Figure 53 Spring Gully production well – fluoride

Figure 54 Spring Gully production well – Silica
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Figure 55 Talinga production well – EC

Figure 56 Talinga production well – Chloride

Released on 01/04/2021 - Revision 0 - Status Issued for use
Document Custodian is Groundwater Team
Origin Energy Upstream Operator Pty Ltd ABN 67 105 423 532
Once printed, this is an uncontrolled document unless issued
and stamped Controlled Copy or issued under a transmittal.

Based on template: AUS 1000 IMT TMP 4881989_Revision 5_Issued for review_28/08/2018_IG-SystemsInfo-DocRecordsMgt

Page 142 of 156

2019-2020 Groundwater Assessment Report

CDN 31217660

Figure 57 Talinga production well – Sodium

Figure 58 Talinga production well – Bicarbonate Alkalinity
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Figure 59 Talinga production well – Fluoride

Figure 60 Talinga production well – Silica
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Figure 61 Reedy Creek/Combabula production well – EC

Figure 62 Reedy Creek/Combabula production well – Chloride
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Figure 63 Reedy Creek/Combabula production well – Sodium

Figure 64 Reedy Creek/Combabula production well – Bicarbonate Alkalinity
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Figure 65 Reedy Creek/Combabula production well – Fluoride

Figure 66 Reedy Creek/Combabula production well – Silica
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Figure 67 Condabri production well – EC

Figure 68 Condabri production well – Chloride
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Figure 69 Condabri production well – Sodium

Figure 70 Condabri production well – Bicarbonate Alkalinity
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Figure 71 Condabri production well – Fluoride

Figure 72 Condabri production well – Silica
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Figure 73 Orana production well – EC

Figure 74 Orana production well – Chloride
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Figure 75 Orana production well – Sodium

Figure 76 Orana production well – Bicarbonate Alkalinity
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Figure 77 Orana production well – Fluoride

Figure 78 Orana production well – Silica
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Figure 79 Orana North production well – EC

Figure 80 Orana North production well – Chloride
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Figure 81 Orana North production well – Sodium

Figure 82 Orana North production well – Bicarbonate Alkalinity
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Figure 83 Orana North production well – Fluoride

Figure 84 Orana North production well – Silica
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