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1. Introduction 

The Australia Pacific LNG Project (the APLNG Project) comprises the development, construction, 
operation, and decommissioning of natural gas infrastructure within the Surat and Bowen Basins in 
south central Queensland. The APLNG Project involves up to approximately 10,000 gas wells and 
ancillary infrastructure to supply natural gas. 

This report has been prepared to summarise groundwater monitoring reporting for the APLNG Project 
up to 31 March 2023, as required by the Environment Protection and Biodiversity Conservation Act 
1999 (EPBC Act) approvals listed in Table 1. The area of the APLNG Project applicable is shown on 
Figure 1. 

This report satisfies the reporting requirements listed in Section 9.2 of the APLNG Project 
Groundwater Monitoring Plan1 approved by the federal government in 2014. A summary of 
concordance with the reporting requirements of the approved plan is provided in Table 1. Annual 
groundwater assessments have been undertaken annually since 2013 and are available at web 
address https://aplng.com.au/document-library/.  

As detailed in this report, the majority of the EPBC Act approval reporting requirements are satisfied by 
the Underground Water Impact Report (UWIR) for the Surat Cumulative Management Area (CMA) and 
associated annual reports and supporting information. The Surat CMA UWIR is prepared every 3 
years by the Office of Groundwater Impact Assessment (OGIA), an independent Queensland 
government office established under Chapter 3A of the Queensland Water Act 20002. The Surat CMA 
UWIR is assessed, approved, and administered by the Queensland Department of Environment, 
Tourism, Science and Innovation (DETSI) (formerly the Queensland Department of Environment and 
Science (DES)) under Chapter 3 of the Water Act 2000 (Qld)3. 

Table 1: APLNG Project and associated EPBC reporting conditions  

Project Name  EPBC Approval 
Number 

Condition 

APLNG Gasfields 
Project  

EPBC 2009/4974 53. In additional to the matters in the 
Stage 1 SCG WMMP, the Stage 2 
CSG WMMP must also include: 

   c. a groundwater quality and quantity 
monitoring plan to monitor the 
aquifers underlying the project area 
using a statistically and 
hydrogeologically valid, best practice 
bore monitoring network across the 
project area, and at least: 

 ix. …annual reporting to the 
Department, and publication of 
reports on the internet  

Spring Gully North-
West/North-East 
Development 

EPBC 2017/7881 15. The approval holder must implement 
the following plans for the duration of 
this approval: 

   a. Groundwater Monitoring Plan; 

Alfredson Block EPBC 2017/7902 2. The approval holder must implement 
the following action management 
plans for the duration of this approval 
or as otherwise agreed to in writing 
by the Minister: 

   a. Groundwater Monitoring Plan; 

  

 

 
1 APLNG Groundwater Monitoring Plan Q-LNG-01-10-MP-0005 
2 Office of Groundwater Impact Assessment (OGIA) 
3 Notice of approval of underground water impact report 

https://aplng.com.au/document-library/
https://aplng.com.au/wp-content/uploads/2021/08/APLNG-Groundwater-Monitoring-Plan-Rev-5.pdf
https://www.business.qld.gov.au/industries/mining-energy-water/resources/landholders/csg/ogia
https://environment.des.qld.gov.au/__data/assets/pdf_file/0023/98150/decision-notice-surat-uwir.pdf
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Figure 1: APLNG Project EPBC Act approvals areas 2009/4974; 2017/7881; and 2017/7902  
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Table 2: Annual report requirements 

Reporting Requirement Section addressed in 
this report 

Changes to the proposed monitoring network from the previous report 
(for example, new monitoring bores coming online); 

Section 3 Planned monitoring bore installations for the coming year; 

Differences between the actual development sequence and used in 
the UWIR model, with specific regard to whether potential impacts 
may be realised earlier than predicted; 

Presentation of newly acquired hydraulic data; 

Section 4 and Section 6 

Presentation and discussion of uncorrected water level data; 

A description of methods used to correct measured drawdown data 
and to remove non-CSG effects (barometric, earth tide, non-CSG 
groundwater extraction, seismic events, hydrostatic loading, etc.); 

Presentation and qualitative discussion of corrected drawdown data 
(where undertaken); 

Comparison of measured water levels or CSG-induced drawdown 
with triggers, thresholds limits, and predicted drawdowns for that 
monitoring bore from the UWIR model 

Presentation of water quality monitoring results, including  
 Standard hydrochemical plots (e.g., Piper tri-linear, Durov, 

Schoeller, or Stiff) of major ion chemistry 
 Graphs that present the range in variability of other analytes (e.g., 

box and whisker pre-baseline, timeseries post baseline) 
Section 5 

Water quality data trend analysis (following the completion of baseline 
sampling only); 

Presentation and discussion of springs monitoring data; Section 6 

A summary of bores baseline during the reporting period; Section 6.1 

Presentation and discussion of InSAR and geodetic monitoring results 
in reports following data collection or provision; 

Section 8 
Presentation of tiltmeter and extensometer data and discussion of the 
results in the context of CSG-induced drawdowns; 

Discussion of aquifer connectivity. Section 9 
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2. Surat Cumulative Management Area Underground Water Impact Report 

The APLNG Project is located wholly within the Surat (CMA) declared under the Water Act 2000, as 
shown on Figure 2. The OGIA was established under the Queensland Water Act 2000 to: 

• undertake evidence-based independent scientific assessment of cumulative groundwater 
impacts within the Surat CMA; 

• develop water monitoring and spring management strategies; and  

• assign responsibility to individual petroleum tenure holders for implementing specific parts of the 
strategies within the Surat CMA. 

The most recent UWIR4 for the Surat CMA (2021 UWIR) was approved by the former DES (now 
DETSI) on 17 March 2022.The Independent Expert Scientific Committee (IESC) fact sheet5 

Environmental Assessments - The role of the Office of Groundwater Impact Assessment and the 
Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining Development in 
environmental assessments acknowledges the high quality of OGIA’s independent impact assessment 
in the Surat CMA and the sound regulatory framework that exists in Queensland for cumulative impact 
assessment and management of groundwater production for resource projects.  

Through the UWIR process the OGIA assign Origin obligations to comply with the Surat CMA 
UWIR Water Monitoring Strategy (WMS) and Spring Impact Management Strategy (SIMS). 
These obligations may include:  

• the location, type, target aquifer and frequency of groundwater monitoring required; and 

• assign responsibility to individual petroleum lease holders for implementing specific parts of the 
strategies within the Surat CMA. 

  

 

 
4 https://www.rdmw.qld.gov.au/__data/assets/pdf_file/0008/1584728/uwir-2021-report.pdf  
5 http://www.iesc.environment.gov.au/system/files/resources/31feb114-2d09-4a98-8b3f-ad629dbe4b97/files/environmental-
assessments-fact-sheet.pdf 

https://www.rdmw.qld.gov.au/__data/assets/pdf_file/0008/1584728/uwir-2021-report.pdf
http://www.iesc.environment.gov.au/system/files/resources/31feb114-2d09-4a98-8b3f-ad629dbe4b97/files/environmental-assessments-fact-sheet.pdf
http://www.iesc.environment.gov.au/system/files/resources/31feb114-2d09-4a98-8b3f-ad629dbe4b97/files/environmental-assessments-fact-sheet.pdf
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Figure 2: Surat CMA 
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3. Monitoring bore network and development sequence 

The Water Monitoring Strategy (WMS) for the Surat CMA UWIR lists 623 prescribed monitoring bores6 
for the CMA, of which Origin is the responsible tenure holder (RTH) for 190 monitoring points, including 
a number lying outside the area of the EPBC Act approval areas 2009/4974, 2017/7881 and 
2017/7902. Since the publication of the previous annual groundwater report, the following monitoring 
points have been constructed / repaired / replaced within the relevant EPBC Act approval areas, and in 
accordance with RTH requirements for the APLNG Project: 

Table 3: New monitoring point implementation for the period 1 April 2022 to 31 March 2023, 
within EPBC Act approval areas 2009/4974; 2017/7881; and 2017/7902 

UWIR Water Pressure 
Monitoring Point ID 

UWIR Water Quality 
Monitoring Point ID 

Name of monitoring point 

639  Lucky Gully 5 

888  RCMB2 

871 845 Sth Burunga-MB1-P 

863 844 Sth Burunga-MB3-B 

876  Lighthouse Horse Paddock Bore  
852 Spring Gully PB6 

717  Condabri Nth MB1-S 

649 718 Condabri-INJ1-H 

632  Kainama MB3-H 

273  TAL016 

823  Talinga MB13-S 

Planned monitoring bore installations for the upcoming reporting year (1 April 2023 to 31 March 2024 
include the bores listed in Table 4. 

Table 4: Planned monitoring point implementation for period 1 April 2023 through to 31 March 
2024, within EPBC Act approval areas 2009/4974; 2017/7881; and 2017/7902 

Water Pressure OGIA 
Monitoring Point ID 

Water Quality OGIA 
Monitoring Point ID 

Name of monitoring point 

715  Combabula-MB7-H 

   

   

890  Condabilla 1 (aka House Bore) 
 
Of the monitoring points listed in Table 4: 

• at the time of preparation of this report APLNG remains in negotiation with OGIA regarding water 
pressure monitoring point 787, with APLNG’s position being that the existing Peat MB1-B 
monitoring bore can satisfy OGIA’s data requirements with the provision of an additional 
downhole pressure gauge and the routine observation of shut in casing gas pressures; and 

• the Condabilla 1 bore requires the installation of a downhole pressure gauge only.  

Figure 1 of OGIA’s January 2023 Annual Report 20227 for the Surat CMA UWIR provides a 
comparison of the development sequence modelled in the 2021 Surat CMA UWIR and a revised 
development sequence as of November 2022. Relevant to development within the EPBC Act approval 
areas 2009/4974, 2017/7881, and 2017/7902, this figure shows minor changes to the timing of 

 

 
6 https://www.rdmw.qld.gov.au/__data/assets/excel_doc/0003/1461243/list-monitoring-points-surat-cma.xlsx 
7 https://www.rdmw.qld.gov.au/__data/assets/pdf_file/0007/1662181/surat-uwir-annual-report-2022.pdf 

https://www.rdmw.qld.gov.au/__data/assets/excel_doc/0003/1461243/list-monitoring-points-surat-cma.xlsx
https://www.rdmw.qld.gov.au/__data/assets/pdf_file/0007/1662181/surat-uwir-annual-report-2022.pdf
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development with minimal changes to the total development area for the APLNG Project. OGIA’s 
January 2023 Annual Report 2022 notes that most changes to development sequence timing relate to 
other gas projects in the area with planned development for the APLNG Project generally delayed due 
to better-than-expected performance from existing production areas. Related groundwater drawdown 
predictions documented in the 2021 Surat CMA UWIR will generally be realised later than predicted 
with development sequence delays. 

4. Groundwater levels and new data for hydraulic parameters 

To assess groundwater level trends, representative hydrographs (plotting temporal groundwater 
elevations relative to Australian Height Datum) from the dedicated monitoring bore network have been 
prepared for key aquifers of the Surat Basin. These hydrographs are presented below in Figure 4, 
Figure 5, Figure 6 and Figure 7, with key observations noted below each figure: 

• Figure 4 – Gubberamunda Sandstone; 

• Figure 5 – Springbok Sandstone; 

• Figure 6 – Hutton Sandstone; and 

• Figure 7 – Precipice Sandstone 

The hydrograph traces presented in these figures are colour coded for the host gas field areas. Figure 
3 provides a plan of the groundwater monitoring network with APLNG leases and the location of host 
gas field areas. 
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Figure 3: Plan of groundwater monitoring network with APLNG leases & location of host gas field areas 
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4.1 Gubberamunda Sandstone groundwater levels 
Figure 4 provides representative groundwater level hydrographs. 

 
Figure 4: Gubberamunda Sandstone regional hydrographs 

Except for a single location in the Western field, the vertical range in head potentials in the 
Gubberamunda Sandstone across the monitoring bore network is approximately 45 metres.  

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

Groundwater levels in many (15 of 19) of the Gubberamunda Sandstone monitoring bores for which 
data is presented herein, have displayed a gradual and ongoing downward trend (0.05 to 0.45 m/yr) 
which can be attributed to local groundwater pumping from this formation (largely, but not exclusively) 
private domestic and agricultural usage.   This is particularly so in the eastern and central fields.  Some 
of the Gubberamunda Sandstone monitoring bores in the eastern fields have displayed partial recovery 
in groundwater levels associated with the La Nina event rainfall over the previous three years (either 
local reduction in private pumping or a recharge impact).  Data for one of the bores presented clearly 
shows the impact of testing for feasibility assessment of injection into the Gubberamunda Sandstone at 
Reedy Creek. 

  



2022-2023 Groundwater Assessment Report Q-1000-75-RP-0005 

 
Released on 01/08/2025 - Revision 1 - Status Issued for Use 
Document Custodian is IG-Development-Groundwater 

Origin Energy Upstream Operator Pty Ltd ABN 67 105 423 532  Page 14 of 45 
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 

4.2 Springbok Sandstone groundwater levels 
Figure 5 provides representative groundwater level hydrographs for the Springbok Sandstone. 

 
Figure 5: Springbok Sandstone regional hydrographs 

The vertical range in head potentials across the Springbok Sandstone monitoring bore network is 
approximately 100 metres. The comparatively broad range is a result of the mostly low permeability 
and high lateral heterogeneity of the Springbok Sandstone.  This spatial heterogeneity essentially 
means that in some areas the Springbok Sandstone is essentially not an aquifer while in others it yields 
small but useful water supplies.   

Regionally, there is no consistent trend in the Springbok Sandstone. Nine of the 22 hydrographs 
presented herein (particularly in the Carinya area of the central fields and the Muggleton and Lucky 
Gully areas of the western fields) have been obtained from monitoring bores accessing very low 
permeability areas of the Springbok Sandstone.  These hydrographs show that the groundwater levels 
are still recovering after initial testing after construction or, take a very long time to recover after 
purging for routine groundwater sampling.  It is of some note that the complex pattern of permeability in 
the Springbok Sandstone has led to the development of locally artesian conditions with heads up to 
81.63m above ground surface being recorded in at least one monitoring bore. 

Elsewhere, such as in many areas of the eastern fields, some of the hydrographs demonstrate slow 
(0.02 to 0.48m/year) net declines in groundwater levels, notwithstanding that some of the bores in the 
east still exhibit recovering water levels.   
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4.3 Hutton Sandstone groundwater levels 
Figure 6 provides representative groundwater level hydrographs for the Hutton Sandstone. 

 
Figure 6: Hutton Sandstone regional hydrographs 

Groundwater level responses in the Hutton Sandstone exhibit significant spatial variability.  The vertical 
range in head potentials across the monitoring bore network for the Hutton Sandstone is approximately 
90 metres. Most of the variation is in the Spring Gully field. Outside of Spring Gully, the range to less 
than 60 metres.  Groundwater levels in the eastern fields have a vertical range of just under 30 metres. 

Nearly all the hydrographs for Hutton Sandstone monitoring bores for which data is presented herein 
show a consistent downward trend (overall rate of decline 0.02 to 1.24m/year) since monitoring 
commenced.  This trend is far more marked in the eastern fields (overall rate of decline 0.54 to 
1.24m/year) where it also coincides with several large private groundwater entitlements (often 
supporting intensive animal husbandry). To this point OGIA has attributed regional groundwater level 
declines in the Hutton Sandstone to groundwater extraction for non-CSG use. 

Groundwater levels in the Spring Gully area show a wide vertical range of head potentials. The Hutton 
Sandstone outcrops across a wide area of the north of this field and recharge occurs through outcrop.  
Due to this and far less high-capacity groundwater extraction, the trend of groundwater level declines in 
and around the Spring Gully field is far less (0.02 to 0.17m/year with one bore showing a net 
groundwater level rise of 0.28m/year). 
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4.4 Precipice Sandstone groundwater levels 
Figure 7 provides representative groundwater level hydrographs for the Precipice Sandstone. 

 
Figure 7: Precipice Sandstone regional hydrographs 

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 more than 1,500 metres deep.  The representative data presented 
herein is accordingly, partially spatially constrained. 

Compared to the shallower aquifers present beneath the APLNG project, 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.  Having said that, groundwater levels in the Precipice Sandstone are very 
broadly enhanced by injection of treated / desalinated CSG water into the Precipice Sandstone at the 
APLNG Reedy Creek (western fields) and Spring Gully operations.  The benefit of this injection is to 
support groundwater levels regionally across the APLNG fields. 

Groundwater levels in the eastern fields are lower relative to the fields to the west.  Groundwater levels 
pre-2015 are enhanced 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 due to injection at 
Reedy Creek. 

Groundwater levels in the western fields have a vertical range of approximately 30 metres, however, 
and 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 in response to temporal changes in injection rates. 

Groundwater levels in the Spring Gully area are generally stable and have a vertical range of 
approximately 15 metres.  On the western flank of the Spring Gully development at one Precipice 
Sandstone monitoring bore has experienced an anomalous decline in groundwater level.  However, the 
magnitude of this anomalous overall decline in groundwater level (compared to other Precipice 
Sandstone monitoring bores at Spring Gully), from its initially recorded level had only reached 
approximately 3.7m by the end of this adopted reporting period (i.e., to 30/3/2023).  The reason for the 
isolated, anomalous 3.7m water level decline is under investigation. 

4.5 Aquifer hydraulic parameter data 
During the reporting period for this report, APLNG has not acquired any new data for aquifer hydraulic 
parameters. 
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4.6 Groundwater data correction 
Groundwater level and or pressure data is predominantly collected remotely using a telemetry network 
or data loggers which are downloaded on site. All logger and telemetry data are captured as raw 
pressure data, generally mH2O or psi, or as an electric current in milliamp (mA) units, then converted to 
groundwater levels. 

The groundwater level data (metres below the casing reference points) is then converted by 
subtraction from casing reference point elevations to groundwater elevation relative to Australian 
Height Datum by subtraction.  The groundwater hydrograph data presented herein is groundwater 
elevation data converted this way. 

For time series trend analysis, corrections have not been made to remove effects including barometric, 
earth tide, non-gas related water production, fluid density variability, hydrostatic loading, seismic 
events, or the impact of gas pressure in shut-in wells / bores. Hydrographs prepared using non-
corrected groundwater levels are adequate for assessment of temporal changes in formation 
pressures.  

Temperature-induced density effects and non-gas water production 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. This can occur only when the temperature in the bore hole column is 
raised from pumping the bore. Across the monitoring network, except from a couple of instances where 
bores are dual purpose monitoring and supply, monitoring bores are minimally pumped where water 
samples are required. Consequently, temperature effects on temporal data are mitigated. 

5. Groundwater quality 

5.1 Monitoring and reporting requirements  
Water quality monitoring is undertaken in accordance with APLNG’s Groundwater Monitoring Plan8. 
The minimum objectives of the Groundwater Monitoring Plan are to meet state and federal regulatory 
requirements for regional groundwater and related monitoring, including: 

1. the Water Monitoring Strategy (WMS) outlined in the Underground Water Impact Report (UWIR) 
for the Surat Cumulative Management Area9; and 

2. the Joint Industry Plan for an Early Warning System for the Monitoring and Protection of EPBC 
Springs (JIP)10. 

In accordance with the WMS, groundwater quality data is required to be collected and reported for all 
monitoring points until at least five complete samples have been received by OGIA. This requirement 
has been satisfied for all UWIR WMS monitoring points, with six-monthly monitoring data provided to 
OGIA as part of the WMS water monitoring report. Groundwater data collected as part of the WMS will 
no longer be reported as part of this annual groundwater assessment.  

As part of the JIP Early Warning System (EWS) monitoring network11, Origin is responsible for 
undertaking six-monthly groundwater quality sampling of 16 groundwater bores, with water quality 
monitoring results presented each year as part of this annual groundwater assessment.  

5.2 Methods 
5.2.1 Equipment 

Purpose-installed monitoring bores into non-reservoir formations are equipped with dedicated, air-
driven 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 (mbGL), the pump intakes are 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. Pump settings, required purge 
volumes and maximum pumping rates, for each of the dedicated installations are determined during 
system commissioning.  

 

 
8 APLNG-Groundwater-Monitoring-Plan-Rev-5.pdf 
9 https://www.rdmw.qld.gov.au/__data/assets/pdf_file/0008/1584728/uwir-2021-report.pdf  
10 Microsoft Word - JIP Sept2013.docx (dsdip.qld.gov.au) 

https://www.rdmw.qld.gov.au/__data/assets/pdf_file/0008/1584728/uwir-2021-report.pdf
https://eisdocs.dsdip.qld.gov.au/Santos%20GLNG%20Gas%20Field%20Development/EIS/Appendices/appendix-ae-b-joint-industry-plan-for-epbc-springs.pdf
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Landholder and existing water supply bores that have been incorporated into the monitoring network 
are sampled using existing dedicated pumping infrastructure.  

5.2.2 Sample collection 

A groundwater sampling methodology was developed based on relevant industry guidelines including, 
but not limited to: 

• Groundwater Sampling and Analysis – A Field Guide11;  

• Monitoring and Sampling Manual: Environmental Protection (Water) Policy12; and  

• AS/NZS 5667.11:1998 (R2016) Water Quality—Sampling—Guidance on Sampling of 
Groundwaters13. 

Groundwater samples are collected in accordance with Origin Standard Operation Procedures. 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 5. Low permeability bores, 
purged with low flow pumps that can’t be pumped slowly enough to maintain a stable water level during 
purging are exempt from the requirement to meet the stabilisation criteria. 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.  

Landholder and existing water supply bores are generally purged 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. 

Table 5: Field parameter stabilisation criteria prior to sample collection 

Measurement Variability Comparison 

pH +/- 0.1 units 3 consecutive readings 

Temperature +/- 0.2°C 3 consecutive readings 

Specific conductance +/- 3% 3 consecutive readings 

Dissolved oxygen +/- 0.3 mg/L 3 consecutive readings 

Redox potential (Eh) +/- 10% 3 consecutive readings 

5.3 Quality assurance/quality control 
Water quality sample QA/QC is ensured through adherence with relevant industry guidelines, as stated 
above. In addition, 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 Origin Standard Operating Procedures; 

• regular 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; 

 

 
11 Sundaram, B., Feitz, A., Caritat, P. de, Plazinska, A., Brodie, R., Coram, J. and Ransley, T., 2009. Groundwater Sampling 
and Analysis – A Field Guide. Geoscience Australia, Record 2009/27 95 pp. 
12 Department of Environment and Science, 2018. Monitoring and Sampling Manual 2018—Environmental Protection (Water) 
Policy 2009, Brisbane: Queensland Government. 
13 Joint Technical Committee EV/8, 2016. AS/NZS 5667:11 1998 Water quality - Sampling - Guidance on sampling of 
groundwaters, Sydney: Standards Australia.  
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• 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;  

 duplicates at 1 in 10 samples collected; and 

 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:  

• assessment of outliers where multiple results are available;  

• comparison of laboratory analysis to field data; and 

• anion-cation balance – a calculated balance below 5% indicating a good analysis.  

Table 6 provides a summary of cation-anion balance results for all groundwater samples collected as 
part of the EWS monitoring network. 172 of the 187 water quality samples (92%) had an ionic balance 
less than 5%, indicating that the major ion analyses are of acceptable quality (the average ionic 
balance is 2.7%).  

Table 6: Ionic balance summary data 

Average 
Balance 

Maximum Ionic Balance Minimum Ionic Balance Sample Count* 

2.7% 9.0 0.01 187 

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

5.4 Water quality monitoring results 
Only the water quality results of the EWS monitoring network will be discussed herein.  The EWS 
network aims to provide sentinel monitoring points to detect potential adverse impacts to key sensitive 
springs.  The EWS network consists of monitoring bores that only tap either the Hutton Sandstone or 
the Precipice Sandstone. The location of the EWS bores operated by APLNG is indicated in  Figure 3.  

5.4.1 Electrical conductivity 

The distribution of electrical conductivity data for the EWS network is presented in Figure 8. The Hutton 
Sandstone has an interquartile range from 778 µS/cm to 1,240 µS/cm (excluding outliers), and a 
median EC of 1,020 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 lateral facies changes or vertical 
variation in aquifer parameters in what is a relatively thick stratigraphic unit. 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 downdip towards the centre of the basin. 

The Precipice Sandstone is notable for having a tighter spread of EC data, with an interquartile range 
from 140 µS/cm to 212 µS/cm (excluding outliers), and a median EC of 150 µS/cm. Fresher water 
quality in this formation is observed in proximity to the Dawson River, where the Precipice Sandstone is 
inferred to discharge (i.e. relatively shorter flow paths and residence times from outcrop recharge sites 
to river discharge sites). Higher salinities in the southern part of the Mimosa Syncline support a 
conceptual model of slow throughflow, as discussed in previous Annual Groundwater Assessments 
(https://aplng.com.au/document-library/).  

https://aplng.com.au/document-library/
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Figure 8: Chart of EC statistics 

 

5.4.2 Field pH 

The distribution of field pH data for the EWS network is presented in Figure 9. The Precipice 
Sandstone has the lowest median pH (6.2), whilst the median pH for the Hutton Sandstone is 8.1.  The 
most likely causes of the relatively low field observed pH values in the Precipice Sandstone are 
elevated free dissolved carbon dioxide and limited buffering capacity of the water (overall low salinity).    

It should be noted that in-situ pH in the aquifers would most likely be lower than values measured at 
the wellhead or discharge point due to CO2 degassing as groundwater is pumped from depth.   

 
Figure 9: Chart of field pH statistics 
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5.4.3 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 can be plotted on a tri-linear (Piper) diagram 
from which the dominant water type/s can be discerned. Distinguishing water types can assist in 
aquifer characterisation, identification of mixing trends, identification of flow paths and detection of 
trends over time.  

Figure 10 presents the major ion chemistry for the EWS monitoring network, colour coded by 
geological formation. Both the Hutton Sandstone and Precipice Sandstone are typically sodium-
bicarbonate type groundwaters. Some spatial variation is evident in the major ion ratios, likely relating 
to facies changes and changes in groundwater chemistry down flow lines. For example, bores in the 
Spring Gully field display a higher proportion of calcium and magnesium ions, which is typical of 
groundwater in outcrop areas. In contrast, the aquifers at depth tends to host groundwater that is richer 
in sodium (i.e., cation exchange of calcium and magnesium for sodium down flow bath from outcrop) 
and bicarbonate ions14.  

 
Figure 10: Piper plot of major ions by monitoring unit 

 

5.4.4 Water quality trend analysis  

A Mann-Kendall test for trend has been undertaken to evaluate increasing and decreasing trends in 
concentrations of analysed water quality parameters for the EWS monitoring bores. This method is well 

 

 
14 Quarantotto P., 1989. Hydrogeology of the Surat Basin, Queensland, record no. 1989/26, Geological Survey of Queensland, 
Brisbane, Qld. 
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suited to groundwater monitoring data as it enables both the statistical and semi-quantitative 
presentation of temporal water quality data, allowing for a visually simple observation of analyte trends 
over time. Furthermore, the Mann-Kendall test for trend has no distributional assumptions (e.g., a 
normal distribution) and accommodates irregularly spaced data (i.e., samples not collected at the same 
time interval) and missing data (e.g., values that are less than the limit of reporting)15.  

The statistical analysis included the calculation of:  

• number of analyses; 

• mean; 

• median (P50) - most likely to occur; 

• P90 - 90% of the reported values are less than; 

• P10 - 90% of reported values are greater than; and 

• Mann-Kendall test for trend. 

In calculating the Mann-Kendall test for trend, where a value was less than the limit of reporting (LOR), 
the value was assumed equal to the limit16. The Mann-Kendall test was only performed for those 
parameters for which there were more than five representative water quality samples (i.e., after 
impacts from drilling fluids have been substantially removed through bore development). Analysis of 
trends will prove increasingly useful as more data is collected over a longer timeframe and temporal 
trends emerge. A 90% confidence limit (α=0.1) was used.  

Figure 11 shows the summary results of the Mann-Kendall trend analysis. The axis on the charts 
indicates the number of EWS monitoring bores with an observed rising (positive number) or falling 
(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 pH 
(field), electrical conductivity (field), alkalinity (Bicarbonate) as CaCO3, calcium and manganese 
(dissolved). Increasing trends in the data were also identified for redox potential (field), dissolved 
methane, barium (dissolved) and strontium (dissolved). Iron (dissolved) showed a spread of rising and 
falling trends in both Hutton Sandstone and Precipice Sandstone monitoring bores.  

 

 
15 Gibbons, Bhaumik and Aryal, 2009. Statistical Methods for Groundwater Monitoring, Second Edition. John Wiley & Sons. 
374pp. 
16 Gibbons, Bhaumik and Aryal, 2009. Statistical Methods for Groundwater Monitoring, Second Edition. John Wiley & Sons. 
374pp. 
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Figure 11: Summary of Mann-Kendall trend analysis per formation 
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6. EPBC Act springs 

6.1 Spring monitoring and reporting requirements 
The 2021 Surat CMA UWIR prescribes Origin as the RTH required to undertake monitoring of Scott’s 
Creek (260) spring complex, forming part of Community of native species dependent on natural 
discharge of groundwater from the Great Artesian Basin (EPBC Act listed springs)17. Scott’s Creek 
spring complex is located within the area of EPBC Act approval 2017/7881. 

Prior to implementation of the contemporary Surat CMA UWIR framework, which assigns RTH 
requirements to monitor EPBC Act listed springs, the JIP18 was implemented from 2013. The JIP 
provided a framework for the development of water level drawdown trigger levels, thresholds, and 
limits for EPBC Act listed springs. Origin continues to implement JIP monitoring due to requirements of 
the APLNG Project Groundwater Monitoring Plan19 approved by the federal government in 2014. As a 
result, although Origin is not assigned as the RTH for many EPBC Act listed spring complexes under 
the Surat CMA UWIR framework, Origin continues to monitor groundwater levels in bores associated 
with the EPBC Act listed spring complexes listed in Figure 12. Monitoring bores associated with these 
springs are outlined in Section 3.5.3.1 of the APLNG Project Groundwater Monitoring Plan. 

Table 7: Legacy JIP EWS monitoring 

EPBC Act listed spring complex Responsible Tenure Holder 

Scott’s Creek Origin 

Dawson River 8 N/A 

Yebna 2 Santos 

Abyss Santos 

Lucky Last Santos 

Cockatoo Creek / Dawson River N/A 

 

Following the federal government’s approval of the APLNG Project Groundwater Monitoring Plan, the 
methodology for determining triggers, and threshold limits for groundwater drawdown in bores 
associated with the above EPBC Act listed springs could no longer be derived due to subsequent 
changes to OGIA’s cumulative regional groundwater model for the Surat CMA. The method outlined in 
the JIP and summarised in APLNG’s Groundwater Monitoring Plan compares actual groundwater 
monitoring data with modelled predictions of drawdown (i.e. change in water level) from the UWIR 
regional groundwater flow model (developed for the 2012 UWIR by the then Queensland Water 
Commission QWC 201220) at each monitoring point in the EWS network. From the 2016 UWIR (OGIA, 
2016)21 onwards, OGIAs updated modelling methodology has not generated probabilistic outputs for 
CSG-production related drawdown upon which the JIP trigger method relies and therefore eliminating 
the mechanism for comparing observed groundwater levels against modelled CSG-production related 
drawdown. APLNGs 2017-2018 Annual Groundwater Report (APLNG, 2018)22 discusses in detail the 
limitations of the methodology outlined in the JIP.  

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, 201923 and 202324) confirmed that contextual 

 

 
17 The community of native species dependent on natural discharge of groundwater from the Great Artesian Basin 
18 Joint industry plan for an early warning system for the monitoring and protection of EPBC springs 
19 APLNG Groundwater Monitoring Plan Q-LNG-01-10-MP-0005 
20 Underground Water Impact Report for the Surat Cumulative Management Area 2012 
21 Underground Water Impact Report for the Surat Cumulative Management Area 2016 
22 Origin 2018-2019 Groundwater Assessment Report 
23 Analysis of groundwater level trends in the Hutton Sandstone, Springbok Sandstone and Condamine Alluvium – Surat 
Cumulative Management Area (rdmw.qld.gov.au) 
24 Analysis of groundwater trends to identify impacts from coal seam gas and coal mining in the Surat and southern Bowen 
basins (rdmw.qld.gov.au) 

https://www.dcceew.gov.au/environment/biodiversity/threatened/assessments/gab-springs
https://eisdocs.dsdip.qld.gov.au/Santos%20GLNG%20Gas%20Field%20Development/EIS/Appendices/appendix-ae-b-joint-industry-plan-for-epbc-springs.pdf
https://aplng.com.au/wp-content/uploads/2021/08/APLNG-Groundwater-Monitoring-Plan-Rev-5.pdf
https://www.resources.qld.gov.au/__data/assets/pdf_file/0016/31327/underground-water-impact-report.pdf
https://www.resources.qld.gov.au/__data/assets/pdf_file/0007/345616/uwir-surat-basin-2016.pdf
https://aplng.com.au/wp-content/uploads/2021/06/2018-2019-AnnualGroundwaterAssessment_FINAL.pdf
https://www.rdmw.qld.gov.au/__data/assets/pdf_file/0005/1473323/groundwater-level-trends-surat-cma.pdf
https://www.rdmw.qld.gov.au/__data/assets/pdf_file/0005/1473323/groundwater-level-trends-surat-cma.pdf
https://www.rdmw.qld.gov.au/__data/assets/pdf_file/0007/1661884/analysis-groundwater-trends-impacts-csg-coal-mining.pdf
https://www.rdmw.qld.gov.au/__data/assets/pdf_file/0007/1661884/analysis-groundwater-trends-impacts-csg-coal-mining.pdf
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information and professional judgement was essential to assist in separating CSG and non-CSG 
influences.  

6.2 Scott’s Creek spring complex monitoring results 
6.2.1 Spring vents 

A locality map of the spring vents in the Scott’s Creek Complex is presented as Figure 12. Over the 
reporting period, monitoring of the Scott’s Creek (260) spring complex was undertaken on 14 October 
2022. A summary of the observations from the October 2022 field visit is as follows. 

Vent 189 

No salt scalding noted in wetland periphery.  

No iron staining noted in wetland discharge extent and wetland periphery. 

Channel linking vents 189 and 191 is filled with water. This channel continues to erode as a result of 
heavy rainfall events and is migrating further to the west 

Vent 191 

No salt scalding noted in wetland discharge extent and wetland periphery. 

No iron staining recorded in wetland discharge extent and wetland periphery. 

Additional small vents previously recorded to the north of 191 are still present. Both the wetted area 
extent and wetland vegetation extent of the single vent previously recorded to the south of 191 appear 
to be increasing in area 

Vent 190 

Small saturated area approximately 6m2 around vent (too small for GPS mapping). 

No salt scalding noted in wetland periphery.  

No iron (or bacteriological) staining noted in wetland periphery. 

Vent 192.1 

Both the wetted area extent and wetland vegetation extent appear to be stable or increasing in area. 

No salt scalding noted in wetland periphery. 

No iron (or bacteriological) staining noted. 

Vent 192 

Vent and pool completely dry. 

No salt scalding noted. 

No iron (or bacteriological) staining noted. 

Very small areas of wetland vegetation recorded – two small patches approximately 1m2 and 0.5m2 at 
each end of previous pool area. 

New vent previously noted south-east of vent 192 still evident. Both the wetted area extent and 
wetland vegetation extent of this vent appear to be increasing in area. 
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Figure 12: Scott’s Creek complex – spring vent locality map 

 

 
Figure 13: wetland discharge extent (yellow line) at vents 189 and 191, October 2022 
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Figure 14: Wetland discharge extent (yellow line) at vent 190, October 2022 

 

 
Figure 15: Wetland discharge extent (yellow line) at vent 192.1, October 2022 
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Figure 16: Visualisation of wetland discharge extent area since November 2018 

 

Two vibrating wire piezometers (VWPs) were installed within the wetlands at vents 189 and 191 to 
depths of approximately 2.5 mbgl. Two drive point piezometers (DPP) with pressure sensors were also 
installed into in spring vents 189 and 191 in April 2016 as a level of redundancy for the VWPs. Water 
pressure data collected from April 2016 to 2023 from permanent monitoring equipment installed at the 
Scott’s Creek (260) spring complex is summarised in Figure 17. 

 
Figure 17 Data collected from permanent monitoring equipment installed at the Scott’s Creek 
(260) spring complex 
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Key findings identified from the water pressure monitoring data include: 

• 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 17. 

• Spring vents 189 and 191 show a variable decline in groundwater pressures, generally in 
response to longer-term wet and dry periods. Pressures recovered significantly following 
heavy summer rainfall and flooding in 2020 and 2021, with vent 191 rising sharply following 
rainfall in November 2021.  

• A cyclic pattern is observed in the pressure data, roughly corresponding with the wet and dry 
seasonal variability. Pressures generally decline over the spring-summer period from October 
through to January and recharge following summer rains. The wetland vegetation and 
discharge extent also vary seasonally in response to local groundwater flux and rainfall. 

• Overall, since the start of monitoring of April 2016, groundwater pressure at spring vent 189 
and 191 has remained stable, notwithstanding the cyclic patterns observed in the data. 
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Monitoring Bores 

Hutton Sandstone monitoring bores RN 14881 and RN 31097 are located to the north-east of the 
spring vents. Historically both bores were used regularly for water supply and, similar to the spring 
vents, show an underlying cyclic pattern in water level fluctuations, roughly corresponding with the wet 
and dry seasonal variability (Figure 18). Overall net groundwater declines of approximately 0.9m are 
observed at RN 14881 over the period since monitoring commenced in 2014. Groundwater levels in 
RN 31097 have historically varied by up to 2m, most likely depending on landowner use. This bore 
was replaced by the landowner and in June 2022 the monitoring equipment was relocated to the 
replacement bore RN 123762. The hydrograph on Figure 18 shows the effects of pumping events by 
the landholder, however, a net decline of approximately 1.2m has been reported from RN 123762 from 
June 2022 to the end of March 2023. OGIA has attributed observed regional groundwater level 
declines in the Hutton Sandstone to groundwater extraction for non-CSG use (OGIA 201925 and 
202326). 

RN 14203, 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 water levels fluctuate 
seasonally. Since early 2019, water levels have declined by approximately 0.4 m. Artesian conditions 
in this bore are measured by a pressure sensor fitted to the wellhead and augmented by manual 
measurements of the water level obtained by passing an electronic dip tape through 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. 

 
Figure 18: Scott's Creek Spring pressure and bore water level monitoring 

 

  

 

 
25 Analysis of groundwater level trends in the Hutton Sandstone, Springbok Sandstone and Condamine Alluvium – Surat 
Cumulative Management Area (rdmw.qld.gov.au) 
26 Analysis of groundwater trends to identify impacts from coal seam gas and coal mining in the Surat and southern Bowen 
basins (rdmw.qld.gov.au) 

https://www.rdmw.qld.gov.au/__data/assets/pdf_file/0005/1473323/groundwater-level-trends-surat-cma.pdf
https://www.rdmw.qld.gov.au/__data/assets/pdf_file/0005/1473323/groundwater-level-trends-surat-cma.pdf
https://www.rdmw.qld.gov.au/__data/assets/pdf_file/0007/1661884/analysis-groundwater-trends-impacts-csg-coal-mining.pdf
https://www.rdmw.qld.gov.au/__data/assets/pdf_file/0007/1661884/analysis-groundwater-trends-impacts-csg-coal-mining.pdf
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6.4 APLNG EPBC spring protection EWS groundwater level monitoring  
The EWS network comprises two types of monitoring installations: 

• An Early Warning Monitoring Bore will typically be on-tenure and close to the area of CSG 
water extraction or, between the extraction areas and the spring. These early warning bores 
are located to provide initial drawdown data, and secondary data in support of interpretation 
of observations made closer to springs. At these locations groundwater drawdowns are 
expected to be more pronounced due to their proximity to the source of drawdown. 

• A Trigger Monitoring Bore located closer to the spring i.e. further away from the CSG 
production area. For on-tenure springs, the Trigger Monitoring Bores have been selected 
within close proximity of the springs. 

For most of the EWS monitoring sites, groundwater levels in the Hutton Sandstone show a general 
declining trend which is generally consistent to regional trends across the Surat Basin. However, being 
within or proximal to recharge beds for the Hutton Sandstone, groundwater levels are typically more 
variable than those in deeper parts of the Basin, fluctuating in response to seasonal and annual rainfall 
and variable local groundwater extraction, and show lesser declines overall. As has been reported by 
OGIA in several publications, most recently in the 2022 annual review for the Surat Underground 
Water Impact Report (OGIA, 2023)27, declining groundwater levels in the Hutton are not considered to 
be in response to CSG production from the Bandana or Walloon Coal Measures reservoirs. 

Groundwater levels at EWS Precipice bores are generally more stable, however, where monitoring 
bores are located at or close to outcrop, the hydrographs also display similar oscillations from 
recharge influence and local pumping. Two EWS monitoring bores (Spring Gully PB1 and Spring Gully 
PB3) displayed increasing groundwater levels in 2015 following commencement of APLNG’s 
reinjection to the Precipice Sandstone. Hydrographs for Spring Gully PB1 and Spring Gully PB3 have 
since declined from 2016 and 2017 respectively and remained relatively stable since 2020 (Figure 21). 
The increase and subsequent decrease in Precipice groundwater levels at these two bores reflects 
variability in the volumes of treated water being re-injected to the Precipice Sandstone at Reedy Creek 
and Spring Gully, as opposed to depressurisation propagating across the contact zone from the 
Bandanna Formation. 

Groundwater levels measured at EWS bores will be further discussed below, relative to each spring 
complex listed previously in Table 5. 

6.4.1 Scott’s Creek spring complex 

Trigger Monitoring Bores – Hutton Sandstone 

A variety of groundwater level responses and trends have been observed in the Hutton Sandstone 
across the locations attributed to the Scott’s Creek Spring Complex monitoring bore network. 
Generally, groundwater levels show cumulative declines over the period of monitoring together with 
rising groundwater levels in response to recharge and or reduction of local extraction following periods 
of increased rainfall.  

At trigger monitoring bores, near continuous levels (some data gaps due to equipment failures / 
access constraints) have been recorded since November 2014 at RN 38333 (Figure 19), and since 
early 2015 at RN 14881 (Figure 20).  

In response to recharge, groundwater levels at RN 38333 are highly variable, showing an overall 
declining trend punctuated by periodic rises during periods of increased rainfall. Since early 2022, 
levels have generally been rising, however, the groundwater level from late 2014 to early 2023 has 
declined by approximately 0.5 m.  

Since monitoring commenced, groundwater levels measured at RN 14881 have declined by 
approximately 0.5 m displaying an underlying cyclic pattern, roughly corresponding to the change of 
seasons.  

Early Warning Monitoring Bores – Hutton Sandstone 

Groundwater levels have been monitored near continuously at RN 13946 since October 2012.  
Between 2012 and 2017 the measured groundwater levels in the bore declined at an average of 0.15 
m/year (Figure 21). Since 2017, groundwater levels show seasonal variability but are essentially stable 
year on year.  

Near continuous groundwater levels have been recorded at RN 13946 since early 2015.  Groundwater 
levels measured in the bore were consistent with RN 14881 until early 2017 but since this time have 

 

 
27 Annual review 2024 for the Surat Underground Water Impact Report  

https://www.ogia.water.qld.gov.au/__data/assets/pdf_file/0010/1983538/surat-uwir-annual-review-2024.pdf
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not displayed the same overall declining trend. As noted for RN 14881, groundwater levels have 
fluctuated seasonally in response to varying water extraction. 

At monitoring bores Spring Gully-MB4-H and Spring Gully-MB17-H, near continuous groundwater 
levels have been recorded since April 2012 and September 2015, respectively.  

At Spring Gully-MB4-H, groundwater levels have been declining continuously since monitoring 
commenced (Figure 22), with an overall decline of approximately 1.7 metres.    

At Spring Gully-MB17-H, groundwater level declined by 1.1 metres between late-2015 and late-2021. 
Increased rainfall during 2021-2023 resulted in groundwater levels rising by approximately 0.6m 
equating to an overall decline of approximately 0.5m over the period of monitoring (Figure 23).  

 
Figure 19 Hydrograph of EWS Hutton bore RN 38333 

 

 
Figure 20 Hydrographs of EWS Hutton bores RN 14881 (green) & RN 14203 (grey) 
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Figure 21 Hydrograph of EWS Hutton bore RN 13946 

 

 
Figure 22 Hydrograph of EWS Hutton bore Spring Gully MB4-H 
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Figure 23 Hydrograph of EWS Hutton bore Spring Gully MB17-H 

 

Early Warning Monitoring Bores – Precipice Sandstone 

Groundwater levels in the Precipice Sandstone show the effects of injection, with rising levels through 
2015 reflecting increased injection, followed by a period of stabilisation in 2017 due to a reduction in 
injected volumes. From mid-2018 to early 2019, Spring Gully MB16-P showed a gradual decline in 
water levels of approximately 0.7 m/year reflecting reduced injection (Figure 24). Levels remained 
relatively steady from 2019 to 2022 and from 2022 to present, levels have fluctuated in response 
injection volumes at the Spring Gully injection facility. Cumulatively, groundwater levels have 
increased by approximately 1.5 m above pre injection levels. 

The injection induced rises in groundwater levels were not modelled, but their influence followed by 
relative stability indicate no potential triggering of CSG related drawdown. 

 
Figure 24 Hydrograph of EWS Precipice bore Spring Gully MB16-P 
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6.4.3 Dawson River 8 spring complex 

Early Warning Monitoring Bores – Hutton Sandstone 

Consistent with the Hutton Sandstone to the west near the Spring Gully field, groundwater levels 
fluctuate seasonally and on a year-on-year basis in response to rainfall trends. The EWS monitoring 
bore, Peat MB3-H, shows that following a declining trend from mid-2017 to early-2019, groundwater 
levels gradually increased before stabilising in late-2022 (Figure 25). The groundwater level at this 
location has a cumulative decline of 0.1m since monitoring commenced in mid-2016. 

The trigger monitoring bore, Kinnoul MB2-H also shows an overall declining trend since monitoring 
commenced in mid-2016 (Figure 26) with a cumulative decline of approximately 0.3 metres.  

 
Figure 25 Hydrograph of EWS Hutton bore Peat MB3-H 

 
Figure 26 Hydrograph of EWS Hutton bore Kinnoul MB2-H 
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6.4.5 Yebna 2 

Early Warning Monitoring Bore – Hutton Sandstone 

Bore SG-MB9 was a pond monitoring bore used in the early stages of the groundwater monitoring 
program. Once the monitoring network had been established, there was no justification for its 
continued inclusion on the basis that there was sufficient regional monitoring in place. Therefore, this 
bore is no longer monitored as an EWS bore. 

6.4.6 Abyss 

Early Warning Monitoring Bore – Hutton Sandstone 

Hutton Sandstone groundwater levels are monitored in EWS bore Spring Gully-MB15-H which 
replaced DMW-LB015 (defined as the EWS bore for Abyss in the GMP) due to access issues. In 
Spring Gully-MB15-H, groundwater levels declined from mid-2016 to mid-2018 before rising through 
until late-2021. From late-2021 onwards, levels have fluctuated seasonally with no overall change 
(Figure 27). Since monitoring commenced in mid-2016, the groundwater level in the Hutton Sandstone 
at this location has declined by approximately 1.1 metres.   

Groundwater level trends are considered representative of sub-regional conditions in the Hutton 
Sandstone with no indication of CSG impacts.  

 
Figure 27 Hydrograph of EWS Hutton bore Spring Gully MB15-H 

 

6.4.7 Lucky Last spring complex 

Early Warning Monitoring Bores – Precipice Sandstone 

Precipice Sandstone groundwater levels in EWS bores Spring Gully PB1 and Spring Gully PB3 show 
the effects of injection at Reedy Creek and Spring Gully, with rising levels from late-2012 through to 
2015-2016, followed by steady groundwater level declines to mid-2019 in response to reduced 
injection, as opposed to depressurisation propagating across the contact zone from the Bandanna 
Formation. Over the past 3 years, groundwater levels in both bores have fluctuated seasonally and 
during periods of increased rainfall (Figure 28). Groundwater levels in both bores remain higher than 
first observed at the commencement of monitoring (June 2007 in Spring Gully PB1 and April 2012 in 
Spring Gully PB3). 
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Figure 28 Hydrographs of EWS Precipice bores Spring Gully PB1 (purple) and Spring Gully PB3 
(pink) 

6.4.8 Cockatoo Creek / Dawson River 

Early Warning Monitoring Bores – Precipice Sandstone 

Groundwater levels in the Precipice Sandstone at Peat MB2-P show the effects of injection at Reedy 
Creek, with levels rising for most of the period from commencement of monitoring in late-2016 up until 
late-2022. Groundwater levels declined from late-2022 until early 2023 (Figure 29). The cumulative 
change over the 8-year monitoring history is an increase of approximately 1.5m. 

 
Figure 29 Hydrograph of EWS Precipice bore Peat MB2-P 

In summary, declines observed at EWS bore hydrographs are not the result of CSG production. There 
have been no impacts to groundwater levels which exceed the trigger threshold, and no exceedance 
response is required.  
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7. Baselined bores 

No bores located within the area of EPBC Act approval areas 2009/4974, 2017/7881 and 2017/7902 
were baselined during the reporting period. 

8. Ground surface movement 

Between 2012 and 2018, tiltmeters and extensometers were used to monitor for small-scale (mm) 
movement at surface and within the Westbourne Formation (aquitard). Over that monitoring period, 
which included pre- and post-gas development, no trends were 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 over the monitoring period, and the lack of 
correlation with regional scale changes, monitoring ceased in 2018. The results of the monitoring 
program from 2012-2018 are reported in the 2017-2018 Groundwater Assessment Report28. 

Long-term geodetic monitoring is undertaken at approximately 40 permanent survey markers installed 
for the APLNG project.  This work is completed every two years and was not updated during this 
reporting period.  The 2012 to 2022 data drawn from the permanent survey markers is again 
reproduced for reference on Figure 30. Previous data from ground survey of PSMs shows that 
average annual ground surface movement since 2012 ranges between approximately +6 mm/year and 
-21 mm/year which is less than natural or ‘background’ ground movement of ±25 mm/year reported by 
the OGIA29 suggesting an overall insignificant level of subsidence related to the APLNG Project. 

Following the baseline interferometric synthetic aperture radar (InSAR) survey for the period 2005 to 
2011 and reported in APLNG30, 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 was 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 two 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 30 shows a down-sampled data set, where the 35 x 35 m processing resolution was reduced to 
a 1,500 m x 1,500 m grid. The technique required a minimum of twenty measured points within each 
1,500 m x 1,500 m grid cell for calculations to be performed. For the purposes of Figure 30 , ‘stable’ 
has been classified as ground motion with 50% of the dataset showing less than 16mm per year 
(subsidence or uplift) as the threshold identified in APLNG’s Groundwater Monitoring Plan31. The data 
shows stability throughout APLNG tenure, with the areas of uplift identified in the 2013-2014 
Groundwater Assessment Report32, 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 purposes 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 was a small area within Condabri which was subsiding at greater than 16 
mm/year (maximum of approximately 17mm/year), but over an area of less than 1,500 x 1,500m, this 
has now declined to 14mm/yr. This small area is also an area of higher-than-average water and gas 
production and is captured in the reservoir model. Overall, the trends are showing a decline in rate of 
downward displacement across the producing fields approximately one to two years post peak 

 

 
28 2017-2018-Groundwater-Assessment-report.pdf – Australia Pacific LNG (aplng.com.au) 
29 https://www.rdmw.qld.gov.au/__data/assets/pdf_file/0008/1584728/uwir-2021-report.pdf  
30 Microsoft Word - Component 1 - Q-LNG01-15-TR-1801_Rev2_APLNG Stage 2 CSG WMMP GroundwaterAssessment.docx 
31 Microsoft Word - Component 2 - Q-LNG01-10-MP-0005_Rev5_Groundwater Monitoring Plan.docx (aplng.com.au) 
32 aplng.com.au/wp-content/uploads/2021/06/Q-LNG01-75-RP-0001__Annual_GW__Report_Rev1_Final.pdf 

https://aplng.com.au/document/2017-2018-groundwater-assessment-report-pdf/
https://www.rdmw.qld.gov.au/__data/assets/pdf_file/0008/1584728/uwir-2021-report.pdf
https://aplng.com.au/wp-content/uploads/2021/08/Q-LNG01-15-TR-1801_Rev2_APLNG-Stage-2-CSG-WMMP-GroundwaterAssessment.pdf
https://aplng.com.au/wp-content/uploads/2021/08/Component-2-Q-LNG01-10-MP-0005_Rev5_Groundwater-Monitoring-Plan.pdf
https://aplng.com.au/wp-content/uploads/2021/06/Q-LNG01-75-RP-0001__Annual_GW__Report_Rev1_Final.pdf
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dewatering phase, which has been observed in areas of Condabri since 2019. To date, there has been 
no confirmation of a subsidence trigger exceedance across APLNG tenure. 
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Figure 30: InSAR mean deformation (downsampled) July 2012 to December 2022  
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9. Aquifer connectivity  

9.1 Connectivity within Surat Basin fields 
The stratigraphic sequence underlying and overlying the Jurassic age Walloon Sub-Group CSG 
reservoir is essentially conformable, notwithstanding some discontinuous deposition between the 
Walloon Sub-Group and the overlying Springbok Sandstone.  In terms of vertical aquifer connectivity 
this means that water from aquifers above and below the Walloon Sub-Group must primarily flow 
vertically through aquicludes and aquitards to reach the pressure depleted CSG bearing coals, 
notwithstanding minor leakage via faults oriented such that they provide some preferential 
permeability.   

In general, and is common with most artesian groundwater systems, the horizontal permeability of 
formations is much greater than the vertical permeability.  Thus, lateral groundwater flow occurs much 
more readily than vertical flow, even against enhanced vertical hydraulic gradients as occurs during 
water pumping for CSG development. 

Temporal changes in groundwater level in aquifers stratigraphically adjacent to (i.e., overlying, and 
underlying) CSG reservoir formations can potentially reflect dewatering if there is significant vertical 
connectivity.  However, groundwater levels in such aquifers are subject to pumping impacts from water 
bores that tap them (e.g., pumping for domestic, pastoral, intensive animal husbandry and non-CSG 
related mining activities). 

The key aquifers for which temporal changes in groundwater level may potentially inform aquifer 
connectivity with the Walloon Sub-Group fields are the Springbok Sandstone which directly overlies 
the Walloon Sub-Group and the Hutton Sandstone which underlies the Eurombah Formation. The 
Eurombah Formation is generally a thin transitional unit of laterally variable lithology and hydraulic 
characteristics, which separates the Hutton Sandstone from the Walloon Coal Measures.  As indicated 
in Section 4.2 the temporal pattern of observed groundwater levels in the Springbok Sandstone 
monitoring bores reflects its lateral variability.  Poor permeability in evident across large areas of the 
Springbok Sandstone (slow recovery of water levels, development of locally very high artesian 
pressures), however in some areas of the eastern fields some monitoring bores demonstrate slow 
(0.02 to 0.48m/year) net declines in groundwater levels. 

It is possible that some hydraulic connection does occur between the Springbok Sandstone and the 
Walloon Sub-Group and a process of downward leakage to the coals may partly be reflected in slow 
net declines in the groundwater levels in the Springbok Sandstone, however local pumping, 
particularly for agricultural purposes will also contribute to, if not dominate such groundwater trends. 

Also as discussed in Section 4.3 of this report, nearly all the hydrographs for Hutton Sandstone 
monitoring bores for which data is presented herein show a consistent downward trend (overall rate of 
decline 0.02 to 1.24m/year) since monitoring commenced.  This trend is far more marked in the 
eastern fields (overall rate of decline 0.54 to 1.24m/year) where it also coincides with several large 
private groundwater entitlements (often supporting intensive agricultural activities). To this point OGIA 
has attributed regional groundwater level declines in the Hutton Sandstone to groundwater extraction 
for non-CSG use and it is less probable that upward leakage from the Hutton Sandstone into the coals, 
via the Eurombah Formation is a significant process. 

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 overall stratigraphic 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. 

Figure 31 through Figure 33 below provide plots of vertical pressure profiles updated to the end of the 
current reporting period at two key locations in the eastern fields and one key location in the western 
fields.   

Figure 31 provides a representative vertical pressure profile for the Talinga section of the eastern 
fields.  
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Figure 31: Representative vertical pressure profile for eastern fields site A 

A marked “sawtooth” pattern in the depth vs formation pressure plot remains evident in Figure 31 for a 
representative Talinga site in the eastern fields. From Figure 31 it is evident that whilst 
depressurisation of the Walloon Sub-Group coals (i.e. those hosted by the Upper and Lower Juandah 
Coal Measures and the Taroom Coal Measures) is ongoing with time, some degree of vertical isolation 
is present between these coals and the interburden sandstones (i.e. the Juandah Sandstone and 
Tangalooma Sandstone), reflected as much lower temporal depressurisation.  Figure 31 plot also 
highlights the hydraulic isolation of the Westbourne Formation (which underlies the Gubberamunda 
Sandstone) and the Springbok Sandstone.  Temporal formation pressures declines are evident in the 
Hutton Sandstone data in Figure 31, however it is generally much less than for the coal hosting 
packages and the Walloon Sub-Group interburden.  As previously discussed, these pressure declines 
have largely been attributed to non-CSG related pumping. 

Figure 32 provides a representative vertical pressure profile for the Condabri section of the eastern 
fields.  
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Figure 32: Representative vertical pressure profile for eastern fields site B 

Figure 32 again displays a “sawtooth” pattern in the depth vs formation pressure plot, notwithstanding 
that data for the Walloon Sub-Group interburden is not presented.  Again it is evident in Figure 32 for a 
representative Condabri site in the eastern fields, that whilst depressurisation of the Walloon Sub-
Group coals (i.e. those hosted by the Upper and Lower Juandah Coal Measures and the Taroom Coal 
Measures) is ongoing with time, strong vertical isolation is present between these coals and Hutton 
Sandstone at depth.  Figure 32 also highlights the hydraulic isolation of the Gubberamunda 
Sandstone, although some depressurisation in this formation due to non-CSG dewatering is 
suggested. 

Figure 33 provides a representative vertical pressure profile for the Reedy Creek section of the 
western fields.  
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Figure 33: Representative vertical pressure profile for western fields site A  

Figure 33 again displays a “sawtooth” pattern in the depth vs formation pressure plot, notwithstanding 
that data for the Walloon Sub-Group interburden is not presented.   

From Figure 33 it is evident that whilst depressurisation of the Walloon Sub-Group coals (i.e. those 
hosted by the Upper and Lower Juandah Coal Measures and the Taroom Coal Measures) is ongoing 
with time, vertical isolation is present between these coals and the Westbourne Formation (which 
underlies the Gubberamunda Sandstone) and to a lesser extent, isolation from the Springbok 
Sandstone.  Hydraulic isolation of the Westbourne Formation from the Gubberamunda Sandstone at 
this site means that the temporal pressure reductions in the Gubberamunda Sandstone will be wholly 
due to pumping other than that   for CSG dewatering.  Temporal formation pressure declines are 
evident in the Hutton Sandstone data in Figure 33, however it is generally much less than for the coal 
hosting packages.  As previously discussed, these pressure declines have largely been attributed to 
non-CSG related pumping. 

9.2 Connectivity within Bowen Basin fields 
In contrast to the Walloon Sub-group CSG reservoir, the Permian age Bandanna Formation (Spring 
Gully field) and Baralaba Coal Measures (Central field) include a marked angular unconformity 
between the deposition of the Bowen Basin sediments (Permian to Triassic age) and the deposition of 
the Surat Basin sediments (Lower Jurassic to Cretaceous age).  The significance of this unconformity 
at the base of the lower Jurassic age Precipice Sandstone to aquifer connectivity is that in some, 
discrete and very narrow zones (e.g., the western flank of the Spring Gully field and a small area of the 
Peat leases (Central fields), the Permian age CSG producing coals are in direct physical contact with 
the highly permeable Precipice Sandstone regional aquifer.   

As discussed in Section 4.4 of this report, the beneficial injection of treated water into the Precipice 
Sandstone regionally supports Precipice Sandstone groundwater levels.  Further to this it has been 
indicated in Section 4.4 herein that groundwater levels in the Spring Gully area are generally stable 
although on the western flank of the Spring Gully development one Precipice Sandstone monitoring 
bore has experienced an anomalous decline in groundwater level compared to other Precipice 
Sandstone monitoring bores at Spring Gully, declining by approximately 3.7m from its initially recorded 
level by the end of the adopted reporting period (i.e. to 30/3/2023).  The reason for the isolated, 
anomalous 3.7m water level decline is under investigation, however discrete local structural complexity 
(e.g., faulting) appears likely to have enhanced vertical connectivity to the CSG reservoir at or near 
this location.  Current investigations have included, but not been limited to, analysis of detailed (3-D) 
seismic data, detailed hydrograph analysis and analytical simulations of groundwater flow.  

To date, the available Precipice Sandstone monitoring data at Peat shows no adverse impact from the 
existing, long-term (>20 years) development of the Baralaba Coal Measures.  The available Precipice 
Sandstone data for that field shows a net rising trend, reflective of the benefit of the injection of treated 
/ desalinated water at Reedy Creek. 
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