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1. Introduction 

Groundwater extraction associated with the development of the Surat Gas Project (SGP) has the 
potential to impact groundwater dependent ecosystems (GDEs) and other aquatic ecosystems which 
may be supported by groundwater. 

Modelling carried out to date indicates limited potential for impact to GDEs as a result of SGP 
development based on the predicted drawdown in relevant aquifers. This memorandum builds on 
previous assessments of potential impacts to GDEs, including work completed to address Condition 
13b, and presents the assessment of impacts to these ecosystems. This will form the basis of the 
monitoring network and program required under the SGP Stage 1 Coal Seam Gas (CSG) Water 
Monitoring and Management Plan (Stage 1 CSG WMMP) in relation to GDEs. 

Specifically this memorandum has been developed to address: 

Approval Condition 13c: An assessment of potential impacts from the action on non-spring based 
groundwater dependent ecosystems through potential changes to surface-groundwater connectivity 
and interactions with the sub-surface expression of groundwater. 

Approval Condition 13p: A cumulative impact assessment based on the outputs of the OGIA model 
which integrates groundwater model outputs with known and potential groundwater dependent 
ecosystems and presents the outputs in map form. Contribute to investigations coordinated through 
the OGIA to assess hydrological and ecological characteristics of impacted groundwater dependent 
ecosystems. 

Condition 13p requires assessment of cumulative impacts on potential GDEs. A key function of the 
Office of Groundwater Impact Assessment (OGIA) is the assessment and management of cumulative 
impacts in the declared Surat Cumulative Management Area (CMA), which are set out in the 
Underground Water Impact Report (UWIR). 
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As the assessment and management of spring GDEs are covered under the UWIR, these are not 
considered further in addressing Condition 13p here. Accordingly, this document sets out the 
assessment of potential cumulative impact on non-spring GDEs only. It is noted that the next iteration 
of the UWIR (expected release in 2019) will incorporate the assessment and management of 
cumulative impacts to all environmental values, which is expected to include non-spring GDEs. 

Both Condition 13c and 13p require an assessment of potential impacts to GDEs. The level of 
assessment that can be carried out at present identifies where potential impacts may occur, however 
based on the information currently available, it is not possible to specify the nature of the ecosystem 
response and whether an adverse impact as a result of altered water availability will actually occur. 
This will be addressed through further assessment and monitoring as required, and reviewed and 
revised as part of the Stage 2 CSG WMMP where appropriate. 

This memorandum will also be used to underpin other Approval Conditions that will be addressed 
separately, including Conditions 13e, 13f, 13j and 13k. 

1.1. Definition of Groundwater Dependent Ecosystems 

The definition of GDEs adopted for the Supplementary Report to the Environmental Impact Statement 
(SREIS) will be carried through the Stage 1 CSG WMMP development. When considering 
depressurisation impacts under the requirements of the Stage 1 WWMP, aquatic ecosystems that 
may not directly receive groundwater contribution, but may be supported by shallow groundwater 
levels and therefore potentially affected by Project depressurisation activities have been assessed. 

The definitions of dependent ecosystems (DEs) that will be considered when addressing 
Conditions 13c and 13p, where assessment of potential impact will be based on groundwater 
modelling predictions, are therefore: 

• Surface Expression GDEs: Ecosystems dependent on the surface expression of groundwater (i.e. 
springs, groundwater-fed wetlands and baseflow contribution to watercourses). 

• Terrestrial (or vegetation) GDEs (including riparian vegetation): Ecosystems dependent on the 
subsurface presence of groundwater (i.e. plants accessing shallow groundwater or the capillary 
fringe, or deeper rooted vegetation accessing deeper groundwater). 

• Subterranean GDEs: Ecosystems that are present within pore spaces, fractures or caves within an 
aquifer. 

• Aquatic Ecosystems: Aquatic ecosystems dependent on surface water resources that are 
maintained by groundwater levels, but not groundwater-fed (i.e. connected but losing streams). 

The level of dependency is not implied in these definitions, and such ecosystems may be wholly or 
partially dependent on the water resources. They may also rely on the water resource only 
periodically (i.e. greater vegetation reliance on groundwater during drought periods). 
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2. Method 

2.1. Condition 13c 

Condition 13c has been addressed based on the framework outlined in Section 8.5.2 of the 
Supplementary Groundwater Assessment to the SGP EIS (Coffey, 2013). This approach involves: 

• Identification of potential GDE landscapes. 

• Use of modelling to predict areas of potential impact. 

• Carry out a risk assessment to identify GDEs at risk of impact. 

2.1.1. Identification of potential GDE landscapes 

The identification of GDE landscapes within and surrounding SGP tenements commenced in detail in 
the SREIS process, where a significant volume of available data was reviewed and incorporated in to 
the impact assessment. 

At the completion of the SREIS in 2013, a conservative assessment of potential GDE landscapes 
present within the study area was made in recognition of identified data gaps. 

Since the completion of the SREIS, further detailed studies and risk assessments have been carried 
out to improve the understanding of which potential GDEs represent likely or actual GDEs and reduce 
the level of conservatism that was applied during the SREIS assessment. It is acknowledged that 
some data gaps remain, and where these cannot currently be closed out with regards to the 
establishment of an ecosystems dependence on groundwater, the ecosystem remains as a landscape 
for further consideration in the impact assessment. 

To address Condition 13c, the body of knowledge obtained through these assessments has been 
collated, reviewed and used to identify GDE landscapes. Specifically this has included: 

• Review and confirmation of potential non-spring GDEs reported in the SGP SREIS. 

• Refinement of the potential non-spring GDEs, and the potential for impact to these, through 
subsequent studies including AGEs GDE risk assessment (AGE, 2013a), CDM Smith’s 
Condamine Alluvium surface water-groundwater modelling (CDM Smith, 2016), NRAs aquatic 
ecology study (Attachment 1), 3D Environmental and Earth Search desktop assessment and field 
work (Attachment 2) and other relevant studies and research papers. 

Further detail on the process of GDE landscape identification progressing from SREIS to this Stage 1 
CSG WMMP is provided in Section 3. 

2.1.2. Use of modelling to predict impacts 

Detailed numerical groundwater modelling underpins the prediction of drawdown impact. The basis 
for numerical modelling to address Condition 13c and 13p has been established in a separate 
memoranda (Coffey, 2016) and is summarised in Section 4. 

For the purpose of addressing Condition 13c, the 1 m drawdown contour for relevant modelling 
outputs has been adopted as the extent of where GDEs may be at risk of impact where this is 
predicted in the GDE source aquifer. This relates to the assessment of impact for terrestrial GDEs 
only, which are the subject of this technical memorandum. Consistent with industry approach and as 
required under the Water Act (2000) and the Surat CMA UWIR, where drawdown predictions are 
considered for the assessment of impact to spring GDEs, the 0.2 m drawdown contour in the source 
aquifer is adopted. 
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A range of factors have been considered when assessing the appropriateness of adopting the area 
within the 1 m or greater drawdown prediction in the watertable aquifer for the assessment of potential 
impact to terrestrial GDEs, including: 

• Current and historical groundwater level fluctuations in the watertable. 

• The predicted maximum rate of change in groundwater levels in areas beyond the 1 m drawdown 
contour in the watertable. 

• Likely ecosystem water sources. 

• Ecosystem resilience and adaptability. 

Observed groundwater level fluctuations in the watertable aquifer vary by >1 m (up to 20 m) annually 
in a number of locations across the project area (refer Attachment 3 RN123130A, RN160518A, 
RN41620043A, RN42231411A, RN42230210A, RN42230153A, RN42230159, RN42231370, 
Macalister 7, Kedron 572, Daandine 161 and refer Figure 2.1 for bore locations). A significant 
baseline of data is available to assess fluctuations with many records commencing in 2011, and some 
monitoring bore records across the Condamine Alluvium dating back to the 1960’s. In these areas 
there is well documented seasonal response to non-CSG groundwater abstraction, and historically, 
groundwater levels have steadily declined in the order of tens of metres as a result. These antecedent 
conditions indicate that where terrestrial GDEs remain present, they are likely to have been 
established in or adapted to fluctuating and/or declining groundwater levels, and be less sensitive to 
small declines in groundwater levels (Shafroth et al, 2000). 

The rate of drawdown where <1 m total drawdown occurs (i.e. the outer extent of the drawdown 
predictions) is low as the total drawdown does not occur in a single year. The low rate of change of 
groundwater level is demonstrated in CDM Smith (2016) for the Condamine Alluvium where the rate 
of change of watertable elevation is predicted to be 1 to 2 mm per year (0.001 – 0.002 m/year). In 
consolidated aquifers as reported in Appendix F of GHD (2013), the maximum rate of change of 
watertable elevation is areas of <1 m total drawdown due to the Action (i.e. Arrow only impact) is also 
low. 

Attachment 4 presents hydrographs (reproduced from input data used to develop Appendix F of GHD 
(2013)) of modelled drawdown at locations beyond the 1 m drawdown extent in relevant aquifers 
(refer Figure 2.2 for hydrograph locations), adopting the mean drawdown prediction. The maximum 
rate of drawdown was assessed based on the steepest part of the hydrograph. The maximum rate of 
groundwater drawdown at these locations is estimated to be:  

• Springbok Sandstone:  < 0.06 m / year (refer hydrographs HH_1, IJ_1, JK_1, VW_1, WX_1 and 
U131_1). 

• Walloon Coal Measures: <0.09 m / year (refer hydrograph MJ_1 noting there are limited extracted 
hydrograph locations in areas of <1 m drawdown in the WCM, however there is also limited area 
where of <1m drawdown in the WCM where the WCM is inferred to be the watertable aquifer). 

• Hutton Sandstone: <0.02 m / year (refer hydrographs PM_2, OP_1, QP_1 and UZ_1). 

• Precipice Sandstone: <0.0001 m / year (refer hydrograph TR_1). 

More typically the rate of drawdown in areas where less than 1 m of drawdown is predicted in the 
watertable is much less than these maximum estimated rates of change. Therefore the magnitude of 
total drawdown along with the rate of change that would be experienced in these areas is 
substantially less than existing variability in watertable levels induced as a result of seasonal 
fluctuation and/or non-CSG abstraction, and it is reasonable to assume that in these areas vegetation 
is either adapted to the variability in groundwater levels or disconnected from the watertable and not 
reliant on groundwater. 

Schematic 2.1 presents a conceptual representation of the relative change in groundwater as a result 
of various factors across the Project area, and demonstrates that the potential influence on 
groundwater levels the areas of <1 m drawdown prediction in the watertable aquifer is negligible in 
comparison to historical and current non-CSG influences. 



 
SGP Stage 1 CSG WMMP  
GDE and aquatic ecosystem impact assessment technical memorandum 

5 

Coffey 
ENAUABTF20484AA-M03 

 

Schematic 2.1: Conceptual representation of drawdown contribution 

These small and gradual reductions in groundwater levels also provide a greater opportunity for 
natural recharge processes to mitigate the effects of water stress and allow terrestrial GDEs (i.e. deep 
rooted vegetation) to adapt to longer-term changes (Froend and Sommer, 2009; Shafroth, 2000). 

The concept of ecological resilience is one of natural systems being in a state of change, rather than 
equilibrium (Sommer and Froend, 2011). A result of this is that GDEs are necessarily adapted to 
some degree of groundwater level fluctuations and the terrestrial vegetation community composition 
will progressively respond to the prevailing conditions. It is reasonable to assume that vegetation 
would adapt to the very gradual changes that may eventuate over a long period of time in the areas 
beyond the 1 m watertable drawdown contour interval, as evidenced by adaptation to the historical 
change in levels and seasonal fluctuation. 

Flood plain eucalypts, most notably Eucalyptus camaldulensis (River Red Gum) which are the key 
species of interest across the SGP with regards to potential groundwater reliance, are an adaptable 
species that have the ability to extract water from multiple sources including shallow soil moisture, 
river water and groundwater, dependent on availability (Menforth et al, 1994) affording this species 
resilience to small and gradual changes in groundwater availability. 

This is also supported by Zolfaghar (2013) who indicates that Eucalyptus species more broadly, which 
dominate the SGP study area, have an ability to adapt to decreased groundwater availability and are 
adept at utilising both groundwater, surface water and soil moisture, depending on availability. 

Many riparian trees have dimorphic root systems which include shallow roots to improve stability, 
nutrient uptake, and rapid uptake of surface soil water after rainfall events, with deeper sinker roots 
that can access the capillary fringe of groundwater (Eamus et al 2006; Pinto et al, 2014). Therefore 
small fluctuations in the availability of soil moisture from one source (e.g. groundwater) is unlikely to 
impart any significant ecological response. 

Shafroth et al (2000, 2002) also propose that terrestrial vegetation that has established in an area of 
variable groundwater levels, which is reflective of the Condamine River Floodplain environment, will 
be less sensitive to very small declines in groundwater level than species that have established in an 
environment with a shallow stable groundwater resource. 

Based on these considerations it is reasonable to assume vegetation will be able to adapt to the 
relatively low magnitude of total drawdown predicted in these areas (<1 m over the life of the project) 
that will develop very gradually over an extended period of time. Potential GDEs in this area are 
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considered to be at low to no risk of impact as a result of the Action and therefore attention and effort 
regarding further assessment and management is focussed on higher risk areas where predicted 
drawdown in the watertable aquifer is greater than 1 m. 

It is noted that terrestrial GDEs differ significantly in their ecohydrological function and response from 
spring GDEs, where a 0.2 m drawdown limit in the source aquifer is adopted as the impact threshold. 
The adoption of the 0.2 m drawdown trigger for spring GDEs is defined in the Water Act (2000) based 
on this being the smallest quantifiable drawdown that essentially is reflective of no impact. For some 
springs, even small reductions in groundwater pressure may have a bearing on the flow rates and the 
ecosystems supported by this groundwater.  

Terrestrial GDEs, however, are fundamentally adapted to some variability in groundwater levels given 
natural variability, and they also play a part in controlling groundwater levels, as described above. 
Therefore adoption of a 1 m drawdown contour is considered to be an appropriate and pragmatic 
position for the ongoing assessment of potential impacts to terrestrial GDEs. 

2.1.3. GDE impact assessment 

Predicted groundwater drawdown in the shallowest aquifer (dependent on geology subcrop) was 
overlain with potential GDE landscapes to identify where GDEs may be at risk of impact. For “at risk” 
GDEs, an assessment of potential impact was carried out to identify where monitoring may be 
required. The assessment included the following components: 

• Detailed assessment of the likelihood the ecosystem is dependent on groundwater, taking into 
consideration: 
 Depth to groundwater. 
 Borehole logs (soil and lithology). 
 Vegetation mapping and site observations. 
 Landscape position (hydrology and geomorphology). 

• Review of available information regarding ecosystem sensitivity and ability to adapt to changes in 
groundwater availability. 

• Assessment of potential impact to a non-spring GDE by considering the  predicted rate of change 
in groundwater levels, historical trends in groundwater level fluctuations and the relative 
importance of the ecological community. 

2.2. Condition 13p 

Condition 13p comprises two components: 

• Cumulative impact assessment. 

• Demonstration of Arrow’s contribution to ongoing OGIA research projects and investigation 
programs. 

2.2.1. Cumulative impact assessment 

The OGIA’s core function is to undertake assessment of cumulative groundwater impacts arising from 
CSG development, set management arrangements and assign responsibilities to tenure holders for 
implementation of strategies within the Surat CMA. This includes spring-based GDEs (spring vents 
and complexes, and watercourse springs) as set out in the Surat CMA UWIR Spring Impact 
Management Strategy (SIMS). 

Therefore the assessment carried out here to address Condition 13p relates only to the assessment 
and management of cumulative impact to non-spring GDEs (i.e. terrestrial GDEs). 

Under the current (2016) UWIR, Arrow have no assigned monitoring or management responsibilities 
for spring vents or watercourse springs. Non-spring GDEs are not currently managed under the UWIR 
however; recent amendments to the Water Act (2000) and associated guidance on the development 
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of underground water impact reports (DNRM, 2016) require future UWIRs to give consideration to the 
identification and management of non-spring GDEs. It is therefore expected that under the next Surat 
CMA UWIR, anticipated to be released in 2019, assessment and identification of management 
obligations for non-spring GDEs will be undertaken by OGIA also. 

Condition 13p has been addressed by adopting the impact assessment approach defined for 
Condition 13c (Section 2.1), including use of the 1 m drawdown contours for cumulative drawdown 
predictions (refer Section 4 for model selection basis) and review of where terrestrial GDEs may be at 
risk of impact from drawdown in the watertable aquifer. 

The spatial extent considered for cumulative impact assessment of non-spring GDEs to address 
Condition 13p includes: 

• 1 m drawdown of relevant aquifers predicted within Arrow tenements. 

• 1 m drawdown of relevant aquifers predicted within Arrow’s off-tenement area of responsibility i.e. 
the extent of the Arrow-only drawdown predictions, (where this does not fall on another 
proponent’s tenements). 

The results of the assessment are presented in Section 6. 

2.2.2. Contribution to OGIA investigations 

Arrow will continue to actively engage in industry and OGIA led research and investigations that 
further knowledge around GDEs in the Surat CMA. This part of the condition has been addressed by 
describing Arrow’s contribution to date and proposed ongoing involvement, as presented in 
Section 6.2. 
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3. Identification of GDE landscapes 

The identification of landscapes that may contain GDEs was initially carried out during the 
groundwater technical assessment supporting the SGP EIS, with more detailed assessment carried 
out as part of the SREIS. Refinement of the understanding of these potential landscapes and 
ecosystems has been gained through improved knowledge of local scale conditions and additional 
numerical groundwater modelling. 

The initial process adopted for the identification of GDE landscapes in the SREIS was appropriately 
conservative given a number of uncertainties regarding the presence and nature of potentially 
groundwater dependent ecosystems. 

The evolution of the identification of GDE landscapes included the following key steps: 

1. Assessment during the SREIS that incorporated the available knowledge at that time within an 
initial search boundary of:  

• The Surat CMA for springs (known spring vents and watercourse springs) and nationally important 
wetlands that may be groundwater dependent. All identified nationally important wetlands within 
the Surat CMA, and spring vents and watercourse springs within 30 km of the SGP tenements 
were described in the SREIS. The impact assessment conservatively included groundwater 
dependent features within a 10 km buffer zone beyond the 0.2 m drawdown contour for the spring 
source aquifer as being potentially affected by the Action. This was also consistent with the OGIA 
approach to the assessment of springs in the 2012 Surat CMA UWIR. 

• Arrow tenements and general surrounds for potential surface expression and terrestrial GDEs 
mapped by BoM. Consistent with the approach for springs, the impact assessment process 
adopted an assessment area that included a 10 km buffer beyond the 0.2 m drawdown contour in 
the source aquifer (watertable aquifer for terrestrial GDEs). 

2. Refinement of understanding of GDEs in identified risk areas, based on the findings of the 
SREIS. This included further consideration for the presence of confining layers that would act to limit 
the propagation of drawdown as a result of the Action to watertable aquifers, and improved landscape 
conceptualisation. In particular, this step considered the presence and absence of the Westbourne 
Formation in more detail, and incorporating further assessment in to the separation of the subcrop 
extent from the generalised Kumbarilla Beds. 

3. Development and release of the Queensland GDE mapping dataset, which built on the BoM 
national assessment and included refinement based on regional ecosystem (RE) mapping and 
establishment of conceptual landscape models in which GDEs may be situated. Extensive industry 
consultation was also carried out in the development of this mapping product to incorporate detailed 
local knowledge in to the system conceptualisation process and definition of dependent ecosystems. 

4. Completion of other detailed studies, including: 

• Detailed Condamine Alluvium predictive modelling. This modelling aimed to provide an improved 
tool for the prediction of potential impacts to the Condamine River Alluvium as a result of the 
Action, focussing on the potential impact on groundwater-surface water connectivity. It was 
developed specifically to address Approval Condition 13 (b). 

• Vegetation mapping, which provided an improved understanding of the presence of potentially 
groundwater dependent vegetation. 

• Ongoing groundwater level and quality monitoring, which supports the assessment of the presence 
of potential GDE landscapes, and whether they may be at risk of impact as a result of the Action. 

5. Incorporation of data made available since the completion of the SREIS in to this Stage 1 
CSG WMMP, including the Queensland GDE mapping. This assessment reduces the conservatism 
applied in the SREIS impact assessment to adopt a practical and pragmatic position for the ongoing 
assessment of potential impacts to GDEs as a result of the Action. The approach is based on: 
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• The assessment and management of potential impact to springs (including watercourse springs) 
being administered under the Surat CMA UWIR. 

• The identification of potential terrestrial GDE landscapes based on refinement of the assessment 
approach adopted in the SREIS. This has enabled the current assessment to better reflect credible 
impacts to terrestrial GDEs (noting some conservatism still remains) within an area constrained to 
greater than 1 m predicted drawdown in the source (watertable) aquifer for the potential GDE. 

The following sections present an overview of the key studies completed to identify GDE landscapes 
that may be impacted by drawdown associated with SGP development and their findings, and sets 
out the GDEs that will be carried through the impact assessment process to identify monitoring and 
management targets. Schematic 3.1 provides an overview of the evolution of these studies. It is also 
noted that further field studies have been completed, with ongoing monitoring being carried out, to 
further refine the understanding of potential groundwater dependence in key risk areas identified 
through this Stage 1 assessment process. 
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Schematic 3.1: Evolution of GDE landscape knowledge 
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3.1. SREIS assessment 

The SREIS identified a number of potential GDE landscapes through a review of the following 
sources: 

• CSIRO connectivity mapping. 

• Bureau of Meteorology GDE Atlas. 

• Queensland Herbarium Springs Database. 

• Nationally important wetland database. 

• CSIRO river connectivity mapping. 
In the process of identifying potential GDE landscapes, a number of search area buffers and 
screening tools were adopted to ensure an appropriate extent of landscapes were included in the 
initial assessment, and that ecosystems that were not considered to have the potential to be 
groundwater dependent were screened out of the assessment process. For the SREIS assessment 
this included: 

Landscape identification 

The study area adopted in the SREIS included: 

• Review of the whole of the Surat CMA for the identification of nationally important wetlands that 
may be groundwater dependent. 

• Review of the characteristics of springs (known spring vents and watercourse springs) within a 
30 km buffer beyond SGP tenements. 

• Arrow tenements and general surrounds for potential surface expression and terrestrial GDEs 
mapped by BoM. 

• The Condamine River, as part of a detailed review of the potential for connectivity with 
groundwater. 

Landscape screening 

Assessment of the likelihood of these identified landscapes to represent actual GDEs was undertaken 
to screen out ecosystem that were not considered to be groundwater dependent. Landscapes that 
were captured for further assessment included: 

• Gaining stream reaches of the Condamine River. 

• Landscapes where depth to groundwater (watertable, not perched groundwater disconnected from 
the underlying regional systems that may be influenced by drawdown propagation) is less than 
20 m. This was based on a literature review that indicated typical plant rooting depth does not 
exceed 10 m, therefore 20 m used as a conservative screening tool. 

• Landscapes mapped in the BoM GDE Atlas as having a high or moderate potential to be 
groundwater dependent. Landscapes mapped as having a low potential to be groundwater 
dependent were not included as they are unlikely to represent actual GDEs. 

The desktop assessment of these information sources identified the following known and potential 
GDEs within the SGP development study area: 

• Spring complexes 584 (Wambo), 585 (Bowenville), 601 (Main Range Volcanics 3) and 602 (Main 
Range Volcanics 4). 

• Watercourse spring sites W14 and W15 (Hutton Sandstone source aquifer), W77 and W78 
(Mooga / Gubberamunda Sandstone source aquifer), W100 (Quaternary sediments source 
aquifer) and W160 (Kumbarilla Beds source aquifer). 

• Nationally important wetlands with assumed groundwater dependence including the Balonne River 
Floodplain and Boggomoss Springs. 

• Surface expression GDEs (i.e. watercourse spring GDEs) including: 
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 Reaches of Roche Creek, north-east of Wandoan. 
 Reaches of Juandah Creek south of Wandoan. 
 Reaches of the Condamine River south of Chinchilla that correlate with gaining river reaches in 

the CSIRO connectivity study. 
 A tributary of Wyaga Creek in upland areas at the southern tip of the project development area. 

• Significant areas of potential terrestrial GDEs across the study area. 
The potential GDEs were assessed in the SREIS impact assessment. When considering potentially 
affected GDE landscapes, a 10 km buffer beyond the 0.2 m drawdown extent for the GDE source 
aquifer was adopted for the assessment of impacts to both spring and terrestrial GDEs. For springs, 
this was consistent with the OGIA approach to the assessment of springs in the 2012 Surat CMA 
UWIR. For terrestrial GDEs, this was a conservative position adopted for consistency with the spring 
assessment method. 

Generally low to very low potential for significant impact was assessed. Some limited locations were 
identified as having moderate potential for significant impact, and the outcomes of the SREIS impact 
assessment relating to GDEs formed the basis for the direction of future studies. 

3.2. Risk area refinement 

Following the completion of the SREIS, Arrow commissioned further desktop assessment to refine the 
areas of potential risk to GDEs as a result of coal seam depressurisation (AGE, 2013a). The 
assessment aimed to provide a finer scale assessment of where GDEs may be at risk from 
groundwater drawdown as a result of Arrow’s proposed activities. 

AGE (2013a) interrogated the OGIA 2012 groundwater model layer structure to extract sub-crop 
extents for the Orallo Formation and Westbourne Formation to assist with sub-dividing the Kumbarilla 
Beds and refine the areas of potential risk (i.e. where the Westbourne Formation is absent and 
groundwater drawdown may propagate to shallow layers). 

The assessment adopted the Arrow SREIS groundwater model Arrow-only drawdown contours and 
the Central Condamine Alluvium Model (CCAM) to define areas of potential impact. A 10 km buffer 
beyond the 1 m drawdown contours for major aquifers was adopted for the assessment of potentially 
impacted terrestrial GDEs. 

The assessment identified high, medium, low and very low risk areas (refer Figure 3.1). Elsewhere, 
there was considered to be no potential for risk to terrestrial GDEs. The identified risk areas were 
developed to direct the focus of further GDE assessment, with selected high or moderate risk areas 
forming the focus of further investigation. 

High risk areas identified are: 

• >1m drawdown predicted in either the Gubberamunda or Springbok Sandstone, east of the 
respective inferred subcrop extent. 

• The western extent of the Condamine Alluvium. 

Moderate risk areas identified are: 

• >1m drawdown in the WCM or Springbok Sandstone, east of the inferred subcrop extent. 

• <1m drawdown in the Gubberamunda Sandstone, east of the inferred subcrop extent. 

• A small area to the east of the Condamine Alluvium where there is >1m drawdown in the WCM 
and the WCM is close to outcrop. 
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3.3. GDE focus areas 

The AGE identified risk areas, combined with the risk areas identified as part of the SREIS terrestrial 
GDE impact assessment, were compared against the Bureau of Meteorology (BoM) mapped potential 
terrestrial GDE landscapes to identify where the potential GDE landscapes coincided with the risk 
areas and therefore where GDEs may be most at risk of drawdown impact. Through this process five 
terrestrial GDE “focus areas” were identified by Coffey and Arrow for further targeted investigation 
(refer Figure 3.2). The rationale for focus area selection is presented in Table 3.1. 

Table 3.1: GDE focus area selection 

GDE focus 
area 

Selection rationale 

1 
Areas of mapped high and moderate potential subsurface (terrestrial) GDEs where there is 
uncertainty around the extent of Springbok Sandstone outcrop / Westbourne Formation subcrop. 
If Westbourne Formation is absent, GDEs may be at risk from drawdown impact. 

2 

3 

4 Confluence of the Condamine River and Wambo Creek where terrestrial ecosystems of high 
potential groundwater dependence are mapped. 

5 Proximity to inferred Westbourne outcrop and predicted 1m drawdown extent, noting difference 
in interpretation of Westbourne subcrop extent between Arrow and AGE. Considered to warrant 
further assessment.  

3.4. Condamine Interconnectivity Research Project 

The Condamine Interconnectivity Research Project (CIRP) (OGIA, 2016b) is an OGIA-directed project 
that aimed to further quantify the connectivity between the Condamine Alluvium and the WCM. As set 
out in OGIA (2016b), it involved: 

• Interpretation and modelling of the geology to map the transition zone (interface between the 
Condamine Alluvium and the WCM). 

• Surveying and mapping of groundwater levels of the Condamine Alluvium and the WCM to 
establish historic and current differences in groundwater levels between the two formations. 

• Assessment of the hydrochemistry to test hypotheses about mixing groundwater between the 
Condamine Alluvium and the WCM. 

• Aquifer pumping tests and associated drilling at selected sites to establish the physical and 
hydraulic characteristics of the transition zone and establish high-value long-term monitoring sites. 

Arrow contributed significantly to the CIRP with on-site investigations, including installation of 
groundwater monitoring wells and completion of pump tests. The CIRP concluded (OGIA, 2016b 
Section 9): 

• The geologic data shows that a clay-rich or mudstone horizon at the base of the Condamine 
Alluvium and the top of the WCM acts as a physical barrier that impedes flow between the 
formations. 

• Persistent differences in groundwater levels between the formations, and the flow patterns within 
the formations, demonstrate that impediments to flow exist between the formations.  

• Hydrochemical data suggests that there has been little past movement of water between the 
formations, even in areas where significant groundwater level differences have existed over a 
prolonged period  

• Detailed aquifer pumping tests at two sites found no significant flow of water between the 
formations in response to pumping tests around those sites. The tests show that the vertical 
hydraulic conductivity for the material between the formations is consistent with that of a highly 
effective aquitard  

• The level of hydraulic connectivity between the Condamine Alluvium and the WCM is low. 
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3.5. Queensland GDE mapping 

The Queensland Department of Science, Information Technology and Innovation (DSITI) developed 
spatial datasets of potential GDE landscapes (WetlandInfo, 2015), to provide a baseline mapping 
product at catchment scale. The mapping built on existing information, including the BoM GDE Atlas 
and Queensland regional ecosystem (RE) mapping. The mapping process included the establishment 
of conceptual GDE models that underpin GDE landscape identification, and the mapping products 
were reviewed and rationalised by a range of industry experts prior to public release. 

The Queensland WetlandInfo (2015) GDE mapping products represent a refinement of the BoM GDE 
mapping (BoM, 2013) adopted in the SREIS. A comparison of the mapped extents of terrestrial GDEs 
is presented in Figure 3.3, and shows that the Queensland mapping predicts substantially fewer 
potential terrestrial GDE landscapes through consideration of additional information and consultation 
with local experts. The WetlandInfo mapping, released in December 2015, reflects the existing effects 
on groundwater levels in the Condamine Alluvium where significant drawdown has already occurred 
as a result of agricultural activities, resulting in a watertable largely below plant rooting depth in these 
areas. In addition, WetlandInfo (2015) excludes potential GDE landscapes in pastoral/agricultural 
areas with known salinisation issues as these are considered to represent “anthropogenic GDEs” that 
are a function of land clearing and associated groundwater level rise. 

The WetlandInfo (2015) product is considered to provide the best available catchment-scale GDE 
mapping, and will be adopted in preference to the BoM mapping for the purpose of addressing 
Conditions 13c and 13p. 

3.6. Condamine Alluvium and Condamine River modelling 

CDM Smith (2016) established an integrated groundwater-surface water model to address Condition 
13b and quantify the impact that flux changes to the Condamine Alluvium may have on surface water 
flow in the Condamine River. 

The modelling approach included adopting the 2012 OGIA model, the Central Condamine Alluvium 
Model (CCAM) and the most recent Integrated Quantity and Quality Modelling (IQQM) (Simons et al, 
1996). Further explanation and evaluation of the approach to the CDM Smith modelling and distillation 
of results is provided in Coffey (2016). 

The predicted maximum drawdown across the Condamine Alluvium under the median case1 is 
presented in Figure 3.4. The maximum predicted drawdown in any model cell over the simulation 
period is 1.1 m. The majority of the Condamine Alluvium is predicted to experience <0.75 m of 
drawdown. The maximum predicted drawdown along the Condamine River and its tributaries is 
<0.75 m, noting that where the Condamine River is expected to be connected to groundwater the 
maximum drawdown prediction is <0.1m (refer Figure 3.5). 

CDM Smith carried out an assessment of potential impacts to dependent ecosystems, which found: 

• No impact to aquatic ecosystems where the surface water features are already disconnected from 
underlying groundwater systems. The majority of the length of the Condamine River and its 
tributaries function as disconnected losing streams (refer Figure 3.5, noting the drawdown 
presented relates to drawdown in the adjacent aquifer, not a reduction in stream level). 

• Three small areas of the Condamine River are predicted to be connected to groundwater (refer 
Figure 3.5). Where surface water systems are connected to groundwater, and flows are in 
regulated surface water systems, negligible change to surface water flow regimes are predicted 
therefore negligible impact to aquatic ecosystems and surface expression GDEs will occur. 

                                                      

 

1 Three simulations out of 200 Null Space Monte Carlo realisations of the Surat CMA Groundwater Model were run with the 
CCAM to predict impacts to the Condamine River. These simulations were selected based on the predicted change in net 
vertical flux volumes at the base of the Condamine Alluvium, and defined as the high, median and low cases (5%, 50% and 
95% probability of exceedance respectively, from 200 realisations). For the assessment under Condition 13c, the median case 
simulation has been selected. This simulation is consistent with the calibrated model realisation adopted for the SREIS. 
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• Where surface water systems are connected to groundwater, and flows are unregulated, very 
limited to no impact is predicted to aquatic ecosystems and surface expression GDEs based on 
negligible altered leakage rates over a period of hundreds of years. The rate of change in leakage 
in affected areas is estimated to be 0.0015 mm/d. 

• Negligible impacts to terrestrial GDEs due to relatively small predicted drawdown (<1.1 m) over a 
long period of time. The resultant rate of change is 1 to 2 mm/year which allows terrestrial GDEs to 
adapt to the changes. 

• Negligible impact to subterranean GDEs due to a small magnitude of drawdown prediction over a 
long time period resulting in a very low rate of change (1 to 2 mm/year) of watertable elevation 
which is much less than natural variation or changes induced seasonally by irrigation extraction. 

The assumption made by CDM Smith of terrestrial GDE ability to adapt to a very slow decline in 
watertable is referenced as being supported by a research project carried out as a doctoral thesis 
(Canham, 2011) that assessed root activity and elongation of Banksia in south-west Western 
Australia in response to changed groundwater availability.  

There is currently a lack of data to support the assumption of root elongation in response to 
watertable decline, in particular in mature trees, however the predicted rate of decline is considered to 
be imperceptible in comparison to other natural and anthropogenic factors which result in watertable 
fluctuations in excess of 10 m on a seasonal basis.  

In addition, across the Condamine Alluvium in areas south of Dalby and east of Cecil Plains, 
groundwater level decline of up to 25 m has been observed since the 1960s (OGIA, 2016b). This 
drawdown has generally stabilised, and in some areas water level recovery has been observed, 
however the historical drawdown has resulted in a disconnect between the rooting depth of remnant 
mature trees and the current groundwater levels in many areas. 

3.7. GDE field studies 

3D Environmental and Earth Search were engaged by Arrow to carry out a staged desktop 
assessment and subsequent field surveys (Attachment 2) to advance knowledge of the presence and 
distribution of GDEs in areas at risk of drawdown due to the SGP.  

Stage 1 of the assessment (further detail on the refinement steps is provided in Attachment 2) 
evaluated potential terrestrial and spring GDEs as follows: 

• As a starting point to design more targeted and detailed desktop assessment on potential 
terrestrial GDEs, the Stage 1 assessments considered: 
 The GDE focus areas (refer Section 3.3). 
 Potential spring targets (132 potential targets) identified by AGE (2013b) via the analysis of 

remote sensing data, aerial imagery and hydrogeological conceptualisation of the Surat Basin. 
 Potential GDE targets identified in CDM Smith (2016). 

• To refine the list of potential GDE sites warranting ground-truthing and further field survey: 
 A detailed review of the outputs of a rapid-eye remote sensing assessment (AGE, 2013b) was 

undertaken. 
 Additional spatial, ecological, hydrogeological, hydrologic and geological data was collated and 

reviewed. 

The desktop review was able to discount some landscapes as being potential GDEs based on 
hydrogeological and ecological considerations. Figure 3.6 presents the locations of the preliminary 
targets and the results of the desktop assessment, which formed the basis for the field studies. 

Stage 2 of the assessment comprises targeted field studies to further assess and validate the 
presence or absence of potential GDEs (refer Figure 3.6 for field study locations). Two field surveys 
have been carried out, and preliminary results of the combined desktop and field assessments 
include: 
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• Potential spring targets (AGE, 2013b) visited were not identified as being artesian discharge 
springs, or recharge springs. 

• A spring site was identified on the boundary of Arrow’s tenements (refer Figure 3.6), interpreted to 
be a recharge / watercourse spring on Wambo Creek. This site correlates with spring complex 765 
(Orana), which is listed in the 2016 UWIR as being a Type 4a spring. Type 4a springs are semi-
permanent fresh to palustrine wetland springs, mainly fed by local groundwater systems and 
associated with a riverine environment with deep, sandy alluvial deposits (non-GAB). The source 
aquifer is attributed to Cainozoic sediments, and the 2016 UWIR spring risk assessment resulted 
in a risk rating of “low”. 

• Lake Broadwater is conceptualised to be situated on Westbourne Formation colluvium overlying 
Westbourne Formation regolith. The deeper weathered profile is expected to be lateritised in 
places, and the lake is described as being a perched depositional feature on a claypan, with the 
potential for a deep wetting profile below the regolith. Shallow geological and hydrogeological 
investigations are proposed to further characterise the potential for aquifer connectivity. 

• Long Swamp is conceptualised as being situated on a thick layer of clay to loamy clay that is likely 
to provide significant resistance to tree root penetration. As with Lake Broadwater, Long Swamp is 
the subject of ongoing hydrogeological investigations to further characterise the potential for 
aquifer connectivity. 

• Riparian vegetation that represent terrestrial GDEs may be present along significant reaches of 
some watercourses and their tributaries. This assessment was made based on review of Arrow 
landowner bore baseline assessment data, UWIR monitoring data and detailed vegetation 
mapping completed as part of the SREIS. These include reaches of (refer also Figure 3.7): 

 Condamine River 
 Wilkie Creek 
 Wambo Creek 
 Kogan Creek 
 Braemar Creek 
 Dogwood Creek 

Where the current assessments do not definitively establish groundwater interaction/dependence 
potential (i.e. Lake Broadwater) a conservative approach has been adopted and the features remain 
assessed a potential GDE. 

The potential GDE landscape dataset produced as a result of the 3D Environmental and Earth Search 
assessment process (presented in Figure 3.7, refer also Attachment 2) combines spatial data sets 
and site-specific observations. It builds on the existing GDE landscape mapping (WetlandInfo, 2015), 
rationalised with site-specific conceptualisation and knowledge. A key advancement from the 
WetlandInfo (2015) mapping is the incorporation of detailed ecological knowledge around vegetation 
rooting depths and likelihood to access groundwater.  

The assessment has largely focussed on the Condamine River Alluvium and its tributaries, and is 
considered to provide a reasonable representation of the potential for vegetation interaction with 
shallow groundwater in these areas. The data has been used to guide the identification of potential 
risk areas, where further assessment may be required. 

3.8. Aquatic ecosystem assessment 

A desktop assessment (refer Attachment 1) was carried out by NRA Environmental Consultants 
(NRA) to provide a current overview of aquatic ecology and ecosystems present within areas that may 
be affected by groundwater depressurisation. 

In general, environmental conditions with regards to aquatic ecology and aquatic ecosystems were 
assessed as being highly disturbed, and there is not likely to be significant impacts to aquatic 
ecosystems as a result of the SGP. Therefore, further detailed site assessment is not considered to 
be required to inform potential impacts to aquatic ecosystems as a result of CSG depressurisation. 
Key findings supporting this assessment are summarised in the following sections. 
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3.8.1. Aquatic ecosystems – riverine 

Permanent, semi-permanent and ephemeral watercourses are present, with detailed field studies 
carried out as part of the EIS/SREIS to characterise the range of site conditions. Fifteen of the 33 
sites assessed during the EIS/SREIS are located within the current area of assessment, and water 
quality, aquatic habitats, macrophytes, aquatic macroinvertebrate and fish surveys were carried out at 
all 15 of these sites. 

The assessments found: 

• Water quality characterised by reduced dissolved oxygen concentrations and elevated turbidity 
indicative of drainage basin or catchment land use. 

• No macroinvertebrates of conservation significance were reported. 
• Macroinvertebrate communities/populations were relatively similar across sampling sites 

regardless of land use and/or catchment area, and were typically characteristic of watercourses 
under altered conditions, primarily water extraction. 

• Twenty species of native macrophytes were reported across the broader EIS/SREIS study area, 
with 16 of these in the current area of assessment. A single Aquatic Conservation Assessment 
(ACA) listed species (Shiny Nardoo) (Marsilea mutica) was reported, along with three introduced 
species. 

• Watercourses had generally uniform macrophyte communities of emergent and floating growth 
forms. The lack of submergent macrophyte communities was representative of higher turbidity and 
fluctuating water level. Bank erosion and livestock riparian zone disturbance were also factors in 
observed emergent macrophyte distribution. 

• Fifteen of 20 known Condamine-Balonne native fish species were found during the EIS/SREIS 
field surveys, including EPBC Act species Murray Cod (Maccullochella peelii peelii), and the ACA 
listed Eel-tailed Catfish (Tandanus tandanus). Further species with local conservation significance 
were also collected (refer Attachment 1 for further detail). Three introduced species were identified 
as being widespread across the EIS/SREIS study area. 

• Two turtle species, the Murray River Turtle (Emydura macquarii macquarii) and the Broad-shelled 
Turtle (Chelodina expansa) were found to be widespread throughout the study area. Neither 
species are EPBC or NC Act listed. 

• Aquatic ecosystems within the current study area were in moderately good ‘health’ with the 
exception of the Braemar Creek and Myall Creek sites which were considered to be in poor 
‘health’. 

• Ecological communities (fish, macroinvertebrates and aquatic flora) and habitats were similar 
across most sites in the study area. All permanent watercourses in the study area contained 
suitable habitat for the Murray Cod. 

The permanent/semi-permanent watercourses, including the Condamine River, Wilkie Creek and 
Oakey Creek were found to: 

• Contain water all year round but in many cases reduced to isolated pools during the dry season. 
• Have disturbance level ranging from minimal to high. 
• Are unique on a local scale with regards to biota, communities and processes. 
• Host areas of good quality aquatic habitat that support a relatively diverse range of species. These 

biological communities tend to be longer lived in comparison to ephemeral systems and less likely 
to recolonise following disturbance. 

The ephemeral watercourses comprise unnamed 1st or 2nd order systems that flow for a very limited 
period of the year, and: 

• Range from moderately to highly disturbed. 
• Provide marginal aquatic habitat, lack of connectivity to larger, permanent waterways, and minimal 

nursery habitat. 
• Are not unique on a local scale. 
• Are likely to be used by aquatic flora and fauna tolerant of significant disturbance and adapted to 

rapidly colonise and regenerate when conditions are suitable. 
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Environmental Flow Requirements are predicted to continue to be met under the Arrow SGP 
development proposal for regulated watercourses. Therefore impact to riverine ecosystems in these 
environments is not expected. 

In unregulated watercourses (which correlate with ephemeral watercourses) only limited if any impact 
is predicted. Should impact occur this affects watercourses with only limited aquatic value, that are 
not unique on a local or regional scale. 

3.8.2. Aquatic ecosystems – non-riverine 

Lake Broadwater is a Category A Environmentally Sensitive Area (ESA) under the Queensland 
Environmental Protection Regulation (2008) and a Nationally Important Wetland under the EPBC Act 
Protected Matters. Lake Broadwater has high conservation value due to its intactness, the importance 
of its seasonal aquatic habitat and its potential use by the EPBC Act listed Murray Cod. 

As presented in the SREIS, Lake Broadwater is not conceptualised as groundwater dependent. This 
is based on the description of the Lake in the directory of Nationally Important Wetlands (DoEE, 2017) 
that it is a shallow lake that fills and occasionally floods following summer rainfall, and recedes 
afterwards. This assessment is supported by the conceptualisation presented in Section 3.7, which 
also notes that the assessment around the potential for Lake Broadwater groundwater interaction is 
ongoing. 

Further investigations are being carried out to assess the potential for groundwater-surface water 
interaction including detailed conceptualisation of aquifer-lake connectivity, and site-specific 
groundwater level and quality investigations. This will help support the assessment of whether 
groundwater supports ecosystems associated with Lake Broadwater. 

Long Swamp is a palustrine wetland to the north-east Lake Broadwater, considered to be an older 
course of the Condamine River. It is not classified under state or commonwealth protection legislation 
but is recognised locally as a natural and important wetland. 

Long Swamp has a ‘medium’ to ‘high’ conservation status due to the range of riparian vegetation 
along the length of the wetland as well as the species diversity and richness. Long Swamp is 
hydrologically connected to Lake Broadwater, and fills during wet periods. 

3.8.3. Subterranean GDEs 

Stygofauna have been identified in the Condamine Alluvium (CDM Smith, 2016) and found to be 
heterogeneously distributed. Limited data is publicly available to assess the presence and distribution 
of stygofauna across the broader Surat CMA. 

Stygofauna can be sensitive to changing water levels or disturbance because they adapt to specific 
groundwater conditions and can have narrow spatial distributions. If a declining groundwater table 
exceeds the rate at which they can migrate, or reduce available habitat as strata become unsaturated, 
then impact will occur. Laboratory-based studies, as described in Stumpp and Hose (2013) have 
indicated that the response of stygofauna to groundwater drawdown (at rates of between 1,000 to 
2,600 mm/day) is taxon specific, with Syncarida being shown to move down through sediments with 
declining water levels, whereas Copepoda was indicated not to move at a rate commensurate with 
the watertable decline. In addition, survival of stygofauna decreased with decreasing sediment 
saturation and that there was limited survival in unsaturated sediment beyond 48 hours. 

In areas of the Condamine Alluvium stygofauna have been identified where monitoring records 
indicate current groundwater level decline at a rate greater than 100 mm/year (0.27 mm/day). The 
predicted rate of decline as a result of Arrow’s SGP development is in the order of 1 to 2 mm/year 
(0.0027 to 0.005 mm/day). This rate of change will not be discernible from natural variation (i.e. 
climatic) and in most areas significantly less than anthropogenic affects (i.e. existing groundwater 
extraction), hence considered to have a negligible impact on stygofauna. 
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3.9. Influence of faulting 

The hydraulic properties of faults and faulted zones can be highly variable, and faults may act as both 
a conduit for and barrier to groundwater flow. Where faults act as conduits for groundwater flow, a 
reduction in groundwater pressure in deeper systems such as the Walloon Coal Measures may result 
in a preferential pathway for groundwater drawdown in the overlying watertable, which could result in 
impact to terrestrial GDEs. 

As not all fault structures can be accurately represented in the regional groundwater flow model due 
to the limitations of both model cell size and fault data, consideration of the potential for faults to 
provide a hydraulic connection between depressurised coal formations and overlying aquifers has 
been made to provide further confidence in the modelling predictions used to assess potential impact 
to terrestrial GDEs. 

A review of the available information shows that regional-scale faults in the Surat CMA with significant 
displacement are indicated to be restricted to formations in the underlying Bowen Basin and do not 
typically extend to the overlying formations of the Surat Basin (QWC, 2012, Sliwa, 2013, OGIA 2016). 
Within the overlying Surat Basin the most common faults are steeply dipping normal faults. These 
faults are considered to be relatively minor structural features with throws that are generally less than 
20 m. 

Sliwa (2013) reports that the mild deformation observed in Surat Basin rocks post-dates deposition, 
and a phase of rift-style normal (extensional) faulting has occurred. This was followed by a return to 
compressional tectonics that resulted in mild reactivation of the Moonie-Goondiwindi Fault system 
(located to the west of Arrow’s tenements), partial inversion of some normal faults, tightening of the 
underlying Bowen Basin folds, and development of gentle folding in overlying younger Surat rocks 
(Sliwa, 2013). 

A low angle unconformity between the upper-most coal seams of the Walloon Coal Measures and the 
overlying Springbok Sandstone is indicated through seismic analysis. Sliwa (2013) reports that from 
the seismic data none of the Surat normal faults were found to propagate vertically to an extent 
sufficient to terminate against the Springbok unconformity. This indicates that the period of normal 
faulting is likely to have occurred during or prior to the end of Walloons deposition, prior to the 
subsequent erosional period and low angle unconformity, and prior to the deposition of the Late 
Jurassic Springbok Sandstone. 

Hence, it is concluded, based on the seismic evidence, and also by inference due to the timing 
constraints that the fault structures do not extend to the Springbok Sandstone. Therefore in the SGP 
area fault induced drawdown propagation across the Springbok, or younger formations including the 
Westbourne Formation and Gubberamunda Sandstone is not expected. 

In addition, hydrothermal precipitation and induration may have led to sealing of fault damage zones 
since Jurassic times. Because the Surat Basin remains relatively stable/inactive tectonically, fault 
permeability is expected to continue to decrease over time (OGIA, 2016a). 

The majority of faults in the Surat CMA are therefore not expected to provide a conduit for vertical 
flow from overlying aquifers to the coal measures. In addition, OGIA (2016a) report that as the coal 
seams within the major gas reservoirs generally represent less than 10% of the unit thickness, any 
displacement is likely to result in a barrier to horizontal groundwater flow as the more permeable coal 
seam is juxtaposed with a low-permeability siltstone, claystone or mudstone. 

OGIA modelling of faults 

The 2016 OGIA groundwater model adopted a revised geological model which includes the 
representation of major geologic faults. Coffey (2016) presents a comparison of the 2016 UWIR and 
the 2012 UWIR modelled drawdown. The Springbok Sandstone long-term affected area (LAA) is 
smaller in the 2016 UWIR than assessed in 2012. OGIA (2016a) states that this reflects the generally 
lower vertical permeability resulting from parameterisation and calibration of the new groundwater 
flow model, which includes an improved representation of faults (refer Figure 3-5 of OGIA, 2016). 
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As a result fault structures in the Surat Basin are not considered likely to present a significant risk to 
terrestrial GDEs with regards to the potential for modelling predictions to have under-represented this 
potential flow pathway. The potential influence of faulting on groundwater flow is continuing to be 
assessed (OGIA, 2016a). 

3.10. Influence of the Westbourne Formation 

The presence of the Westbourne Formation plays an important role in the prediction of impact 
propagation to shallow aquifers. Where present, it will limit the potential for the propagation of 
drawdown to surficial aquifers, therefore limit the potential for impact to terrestrial GDEs as a result of 
the Action. Schematic 3.2 illustrates the presence of the Westbourne Formation, and conceptually 
shows that it is generally present to the west of the Condamine Alluvium, and absent to the east. 

Since the SREIS, effort has been directed to refining the understanding of the Westbourne Formation 
subcrop extent. The interpreted boundary based on work completed by AGE (2013) is presented in 
Figure 3.1. 

 

Schematic 3.2: Schematic cross section of Condamine Alluvium and underlying units (source: adapted from GHD, 2013) 

There remains uncertainty around this extent, and the interpreted boundary will continue to be refined 
as further data becomes available. The impact assessment completed for this Stage 1 WMMP 
incorporates some conservatism regarding the inferred subcrop extent of the Westbourne Formation 
to recognise the uncertainty around the extent. This is discussed in further detail where relevant in 
Sections 5 and 6. 
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3.11. Summary of identified or potential GDEs landscapes 

Knowledge around potential GDEs in the Surat CMA has developed significantly in recent years. 
Based on the information presented in the preceding sections, the following potential non-spring GDE 
landscapes will be carried through further assessment to identify and assess potential impact as a 
result of Arrow’s proposed SGP (refer also Figure 3.8): 

• Potential terrestrial GDE landscapes (WetlandInfo, 2015) with an assigned groundwater 
dependence potential of either known, high or moderate. 

• Riparian environments along the Condamine River, Wilkie Creek, Wambo Creek, Kogan Creek, 
Braemar Creek and Dogwood Creek. 
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4. Groundwater modelling 

The SGP Stage 1 CSG WMMP Groundwater modelling technical memorandum (Coffey, 2016) sets 
out the modelling basis that will be adopted for the assessment of impacts. The approved approach is 
summarised in Table 4.1, and the modelling outputs that will be adopted for addressing Conditions 
13c and 13p are also specified. 

Consistent with the SREIS where the calibration realisation outputs were adopted for assessment, the 
median case has been adopted for CDM Smith modelling outputs. The predicted drawdown extents 
(> 1m) for the major aquifers are presented in the figures referenced in Table 4.1. There is no 
drawdown >1 m predicted under the Arrow-only calibration realisation in units shallower than the 
Springbok Sandstone or deeper than the Precipice Sandstone. 

Table 4.1: Summary of groundwater modelling bases for assessment of impact 

Approval Condition Model basis Reliance on Adopted 
modelling 
outputs 

Relevant figures 

13(c) 

An assessment of 
potential impacts from 
the action on non-
spring based GDEs 
through potential 
changes to surface 
groundwater 
connectivity and 
interactions with the 
sub-surface expression 
of groundwater. 

CDM Smith 
Condamine 
Alluvium 
Model 

Predicted groundwater 
drawdown and groundwater-
surface water connectivity 
between the Condamine 
Aquifer and the Condamine 
River, at times relevant to 
monitoring. 

Arrow-only 
maximum 
drawdown – 
median case. 

Figure 3.4 
Figure 3.5 

CDM Smith 
IQQM model 

Predicted groundwater 
drawdown and groundwater-
surface water connectivity 
between the Condamine 
Aquifer and the Condamine 
River, at future times as 
relevant to monitoring. 

Arrow-only 
maximum 
drawdown – 
median case. 

- 

Arrow SREIS 
Groundwater 
Model 

Predicted groundwater 
drawdown in the surficial 
aquifers other than the 
Condamine Alluvium, at 
future times as relevant to 
monitoring. 

Arrow-only 
calibration 
realisation 
maximum 
drawdown. 

Figure 4.1  
Figure 4.2 

13(p) 

A cumulative impact 
assessment based on 
the outputs of the OGIA 
model which integrates 
groundwater model 
outputs with known and 
potential GDEs and 
presents the outputs in 
map form. Contribute to 
investigations 
coordinated through the 
OGIA to assess 
hydrological and 
ecological 
characteristics of 
impacted GDEs. 

CDM Smith 
Condamine 
Alluvium 
Model 

Predicted cumulative 
groundwater drawdown. 

Cumulative 
median case. Figure 4.3 
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Approval Condition Model basis Reliance on Adopted 
modelling 
outputs 

Relevant figures 

Arrow SREIS 
Groundwater 
Model 

Cumulative groundwater 
drawdown in formations and 
relationship with known 
GDEs - for Surat formations 
such as the Walloon Coal 
Measures, adjacent GAB 
formations that may be 
indirectly depressurised, 
and the Condamine 
Alluvium aquifer. To 
consider SREIS GDE 
assessment drawdown 
extents. 

Cumulative 
calibration 
realisation 
maximum 
drawdown. 

Figure 4.4 
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5. Condition 13c: GDE impact assessment 

5.1. Potentially affected terrestrial GDEs 

The non-spring GDE landscapes defined in Section 3.10 were mapped against Arrow-only maximum 
drawdown predictions. As non-spring GDEs will be dependent on the watertable aquifer, drawdown 
predictions were initially assessed against formation outcrop and subcrop to identify where drawdown 
may be associated with the watertable and have the potential to affect terrestrial GDEs. 

As outlined in Section 4, there is no predicted drawdown in the Bungil Formation and Mooga 
Sandstone, or the Gubberamunda Sandstone under the Arrow-only maximum drawdown scenario. In 
addition, the Hutton and Precipice Sandstones do not subcrop or outcrop in areas of predicted 
drawdown. Therefore drawdown impact associated with these formations is not considered further in 
this assessment for Condition 13c. 

5.1.1. Condamine Alluvium 

Figure 5.1 presents the predicted drawdown in the Condamine Alluvium under the Arrow-only median 
case, together with the terrestrial GDE landscapes identified in Section 3.10. This shows that no 
terrestrial GDEs are associated with the small areas of >0.75 m drawdown in the Condamine Alluvium 
therefore impact to terrestrial GDEs in the Condamine Alluvium is not considered further in this 
assessment for Condition 13c. 

5.1.2. Springbok Sandstone 

Figure 5.2 presents the extent of predicted groundwater drawdown in the Springbok Sandstone 
overlain with formation outcrop/subcrop extent, and the terrestrial GDEs defined in Section 3.10. The 
formation subcrop extent is that of the Kumbarilla Beds owing to the poor distinction between the units 
that make up the Kumbarilla Beds in this part of the Surat CMA.  

Figure 5.2 presents the inferred extent of the Westbourne Formation subcrop. To the east of this 
boundary the Westbourne Formation is not considered to be present (refer Schematic 3.2), therefore 
the Springbok Formation may form the watertable aquifer. To the west of this boundary the 
Westbourne Formation is inferred to be present and acts as an aquitard, limiting the potential for the 
propagation of drawdown impacts to the watertable aquifer. In these areas, the Gubberamunda 
Sandstone (or shallower formations) are considered to be present and represent the watertable 
aquifer.  

The inferred subcrop boundary shown in Figure 5.2 has been used to identify areas where the 
Springbok Sandstone may form the watertable aquifer (i.e. east of the Westbourne subcrop boundary) 
and therefore where drawdown predicted in the Springbok Sandstone may affected terrestrial GDEs. 

Some uncertainty around the precise location of this boundary is acknowledged, therefore potential 
terrestrial GDEs that overlie areas of predicted drawdown (>1m) in the Springbok Sandstone to the 
east or in the immediately vicinity west of this boundary have been assessed. A buffer of around 5 km 
to the west of the Westbourne Formation subcrop extent has been adopted as the extent for inclusion 
in the assessment, however immediately west of Cecil Plains where more significant areas of 
potential terrestrial GDEs are mapped, the assessment area extends up to 14km west of the 
Westbourne Formation subcrop extent. This provides a conservative assessment of the potential area 
where the Springbok Sandstone may represent the watertable aquifer. 

Interpreted faults are also presented on Figure 5.2 which indicates the presence of some major fault 
structures within and in the vicinity of the SGP area, including where drawdown is predicted. As 
discussed in Section 3.9 the normal faults associated with the Surat Basin are interpreted to terminate 
below the Springbok Sandstone therefore do not provide a pathway for drawdown propagation to the 
watertable where hosted in the Springbok Sandstone (or younger formations). 
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Based on this assessment, three main areas have been identified where terrestrial GDEs may be at 
risk of drawdown impact (refer Figure 5.2). These areas are described as: 

• Risk area 1: located on Arrow tenements between Miles and Wandoan where an area of 
drawdown predicted in the Springbok Sandstone coincides with Kumbarilla Bed outcrop and 
potential terrestrial GDEs. 

• Risk area 2: west of Dalby on the western extent of Arrow’s tenements where uncertainty remains 
around Westbourne Formation extent and a small number of terrestrial GDEs are mapped over 
Kumbarilla Bed outcrop. Further south west where larger areas of GDEs are mapped, the likely 
presence of Westbourne Formation limits potential for drawdown propagation, and risk to 
terrestrial GDEs is considered very low and therefore not considered further in this assessment. 

• Risk areas 3a and 3b: areas west (3a) and south-west (3b) of Cecil Plains where Kumbarilla Beds 
outcrop and uncertainty remains around extent of Westbourne Formation subcrop. Risk area 3a 
represents a significant area of mapped potential terrestrial GDEs with this continuing south (Risk 
area 3b) to the southern-most extent of Springbok Sandstone drawdown prediction. 

It is noted that Lake Broadwater and Long Swamp overlie areas of predicted drawdown in the 
Springbok Sandstone. They are situated close to, but not overlying a region of Springbok Sandstone 
outcrop therefore are not considered as a risk area under this assessment. As presented in Section 7 
it is conceptualised that Lake Broadwater is positioned upon Westbourne Formation and Long Swamp 
flows across the Condamine Alluvium. Both surface water features are the subject of ongoing 
investigations and monitoring. 

5.1.3. Walloon Coal Measures 

Figure 5.3 presents the extent of groundwater drawdown in the WCM overlain with formation 
outcrop/subcrop extent, and the terrestrial GDEs defined in Section 3.10. The assumed formation 
extent includes the Injune Creek Group to account for the poor distinction of the WCM in the northern 
study area. 

Figure 5.3 shows an area near Wandoan in the northern-most part of Arrow’s tenements where a 
small area of mapped terrestrial GDEs overlie predicted drawdown in the WCM. These areas are 
associated with local drainage lines, and review of available borelogs indicates that the Westbourne 
Formation and/or Springbok Formation generally outcrop in these areas.  

However there is the potential for shallow subcrop of the Walloon Coal Measures, and as a 
conservative approach this small area has been considered further in the assessment of potential 
impacts (risk area 4). 

5.2. Impact assessment 

The terrestrial GDEs potentially at risk from drawdown as identified in Section 5.1 have been further 
assessed to determine their likelihood of being actual GDEs as well as the significance of impact 
should it occur. 

The assessment of impact is based initially on a more detailed assessment of whether the potential 
GDEs are likely to rely on groundwater. This included a detailed review and conceptualisation of: 

• Available groundwater level and pressure data. 

• Borehole logs and indicated stratigraphy. 

• Soil types and landscape setting. 

• Vegetation types present and knowledge around their associated groundwater dependence. 

Figure 5.4 presents the locations of referenced boreholes, indicating depth to groundwater where 
available. Further detail supporting the assessment of individual areas potentially at risk of drawdown 
is presented in the Figure 5.5 series. 
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Where there is sufficient data to demonstrate the ecosystems do not rely on groundwater, no further 
assessment has been made. Where it is considered likely the ecosystem relies in some way on 
groundwater, or where there is insufficient data to rule it out, an assessment of the potential impact 
based on the predicted magnitude has been made. This includes consideration for the rate of change, 
in particular in comparison to historic groundwater level trends, and an assessment of the adaptability 
of the vegetation present to changing groundwater levels. 

The assessment of potential impact to terrestrial GDEs adopted here is based on detailed review of 
physical data related to each risk area rather than the application of a risk/impact assessment matrix. 
In this instance it is considered the most appropriate process as it provides a more detailed and site-
specific assessment of the potential for impact to occur and provides a robust basis for the 
identification of ongoing monitoring and management requirements. 

5.2.1. Risk area 1 

Arrow’s monitoring bore (Kedron 570) is located within Risk Area 1 (refer Figure 5.5a) and indicates a 
potentiometric surface in the Springbok Sandstone of 29.8 m below ground level. The hydrograph for 
this bore (refer Attachment 3) indicates relatively stable groundwater levels in the Springbok 
Sandstone since 2013. The borehole stratigraphy for RN160574 to the south of Risk Area 1 indicates 
Gubberamunda Sandstone underlain by up to 50 m of Westbourne Formation. The borelog for 
Kedron 570 (RN160348) indicates the Westbourne Formation to a depth of 38.3 m, therefore it can be 
concluded that in these areas the Springbok Sandstone does not represent the watertable aquifer at a 
depth that would be utilised by terrestrial or riparian ecosystems. 

In addition, to the south-west of Risk Area 1, two additional landowner bores (RN58891 and 
RN58876) are both listed as screening Gubberamunda Sandstone (OGIA aquifer attribution reports 
based on best available information) and have groundwater levels of 42 m and 63 m below ground 
surface respectively. Whilst these bores are around 5 km south-west of Risk Area 1, they 
demonstrate the likely presence of the Gubberamunda Sandstone at depth and support the 
assessment of the Springbok Sandstone being beyond the rooting depth of terrestrial vegetation in 
the area. 

The dominant RE types present within Risk Area 1 include RE 11.5.21, 11.7.4, 11.7.5 and 11.7.6 
(refer Figure 5.5a) which are listed as being of least concern under the Vegetation Management (VM) 
Act and of no biodiversity concern at present. These are dominated by Ironbark species which 
typically have root architecture concentrated in the upper soil layers (<4 m below ground) with limited 
potential to tap deep groundwater (3D Environmental and Earth Science, 2017, refer Attachment 2). 
Within the SGP study area, Ironbark species form the dominant canopy species over extensive 
colluvial outwash, decomposed sandstone and indurated sandstone jump-ups (3D Environmental and 
Earth Science, 2017), consistent with the landscape setting of Risk Area 1. 3D Environmental and 
Earth Science (2017) state that in this setting, Ironbark species have limited potential to tap deeper 
groundwater sources and the species relies on soil moisture in the upper soil profile. 

Based on this area-specific information the ecosystems identified in Risk Area 1 as described in 
Section 5.1.2 are not considered to be dependent on groundwater therefore are not considered to be 
at risk of drawdown-related impacts. 

5.2.2. Risk area 2 

Risk area 2 is located west of Dalby (refer Figure 5.5b). UWIR and Arrow monitoring locations to the 
west of Risk Area 2 indicate groundwater levels in the Springbok Sandstone of between 21-55 m 
below ground surface. Arrow landowner baseline assessment reports indicate depth to groundwater 
levels in the order of 38 to 45 m in the northern parts of Risk Area 2. The screened depth is not clear 
for these three bores, and they’re likely to be representative of deeper units and not the watertable.  

Importantly though, the bore reports indicate a thick sequence of Westbourne Formation overlying 
deeper Springbok Sandstone. This is supported across a number of bore reports in the vicinity of Risk 
Area 2 including RN94461A, RN160350, RN160553, RN160349, RN42231258A. The presence of 
>30m of Westbourne Formation across this area indicates the Springbok Sandstone does not 
represent the watertable aquifer at depths accessible to GDEs. 
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Further south, borehole geology (RN44586, RN94052, RN119423) indicates the presence of 
Condamine River Alluvium to depth of at least 30 m. It can reasonably be assumed therefore that the 
Springbok Sandstone does not form the watertable aquifer at a depth that would be accessible to 
GDEs in this area either. 

Figure 5.5b presents the mapped REs along with borehole locations and depth to groundwater 
information. The dominant RE types present within Risk Area 2 include 11.3.18, 11.5.1, 11.7.4, 
11.7.7, 11.5.1a and 11.3.2. Some areas of RE 11.3.25 (River Red Gum) being the less dominant 
species are also present. 3D Environmental and Earth Search (2017) also indicate the presence of 
RE 11.3.3, 11.3.4, 11.3.17 and 11.3.27c. 

In general the additional REs identified by 3D Environmental and Earth Search (2017) are associated 
with the western extent of the Condamine River Alluvium therefore do not relate to the assessment of 
Risk Area 2 (i.e. risk associated with drawdown in the Springbok Sandstone). 

The landscape setting of Risk Area 2 is that of elevated, slightly undulating terrain on the eastern 
slopes of the Kumbarilla Ridge. The Kumbarilla Beds outcrop along this generally north-south 
trending ridgeline, and in some parts are overlain by alluvial and colluvial sediment (3D Environmental 
and Earth Search, 2017). These landscapes are characterised by extensive stands of Ironbark forest 
and as discussed in Section 5.2.1, REs 11.5.1, 11.7.4, 11.7.7 and 11.5.1a are not associated with a 
deep root architecture and groundwater dependence. 

Depth to groundwater data within and in the immediate vicinity of the Risk Area 2, combined with the 
presence of a thick sequence of Westbourne Formation in the north, the presence of a thick sequence 
of Condamine River Alluvium in the south and vegetation characteristics, support an assessment that 
the Springbok Sandstone does not form the watertable aquifer in Risk Area 2 at a depth that would 
support terrestrial or riparian GDEs. 

5.2.3. Risk areas 3a and 3b 

Risk Areas 3a and 3b are located west and south-west of Cecil Plains on the western slopes of the 
Kumbarilla Ridge. Some depth to groundwater data is available along the eastern margins of these 
risk areas, however limited data exists elsewhere within Risk Areas 3a and 3b (refer Figure 5.5c). 

Depth to groundwater data along the eastern margin of Risk Area 3a indicates groundwater in the 
Springbok Sandstone of around 16-18 m below ground (RN137574 and RN22377). Glenburnie-18 
(RN160941) indicates a deeper groundwater level in the Springbok Sandstone of around 44 m below 
ground, however is not considered to represent the watertable aquifer as the Westbourne Formation 
is reported from 10 to 57.02 m below ground. 

The dominant RE types within Risk Areas 3a and 3b include (refer also Figure 5.5c): 

• 11.3.2 

• 11.3.14 

• 11.3.25 

• 11.3.18 

• 11.5.1 + 11.5.1a 

• 11.5.4 + 11.5.4a 

• 11.5.20 

• 11.7.4 

• 11.7.7 

The majority of REs across Risk Areas 3a and 3b are 11.5.4, 11.5.4a, 11.5.1, and 11.5.20 with these 
REs representing around 97% of the mapped terrestrial GDEs in Risk Areas 3a and 3b. These are 
dominated by Ironbark species that are not associated as being groundwater dependent due to their 
shallow rooting depth and tendency to rely on soil moisture in the upper soil profile. 

Small areas of REs that contain vegetation that has an established association with groundwater 
(RE11.3.25 and 11.3.14, and to a lesser degree 11.3.2) are located within the relatively cleared areas 
of Risk Area 3a immediately west of the Condamine River Alluvium on the eastern slopes of the 
Kumbarilla Ridge. Borehole geology for nearby RN160732 indicates 16 m of Condamine River 
Alluvium underlain by 10 m of Westbourne Formation. RN42230091 is logged with Condamine River 
Alluvium to a depth of >50 m and RN107689 is interpreted as having Condamine River Alluvium to a 
depth of 27m. The borehole logs indicate that in these areas a sequence of alluvial material typically 
underlain by the Westbourne Formation is present, which is consistent with the interpreted boundary 
of the Westbourne Formation subcrop to the east (refer Figure 5.5.c). Therefore it is concluded that 
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these ecosystems in Risk Area 3a are not dependent on a watertable aquifer hosted in the Springbok 
Sandstone. 

In Risk Area 3b, REs 11.3.25 and 11.3.14 are mapped along local drainage lines in the northern part 
of the area. These REs contain species that are known to have an association with groundwater 
(River Red Gum and Rough-barked apple respectively). In this area, borehole geology (RN160941) 
indicates 10m of Condamine River Alluvium underlain by 47m of Westbourne Formation, consistent 
with this area being west of the Westbourne Formation inferred subcrop extent. The Springbok 
Sandstone therefore will not represent the watertable aquifer in this area. 

In the south of Risk Area 3b RE 11.3.25 is present although not as the dominant RE. Borehole 
records for RN32726A indicates groundwater depth in the Springbok Sandstone may range from 14.6 
to 23.5 m. This borehole is located relatively close to a drainage line. Where River Red Gums are 
present, they may access deeper groundwater. Other species present such as Poplar Box are 
unlikely to access groundwater in the Springbok Sandstone in this area due to their limited rooting 
depth (<12m). 

In this part of Risk Area 3b the maximum predicted drawdown is 3.9 m with a rate of change of 
groundwater drawdown estimated to range between 0.07 to 0.3 m/yr based on hydrographs UW_1, 
UY_1 and U111_1 (refer Figure 2.2 and Attachment 4). Historically groundwater levels in the 
Springbok Sandstone measured at Glenburnie-18 have fluctuated in the order of 0.1 to 0.5 m per day, 
however the Springbok Sandstone does not represent the watertable aquifer at this location. Greater 
variability is expected where it does, indicating the predicted rate of change is within the historical 
range of variability. However, the overall drawdown of almost 4 m in this southern part of Risk Area 3b 
may result in vegetation stress if critical groundwater access thresholds are exceeded. Therefore 
terrestrial GDEs in the southern part of Risk Area 3b are potentially at risk from groundwater 
drawdown. 

5.2.4. Risk area 4 

Risk Area 4 is located to the south and west of Wandoan and is associated with potential areas of 
shallow Walloon Coal Measures subcrop. The landscape is a steep escarpment that has exposed 
Injune Creek Group formations, and local drainage lines have incised the landscape. As discussed in 
Section 5.1.3, the Westbourne Formation and Springbok Sandstone (upper members of the Injune 
Creek Group) generally outcrop in this area, as well as shallow alluvial deposits along some drainage 
lines. 

3D Environmental and Earth Search (2017) describe characteristic heavy clays and rocky lag 
deposited on the surface of low rounded hills formed on fine grained sedimentary rock indicating 
some vegetation species will have difficulty penetrating this soil profile. 

In the northern parts of Risk Area 4 depth to groundwater information indicates groundwater in 
shallow Walloon Coal Measure may be between 13 and 16 m below ground surface (RN123265, 
RN44044, RN13831). Shallow bores screening the Springbok Sandstone (AES1393, AES1394, 
RN58519) also demonstrate a relatively shallow watertable (~6.5 to 9.7 m below ground). 

RN160677 screens a deep, confined section of the Walloon Coal Measures (Lower Jundah seam) 
with indicated artesian conditions. Some available bore reports indicate water strikes at depth of 
around 19m in shale and coal lithology (RN44044). 

Further south there is limited groundwater depth information for the Walloon Coal Measures and 
review of the borehole logs for RN10848 and RN48852 indicates at least 60 m of Orallo Formation 
therefore shallow subcrop of the Walloon Coal Measures is not present in this area.  

The RE types present within Risk Area 4 include 11.3.2, 11.3.25, 11.5.21, 11.7.4, 11.9.5 and 11.9.10. 
RE 11.3.25 which is dominated by Eucalyptus camaldulensis (River Red Gum) is mapped as being 
present along a number of the gullies within Risk Area 4 and is known to have the potential to access 
deeper groundwater. As previously discussed, RE 11.3.2 is not expected to be dependent on 
groundwater >12m below ground surface. 



 
SGP Stage 1 CSG WMMP  
GDE and aquatic ecosystem impact assessment technical memorandum 

29 

Coffey 
ENAUABTF20484AA-M03 

RE 11.3.25 is present in the identified risk area at all locations with the exception of one small area at 
the southern end of Risk Area 4 where only RE 11.5.21, 11.7.4 and 11.5.4 are mapped. These are 
not considered to be groundwater dependent. 

Maximum predicted drawdown in the Walloon Coal Measures in Risk Area 4 ranges from 1.5 to 10 m. 
The rate of groundwater drawdown in the Walloon Coal Measures in this area may be up to 4 m/yr 
early in the project life based on hydrographs GG_1 and HH_1 (refer Figure 2.2 and Attachment 4). 
Given this potential rate of change and the potential for the presence of River Red Gums, terrestrial 
GDEs in the northern parts of Risk Area 4 may be at risk of impact from groundwater drawdown in the 
Walloon Coal Measures. 

5.3. Management measures 

Specific management measures for non-spring GDEs are not set out in the SREIS. The development 
of appropriate management measures, including an early warning system for GDEs that may be 
impacted by the project, is required under Approval Conditions 13(j) and 13(k) and will be addressed 
in separate memoranda. 

5.4. Condition 13c conclusions 

The assessment in Section 5.2 demonstrates: 

• Ecosystems in Risk Area 1 are not dependent on groundwater, therefore not at risk from Project-
related drawdown. 

• Ecosystems in Risk Area 2, 3a and the northern parts of 3b are not dependent on a watertable 
aquifer in the Springbok Sandstone, therefore not at risk from Project-related drawdown. 

• Ecosystems in the southern part of Risk Area 3b may be dependent on groundwater in the 
Springbok Sandstone and may be impacted by project-related groundwater drawdown. 

• Ecosystems in the northern parts of Risk Area 4 may be dependent on shallow groundwater in the 
Walloon Coal Measures and may be impacted by project-related groundwater drawdown. 

• Ecosystems in the southern part of Risk Area 4 are either not groundwater dependent or not 
dependent on a watertable aquifer in the Walloon Coal Measures, therefore not at risk from 
Project-related drawdown. 

Detailed vegetation surveys are currently being carried out across Arrow’s tenements to refine the RE 
mapping. This will provide for improved knowledge around the presence and distribution of vegetation 
types that are likely to access groundwater (in particular River Red Gum) in the southern parts of Risk 
Area 3b and the northern parts of Risk Area 4. 

Further site-specific assessment is recommended to refine the conceptual understanding of the 
potential for ecosystem interaction with groundwater in these two areas. In addition, ongoing 
monitoring of groundwater levels and quality at defined locations is carried out in accordance with the 
requirements of the Surat CMA UWIR Water Monitoring Strategy. This provides for the ongoing 
assessment of all major aquifers, against which future numerical modelling may be calibrated. Future 
modelling will be used to refine the findings of this assessment (where required) and assess whether 
monitoring or management measures are needed.  
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6. Condition 13p: Cumulative impact assessment 

As set out in Section 2.2.1, OGIA is responsible for the management of cumulative impact within the 
Surat CMA, and the UWIR assigns responsible tenure holders for monitoring and management of 
springs where they may be affected by CSG development. 

The extent of predicted maximum cumulative drawdown, defined as the 1 m drawdown contour, is 
presented in Figure 4.3 (consolidated aquifers) and Figure 4.4 (Condamine Alluvium). 

The magnitude and extent of potential drawdown in non-Condamine Alluvium aquifers (Figure 4.3) 
has increased in comparison to the Arrow-only predicted drawdown (Figures 4.1 and 4.2), primarily 
extending further west onto other tenure holder land. In accordance with the way in which OGIA 
assign responsibility of impact assessment and management in the Surat CMA UWIR, this places 
responsibility in the hands of the relevant other tenure holder in these areas. 

A summary of the predicted cumulative impact 1 m drawdown extent is provided in Table 6.1 with 
commentary on inferred responsible tenure holder.  

Table 6.1: Summary of Arrow’s cumulative impact assessment requirements 

Aquifer Predicted cumulative drawdown extent – 
comparison to Arrow-only scenario 

Assessment to meet Condition 
13p 

Condamine Alluvium 

Increased magnitude and extent of 
predicted drawdown across the Condamine, 
with the majority of the Condamine Alluvium 
model extent predicting >0.25m drawdown. 
Maximum predicted drawdown is 1.5 m. 

Additional extent assessed. 

Bungil Formation / 
Mooga Sandstone 

No Arrow-only drawdown predicted. 
Cumulative impact is entirely off Arrow 
tenure. 

Not assessed further. 

Gubberamunda 
Sandstone 

No Arrow-only drawdown predicted. 
Cumulative impact is primarily off Arrow 
tenure, with small areas of drawdown 
predicted on western margins of Arrow 
tenements. 

Small areas on tenure assessed. 

Springbok Sandstone 

Predicted cumulative impact is primarily off 
Arrow tenure, however there is additional 
extent of predicted impact along western 
margins of Arrow tenements and to the 
south. 

Additional areas on tenure 
assessed. 

Walloon Coal Measures 
Arrow-only scenario predicted drawdown 
across most of Arrow tenements. Minor 
increase in extent under cumulative 
scenario.  

Additional areas on tenure 
assessed. 

Hutton Sandstone Substantially greater drawdown predicted 
both on and off tenure.  

Additional areas on tenure 
assessed. 

Precipice Sandstone 
Main area of predicted drawdown located 
away from Arrow tenure. Small areas of 
predicted drawdown along western margins 
on Arrow’s tenements. 

Small areas on tenure assessed. 

Clematis Sandstone Entirely off Arrow tenure. Not assessed further. 
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6.1. Potentially affected terrestrial GDEs 

A preliminary screening of predicted drawdown extent against mapped formation outcrop and subcrop 
shows that there is no predicted drawdown (>1m) in the corresponding locations where the Hutton 
Sandstone and Precipice Sandstone outcrop or shallow subcrop and may form the watertable aquifer 
(refer Figures 6.1 and 6.2). Therefore potential impact to terrestrial GDEs (including riparian 
vegetation) as a result of drawdown in these aquifers has not been assessed further. 

6.1.1. Condamine Alluvium 

Localised areas exist where there is >1 m drawdown predicted in the Condamine Alluvium under the 
cumulative scenario (adopting the maximum predicted drawdown under the median case) assessed 
by CDM Smith (2016). As presented in Figure 6.3, none of these areas coincide with locations of 
mapped potential terrestrial GDEs therefore impact to terrestrial GDEs in the Condamine Alluvium is 
not considered further in this assessment for Condition 13p. 

6.1.2. Gubberamunda Sandstone 

Two small areas (refer Figure 6.4) have been identified where >1 m drawdown is predicted in the 
Gubberamunda Sandstone that coincides with formation outcrop, WetlandInfo (2015) mapped 
terrestrial GDEs (high and moderate potential only) and are where Arrow would be considered the 
responsible tenure holder (i.e. on Arrow tenure). These areas are: 

• Cumulative risk area 1 - located in Arrow’s northern tenements on the western boundary where the 
Kumbarilla Beds are mapped as outcropping. 

• Cumulative risk area 2 - due east of Miles on the margin of potential Gubberamunda Sandstone 
outcrop. 

6.1.3. Springbok Sandstone 

In addition to those areas identified and assessed under the Arrow-only scenario, four areas have 
been identified where >1 m drawdown is predicted in the Springbok Sandstone that are coincident 
with Kumbarilla Bed outcrop, WetlandInfo (2015) mapped terrestrial GDEs (high and moderate 
potential only) and where Arrow would be considered the responsible tenure holder (i.e. on Arrow 
tenure) (refer Figure 6.5). These areas are: 

• Cumulative risk area 3 - located south of Arrow-only risk area 1, east of Miles. This coincides with 
cumulative risk area 2 (Gubberamunda Sandstone),. The source aquifer for the potential GDEs will 
depend on the site-specific stratigraphy. 

• Cumulative risk area 4 - a very small area located west of Chinchilla were minor drainage lines are 
mapped as being potential terrestrial GDEs. 

• Cumulative risk area 5 - an extension north to the Arrow-only risk area 2.  

• Cumulative risk area 6 - an extension south to the Arrow-only risk area 3b. 

6.1.4. Walloon Coal Measures 

The Walloon Coal Measures (including Injune Creek Group mapped extent) outcrop in a small area in 
the north of Arrow’s tenements, as described in Section 5.1.3. The extent of potential terrestrial GDEs 
in this area that may be impacted by groundwater drawdown based on cumulative impact predictions 
do not differ from the Arrow-only case (refer Figure 5.5d). Therefore the conclusion of potential for 
impact as set out in Section 5.1.3, also applies for the cumulative case. 
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6.1.5. Responsible tenure holder for cumulative impacts 

OGIA are responsible for assigning a responsible tenure holder (RTH) for the monitoring and 
management of cumulative impacts. There is currently no process for assigning the RTH for non-
spring GDEs, however it is noted that future iterations of the Surat CMA UWIR are likely to include 
this aspect. 

In the absence of a formal OGIA framework, Arrow consider an appropriate approach to include: 

• Where impacts are located on an existing petroleum license (PL) tenure, the relevant tenure holder 
will be the RTH. 

• Where impacts are located off a PL tenure (i.e. off tenure or on an Authority to Prospect), 
consideration for the proponent causing the first impact in assigning the RTH. 

6.2. Impact assessment 

6.2.1. Cumulative Risk Area 1 

Cumulative Risk Area 1 is located immediately west of Arrow-only Risk Area 1 (refer Figure 6.6a). As 
described in Section 5.2.1, data from baseline assessments of landowner bores reported as likely to 
be screening the Gubberamunda Sandstone in this area indicate depth to groundwater of >40m. 
Borehole RN42220059 to the west of Cumulative Risk Area 1 indicates 125 m of Orallo Formation, 
however as it is the boundary of the Orallo Formation subcrop extent and reported as being underlain 
by Injune Creek Group, the lower part of the Orallo Formation may in reality be Gubberamunda 
Sandstone. 

Dominant RE types in the risk area include 11.5.21, 11.7.4 and 11.7.6. As discussed in Section 5.2.1 
these are dominated by Ironbark species which typically have root architecture concentrated in the 
upper soil layers (<4 m below ground), rely on soil moisture in the upper soil profile and limited 
potential to tap deeper groundwater. 

Based on this area-specific information the ecosystems identified in Cumulative Risk Area 1 are not 
considered to be dependent on groundwater therefore are not considered to be at risk of drawdown-
related impacts. 

6.2.2. Cumulative Risk Area 2 and 3 

Cumulative Risk Areas 2 (Gubberamunda Sandstone drawdown risk) and 3 (Springbok Sandstone 
drawdown risk) coincide (refer Figure 6.6a) as a result of the assessment process adopting the 
Kumbarilla Bed outcrop/subcrop geological mapping in this area. 

Within this area, the Orallo Formation is reported to at least 65m in the stratigraphic log for RN13602. 
This conflicts with the approximate subcrop extent of the Orallo Formation being further west. Risk 
Area 3 is located 3 to 4 km west of the Westbourne Formation subcrop extent, therefore it is inferred 
there is a significant depth of formation overlying the Springbok Sandstone in this area. Cumulative 
Risk Area 3 has not been considered further in this assessment. 

The dominant RE type in the relatively small Cumulative Risk Area 2 is 11.7.4. As described 
previously the Ironbark species associated with this RE type are expected to be reliant on shallow soil 
moisture, not groundwater. 3D Environmental and Earth Science (2017) (refer Attachment 2) describe 
RE type 11.7.4 as being unlikely GDEs and given the landscape setting on which they are found, 
groundwater is typically within confined aquifers at depths of >20m. Therefore it is considered unlikely 
that ecosystems identified in Cumulative Risk Area 2 represent GDEs, and are not expected to be 
impacted by SPG development. 
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6.2.3. Cumulative Risk Area 4 

Cumulative Risk Area 4 is located directly west of Chinchilla. There is no depth to groundwater 
information available within this area for the Springbok Sandstone, however RN160547A located 7 km 
to the west of this area indicates a depth to groundwater in the Springbok Sandstone of >40 m. Whilst 
this is some distance from the risk area, the borehole log indicates >60m thickness of Cretaceous and 
Jurassic sediments overlying the Springbok Sandstone. The conceptualisation of the Springbok 
Sandstone being at a depth not accessible to terrestrial GDEs is also supported by CSG well 
Talinga 20 located <700m west of Cumulative Risk Area 4 which indicates >20m of alluvium and 
Westbourne Formation overlying the Springbok Sandstone. 

Few mapped potential GDEs exist in this risk area, and the majority are dominated by RE types 
11.5.1, 11.7.4, 11.9.4, 11.9.5 and 11.9.7, all of which are not usually associated with the potential for 
groundwater interaction due to their position in landscape, shallow rooting depths and reliance on 
shallow soil moisture. RE type 11.3.4 is mapped in a single part of Cumulative Risk Area 4 as a minor 
(10%) component of the mapped area, and the RE itself has a variable component of River Red Gum. 
3D Environmental and Earth Search (2017) do not identify ecosystems in this area as having likely 
groundwater interaction, consistent with their description that River Red Gums accessing groundwater 
are likely to occur on lower alluvial terraces rather than the more elevated areas of Cumulative Risk 
Area 4.  

It is therefore considered unlikely that Cumulative Risk Area 4 contains ecosystems that area reliant 
on a watertable hosted in the Springbok Sandstone. 

6.2.4. Cumulative Risk Area 5 

Cumulative Risk Area 5 is located north-west of Risk Area 2. Consistent with the discussion 
presented for Risk Area 2, and supported by Arrow Energy CSG well report for Hopeland 3A (located 
within this risk area), to the west of the Westbourne Formation subcrop extent drilling records indicate 
a thick sequence of Westbourne Formation, which does not support the potential for the Springbok 
Sandstone to act as the watertable aquifer.  

The Westbourne Formation thins to the east of this area, with CSG well Wyalla 3, located in the east 
of Cumulative Risk Area 3a, indicating a 10m thickness of Westbourne Formation, directly underlain 
by Springbok Sandstone. In this area, RE types are dominated by 11.7.4, 11.7.7, 11.7.5 and 11.5.1. 
Given these RE types which are not usually associated with the potential for groundwater interaction 
due to their position in landscape, shallow rooting depths and reliance on shallow soil moisture, and 
the presence of clayey lithology in the upper 15m, it is considered unlikely that the ecosystems are 
accessing groundwater in the Springbok Sandstone aquifer. 

6.2.5. Cumulative Risk Area 6 

Cumulative Risk Area 6 is to the south of Risk Area 3b. As per the discussion for the south of Risk 
Area 3b, there is the potential for vegetation associated with RE types 11.3.25 and 11.3.2 to be 
accessing groundwater in this area. Depth to groundwater in RN41620043A, located 800m east of 
Cumulative Risk Area 6 and which screens the Springbok Sandstone from 21.2 to 24.2m indicates a 
water level of around 12m below ground. Other borelogs and CSG well report logs indicate the 
potential for relatively shallow Springbok Sandstone and potentially shallow groundwater levels. This 
is well within the range of potential access by River Red Gums, and is towards the lower limit of 
Poplar Box rooting depth. 

Predicted cumulative drawdown in this areas ranges from around 2-6 m, therefore if this results in a 
fall in watertable below a critical threshold, in particular for Poplar Box, GDEs in this area may be at 
risk of impact. 
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6.3. Condition 13p impact assessment conclusions 

The impact assessment presented in Section 6.2 demonstrates: 

• Ecosystems in Cumulative Risk Area 1 are not groundwater dependent. 

• Ecosystems in Cumulative Risk Area 2 are unlikely to be groundwater dependent and are not 
expected to be impacted by SGP development. 

• Ecosystems in Cumulative Risk Area 3 are not dependent on a waterable aquifer hosted in the 
Springbok Sandstone. 

• Ecosystems in Cumulative Risk Area 4 are unlikely to be reliant on a watertable hosted in the 
Springbok Sandstone therefore are not expected to be impacted by SGP development. 

• Ecosystems in Cumulative Risk Area 5 are unlikely to be reliant on a watertable hosted in the 
Springbok Sandstone therefore are not expected to be impacted by SGP development. 

• Ecosystems in Cumulative Risk Area 6 may be dependent on groundwater in the Springbok 
Sandstone and may be impacted by project-related groundwater drawdown.  

As noted in Section 5.4, detailed vegetation surveys are being carried out that will assist with the 
refinement of the RE mapping. Further assessment of Cumulative Risk Area 6, in conjunction with the 
southern part of Risk Area 3b, is recommended to refine the conceptual understanding of the potential 
for ecosystem interaction with groundwater. 

6.4. Contribution to OGIA investigations 

Arrow currently has no assigned spring monitoring or investigation requirements under the 2016 Surat 
CMA UWIR. Should this change in future revisions of the Surat CMA UWIR (based on new data) 
Arrow will contribute to investigations as required by the Spring Impact Management Strategy (SIMS) 
and/or other groundwater dependent ecosystem management requirements that may be included in 
future versions of the UWIR. 

Knowledge gained from Arrow-initiated investigations to date around the presence of GDEs within 
and around their tenure has been presented in this memorandum, and will contribute to the body of 
knowledge around GDEs in the Surat CMA.  

Arrow’s prior contributions have included: 

• The provision of the results of prior spring / GDE assessment work, including remote sensing data, 
geochemical investigations and GDE impact modelling. 

• The Condamine Interconnectivity Research Project (CIRP), which aimed to improve understanding 
around the connectivity between the Walloon Coal Measures and the Condamine alluvium. Arrow 
provided major contribution including the completion of groundwater monitoring bore installations 
and aquifer pumping tests. 

The results of ongoing investigations will be made available to OGIA in the future. This is expected to 
include (at a minimum): 

• The results of monitoring programs where monitoring of GDEs is set out in the Stage 1 CSG 
WMMP. 

• The results of further detailed investigations where they may be required in response to exceeding 
a trigger threshold. 

• The results of further studies into aquifer connectivity (i.e. Long Swamp and Lake Broadwater, if 
required). 
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3.2.1  Tribelco Spring and Surrounding Wambo Creek Alluvium 

A spring was identified on the Tribelco property (Lot 27 / RG653 herein referred to as the Tribelco Spring) with 
the identification facilitated by Arrow Energy Land Liaison Officer (Richard McLean) through discussions with the 
landowner. The spring discharges to a small tributary of Wambo Creek. This spring has been included in the list 
of Springs in the UWIR (OGIA, 2016a).  It is listed as Spring Complex 765 “Orana”, with a “Low” confidence 
categorisation associated with site understanding and classification. 

Vegetation 

Vegetation associated with the spring comprised native aquatic herbs and grasses including Carex apressa, 
frogsbit (Phyllidrium lanuginosum), spiny mud grass (Leersia hexandra), Cyperus laevis and Juncus continuous 
fringed by a narrow band of Leptospermum poligaliifolium. Although the point of discharge is formed by native 
species, cattle have impacted the locality and the landowner has fenced the spring in an attempt at cattle 
exclusion. 

Adjacent riparian vegetation on Wambo creek retains relatively undisturbed natural condition forming a tall open 
forest of rough barked apple (Angophora floribunda), minor red gum (Eucalyptus camaldulensis) and ground 
cover formed predominantly by the native grass Arundinella nepalensis. The mature canopy trees would almost 
certainly be tapping a shallow groundwater table at a depth of 2.5 – 3mbgl, extrapolated following intersection of 
groundwater in a series of nearby soil auger holes to 2.2 m depth (sampled in a lower position in the landscape 
within the creek bank).  

A large tree had fallen directly adjacent to the spring which exposed an extremely shallow root architecture 
consistent with Eamus (2006) who suggested root growth is generally arrested somewhere between the upper 
level of the capillary fringe and the zone of saturation.  

Photograph 3. Seepage zone of Tribelco Spring on a small 
tributary of Wambo Creek 

Photograph 4. Fallen canopy tree adjacent to Tribelco 
Spring exposing extremely shallow root architecture. 

Hydrology Geology and Geomorphology  

As indicated in the conceptual cross section shown in Figure 10, and local detail shown in Figure 11, spring 
seepage was noted in the river bank beneath a high point in the sandy alluvial plain.  This area was considered 
to be a location where the phreatic surface intercepts the lower slope of the creek bank and presents as a zone 
of major seepage located slightly above and adjacent to the main pool, and approximately 4m directly below the 
overlying highest point in the sandy rise. Hand augering and observations of the surrounding and underlying soils 
and geology suggested that this sandy rise consisted of an unconsolidated orange/brown, poorly sorted, fine to 
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medium quartz sand (likely Chinchilla Sands) with high storage and permeability properties. Finer grey silty-sand 
around the creek bank is indicative of more recent flood deposition. Hand augering through the sands (collapsing 
below the groundwater table) indicated an observed 400-500mm fall in SWL measured in hand auger bores, 
across a 6m transect perpendicular to the creek bank at the main pool.  This represents a steep hydraulic 
gradient, particularly for a sandy aquifer. 

It was observed that the groundwater source sand body is continuous for at least several kilometres based on 
field and air photo observations, and may be more continuous beneath the thin covering of more recent flood 
over-bank silt and clay. The sand deposits would likely receive significant direct rainfall recharge, as well as run-
off from the surrounding lower permeability silty clay flats during, and for some period after, heavy and prolonged 
rainfall. This would occur particularly at times of flooding where additional recharge gains may occur through 
connections to the Wambo Creek and tributary system.  It is considered that the total storage in the connected 
sand body is likely to be considerable and recharge would likely sustain seepage into the main pool and 
surrounding riparian features for extended periods. Anecdotal information obtained from the landholder suggests 
that historically the seepage has ceased only once (during an undisclosed period of extended drought), although 
moisture was still present at a shallow depth beneath the ground surface.   

At the time of the first survey (17 September 2016) the spring-fed stream was noted to be gently flowing in a 
south to northerly direction.  Some flow was noted to entering the main flow from recent rainfall, with a 
significantly higher flow rate exiting the pool. The largest pool at the discharge point is approximately 30m long 
and 20m wide.  It was estimated that based on the difference between the flow rate exiting compared with 
entering the pool that the overall seepage gain within the main pool was between 1 and 5 litres per second. 
During the 30 November site visit the pool had slightly receded, no flow was entering the main pool, and the 
exiting flow rate was visibly lower (estimated at <1 litre per second).  

 
Figure 10. Conceptual cross section of Tribelco Spring. 



!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

Tribelco Spring

0 0.1 0.2 0.3 0.4

Kilometers

¹

Scale Drawn By Date1:5,500

Client

DG A4

P. O. Box 959
Kenmore, Qld 4069
Mobile: 0447 8227 119
www.3denvironmental.com.au

3D Environmental
Vegetation Assessment 
& Mapping Specialists

05-Feb-17C
:\U

se
rs

\O
w

ne
r\D

oc
um

en
ts

\C
lie

nt
s\

B
A

A
M

\D
ra

gl
in

e\
3d

_G
D

E
_A

4P
_F

ig
_1

1_
Fe

b_
17

.m
xd

ARROW ENERGY

Legend
! Spring Localities

Chinchilla Sands

Groundwater Dependent
Riparian Vegetation

Cross Section Line

Figure 11. Local features surrounding
Tribelco's Spring

High point on sandy alluvial 
rise with groundwater storage

Groundwater
flow to spring



 44 

 

Water Chemistry 

Field water quality measurements collected during the 30 November survey are summarised below in Table 4 
with graphical representation provided in Figure 12.  

Table 4. Field water quality measurements from Tribelco Spring.  
 Shallow excavation in seepage 

zone  
Main pool 70m downstream 

Dissolved Oxygen (ppm) 0.72 0.18 2.25 

Conductivity (µs/cm) 151.7 237 246 

pH 5.36 5.88 6.75 

Redox (mV) 217 95 79 

Temp (oC) 24 27 29.4 

TDS (ppm) 97.1 151.7 157.4 

 

Figure 12. Trebilco seep, receiving pool and downstream field water quality characteristics. 

Notable observations from the field water quality data include: 

 pH, TDS/conductivity, and temperature increased with distance from the seep. 
 Redox declined with distance from the seep. 

All of the above observations support a fresh and slightly acidic groundwater source discharging to surface 
water. 

Dissolved oxygen (DO) at the seep was elevated above the DO in the receiving pool, but lower than 70m 
downstream.  Elevated DO at the seep may reflect some atmospheric mixing with seepage water during hand 
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excavation of the small sampling sump in the creek bank.  This was despite the sump being excavated some 
hours before the sample was collected and an adequate flow of seepage through the sump. 

A surface water sample was collected from a shallow excavation in the seepage zone, stored on ice and sent on 
the same day to a NATA-registered laboratory for a suite of analytical parameters selected to comply with the 
OGIA (2016) “springs suite” and assist in the characterisation.  Given the short half-life (3.824 days) for radon 
(222Rn), a separate water sample was collected and field-extracted into a mineral oil-based scintillant and 
dispatched directly by air freight to the Australian Nuclear Science and Technology Organisation (ANSTO) 
Laboratory at Lucas Heights.  The method followed for field extraction was the “PET” method developed by 
CSIRO (Leaney & Herczeg, 2006). 

Full laboratory reports (these are still in a preliminary status until Strontium isotope analyses are completed), 
Chain of Custody (COC) documentation, QA/QC reports, and calibration certificates are provided in Appendix H. 
It should be noted that not enough sample was available for the C14 isotope analyses due to the splitting of 
samples and dispatch to multiple labs, which was not foreseen by the lab until after samples had been received.  
Laboratory analyses summary tables comparing results of the Trebilco Spring (Sample ID:Spring 1) with other 
surface water samples collected, including Piper and Durov water chemistry plots and a summary of major water 
types, are provided in Tables 5 to 7. 

222Rn is a radioactive gas produced by the decay of radium (226Ra).  In groundwater, radon activity originates 
from 226Ra adsorbed on mineral surfaces in the aquifer with little contribution from dissolved 226Ra. Natural 222Rn 
is a very useful tracer because of its inert chemical behaviour, its elevated concentrations in groundwater, and its 
“lack of memory” (short half-life of 3.824 days).  222Rn has been successfully used for assessing the discharge of 
groundwater streams (Cook, 2003). 

The elevated presence (5.47 Becquerel/L (Bq/L)) of 222Rn in the Trebilco spring sample compared with all other 
surface water samples collected during the field survey confirmed a groundwater source. 

In addition, the dD and d18O values for Spring 1 are significantly lower than the other surface waters which could 
also indicate a groundwater influence due to low evaporative enrichment.  

It should be noted that rainfall in the area needs to be factored into the interpretation. Therefore the assumption 
for this investigation is that all surface waters received the same amount of rainfall (within the same events). 

As noted earlier in the report, significant rainfall occurred in the assessment area prior to both field visits and 
therefore the water chemistry results should be viewed as indicative of a wet period where the water chemistry 
characteristics of recent rainfall would likely significantly mask any contributions from groundwater sources.  The 
water sample collected from the spring site was the only sample collected by “intercepting” groundwater directly 
from a seepage zone prior to mixing with the surface water body. Further sampling from a number of sites during 
a monitoring period which captures a representative selection of dry to wet conditions would be required to more 
adequately characterise water quality trends and groundwater/surface water interactions. 
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Table 5. Water Chemistry Summary Table. 

Sub‐Matrix WATER WATER WATER WATER WATER WATER WATER WATER

Sample Name Broadwater 1 GDE 1 Spring 1 (Trebilco) Swamp 1 Bowenville 1 154 151 DUP

Analyte 29/11/2016 10:00 29/11/2016 13:30 30/11/2016 13:00 30/11/2016 14:30 1/12/2016 0:00 1/12/2016 0:00 1/12/2016 0:00 1/12/2016 0:00

Units Rep. LOR EB1628281‐001 EB1628281‐002 EB1628373‐001 EB1628373‐002 EB1628486‐001 EB1628486‐002 EB1628486‐003 EB1628486‐004

Total Dissolved Solids @180°C mg/L 10 3570 366 146 144 681 146 310 305

Total Dissolved Solids (Calc.) mg/L 1 251

Bromide mg/L 0.01 0.356 0.393 0.049 0.01 0.28 0.025 0.094 0.1

Iodide mg/L 0.01 <0.010 <0.010 <0.010 <0.010 <0.100 <0.010 <0.020 <0.020

Hydroxide Alkalinity as CaCO3 mg/L 1 <1 <1 <1 <1 <1 <1 <1 <1

Carbonate Alkalinity as CaCO3 mg/L 1 32 <1 <1 <1 <1 <1 <1 <1

Bicarbonate Alkalinity as CaCO3 mg/L 1 28 149 4 34 245 48 163 163

Total Alkalinity as CaCO3 mg/L 1 60 149 4 34 245 48 163 163

Sulfate as SO4 2‐ mg/L 1 18 9 9 2 18 <1 6

Chloride mg/L 1 73 110 30 11 211 21 76 79

Calcium mg/L 1 6 31 1 4 59 6 42 41

Magnesium mg/L 1 3 21 1 2 53 4 15 15

Sodium mg/L 1 70 69 21 13 96 21 58 58

Potassium mg/L 1 12 6 5 8 11 7 6 6

Fluoride mg/L 0.1 0.1 0.2 <0.1 <0.1 0.2 <0.1 2.2 2.2

Nitrite + Nitrate as N mg/L 0.01 0.02 <0.01 0.22 <0.01 <0.01 <0.01 0.02

Total Kjeldahl Nitrogen as N mg/L 0.1 5.7 1.3 1.7 2.1 0.6 1 7

Total Nitrogen as N mg/L 0.1 5.7 1.3 1.9 2.1 0.6 1 7

Total Phosphorus as P mg/L 0.01 1.19 0.21 0.12 0.27 0.16 0.05 0.69

Total Anions meq/L 0.01 3.82 6.31 1.13 0.99 11.3 1.55 5.55 5.63

Total Cations meq/L 0.01 3.9 6.43 1.17 1.13 11.8 1.72 6.01 5.96

Ionic Balance % 0.01 1.01 0.95 2.08 3.98 2.81

Dissolved Organic Carbon mg/L 1 10 27 2 23 6 16 18

Total Organic Carbon mg/L 1 11 25 <1 22 6 16 21

Radon 222 Bq/L 0.05 0.12 0.03 5.47 0.09 0.06 0.04 NA

C13 Isotope per mil VPDB 0.01 ‐7.27 ‐7.01 ‐17.27 ‐4.94 ‐8.65 ‐7.53 ‐9.89

C13 Isotope Average per mil VPDB 0.01 ‐7.05 ‐6.94 ‐17.43 ‐5 ‐8.41 ‐7.26 ‐9.68

C13 Isotope Duplicate per mil VPDB 0.01 ‐6.83 ‐6.88 ‐17.6 ‐5.05 ‐8.16 ‐6.98 ‐9.47

Deuterium VSMOW 0.1 44.88 ‐1.83 ‐35.79 34.53 3.46 33.28 11.65

Oxygen‐18 VSMOW 0.1 7.91 0.43 ‐5.93 7.18 1.22 8 1.75

87/86Sr 0.70706175 0.705176055 0.708862487 0.706974465 0.705001784 0.707965931 0.708142436

Sr ‐ 2se 0.000004 0.000002 0.000005 0.000004 0.000003 0.000003 0.000003

Sr ‐ 2sd 0.000040 0.000034 0.000065 0.000051 0.000029 0.000042 0.000035
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Table 6 Piper and Durov Water ChemistryPlots. 
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Table 7 Water chemistry major types. 

 

The above observations and data have resulted in a preliminary conceptual site model for the spring (illustrated 
in Figure 10) which suggests that: 

 Associated vegetation is groundwater dependent; 
 Groundwater discharging at the spring is likely to be sourced from the adjacent permeable alluvial sand 

body; 
 The mechanism for spring seepage is a steep hydraulic gradient from groundwater storage at a higher 

elevation, with the high point on the alluvial terrace immediately adjacent to the seepage site below;  
 The adjacent alluvial sand body is a substantial local feature;   
 Sources of recharge to the sand alluvium is likely to be direct rainfall recharge, as well as run-off from 

the surrounding lower permeability silty clay flats during, and for some period after, heavy and 
prolonged rainfall.  Recharge to the alluvium would be significant at times of flooding where additional 
recharge gains may occur through connections to the Wambo creek and tributary system; 

 Total groundwater storage in the connected sand body is likely to be considerable enough (on a local 
scale) for recharge to sustain seepage into the main pool and surrounding riparian features for extended 
periods. 

The alternative possibility for the source of groundwater at the spring is upward discharge of artesian 
groundwater from an underlying bedrock aquifer into the overlying alluvial sands.  Based on a review of CSG well 
completion reports and water bore logs it is considered likely that the shallowest underlying Surat Basin 
formation would be the Westbourne Formation.  While the possibility of some artesian contribution cannot 
currently be completely dismissed, it is considered unlikely due to the spring water chemistry (low salinity which 
is inconsistent with Westbourne and other underlying GAB formations, and isotopic signature), lack of artesian 
flowing bores and other artesian springs in this part of the Surat Basin, and anecdotal evidence for historical 
changes in discharge rates. 
 
Nearby GDE features 

Other surrounding features of note in the Wambo Creek area, as shown on Figure 13, visited and described 
during the field survey (see Appendix D) included: 

A shallow wetland (site 911) approximately one kilometre to the north of the spring, with discharge from the 
nearby Chinchilla Sand body sustaining a broad flat swampy wetland perched above a hard clay pan.  Hand 
auguring confirmed the presence of the clay base to the wetland and a groundwater sample was collected for 
additional characterisation. 

A “water table window pool” (site 910) was located approximately 2.5 kilometres to the south east of the spring.  
This pool was isolated from the nearby Wambo Creek channel and fringed by a well-developed open forest of 
Angophora floribunda and scattered Eucalyptus tereticornis in excellent health.  The water level in the pool was 
approximately 2 m below the surrounding flood plain. Water was noted to be considerably clearer and deeper 

Sample Name HCO3‐ SO42‐ Cl Ca Mg  Na K Major water type

Broadwater 1 0.46 0.38 2.09 0.30 0.25 3.04 0.31 Na‐Cl

GDE 1 2.44 0.19 3.14 1.55 1.75 3.00 0.15 Na‐Cl

Spring 1 0.07 0.19 0.86 0.05 0.08 0.91 0.13 Na‐Cl

Swamp 1 0.56 0.04 0.31 0.20 0.17 0.57 0.21 Na‐HCO3‐

Bowenville 1 4.02 0.38 6.03 2.95 4.42 4.17 0.28 Mg‐Cl

154 0.79 0.01 0.60 0.30 0.33 0.91 0.18 Na‐HCO3‐

151 2.67 0.13 2.17 2.10 1.25 2.52 0.15 Na‐HCO3‐
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than water in surrounding pools and overland flow paths, and fish visible (possibly boney bream) suggesting the 
pool may have been sustained by a more permanent source of groundwater.  Hand augering confirmed the 
presence of a deep sandy horizon overlying a sandy clay at a depth of 2.3mbgl, likely representing the base of 
the pond.  

Very few groundwater bores were present in the area.  Based on a review of DNRM Groundwater Bore Database 
information, those that existed typically tapped deeper GAB formations (Walloon Coal Measures and the 
Springbok Sandstones). Several shallower bores interpreted to have been drilled into and were tapping the 
Wambo Creek alluvium, and/or which had lithologies and standing water levels (RN# 16137, 61171, 119871, 
160252, 42230193) were identified and can be summarised as follows: 

 The drilled depths ranged from 12-17.7mbgl. 
 Geology encountered included assorted clays, sands and gravels, 
 Historical standing water levels ranged from 8.5 to 12.8mbgl.  

 
These results and field observations of the geological and geomorphic setting suggest that the Wambo Creek 
alluvial system is a relatively broad but shallow assemblage of alluvium types associated with deposition of the 
current and former creek channels, possibly overprinted on an older (Tertiary) alluvium of Chinchilla Sands or 
equivalents.  The Wambo Creek alluvium most resembles Type 1 Shallow GDE System depicted in Figure 14 
discussed later in this section. 
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3.2.2  Wambo Spring 

Access to this spring was requested but not granted by the landholder during the field assessment.  Spring 
complex 584 (Wambo Creek) is located to the west of the project development area and consists of several 
spring vents and seep areas. The springs emerge from the western bank of Wambo Creek. Previous field and 
desktop surveys suggested that the spring vent is sourced from a local flow system through sediments (shallow 
alluvial sediments or Orallo Formation) at outcrop, rather than discharge from deeper underlying GAB formations 
(KCB, 2012). This assessment was based on the following: 

 Low salinity (231 μS/cm) which is inconsistent with Surat Basin aquifers; 
 Anecdotal evidence that the vent reacts to climatic patterns, which is inconsistent with a deeper 

confined artesian aquifer source. 
 Dominant groundwater age of modern water, which is inconsistent with a deeper confined artesian 

aquifer source. 
 Possible anthropogenic influence on groundwater with elevated nitrate levels above background, a 

common indicator of impact from agricultural activity on local scale flow systems. 
 Lack of artesian aquifers in the upper GAB formations in the area. 

 
We consider that the source is unlikely to be the Orallo formation, which does not outcrop in the area.  The 
shallow geology of the area includes alluvium (Chinchilla Sands and recent alluvium associated with Wambo 
Creek) directly overlying the Westbourne Formation.   
 
Spring complex 584 was assessed during the Queensland Herbarium and KCB 2011 field surveys, and has been 
assigned a conservation ranking of 3, noting that no EPBC listed communities or EPBC / NCA listed species 
were identified at the site by the Queensland Herbarium. Spring Complex 584 has been assigned to QGC as the 
responsible tenure holder under the UWIR. 

3.2.3  Bowenville Spring 

The Bowenville Spring site (Listed Spring Complex 585) located off tenement (approximately 15km to the east) is 
the closest listed spring site to Arrow’s tenements. This site is considered likely to be a watercourse spring 
(Oakey Creek) associated with underlying Main Range basalts, and could also represent a source of recharge to 
the Condamine Alluvium (as per Lane 1979) or Walloon Coal Measures (see below).  

Vegetation 

The vegetation associated with the site is formed by an open forest dominated by river red gum (Eucalyptus 
camaldulensis) with a thick shrub layer of river myall (Acacia stenophylla). Ground layers are mostly native, 
comprising aquatic sedges Baumea rubignosa, Carex appressa, Juncus continuus, Cyperus sp., and thickets of 
Panicum decompositum on the creek margins. Although demonstrating good health, the vegetation has been 
reduced to a narrow margin directly adjacent to the drainage channel of Oakey Creek.  

Hydrology, Hydrogeology and Geomorphology 

Oakey Creek at the Bowenville Reserve was flowing off an elevated and gently undulating weathered basalt 
plateau above the Condamine Floodplain. During the field survey water was noted to be clearer and flowing at a 
significantly greater rate than the nearby reaches of the Condamine River.  It should be noted that Oakey Creek 
receives treated effluent from the Toowoomba Sewage Treatment plant. There was no clear evidence for 
groundwater contributions within the surface water quality sampling results (Tables 5-7). 
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Photograph 5. Riparian vegetation associated with Oakey 
Creek in the vicinity of Bowenville Spring. 

 
 
 

 

 

 

 

 

 

 
 

  
The basalt geology (Main Range Volcanics) was confirmed through a review of drilling logs from nearby 
groundwater bores, soil observations and observations of outcrop at a nearby quarry. Drilling logs (eg RN#87486 
& 87935) suggests that the volcanics (and possibly alluvium) overly the Walloon Coal Measures at relatively 
shallow depths (coal recorded at 27m in RN#87935).  Historical standing water levels ranged from 13.7 to 
17.6mbgl. High flow rates (10 litres per second) recorded on drilling logs during testing of the Walloon Coal 
Measures bores indicates that the underlying coal measures may be highly permeable.  If high basalt/WCM 
connectivity exists, this area of contact may represent a recharge area for the Walloon Coal Measures.  

3.3 Potential Subsurface (Terrestrial Vegetation) GDEs Identified 
The definition of a Subsurface GDE (previously described in Section 1.5) includes all vegetation that either 
permanently or seasonally utilises groundwater to satisfy its water requirements. The primary considerations in 
determining potential for groundwater usage of plants are: 

1. Depth to groundwater with DNRM (2013) considering 20mbgl as the general threshold depth below 
which tree roots / groundwater interaction is unlikely to occur.  

2. Rooting depth and architecture, or the ability of plants to tap deep water sources based largely on 
vegetation composition or regional ecosystem. 

3. Site history including prior alterations to the groundwater table. 

Potential subsurface GDEs identified in the SGP study during this assessment are: 
1. The Condamine River and other mature vegetation associated with the CRA . 
2. Numerous streams across the broader study area are considered likely to meet the definition of a 

Subsurface (or Terrestrial Vegetation) GDE. These streams, including smaller tributaries of the 
Condamine River comprise riparian corridor GDE vegetation which is localised to the immediate vicinity 
of the stream channel and associated alluvium.  These included significant reaches of the following 
waterways and their tributary systems:  

c. Wilkie Creek 
d. Wambo Creek 
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e. Kogan Creek 
f. Braemar Creek 
g. Dogwood Creek 

3. Long Swamp. 
4. Lake Broadwater  

Characteristic features, trends and condition of these features are identified in the following sections and 
confirmed during site inspection at various locations (see previous Table 3). Pictorial ecological/ hydrogeological 
conceptualisations of the interpreted major sub-surface GDE types encountered during the survey are shown in 
Figure 14 which includes: 

1. Shallow alluvial GDE systems. 
2. Bedrock alluvial GDE systems. 
3. Deep alluvial GDE systems. 
4. Shallow drainage sub-surface GDE system. 
5. Volcanics subsurface GDE system. 

A summary of field survey data gathered for GDEs throughout the assessment is provided in Appendix F with 
the location of field survey sites shown in Figure 15.  
 
It should be noted that in the 5 GDE Risk areas (see Figure 1), alluvial systems are relatively poorly developed 
and associated groundwater tables would be localised shallow alluvium systems and bedrock alluvium systems 
(see cross section 1 and cross section 2 below). 
 
Figure 14. GDE systems identified in the assessment area.  
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3.3.1 Condamine River and associated CRA 

Shallow Geology and Hydrogeology of the Condamine River Alluvium 
This report does not intend to reproduce, as context, the large amount of hydrogeological conceptualisation 
previously undertaken by others.  Much of this previous work is summarised in OGIA (2016a & b), Coffey (2012, 
2013), CDM Smith (2016), and Dafny and Silburne (2013). The focus of information presented here is specifically 
on features and processes relevant to assessing groundwater/surface water interactions and potentially 
dependent ecosystems in the Arrow study area. 

The Condamine Plain is an extensive area of fertile alluvium subject to intensive agricultural activity reliant on 
groundwater extraction. Historical reports suggest that property homesteads along the Condamine Plain pumped 
groundwater for domestic use as far back as 1946, from depths shallower than 10 mbgl. The Condamine Plain is 
known to be a heterogeneous alluvial formation with hydraulic properties that are spatially and vertically variable 
(Dafny and Silburne 2013). The CRA aquifer is typically conceptualised and modelled as a single vertically and 
laterally continuous and connected aquifer. Shallower “perched” aquifers which are located higher in the CRA 
geological profile than the regional CRA aquifer are known to occur. This further complicates the assessment 
and interpretation of groundwater level data. 

However, analysis of baseline bore data in the vicinity of visited potential GDE areas within Arrow tenements 
indicates the presence of a relatively consistent sandy horizon sitting below the upper layer of heavy clays at 
depths of typically between 7 and 12 mbgl (most likely aligned to ‘Layer A’ in Barnett and Muller (2008), with a 
deeper coarse sandy horizon occurring from depths of around 18m. The upper sandy horizons are considered 
relatively permeable and would function as aquifers which have historically been heavily exploited for their 
groundwater resources. 

The Condamine River is considered a major source of low salinity groundwater recharge to the Condamine 
alluvial aquifer, although the rate of recharge is dependent on lithology. Higher recharge rates occur along sandy 
river banks than along clayey ones, and the occurrence of sandy sediments near the surface correlate to areas 
where groundwater recharge to underlying alluvial aquifers is likely to be substantial (Dafny and Silburne 2013). 
It is noted during the field survey that the depth of incision from the high bank of the Condamine River to water 
level was consistently in the range of 7 – 9mbgl, corresponding with the general position of the upper sandy 
horizon (Layer A) in the Condamine alluvium. Hence, it is highly probable that the Condamine River contributes 
significantly to seasonal recharge of this shallow aquifer, particularly during high flow events when recharge 
would be greatest (Lane, 1979). Percolation of river water down to sandy interbeds at lower stratigraphic levels is 
also highly probable. 

Mapping of Vegetation in Relation to SWL thresholds  
Two thresholds critical to the assessment of groundwater dependence of vegetation associated with the CRA 
(both present and past) were described in in Section 1.3.4 being: 

 SWL falling below 12mbgl as an upper threshold below which vegetation impacts might be initiated. 
 SWL falling below 18mgbl where vegetation impacts are imminent or are occurring. 

Hence critical to the assessment of groundwater dependence is an analysis of SWLs (both current and historical 
level) to determine the likelihood that tree roots intersect the groundwater table.  SWLs for landholder boreholes 
within the area of the CRA are shown in Figure 16, which also includes SWLs derived from Arrow’s landholder 
bore baseline assessments from selected properties.  
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Based on this information, in conjunction with detailed vegetation mapping completed as a component of the 
SREIS (3d Environmental 2013), Sub-surface GDE status maps were produced over areas of the CRA within 
Arrow’s tenements to indicate the status of vegetation with respect to groundwater threshold levels. This 
information is spatially represented in Figure 17 whilst Figure 18 presents mapping of vegetation on the CRA 
that falls outside tenement areas as well as several smaller streams and tributaries in tenement areas that are 
not associated with the CRA. These minor streams and catchments are discussed further in Section 3.3.2. Rules 
applied during the mapping process are shown in Table 8 for those regional ecosystems associated with the 
CRA. Regional ecosystems that were considered unlikely to be GDEs, particularly those dominated by Ironbark, 
have not been considered in the mapping assessment as they are not associated with the CRA.  

Additional Uncertainty Regarding Tree Rooting Depth and Response 
It should also be noted that historically prior to broad-scale groundwater extraction, the Condamine Alluvium, 
would have presented a relatively consistent, stable and well defined SWL with an upper surface at around 10m -
15m maximum groundwater depth (based on historical groundwater bore SWLs and current SWLs in low 
groundwater extraction areas). This would have set the rooting depth of trees on the upper alluvial terrace at 
around this level, with no impetus for trees to push roots below the zone of permanent saturation as tree root 
growth is generally arrested in the zone between the capillary fringe and saturated zone (Eamus el al 2006). 
Trees that have matured during periods of high water availability may be less tolerant of water stress than those 
which have survived water deficit as they were growing, indicating a limit to further adaptation in older trees 
(Kozlowski and Pallardy 2002). Hence mature trees may be particularly prone to the impacts of groundwater 
drawdown due to an inability to adapt. The capacity of trees to adapt to a falling water table is also influenced 
heavily by soil type. Heavy clay is highly resistant to root penetration due the tightness of the grain and 
compaction which increases with depth. Alternatively, coarse sands or gravels dry very rapidly and there is 
considerable risk of a hydraulic disconnect developing between root matter and a retreating groundwater table. 
Roots will not be able to respond with downward growth if water has evacuated soil pore spaces and in very 
coarse sand or gravel, the capillary fringe might only be a few centimetres above the saturated zone. 

For Regional Ecosystem 11.3.25, assessment is influenced by topographic position within confines of the river 
channel incision, generally sitting at seven to nine metres below the level of the broader floodplain where the 
majority of groundwater bores are located meaning rooting zones are generally closer to groundwater table than 
other ecosystems. It does not consider the general maturity of the trees in this ecosystem and their potential 
inability to respond to rapidly falling water tables through increased root growth (see Section 1.3.3). 

Table 8. Likelihood of groundwater dependency for regional ecosystems associated with the Condamine River 
and associated CRA.  

Regional Ecosystem Depth to Groundwater (SWL in mbgl) 
<12 >12 to <18 >18 

11.3.2 Groundwater Interaction 
Likely 

Groundwater Interaction 
Possible (Threshold Zone) 

Groundwater Interaction 
Unlikely 

11.3.3 Groundwater Interaction 
Likely 

Groundwater Interaction 
Possible (Threshold Zone) 

Groundwater Interaction 
Unlikely 

11.3.4 Groundwater Interaction 
Likely 

Groundwater Interaction 
Possible (Threshold Zone) 

Groundwater Interaction 
Unlikely 

11.3.14 Groundwater Interaction 
Likely 

Groundwater Interaction 
Possible (Threshold Zone) 

Groundwater Interaction 
Unlikely 

11.3.17 Groundwater Interaction 
Likely 

Groundwater Interaction 
Possible (Threshold Zone) 

Groundwater Interaction 
Unlikely 

11.3.25 Groundwater Interaction 
Likely 

Groundwater Interaction 
Likely 

Groundwater Interaction 
Possible (Threshold Zone) 

11.3.27 Groundwater Interaction 
Likely 

Groundwater Interaction 
Possible (Threshold Zone) 

Groundwater Interaction 
Unlikely 
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Historical Trends in SWL 
Well baseline assessments completed by Arrow Energy provided critical information to allow assessment of 
historical trends in groundwater table movement, and assist interpretation of trends in vegetation response and 
condition. SWL hydrographs (Figure 19) over the period from bore drilling to recent Arrow baseline assessment 
for the majority of CRA groundwater bores assessed as part of this program indicates a clear background decline 
in groundwater levels.  This declining trend is most likely due mostly to groundwater abstraction as well as 
harvesting of surface water and overland flow (reduction in natural recharge rates). This has resulted in a general 
fall in SWLs across most of the study area to below the lower root depth threshold zone where severe decline in 
vegetation condition would be expected. These findings are consistent with those of Kath et al (2014), Reardon 
Smith (2011) and Dafny and Silburne (2014) which all identify significant declines in groundwater levels across 
the CRA prior to CSG activities.   

The one hydrograph that does not show a declining trend is possibly related to an error with respect to 
measurement or recording the original SWL measured during drilling (or an error in the recent baseline 
measurement).  The DNRM Groundwater Database has been noted to contain some unverified and erroneous 
data.  Another possibility is that the first SWL was measured after or during pumping. 

It is noted that heaviest drawdown in the CRA aquifer occurs well to the east of the Condamine River, mostly 
outside of Arrow’s tenements, with groundwater table lower by approximately 25mbgl compared with the un-
exploited period (Daphy and Silburn, 2013). Drawdown in the vicinity of Arrows operations is by comparison 
much more moderate. This moderation in drawdown is due to lower levels of groundwater extraction in the 
thinning western edge of the Condamine Alluvium. As an example, several wells (eg RN 24332, 30670) in the 
vicinity of Long Swamp had SWLs measured around 15mgbl below ground survface in the 1960s and current 
water levels show relatively minimal change (SWL of 16 to 18mbgl) when compared with drawdown trends 
elsewhere in the CRA. DNRM monitoring bore 42230155 located in Long Swamp has recorded a clear but 
relatively modest decline in SWL from 16.01mbgl in 1965 to 18.68mbgl in Jan 2017.  It is therefore surmised that 
the declining trends noted in CRA groundwater levels may be more pronounced further east towards the CRA 
depocentre. 

It is likely that declines in SWL have ‘disconnected’ deep rooted riparian vegetation from the groundwater table 
along some, or possibly large areas of the Condamine River and its associated alluvium, leading to declines in 
the health of associated riparian vegetation (see section below). This scenario is indicated in Figure 20.  

Vegetation Condition 
It is acknowledged that most of the potential GDE vegetation assessed is located on riparian corridors and 
floodplains associated with ephemeral systems with significant seasonal variability in surface and groundwater 
availability.  This will result in some natural level of vegetation stress and variability in condition. Vegetation 
condition is variable along the length of the Condamine River, influenced in part by associated land management 
and also by topographic position. A few general observations are noted below: 

1. Vegetation associated with the upper flood terrace, sitting typically at 7 – 9mbgl above the level of the 
river incision is typically heavily degraded with loss of foliage and a large proportion of senescing trees.  

2. Vegetation within the confines of the channel incisions (typically RE11.3.25 dominated by river red gum) 
typically demonstrated better condition, due to potential for these habitats to access water proximal to 
surface pools. There is still considerable evidence of canopy senescence in mature trees which may be 
influenced by a number of factors including historic groundwater drawdown and changes to surface flow 
regimes.  

3. Where riparian vegetation intersects shallow groundwater tables above the upper threshold level (ie 
<12m SWL), condition of mature canopy trees tends to improve. Deeper rooted vegetation in these 
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areas displayed increased foliage cover and a reduced proportion of senescing canopy trees. Field 
inspected GDE sites GDE4, GDE1 and GDE2 all demonstrate riparian vegetation in good to moderate 
condition.  

In some reaches, typically towards the Condamine Alluvium central areas where the alluvium thickens and non-
CSG groundwater extraction activities are more intensive, GDE vegetation was typically stressed away from the 
immediate river channel and permanent or deeper pools.  In these areas, the root architecture of trees along the 
river channel seemed to be laterally spreading for harvesting of shallow groundwater in the capillary zone around 
the channel and pools, a typical feature of Eucalyptus camaldulensis described by Mensforth (1994). Vegetation 
above and set back away from the river channel on the flood plain terraces typically showed signs of stress. An 
example of this was GDE 3 located in a conservation reserve where 50% of the mature remnant vegetation on 
the flood plain terraces were heavily stressed or dead, while vegetation within the river channel showed some 
signs of stress but was largely intact. 

Within the south-western margins of the Condamine River Floodplain, the alluvium forms an increasingly shallow 
wedge over the underlying up-dipping consolidated Jurassic bedrock and ultimately pinches out against the low 
colluvium covered slopes of the Springbok Sandstone and Westbourne formations.  At some locations (eg 
GDE1) where the current channel of the Condamine River meanders close to the thinning alluvium “pinch-out” 
and overlies relatively shallow Condamine alluvium, or incises through to underlying bedrock, there is minimal 
extraction of groundwater from the Condamine alluvium (sequence is too thin for high extraction rates), and GDE 
vegetation appears to be healthy.  Riparian GDE vegetation was also noted to be in good health south of 
Chinchilla where the alluvium thins and consequently there is minimal extraction of groundwater and there is a 
permanent back up of surface water in the Condamine River above the Chinchilla Weir (as at site GDE4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 19. Hydrographs produced from historical and recent Arrow baseline bore assessments shows declines 
in SWL relative to vegetation response thresholds. 
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Figure 20. Scenario for loss of connectivity between deep rooted riparian vegetation and groundwater. 

Photograph 6. Degraded floodplain vegetation (RE11.3.2) 
on the upper floodplain terrace at site GDE3 with evidence 
of senescence (SWL 19.8mbgl).  

  Photograph 7. River red gum on the banks of the 
Condamine River at GDE5 showing signs of stress with 
foliage loss (SWL 13.2 mbgl).  



64 

 

  

 
Photograph 8. Riparian vegetation in good condition at 
GDE 4 (SWL at 8.6mbgl) 

  Photograph 9. Riparian vegetation in good condition at 
GDE 1 (SWL at  5.6mbgl). 

3.3.2 Watercourses and drainage lines not associated with CRA  

Numerous watercourses and ephemeral streams intersect the SGP assessment area which all have potential to 
host shallow groundwater tables associated with disconnected alluvial deposits. The extent of these 
watercourses in the study area has previously been shown in Figure 18 which is derived from GDE risk mapping 
produced by DSITIA (2015). General characteristics of the major streams are described briefly below. Similar to 
those within the CRA, regional ecosystems that are likely to represent GDEs in these ephemeral watercourses 
include REs 11.3.14, 11.3.4 and 11.3.25.  

Wambo Creek 
Vegetation: Riparian vegetation associated with Wambo Creek is typically formed by a broad, well-developed 
fringe of open forest dominated by rough-barked apple (RE11.3.14) with riparian forest of red gum (RE11.3.25) 
on the immediate stream channels and lower terraces. Ground covers generally comprise native grasses.  

Geology and Hydrology: The creek in this locality is incised into a relatively broad flat of clayey river alluvium 
with lenses of sand forming low surface rises across the floodplain surface, and occasional deeper sandy profiles 
adjacent to the creek margins. The features of Wambo Creek within Arrow tenements have been previously 
described in Section 3.2.2 (Figures 11 and 13) with the associated Tribelco Spring and other features noted in 
the vicinity. Some examples of these features are shown in the photographs below.  

  
Photograph 10. Permanent lagoon identified as an 
expression of a shallow groundwater table. 

Photograph 11. Riparian vegetation on Wambo Creek 
representing a healthy example of a Subsurface 
(Vegetation) GDE.  
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Wilkie Creek, Braemar Creek, Kogan, Dogwood Creek and associated tributaries of the Condamine River 
Vegetation: Vegetation on these streams varies in response to local geomorphology although is most typically 
dominated by red gum on the stream margins (RE11.3.25) variably fringed by open forest of poplar box 
(RE11.3.2), rough barked apple and smooth barked apple (RE11.3.14) on localised channel overflows. Ground 
covers generally comprise native grasses.  

Geology and Hydrology: In the Arrow Energy tenement study areas, most of the tributary systems typically 
meander through the low colluvial slopes of the Westbourne and Springbok Sandstone Formations before 
flowing out onto the southern margins of the Condamine River floodplain.  Outside of the CRA a lack of 
groundwater dependent vegetation away from the immediate riparian corridor suggests an absence of shallow 
permanent soil moisture and alluvium-hosted groundwater.  

Except for a considerable length of Wilkie Creek which is associated with the CRA, these tributary streams are 
variably incised into weathered sediments of the Kumbarilla Beds with thin discontinuous deposits of associated 
riverine alluvium. This alluvium will seasonally host groundwater and associated riparian vegetation and warrant 
recognition as subsurface (terrestrial vegetation) GDEs. As previously shown in Figure 14, aquifers that support 
“Shallow” and “Bedrock GDE” types are considered to be typically poorly connected hydraulically to the 
underlying Jurassic aquifers which may be subject to depressurisation during CSG production. In most cases 
these ecosystems are considered to be dependent on an aquifer hosted in the unconsolidated alluvium rather 
than the underlying bedrock.  

 In many cases underlying bedrock was noted to form a low permeability base to pools which were noted from air 
photos to hold water for extended periods.  Deeper GAB aquifer standing water levels are typically well below the 
base of the alluvium.  Any connection is likely to be associated with a deep “wetting front” where, in areas of 
reasonable bedrock permeability, the shallow “losing” alluvial systems can provide an important source of 
downward percolating recharge water to underling GAB formations. 

  
Photograph 12. Upper Wilkie Creek with associated narrow 
band of sandy alluvium (SWL at 8.6mbgl) 

Photograph 13. Channel overflow on Dogwood Creek (Site 
154) with narrow band of alluvium, incised into Springbok 
SSt 

3.3.3 Long Swamp 

Long Swamp is a sinuous hydrological feature (overland flow path) that flows across the Condamine Alluvium in 
a north-westerly direction to the east and north of Lake Broadwater, before joining with Wilkie Creek to the west. 
The feature occupies a broad depression with the central portion formed by heavy clay. Surface water is present 
seasonally and following dry spells, the associated vertosol soils form deep hummocks and cracks. There was no 
flow, nor significant pooled water within Long swamp during the field visits, despite heavy recent rains.  These 





















































































































































































































































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attachment 3: Hydrographs 
 



 

 

Hydrograph reference table 

Bore ID Monitored aquifer Depth to SWL1 (m) Comment 

DRNM GW 
DB 

Hydrograph 

RN160193A Springbok Sandstone  14.3 

Up to 20m fluctuation in recorded water levels. Springbok Sandstone reported in bore report as 
being present from 367-379m below ground surface, overlain by Orallo Formation, 
Gubberamunda Sandstone and a thick sequence of Westbourne Formation indicating this bore 
does not represent the watertable aquifer in this area. 

RN160194A Springbok Sandstone 2.57 3.7 

Hydrograph indicates seasonal variability typically around 2-4m. Water level data indicates a 
confined, artesian system when affected by pumping therefore the Springbok Sandstone in this 
area does not represent the watertable aquifer. This is supported by the bore report stratigraphy 
which indicates overlying Orallo Formation, Gubberamunda Sandstone and Westbourne 
Formation to a depth of 322m below ground level.  

RN160348 
(Kedron-570) Springbok Sandstone - 29.8 Stable groundwater levels over monitoring period from 2012-2016. 

Kedron 572 Springbok Sandstone  12.4 Seasonal fluctuation in the order of 2 m over monitoring record commencing 2015. 

RN160349 
(Daandine 124) Springbok Sandstone 21.2 21.6 Relatively stable groundwater levels over longer-term. Fluctuation in the order of 0.1-0.2m. Step 

change in level in recent record likely to be data error rather than representative of actual levels.  

RN160518A Gubberamunda 
Sandstone 35.07 32.6 Significant seasonal fluctuation (>1m) and longer term declining trend from start of monitoring 

record to mid-2014, followed by a steady increase in levels.  

RN160519A Springbok Sandstone 8.26 8 
Bore screening confined Springbok Sandstone at a depth of 240-261m with overlying 
Gubberamunda Sandstone and Westbourne Formation (125m thick sequence of Westbourne). 
Muted seasonal fluctuation apparent in hydrograph. 

RN160521 (Poppy 
GW2) Springbok Sandstone 51.54 51.4 

Typical groundwater level fluctuations of around 0.1m. Slight increase in levels over longer-term 
trend. Borehole screened at base on Springbok from 172-177m below ground surface. 
Springbok Sandstone reported in bore report from 74.4-178.3m therefore not considered to 
represent watertable aquifer at this location.  

RN160526A Springbok Sandstone 6.48 1.7 
Significant seasonal variability (>10 m) in confined Springbok Sandstone aquifer. Borehole 
screened from 160-173m below ground surface with Westbourne Formation present from 30-
67.6m below ground surface, overlain by Gubberamunda Sandstone. 

RN160541 Gubberamunda 
Sandstone - 55.2 Relatively stable longer-term groundwater level record with fluctuation in the order of 0.1-0.2m.  



 

 

Bore ID Monitored aquifer Depth to SWL1 (m) Comment 

DRNM GW 
DB 

Hydrograph 

RN160547A Springbok Sandstone 42.09 41.4 

Slight increasing longer-term trend in levels from 2014-2016 with step change in mid-2016. 
Unclear whether this is a result of external influences (i.e. pumping) or a logger error. Slight 
declining trend observed from the start of 2016. Screened/open hole from 54-65m below ground 
surface therefore across Gubberamunda, Westbourne and Springbok. 

RN160554A Gubberamunda 
Sandstone 80.3 79.6 Muted seasonal response. Slight decreasing trend overall however monitoring record is limited 

(~2 years) to properly assess longer-term trends.  

RN160628A Gubberamunda 
Sandstone 45.63 45.1 

Clear declining trend in water levels from start of monitoring record in mid-2011. Water levels 
have steadily fallen by around 2m, with limited seasonal fluctuation. Bore report indicates thick 
sequence of Orallo Formation (0-222m below ground) with this borehole screening (open hole) 
deeper Gubberamunda Sandstone (359.15-389.45m).  

RN160638F Springbok Sandstone 35.83 43.2 Confined system. Significant fluctuation over a number of years.  

RN160639A Gubberamunda 
Sandstone - 42.5 Hydrograph influenced by step changes in data – not likely to be real. Slight overall increase in 

groundwater levels in overall trend when data interference removed.   

RN160670A Springbok Sandstone 37.79 37.3 Slight overall decline in groundwater levels.  

RN160677E Walloon Coal 
Measures - -14.0 Bore screens a deep, confined system and artesian conditions are indicated. Decline of around 

30 m in borehole pressure since commencement of monitoring in 2014. 

RN160685  
(Ruby Jo GW2) Springbok Sandstone - 55.3 Minor fluctuations in water level record since 2014 (~0.1m) with step-change at the start of 2015 

considered to be a data error. 

RN160687D Springbok Sandstone 42.62 27.1 Shows some seasonal fluctuation (~0.4m) and short-term variability in the order of 0.1-0.2m.  

RN160693A Springbok Sandstone 24.94 24 Relatively stable longer-term record. Short-term variability in the order of 0.1-0.2m. 

RN160696A Gubberamunda 
Sandstone  93.7 Longer-term variability of around 1.0m and short-term fluctuations of around 0.1-0.2m. 

RN160699 
(Hopeland 17) Springbok Sandstone - 14.9 Relatively stable long-term record. Some shorter term variability of 0.5-1.0m. Confined system 

with 170m of Westbourne Formation overlying Springbok Sandstone. 

RN160704A Gubberamunda 
Sandstone  62.9 Seasonal fluctuation in the order of 0.5m and shorter-term variability of around 0.1m. Appears 

the datum reference was re-set at the start of 2015. 

RN160705A Gubberamunda 
Sandstone  52.1 Water level fluctuation in the order of 1.0-2.0m.  



 

 

Bore ID Monitored aquifer Depth to SWL1 (m) Comment 

DRNM GW 
DB 

Hydrograph 

RN160728A Springbok Sandstone 72.14 71.3 Relatively stable longer-term record with slight decreasing trend. Shorter-term variability in the 
order of 0.1-0.2m.  

RN160811A Gubberamunda 
Sandstone 23.91 23.9 Relatively stable longer-term record. Shorter-term variability in the order of 0.1m. Appears the 

datum reference was re-set part way through the monitoring reocrd. 

RN160812A Springbok Sandstone - 44.5 Relatively stable longer-term record. Shorter-term variability in the order of 0.1m. Response to 
pumping events apparent. 

RN160941 
(Glenburnie-18) Springbok Sandstone - 43.9 Confined Springbok system due to overlying Westbourne Formation. Slightly decreasing water 

level trend.  

RN123130A Orallo Formation  34.1 Watertable aquifer. Fluctuation of around 2m over <6 months. 

RN42230088A Condamine Alluvium 19.22 18 
Significant decline in groundwater levels over monitoring period. Levels have dropped from 
around 10m below ground in 1967 to around 18.5m in current monitoring data. Slight water level 
recovery noted in more recent data. 

RN42230159 Condamine Alluvium  20.7 Watertable aquifer. Seasonal fluctuation in the order of 2 m. 

RN42230210A Condamine Alluvium 11.12 10.8 Significant fluctuation in water level and overall long-term decline of around 3m from 1967 to 
2010. Recovery to resembling 1967 records in monitoring data since 2014. 

RN41620043A Springbok Sandstone - 13.9 Water level fluctuations in the order of 1 to 1.5m. Likely seasonal response to 
pumping/extraction.  

RN42231411A Condamine Alluvium - 17.8 
Fluctuation in water level and overall long-term decline of around 1.5m from 1990 to 2010. 
Current monitoring data indicates recovery above 1990 levels, indicating drawdown impact to 
aquifer prior to the commencement of monitoring at this location. 

RN42230153A Condamine Alluvium - 20.8 Watertable aquifer. 3 to 4 m seasonal fluctuation in groundwater levels. Overall declining trend 
since commencement of monitoring in 2013. 

RN42231370 Condamine Alluvium - 38.5 Watertable aquifer. 1.5 to 4 m seasonal fluctuation in groundwater levels. 

Daandine 161 Condamine Alluvium - 15.0 Watertable aquifer. Highly variable groundwater elevation. Seasonal fluctuation in the order of 4 
to 5 m and overall declining trend of 1 to 2 m since 2013. 

Macalister 7 Condamine Alluvium - 30.1 Watertable aquifer. 1.2 m fluctuation in groundwater level observed over relatively short and 
recent monitoring period (commenced in August 2017). 

1: Depth to water table data sourced from either the DNRM groundwater database, UWIR monitoring bore hydrographs (available on Queensland Globe – CSG add in) or Arrow monitoring 
hydrographs. In some cases where data was reported as groundwater elevation only, the depth to groundwater has been approximated using an estimate of natural surface elevation.  
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