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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 GDESs 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 (DESs) that will be considered when addressing
Conditions 13c and 13p, where assessment of potential impact will be based on groundwater
modelling predictions, are therefore:

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

o 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).

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

e Aguatic 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:

¢ |dentification of potential GDE landscapes.
o Use of modelling to predict areas of potential impact.

e 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:

e Review and confirmation of potential non-spring GDESs reported in the SGP SREIS.

o 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:

e Current and historical groundwater level fluctuations in the watertable.

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

e Likely ecosystem water sources.
e 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:

e Springbok Sandstone: < 0.06 m / year (refer hydrographs HH_1, 1J_1, JK_1, VW_1, WX_1 and
U131_1).

e 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).

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

o 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.

e 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:

e Cumulative impact assessment.

e 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 GDESs (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

6
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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.

e 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:

e 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.

e 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:

e 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.

e 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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e The assessment and management of potential impact to springs (including watercourse springs)
being administered under the Surat CMA UWIR.

e 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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2008

2012

2013

2014

2015

2016

2017

+ CSIRO Connectivity mapping (2008)

+ EIS submitted to Government

» BoM GDE Atlas released

» QH and KCB Springs Studies

» 2012 Surat CMA UWIR takes effect

+ |IESC advice

« SREIS submitted

+ GDE risk area identification (AGE)
+ SGP approval (Federal and State)

» GDE focus area identification (Coffey and Arrow)

+ Remote sensing spring target identification (AGE)
* Queensland GDE mapping (DSITI) released (version 1.4)

» Condamine Interconnectivity Research Project (Arrow and OGIA)
* Condamine Alluvium groundwater modelling and reporting

(CDM Smith)
» 2016 Surat CMA UWIR takes effect

» GDE desktop refinement and field studies
(3D Environmental and Earth Search)

Key outputs

Preliminary assessment of connected reaches of Condamine River

Mapped potential GDE landscapes (regional scale)
Updated spring location and attribute database
Springs impact management strategy including risk assessment

Identification of GDE landscapes and assessment of impact significance
High, medium, low and very low risk areas for drawdown
propagation to watertable

GDE focus areas (x5)
(AGE risk areas and SREIS impact assessment)

132 potential spring targets with 56 “high risk targets”
Refinement of BoM GDE mapping outputs based on landscape
conceptualisation additional data and local knowledge

Predicted drawdown in Condamine Alluvium and connected reaches of
Condamine River
Revised SIMS including additional spring sites from 2012 UWIR

Detailed conceptualisation and mapping of potential GDE landscapes
based on all preceding data sources

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:

e CSIRO connectivity mapping.

e Bureau of Meteorology GDE Atlas.

e Queensland Herbarium Springs Database.

o Nationally important wetland database.

e 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.

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

o 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:

e Gaining stream reaches of the Condamine River.

e 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.

e 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:

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

e 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).

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

Surface expression GDEs (i.e. watercourse spring GDESs) including:
11
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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.
o 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 GDESs. 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 GDESs 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:

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

e The western extent of the Condamine Alluvium.
Moderate risk areas identified are:

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

e 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.

12
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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

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.

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

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 OGIlA-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.

e 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):

e 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.

o 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

e 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 case? 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).

o 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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o 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:

e As a starting point to design more targeted and detailed desktop assessment on potential
terrestrial GDESs, 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).
e 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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o Potential spring targets (AGE, 2013b) visited were not identified as being artesian discharge
springs, or recharge springs.

e 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”.

e 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.

o 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:

e 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.

e 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.

e 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.

o 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.

e 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.

e 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’.

e 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:

e 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.
e Are unique on a local scale with regards to biota, communities and processes.

e 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 15t or 2" order systems that flow for a very limited
period of the year, and:

¢ Range from moderately to highly disturbed.

e Provide marginal aquatic habitat, lack of connectivity to larger, permanent waterways, and minimal
nursery habitat.

e Are not unique on a local scale.

o 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
Westhourne 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.
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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):

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

e 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

CDM Smith
Condamine
Alluvium
Model

CDM Smith
IQQM model

Arrow SREIS
Groundwater
Model

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

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

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

Predicted cumulative
groundwater drawdown.

Arrow-only
maximum
drawdown —

median case.

Arrow-only
maximum
drawdown —

median case.

Arrow-only
calibration
realisation
maximum

drawdown.

Cumulative

median case.

Figure 3.4
Figure 3.5

Figure 4.1
Figure 4.2

Figure 4.3
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Cumulative groundwater
drawdown in formations and
relationship with known
GDEs - for Surat formations

such as the Walloon Coal Cumulative
Arrow SREIS Measures, adjacent GAB calibration
Groundwater  formations that may be realisation Figure 4.4
Model indirectly depressurised, maximum

and the Condamine drawdown.

Alluvium aquifer. To
consider SREIS GDE
assessment drawdown
extents.
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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:

e 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.

o 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:

e Available groundwater level and pressure data.

e Borehole logs and indicated stratigraphy.

¢ Soil types and landscape setting.

e 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, 11.7.5and 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 Westhourne 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¢):

e 1132 e 113.18 e 115.20
e 113.14 e 1151+115.1a o 1174
e 11.3.25 e 1154+ 11.5.4a o 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 GDESs 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.
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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:

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

e 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.

e 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.

e 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.

e 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 — | Assessment to meet Condition
comparison to Arrow-only scenario 13p

Increased magnitude and extent of

predicted drawdown across the Condamine,

Condamine Alluvium with the majority of the Condamine Alluvium Additional extent assessed.
model extent predicting >0.25m drawdown.

Maximum predicted drawdown is 1.5 m.

No Arrow-only drawdown predicted.
Cumulative impact is entirely off Arrow Not assessed further.
tenure.

Bungil Formation /
Mooga Sandstone

No Arrow-only drawdown predicted.

Cumulative impact is primarily off Arrow

tenure, with small areas of drawdown Small areas on tenure assessed.
predicted on western margins of Arrow

tenements.

Gubberamunda
Sandstone

Predicted cumulative impact is primarily off
Arrow tenure, however there is additional

Springbok Sandstone extent of predicted impact along western Additional areas on tenure

. assessed.
margins of Arrow tenements and to the
south.
Arrow-only scenario predicted drawdown
across most of Arrow tenements. Minor Additional areas on tenure
Walloon Coal Measures @ . .
increase in extent under cumulative assessed.

scenario.

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

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

Clematis Sandstone Entirely off Arrow tenure. Not assessed further.

Precipice Sandstone Small areas on tenure assessed.
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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:

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

e 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:

e 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.

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

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

e 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.

o 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 GDESs, 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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Attachment 1. Aquatic Ecosystem Assessment
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