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2. Regulatory Context 
Several Acts and Regulations govern the management of produced water (and its derivatives) and residual drilling 
material in Queensland. This includes: 

• Produced water and residual drilling material management - existing conditions for produced water and 
residual drilling material management granted in Environmental Authorities issued by the Queensland 
Department of Environment, Tourism, Science and Innovation (DETSI) under the Environmental Protection 
Act 1994, and  

• Waste management – End of waste (EOW) framework, including various EOW codes, under the Waste 
Reduction and Recycling Act 2011 (WRR Act). Other legislation may apply, and further details are provided in 
the sections below. 

2.1. Produced water and residual drilling material 
management 

Santos manages produced water and residual drilling material in accordance with the relevant regulatory 
frameworks and policy, including those approvals listed above. The management strategy adopted is sufficiently 
flexible to accommodate changes in technology, energy sources and climatic conditions. The strategy is based on 
a rigorous evaluation and decision-making framework which aims to avoid, minimise and mitigate the risk of 
adverse impacts to environmental receptors.  

The Petroleum Act 1923 and Petroleum and Gas (Production and Safety) Act 2004 provide that a petroleum 
tenure cannot be granted unless an environmental authority (EA) has been issued under the Queensland 
Environmental Protection Act 1994 (EP Act). An EA can apply to multiple petroleum tenures.  

In relation to produced water, the EA primarily deals with the management of produced water, the storage of 
chemicals and waste and their potential for impact to the land and surface and groundwater quality.  EA 
conditions specify the way in which particular produced water management activities can only be undertaken or 
specify the environmental outcomes that must be achieved.  For example, EAs may limit the size, location and 
type of water management activity, as well as stipulating minimum operational requirements, monitoring 
requirements or reporting and notification requirements.   

EA conditions for water management activities can only be granted once a proponent has presented information 
that describes the proposed activity, an assessment of environmental risk and a resulting management and 
monitoring plan commensurate to the risk identified. 

In relation to residual drilling materials, the EA conditions require off-site disposal at a suitably licensed facility, or 
on-site disposal provided it is of a suitable quality and is by a disposal method that will not result in environmental 
harm. The quality and disposal method is either stipulated in the EA or is as per a methodology certified by a 
suitably qualified third party.  

Most notably, the Environmental Authorities granted for the Scotia, Roma, Fairview and Arcadia developments 
prohibit impacts to water resources (and therefore implicitly MNES) associated with produced water and waste 
management and disposal activities through specific imposed conditions. 

Further, all Santos management processes for produced water and waste management and disposal are 
informed by the outcomes of chemical risk assessments undertaken in accordance with the CRAF and the GFD 
Project EPBC Approval. Chemical risk assessment(s) evaluate the potential risks and effects of chemicals used 
during coal seam gas operations (defined as drilling and completions, hydraulic fracturing and water treatment) to 
MNES, and demonstrate the risks have been eliminated or reduced as much as reasonably practicable. The 
CSGWMP then outlines what mitigation or management controls must be implemented to ensure the risks from 
the activities associated with produced water and waste management and disposal remain as assessed. 

2.2. Waste management 
The Department of Environment, Tourism, Science and Innovation (DETSI) regulates the management and 
disposal of wastes in Queensland under the provisions of the EP Act, the WRR Act, the Environmental Protection 
Regulation (2008) and the Waste Reduction and Recycling Regulation 2011 (WRR Regulation).  
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Both Acts and Regulations contain provisions for the assessment, classification and management of waste, 
including storage, transport, processing, recovery and disposal of waste. The Santos waste management 
hierarchy has been developed in accordance with the management approaches detailed within the legislation and 
associated policies and guidelines. 

To ensure the appropriate management and disposal of waste products, Santos has adopted a sustainable 
approach to waste management. This approach revolves around a hierarchy, which provides a guideline to target 
waste production and disposal. The successful implementation of the waste hierarchy principles assists Santos to: 

• Minimise waste volumes and the risk of adverse impact to the environment (including MNES); and 

• Improve operational efficiency and environmental performance. 

The waste management hierarchy, from most preferable to least preferable, is illustrated in Figure 1. 

 

Figure 1: Waste management hierarchy 

3. CSG Water Management Activities 
This section meets the Condition 25B (c) of EPBC Approval 2012/6615, which requires that this plan must 
include: 

• Details of how the CSG produced water and waste products will be stored, managed and disposed. Details 
must cover beneficial reuse, re-injection into groundwater aquifers and transfer to a licenced waste 
management facility.  

The following sections describe how produced water and residual drilling material from the GFD Project are 
managed.  A description of the proposed storage, treatment, end use and disposal of produced water and residual 
drilling material is provided.  The descriptions here are a precursor to descriptions of the specific locations and 
attributes of those activities that could pose a potential risk of adverse impact to MNES, presented in Section 4. 
Santos aims to utilise fit-for-purpose beneficial re-use of produced water where feasible whilst avoiding the 
unnecessary generation of other waste (such as brine) and energy consumption while minimising the potential 
risk of adverse impacts to MNES. 
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3.1. Water gathering 
Water gathering lines are typically constructed from high-density polyethylene (HDPE) pipe of between 100 
millimetres (mm) and 1,000 mm in diameter. HDPE is used to limit the potential for line failure due to corrosion.  
Gathering line right-of-ways are routinely inspected, and may be periodically tested, particularly prior to 
commissioning. This is not the main control for the detection of leaks, since most of the transfer pipes are buried.  
The principal control for leaks is material selection and pressure testing (integrity verification testing) at 
commissioning.  Water gathering lines are low pressure pipelines which are designed and operated to comply 
with the relevant Petroleum Industry Codes of Practice (for example the Code of Practice for Upstream 
Polyethylene Gathering Networks in the Coal Seam Gas Industry published by the Australian Pipelines and Gas 
Association.) 

3.1.1. Scotia 

Produced water from Scotia wells is transferred to a network of interconnected production tanks. An overview of 
the quality of produced water that is gathered is provided in Appendix A1.  

Roma 

Produced water from Roma is transferred to various produced water storages, or else transferred directly to water 
management facilities at the Roma Hub Compressor Station (HCS)-02.  

An overview of the quality of produced water that is gathered is provided in Appendix A1. 

3.1.2. Fairview 

Produced water from Fairview South wells is transferred to Associated Water Amendment Facility 1 (AWAF1) 
feed buffer dam, or else transferred to the water management facilities at the Fairview Hub 4. Produced water 
from Fairview North wells is transferred to the AWAF2 pond.   

An overview of the quality of produced water that is gathered is provided in Appendix A1. 

3.1.3. Arcadia 

Produced water from Arcadia wells is transferred to the Mount Kingsley Dam produced water storage pond, or 
else transferred to the Arcadia water management facility / reverse osmosis plant (ROP).  

An overview of the quality of produced water that is gathered is provided in Appendix A1. 

 

 

3.2. Water Management facilities 
There are four water management facilities used within the GFD Project. Produced water from Arcadia, Fairview, 
Roma and Scotia are gathered and directed to a centralised water management facility.  

Three desalination units (in Arcadia, Roma and Fairview) comprises fines and sludge removal and a reverse 
osmosis plant (ROP). ROPs are used where necessary to achieve the requisite water quality for beneficial re-use 
of water. ROPs work by partitioning select constituents entrained within produced water into a waste stream 
(brine) leaving a permeate stream of significantly better-quality water.  

Produced water may be directly blended with permeate or with other water sources to achieve the required water 
quality objectives for the intended beneficial use of the water.  

Where sodicity and alkalinity is to be managed, the produced water will be treated by chemical amendment. There 
is an Associated Water Amendment Facility 1 (AWAF 1) in Fairview which chemically amends produced water by 
dosing with concentrated sulphuric acid to neutralise the alkalinity of the water prior to in-line dosing with 
micronized gypsum to ameliorate the sodicity of the water. Alternatively, this can be achieved in-situ via the 
addition of agricultural amendments to soils. 





















 

COAL SEAM GAS WASTE MANAGEMENT PLAN GLNG GAS FIELD DEVELOPMENT PROJECT EPBC (2012/6615) – 25/09/2025 -Page 21 

dissolved solids (TDS) exceeding 40,000 mg/L as defined by Environmental Authorities issued under the 
Queensland EP Act. 

The waste management hierarchy (refer Figure 1) for prioritising management of brine (saline waste) includes: 

• Priority 1 – brine or salt residues are treated to create useable products wherever feasible. 

• Priority 2 – after assessing the feasibility of treating the brine or solid salt residues to create useable and 
saleable products, disposing of the brine and salt residues in accordance with strict standards that protect the 
environment. 

The management options available can be divided into two categories: commercial salt recovery or disposal. 

Commercial recovery of saleable salt product requires an assessment of a number of critical factors such as 
technical considerations, environmental impacts, market proximity and economic factors. Currently this option is 
not considered feasible due to the significant energy intensity, cost and low commercial volumes of salt. 
Commercial salt beneficial use options may become more economic where economies of scale can be employed. 

Currently the base-case management strategy for concentrated brine or salt comprises disposal.  However, the 
transfer of brine or solid salt to a licenced waste management facility will only occur after other options have been 
assessed and considered unfeasible.   

Brine concentration options can be used to reduce the volume of brine or to sufficiently concentrate brine to allow 
crystallisation of solid salt. Various technologies are available to enhance the rate of concentration. These 
technologies have differing energy intensity, environmental footprint, technical complexity, operability and 
economics.  

This plan does not address the management of brine or salt, other than for storage as described in Section 3.8. 

3.10. Residual drilling materials storage and disposal 
Residual drilling material fluid comprises drill cuttings and drilling muds.  Drill cuttings comprise rock and solid 
material and account for approximately 30 percent of the drilling fluids recovered from a well. The remaining 70 
percent is comprised of drilling mud.  Drilling mud is essentially water with additives designed increase the 
viscosity of the water which helps to entrain and return drill cuttings to the surface.   

Drilling fluid is continuously processed during drilling to maximise the volume of drilling mud that can be 
recirculated and reused.  Drill cuttings are preferentially removed during the drilling process to maintain the 
performance of the drilling mud, i.e. its ability remove drill cuttings from the bore. 

Residual drilling materials comprise the drill cuttings and any drilling mud that is not reused or recycled. Residual 
drilling materials are ultimately managed as a waste stream. Management options for residual drilling material 
include the following: 

• Land application – residual drilling materials are mechanically applied to land and subsequent incorporation 
into soils within the operational area of the well lease or other defined area in accordance with EA conditions. 

• Dust suppression – water and residual drilling materials (fluids) are blended and applied to roads and access 
tracks or other disturbed areas to bind moisture and particulates of the upper road surface to limit airborne 
particulate as a result of truck traffic in accordance with EA conditions. 

• Disposal to a licensed waste management facility. 

Residual drilling materials may also be stored temporarily in brine dams prior to their eventual disposal at a 
licenced waste facility. 

The exposure assessment pathways for residual drilling materials are addressed as part of the CRAF. The CRAF 
outlines the process to evaluate exposure pathways for low and high-risk chemicals as part of risk assessment 
requirements. If an exposure pathway is deemed to be not complete for a specific chemical, this must be 
discussed in the risk assessment specific to the use of that chemical. Based on the outputs of the risk 
assessments, there should be no significant risks of adverse impacts to MNES as a result of residual drilling 
materials management. The risk assessments included implementation of the Constraints Planning Protocol, any 
identified management controls and monitoring and the ongoing review of the effectiveness of controls. 
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4. MNES Exposure Pathway 
For there to be a risk of adverse impact to MNES there needs to be: 

• A source of produced water / waste (the hazard) 

• An MNES receptor(s) 

• A valid pathway – for the source water to reach the MNES receptor(s) 

If any one of the above is missing, then there is no risk to MNES. For example, if there is either no source, no 
MNES present or no pathway present, then there can be no risk of adverse impact to MNES. 

Potential sources, MNES receptors and pathways are described in the sections below. 

MNES exposure pathways and MNES receptors relevant to the disposal of residual drilling material assessed in 
accordance with the CRAF. Please refer to this document and completed assessments for detailed exposure 
pathway analysis. Completed assessments are available on the Santos website (www.santos.com). 

 

4.1. Produced water / waste sources - Hazards 
Produced water from each development area in the GFD Project is gathered and transferred to water 
management facilities. Based on the activities described in Section 3, the following sources have been identified: 

• Water stored in storage ponds listed in Tables 3-5. 

• Water applied to irrigation areas described in Section 3.5. 

• Water applied to engineered surfaces during construction and dust suppression. 

NOTE: The risk of significant residual impacts to MNES associated with drilling and completion activities 
(including hydraulic fracturing) are addressed in the CRAF (see Section 10). 

4.1.1. Conceptual Exposure Model 

The following section describes potential migration pathways or mechanisms for produced water or waste they 
may facilitate an exposure to a receptor (if present). These migration mechanisms are carried into the exposure 
assessment below. 

4.1.1.1. Irrigation 

Irrigation aims to apply water in balance with crop demand in consideration of infiltration capacity, climatic 
conditions and soil quality objectives. Mechanisms by which irrigation water may migrate from the irrigated soils 
includes: 

• Subsurface vertical migration 

• Subsurface horizontal migration along a zone of lower permeability 

• Surface flow or run-off down topographic gradient 

For the purpose of this assessment all above migration pathways are considered. 

4.1.1.2. Dust suppression 

Dust suppression aims to minimise dust generation during construction activities at a given location and / or 
during vehicle movements between locations. Water is applied to the surface using spray equipment. In 
accordance with Environmental Authority conditions no pooling or run-off is permitted. Mechanisms by which dust 
suppression water may migrate may include: 

• Subsurface vertical migration 

• Subsurface horizontal migration along a zone of lower permeability 

• Surface flow or run-off down topographic gradient 
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However, given the short duration of the activity and that no pooling of water is authorised, subsurface vertical or 
horizontal migrations are not considered valid migration pathways and will not be considered further.  

Although surface run-off is also not authorised, it is retained as a potentially complete migration pathway for the 
purpose of the assessment due to the potential proximity of MNES to dust suppression activities. 

4.1.1.3. Water Storages 

Water storages are engineered structures designed to contain produced water in accordance with Environmental 
Authority requirements. Mechanisms by which water may migrate include: 

• Subsurface vertical migration beneath the dam 

• Subsurface horizontal migration along a zone of lower permeability beneath the dam 

• Surface flow or run-off down topographic gradient from a failure to contain (walls of the storage or over 
topping). 

For the purpose of this assessment all above migration pathways are considered. 

4.1.1.4. Water Pipelines 

Water pipelines are pressurised transport conduits to convey water from one location to another. They are buried 
(except at surface facilities). Given that pipelines are buried and under pressure, should releases occur, the water 
moves from an area of high pressure to low pressure via the path of least resistance. This results in the water 
migrating to the surface whereby it can undertake surface flow. Should the release volume / rate be limited then 
the expression of water may be visible as a wetted area.  

Based on this the following potential migration pathway is considered: 

• Surface flow or run-off down topographic gradient. 

4.1.1.5. Residual Drilling Material 

Potential migration pathway assessment is undertaken in accordance with the CRAF and outlined in completed 
chemical risk assessments. No further discussion is provided in this document. 

4.2. MNES receptors 
A description of potential MNES receptors within the GFD Project area and adjacent to the various irrigation areas 
(the main release points for produced water) is provided below.  Potential MNES receptors identified via the 
DCEEWW Protected Matters Search Tool (PMST) are based on generic databases held by the Commonwealth 
and States and are not always validated by ground surveys. Confirmation of a PMST listed species is indicated in 
each of the following sub-sections. 

4.2.1. Habitat for a MNES listed species 

4.2.1.1. Scotia 

The only PMST threatened flora species with the potential to occur within Scotia is detailed in Table 13. Field 
surveys within Scotia have failed to identify this species including surveys of the irrigation and adjacent areas and 
is therefore not considered to be present.   

Six MNES threatened fauna species are predicted or known to be present within the Scotia area (see Table 14).  
A patch of vegetation mapped as Regional Ecosystem 11.3.2: Poplar box woodlands on alluvial plains is located 
800m to the north-west of the irrigation area.  This vegetation community potentially provides habitat values these 
EPBC Act listed threatened fauna species. 

4.2.1.2. Roma 

The PMST identifies one threatened flora species with a potential to occur within Roma project area as indicated 
in Table 13. 

Field surveys within the vicinity of the project disturbances and the immediate surrounds have failed to identify the 
presence of H. belsoni. 
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The irrigation activities occur in areas of historic clearing that are dominated by exotic pasture grasses. This 
species is therefore not considered to be present within the irrigation and adjacent areas. 

A number of different non-MNES vegetation communities are present within the project area including Blyth Creek 
and its tributaries that provide suitable habitat values for eight MNES threatened fauna species. These eight 
species and their corresponding distribution and known habitat uses are provided in Table 15. 

4.2.1.3. Fairview 

The PMST identifies nine threatened flora species with a potential to occur within Fairview project area as listed in 
Table 13.  Three of the listed PMST flora species are confirmed to occur within the Fairview project area as 
indicated in Table 16. 

A number of different vegetation communities and unique fauna habitats are present within the project area 
including the Dawson River and Hutton Creek.  These vegetation communities provide suitable habitat values for 
13 species of MNES threatened fauna species (see Table 16). 

4.2.1.4. Arcadia 

The PMST identifies 10 threatened flora species with potential to occur within the Arcadia project area as 
indicated in Table 13. Two of the listed PMST flora species are known to occur within the Arcadia project area as 
indicated in Table 17. 

A number of different vegetation communities and unique fauna habitats are present within the project area 
including sandstone escarpments and caves, large areas of Brigalow and the Dawson River.  These vegetation 
communities provide suitable habitat values for 13 species of MNES threatened fauna species (see Table 13). 
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4.2.2. Threatened ecological communities 

4.2.2.1. Scotia 

One EPBC Act Threatened Ecological Community (TEC): Brigalow (Acacia harpophylla dominant and 
codominant) occurs within the project area. A known patch of Brigalow TEC is located approximately 650m to the 
east of the Scotia irrigation area.   

4.2.2.2. Roma 

Three EPBC Act TECs occur within the project area.  Brigalow (Acacia harpophylla dominant and co-dominant) 
occurs in many areas within the project area.  This TEC is known to be present in proximity to Belbri and Bend 
South irrigation areas. There are two other TECs present within Roma.  These TECs are Weeping Myall 
Woodlands with the Weeping Mayall (Acacia pendula) as the dominant (but not sole) overstorey species with and 
understorey of open layer of shrubs above an open ground layer of grasses and herbs and Semi-evergreen vine 
thickets of the Brigalow Belt (North and South) and Nandewar Bioregions Woodlands.  Whist these TECs are 
present with the Roma project area, they only occur in small, isolated patches and are not known to occur in the 
vicinity of the irrigation areas. 

4.2.2.3. Fairview 

Six TEC as are potentially present in the Fairview project area as follows: 

• Coolibah – Black Box Woodlands of the Darling Riverine Plains and the Brigalow belt South Bioregions 

• Poplar Box Grassy Woodland on Alluvial Plains 

• Semi-evergreen vine thickets of the Brigalow Belt (North and South) and Nandewar Bioregions 

• Weeping Myall Woodlands 

• Brigalow (Acacia harpophylla dominant and co-dominant) and, 

• The community of native species dependent on natural discharge of groundwater from the Great Artesian 
Basin. 

Four TECs are confirmed to occur via survey in the Fairview project area as follows:  

•  RE 11.3.1 and/or 11.9.5 - Brigalow (Acacia harpophylla dominant and co-dominant) occurs on the undulating 
plains and lowlands within the Fairview project area.   

• RE 11.9.4 - Semi-evergreen vine thickets (SEVT) of the Brigalow Belt (North and South) and Nandewar 
Bioregions TEC are predominately present on the moister south facing slopes associated with the sandstone 
escarpments.  Both Brigalow and SEVT communities are common in Fairview and are located in close 
proximity to irrigation areas and water storages.   

• RE 11.3.2 - Poplar Box Grassy Woodland on Alluvial Plains has been confirmed as being present and one 
(the community of native species dependent on natural discharge of groundwater from the Great Artesian 
Basin) 

• The Yebna2 spring complex, vent 534 is considered analogous with the EPBC TEC (GAB Springs) within the 
Fairview project area. 

4.2.2.4. Arcadia 

Field surveys conducted across the gas field have confirmed the presence of two TECs within Arcadia.  Brigalow 
(Acacia harpophylla dominant and co-dominant) and the TEC ‘Semi-evergreen vine thickets of the Brigalow Belt 
(North and South) and Nandewar’ are present. Both these communities are relatively common in Arcadia, and 
both occur in close proximity to irrigation infrastructure.   
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4.2.3. Migratory Species 

All listed EPBC Act migratory species with potential to occur within the project area can best be described as 
passage, or seasonal migrant, or widely distributed and common species. All listed migratory species are unlikely 
to be significantly impacted by the proposed wastewater management activities as these will not substantially 
modify, degrade, destroy, or isolate an area of important habitat for any migratory bird species and will not 
seriously disrupt the lifecycle of an ecologically significant proportion of a population. In addition, the water 
management activities are not expected to result in unacceptable impact to migratory bird species. 

4.2.4. Riparian vegetation and referable wetland 

4.2.4.1. Scotia 

A series of referrable wetlands are associated with Bungaban Creek, located approximately 10km to the north of 
the irrigation area. Approximately 800m to the north-west of the irrigation area is the closest patch of riparian 
vegetation (associated with a tributary of Bullock Creek), mapped as Regional Ecosystem 11.3.2: Poplar box 
woodlands on alluvial plains.   

4.2.4.2. Roma 

Riparian vegetation is generally associated with Blyth Creek and its tributaries.  It is mapped as Regional 
Ecosystem 11.3.25: River Red Gum (Eucalyptus camaldulensis) open forest to woodland, and is located 
approximately: 

• 2.5km south-east of Pleasant Hills irrigation areas 

• 2.2km east of Belbri/Somerset irrigation areas 

• 300m north of Roleen irrigation area 

• 100m north-west of Bend South Irrigation area 

A series of Referrable Wetlands associated with Blyth Creek and its tributaries, is located approximately: 

• 1.5km north-east of Bend South irrigation area 

• 1km east of Pleasant Hills irrigation areas 

• 800m east of Belbri/Somerset irrigation areas 

• 300m north of Roleen irrigation areas. 

4.2.4.3. Fairview 

Riparian vegetation is generally associated with Hutton Creek and the Dawson River and their associated 
tributaries.  The vegetation associated with both Hutton Creek and the Dawson River generally consists of: 

• Regional Ecosystem 11.3.25: Eucalyptus tereticornis or E. camaldulensis woodland fringing drainage lines.  A 
riparian community growing below the high banks of the Dawson River, represented by woodland to open 
forest of Queensland Blue Gum (Eucalyptus tereticornis), River Oak (Casuarina cunninghamiana), Rough-
barked Apple (Angophora floribunda) and Weeping Bottlebrush (Melaleuca viminalis), the latter dominating on 
lower banks.  This RE is classified as Least Concern under the Queensland Nature Conservation Act (1992) 
and does not contain species listed in the EPBC Protected Matters report for the Fairview area. 

• Regional Ecosystem 11.3.19: Callitris glaucophylla, Corymbia spp. and/or Eucalyptus melanophloia woodland 
on Cainozoic alluvial plains, typically present on sandy levees above the high banks of the Dawson River that 
are considered to at least periodically access groundwater from shallow alluvial aquifers. The RE is listed as 
No Concern at present under the Nature Conservation Act (1992) and does not contain species listed in the 
EPBC Protected Matters report for the Fairview area 

Hutton Creek is defined by DCCEEW as a permanent connected river with variable gaining and losing reaches in 
the areas immediately south of IR8 and IR1, west of IR6(1) and IR6(2), and north of IR5(1), IR5(2) and IR4. The 
aquatic Groundwater Dependent Ecosystem (GDE) rule generally states that the river is supported by channel 
alluvia connected to the Precipice Sandstone with a fresh, permanent groundwater connectivity regime.  

There are four lacustrine wetlands situated along Hutton Creek and Dawson River within 5km of irrigated areas. 
All four wetlands are bound within the creek/riverbanks and have all been designated as derived terrestrial GDEs. 
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4.2.4.4. Arcadia 

Riparian vegetation is generally associated with the Dawson River in the south of the project area and a number 
of small creeks that flow north. The vegetation associated with both systems is generally Regional Ecosystem 
11.3.25: River Red Gum (Eucalyptus camaldulensis) open forest to woodland.   

There are a number of smaller ephemeral wetlands in Arcadia Valley and these are generally associated with 
Regional Ecosystem 11.3.27.   

4.2.5. Groundwater resource 

4.2.5.1. Scotia 

There are several water supply bores registered within the State of Queensland that are adjacent to Santos’ 
produced water management activities in the Roma area. 

The Hutton Sandstone is a major regionally extensive aquifer in the Surat Basin, with bore yields in the range of 
0-12 L/s and water quality that is generally fresh to brackish (Golder, 2011).  In the broader region, groundwater 
from this aquifer is used for town water supply, stock watering and domestic use.  The groundwater level in the 
Hutton Sandstone aquifer at the proposed Scotia irrigation site is approximately RL 250 mAHD.  Depth to the 
Hutton Sandstone aquifer is approximately 60-70m below ground level in proximity to the irrigation area. 
Groundwater flow direction at the Scotia irrigation area is towards the northwest (i.e. towards the Dawson River).  
Groundwater levels across a broader area were considered in Golder 2011, which indicated groundwater flow 
towards the north towards the Dawson River in the Hutton Sandstone across the Scotia Field.  At a larger scale 
flow in the Hutton Sandstone is generally towards the southwest (i.e. down dip, and towards the areas of lower 
elevation within the Surat Basin).  The nearest water supply bore constructed in the Hutton Sandstone is 
RN38337 is located about 800m north-west of Pivot 6. 

A complex of discharge springs is located near Cockatoo Creek (Golder, 2011), at a distance of approximately 35 
km from the irrigation area.  The spring source aquifer for Cockatoo Creek spring is understood to be the 
Precipice Sandstone (OGIA 2019).  

Watercourse springs (also referred to as aquatic GDEs in the JIF) were noted along Bungaban Creek in Golder 
(2011), at a distance of approximately 10 km from the irrigation area. The spring source aquifer for Bungaban 
Creek is understood to be the Hutton Sandstone or the Injune Creek Group depending on where it intersects the 
geology. 

4.2.5.2. Roma 

There are several water supply bores registered within the State of Queensland that are in proximity to Santos’ 
produced water management activities in the Roma area. 

The hydrogeological units underlying the various water management areas varies, with formations generally 
dipping from north-east to south-west, with the older formations outcropping in the north-east.  The Roleen area is 
underlain by outcropping units of the Mooga Sandstone.  The Bend South, Belbri/Somerset and Pleasant Hills 
areas are all underlain by the Bungil Formation. 

The Mooga Sandstone is the shallowest aquifer unit beneath the irrigation areas.  In the broader region, 
groundwater from this aquifer is used for town water supply, stock watering and domestic use and bore yields 
range widely up to 35 L/s.  However locally the unit is close to outcrop and the water resource is not consistently 
present, particularly in more northern areas.  Groundwater level in the Mooga Sandstone aquifer is shallowest at 
the location of the Bend South irrigation area where the groundwater level is 20m below the pivots and locally 
intersects ground surface and supports watercourse springs in Blyth Creek.  The intersection of groundwater only 
supports permanent pools of water, not permanent flowing water, which suggests the intersection does not result 
in significant aquifer discharge.   

The Orallo Sandstone is a minor aquifer though where groundwater is present is can support small scale stock 
and domestic uses.   

Water supply bores in the local area are typically stock and domestic bores that access the Gubberamunda 
Sandstone which provides higher yielding fresh to brackish water supplies suitable for stock watering. 

Groundwater flow directions in all formations is generally expected to be towards the south and south-west, i.e. 
down dip and towards the areas of lower elevation within the Surat Basin.   

The nearest water supply bore constructed in the Mooga Sandstone is RN38337 is located about 800m north-
west of Pivot 6. 
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The closest spring comprises the Barton spring complex.  This complex comprises two discharge vent springs 
located approximately 30km north-east of the Roleen irrigation area.  The spring source aquifer for Barton Spring 
complex is understood to be the Gubberamunda Sandstone (OGIA, 2016).  

As described above, watercourse springs (aquatic GDEs) are noted along Blyth Creek (OGIA, 2016), at a 
distance of approximately 100m from the Bend South irrigation area. The spring source aquifer for Blyth Creek is 
understood to be the Mooga Sandstone. 

4.2.5.3. Fairview 

At Fairview all of the Surat Basin geological units dip to the south towards the deeper parts of the Surat Basin 
(such as the Mimosa Syncline). The Westgrove Sandstone generally underlies the irrigation areas on the central 
flat-lying parts of the elevated plateaus. This formation acts as a regional aquitard.  

The Boxvale Sandstone proudly outcrops along the peripheries of the irrigated plateaus and formed the resistive 
layer against erosion of the escarpment. There are large swathes of Boxvale Sandstone outcrop across the 
escarpment, with permeable quartzose beds and regular fracturing and jointing patterns allowing for effective 
recharge along the escarpment ridges and gullies. This preferential recharge mechanism was recognised by 
Kellett et al. (2003) as one of the key components of GAB recharge, and far more effective than diffuse recharge 
to the water table. The Boxvale Sandstone dips to the south and groundwater in this formation flows away from 
the Hutton River valley downstream receptors. 

The lower Evergreen aquitard lies beneath the Boxvale Sandstone and allowed for significant erosion during the 
formation of the incised valleys. This aquitard provides resistance to vertical flow between the Boxvale Sandstone 
and the deeper Precipice Sandstone aquifer. 

The Precipice Sandstone lies at the base of the valley and is the source aquifer for several discharge springs 
along the Hutton Creek floodplain (down-gradient of the irrigation areas). The Precipice Sandstone also provides 
base flow to Hutton Creek. Generally, groundwater within this regional aquifer flows from northwest to southeast 
with a strong convergence of flow along the Dawson River near a number of Precipice Sandstone spring vents. 

There are 55 existing, registered, sub-artesian (i.e. non-artesian) water supply bores in the immediate extents of 
the irrigation areas and up to 5km down-gradient of the irrigation areas. Seventeen bores are directly tapping the 
Boxvale Sandstone where it crops out along the plateaus. A majority of the remaining bores are situated along the 
precipice Sandstone/Evergreen Formation geological contact and are likely to either be Precipice Sandstone 
bores or deeper bores that intersect the Bandanna Formation.   

There are sixteen spring vents along the floodplains of Hutton Creek and Dawson River within 5km of all Fairview 
irrigation areas. Fifteen of the springs have a permanent connection with the Precipice Sandstone (via surficial 
alluvia in places), and all sixteen are known aquatic GDEs (highest confidence based on local expert knowledge 
supported by field studies). 

4.2.5.4. Arcadia 

The Bowen Basin is a north-south oriented sedimentary basin of Permo-Triassic age predominately consisting of 
layered siltstones, sandstones, mudstones and shales. Basement rocks consist of Devonian to Carboniferous age 
strata including the Timbury Hills Formation and volcanic rocks (e.g. Roma Granite) (URS, 2011).  

In the Arcadia Valley, the Rewan Group (a regional tight aquitard) outcrops and the GAB formations of the upper 
Bowen Basin (Moolayember Formation and Clematis Sandstone) are the prominent formations forming the steep 
cliffs of the Expedition Range. The lowest three formations of the Surat Basin sequence, the Precipice Sandstone, 
the Evergreen Formation and Hutton Sandstone are not present. 

The Clematis Sandstone is the primary aquifer in the region and is hydraulically disconnected from the Arcadia 
Valley where the Bottle Tree Irrigation Area occurs. Quaternary Colluvium comprises the surface geology of the 
Bottle Tree Irrigation Area. The Quaternary Colluvium consists of clay, silt, sand and gravel and is a flood-plain 
alluvium system with shallow groundwater present.   

4.3. Potential complete exposure pathways 
Source, migration pathway and Receptor assessments have identified the specific potential pathways in each 
development area that have the potential to transmit produced water and / or waste sources to MNES receptors. 
The sub-sections below describe those potentially complete exposure pathways for each relevant project activity.   
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Where a source, receptor and a potentially complete or complete exposure pathway is identified, then further 
assessment is undertaken to determine whether there is a risk of significant adverse impact to a MNES receptor. 
Mitigation measures are then identified to manage such risk. 

Monitoring actions are then assigned to assess the effectiveness of mitigation controls and assign triggers for 
further actions as required.  

Both monitoring and management actions are described in the following sections. 

4.3.1. Irrigation activities 

4.3.1.1. Scotia 

At Scotia, the potentially complete pathways associated with irrigation activities include: 

• Riparian vegetation, mapped as Regional Ecosystem (RE) 11.3.2: Poplar box woodlands on alluvial plains, 
located approximately 800m to the north-west and down-gradient of the irrigation area. Given the presence of 
drainage features in proximity to the irrigation area, this pathway is considered as potentially complete. 

• The Hutton Sandstone aquifer, located approximately 60-70 m below the irrigation area and its associated 
registered water supply bore RN38337. Given the duration of irrigation activities, regardless of the 
considerable depth to groundwater, this pathway is considered as potentially complete for the purpose of this 
assessment. 

4.3.1.2. Roma 

At Roma, the potentially complete pathways associated with irrigation activities include: 

• Brigalow TEC – Some minor areas of Brigalow TEC occur down topographic gradient of the Bend South Pivot 
and west of the Roleen Pivots.  In accordance with regulatory approvals, irrigation application rates must be 
managed to ensure irrigation water infiltrates the ground and the risk of run-off is minimised.  However, for this 
purpose of this assessment the exposure pathway is considered as potentially complete. 

• Blyth Creek and associated wetlands, located ~100 m from the Bend South Irrigation area. Given the 
presence of drainage features in proximity to the irrigation area, this pathway is considered as potentially 
complete. 

• The Mooga Sandstone aquifer, located approximately 20 m below the Bend South irrigation area. Given the 
duration of irrigation activities and the vertical distance to the water table, this pathway is considered as 
potentially complete.  

4.3.1.3. Fairview 

At Fairview, the potentially complete pathways associated with irrigation activities include: 

• Vegetation mapped as RE 11.9.4 Semi-evergreen vine thicket or Acacia harpophylla with a semi-evergreen 
vine thicket understorey on fine-grained sedimentary rocks within close proximity and downgradient of the IR8 
and IR4 irrigation pivots (note that at the time of writing this plan, IR4 pivots were inactive). In accordance with 
regulatory approvals, irrigation application rates must be managed to ensure irrigation water infiltrates the 
ground and the risk of run-off is minimised. However, for this purpose of this assessment the exposure 
pathway is considered as potentially complete. 

• Springs (aquatic GDEs) associated with Hutton Creek – the source aquifer (Precipice Sandstone) is 
hydraulically isolated from the irrigation areas through the presence of the Evergreen aquitard. This exposure 
pathway is incomplete.  

• Hutton Creek and associated wetlands – irrigated water runoff is considered a potentially compete exposure 
pathways to Hutton Creek in the areas down-gradient of the irrigated plateaus.   

• Boxvale Sandstone aquifer, located on the peripheries of the irrigated areas along the escarpment ridgelines. 
The strong fracture networks observed in outcrop indicates that this pathway is potentially complete. 

• Precipice Sandstone aquifer, present along the base of the Hutton Creek valley floor. As described above, 
this aquifer is hydraulically isolated from the irrigation areas through the presence of the Evergreen aquitard. 
This exposure pathway is incomplete. 
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4.3.1.4. Arcadia 

At Arcadia, the potentially complete pathways associated with the Bottle Tree Irrigation Area include: 

• Some minor areas of Brigalow TEC occur 2 km west and down gradient of the Bottle Tree irrigation area.  
Given the distance to this TEC, the exposure pathway is incomplete. 

• The nearest spring occurs approximately 16 km to the west of the irrigation area. This permanent spring (705-
Spring Creek) is sourced from the Clematis Sandstone, which is hydraulically isolated from the irrigation area 
by the Rewan Formation. This exposure pathway is incomplete.  

• There are no GAB or Bowen Basin aquifers in hydraulic connection with the Bottle Tree Irrigation Area. This 
exposure pathway is incomplete. 

• There is one existing water supply bore within 5 km of the site (RN158164) which taps the Rewan Formation 
aquitard. There are four Santos dam seepage monitoring bores that tap the Rewan Formation aquitard to the 
northeast of the irrigation area. Given that the Rewan Formation is a tight regional aquitard (OGIA, 2019), this 
exposure pathway is incomplete. 

• There are no surface spring ecosystems, watercourse springs, or subterranean GDE areas within 5km of the 
irrigation area. This exposure pathway is incomplete.  

4.3.2. Dust suppression and construction activities 

4.3.2.1. Scotia 

At Scotia, the potentially complete pathways associated with dust suppression and construction activities include: 

• Brigalow TEC – A potentially complete exposure pathway may exist should engineered surfaces, construction 
or dust suppression activities occur in proximity to a TEC. Location selection would be in accordance with the 
Constraints Planning Protocol. 

• Bungaban Creek and associated wetlands - Given the presence of drainage features, this pathway is 
considered as potentially complete. 

• Riparian vegetation, mapped as Regional Ecosystem 11.3.2: Poplar box woodlands on alluvial plains. Given 
the presence of drainage features this pathway is considered as potentially complete. 

• The Hutton Sandstone aquifer – given significant depth to groundwater and limited duration and volume of 
application, this pathway is not considered complete. 

4.3.2.2. Roma 

At Roma, the potentially complete pathways associated with dust suppression and construction activities include: 

• Brigalow TEC – A potentially complete exposure pathway may exist should engineered surfaces, construction 
or dust suppression activities occur in proximity to a TEC. Location selection would be in accordance with the 
Constraints Planning Protocol. 

• Blyth Creek - Given the presence of drainage features, this pathway is considered as potentially complete. 

• The Mooga Sandstone aquifer – given depth to groundwater, limited duration and typical volume of 
application, this pathway is not considered complete. 

4.3.2.3. Fairview 

At Fairview, the potentially complete pathways associated with dust suppression and construction activities 
include: 

• Springs associated with Hutton Creek – the source aquifer (Precipice Sandstone) is hydraulically isolated 
from roads and construction areas situated on the elevated plateaus through the presence of the Evergreen 
aquitard. This exposure pathway is incomplete.  

• Hutton Creek and associated wetlands – given the presence of drainage features this is considered as a 
potentially complete exposure pathway to Hutton Creek.   
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• Precipice Sandstone aquifer, present along the base of the Hutton Creek valley floor. As described above, 
this aquifer is hydraulically isolated from the elevated development areas through the presence of the 
Evergreen aquitard. This exposure pathway is incomplete.  

4.3.2.4. Arcadia 

At Arcadia, the potentially complete pathways associated with dust suppression and construction activities 
include: 

• There are terrestrial GDEs situated within select locations of the Arcadia Valley. These are Quaternary alluvial 
aquifers with a fresh, intermittent groundwater connectivity regime.  Given the presence of drainage features 
this considered a potentially complete exposure pathway to these terrestrial GDEs.  

• There are two threatened flora species are known to occur within the project area and on Bottle Tree property. 
Ooline (Cadelia pentastylis) and Xerothamnella (Xerothamnella herbacea) occurs within select locations the 
valley including riparian areas.   Given the presence of drainage features this is considered a potentially 
complete exposure pathway. 

• Brigalow and the TEC ‘Semi-evergreen vine thickets of the Brigalow Belt (North and South) and Nandewar’ 
are present within select locations of Arcadia. Given the presence of drainage features this is considered a 
potentially complete exposure pathway.   

5. Measures to Avoid, Mitigate and 
Manage Adverse Impact 
This section meets Condition 25B (a) of EPBC Approval 2012/6615, which requires that this plan must include: 

• Detail measures that will be implemented to avoid, mitigate and manage impacts to surface and groundwater 
resources, EPBC threatened species, EPBC migratory species and EPBC communities as a result of the 
storage and disposal of CSG produced water and waste products during the life of the action. 

Section 5.1 outlines Santos GLNG’s constraints planning process.  This describes how the planning process 
which locates project activities, including those related to the production, storage and disposal of CSG produced 
water and waste products during the life of the project, avoids adverse impact to ecologically sensitive areas.  
Ecologically sensitive areas include habitats that may support EPBC threatened species, EPBC migratory species 
and EPBC communities. 

Section 5.2 provides information specific to the production, storage and disposal of CSG produced water and 
waste products during the life of the project at Scotia, Roma, Arcadia and Fairview. In summary, that section: 

• describes the various mechanisms and processes by which an adverse impact to a water resource may occur 
without adequate management controls in place as a result of various actions. 

• references the existing documentation that provides further information on. 

• how the risk of adverse impact has been assessed. 

• provides a justification for the measures that are implemented to avoid, mitigate and manage impacts to 
surface and groundwater resources. 

5.1. Constraints to development 
All project activities listed in Section 3 are considered hazards to groundwater resources, EPBC threatened 
species, EPBC migratory species and EPBC communities.  For these hazards to pose a risk to MNES, both a 
MNES receptor and an exposure pathway must be present. 

The Santos GLNG constraints planning process follows the approved Environmental Protocol for Constraints 
Planning and Field Development (available on the Santos website). Constraints planning provides a mechanism 
for avoidance and then minimisation of potential risks MNES through location selection, without the need for 
further mitigation or management.    
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The need for additional mitigation and management of activities in the following location section is determined 
after the application of the avoidance measures based on the evaluation of exposure pathways to an MNES 
receptor. 

5.2. Determination of measures 
The section provides information specific to the storage and disposal of CSG produced water and waste products 
during the life of the GFD project at Scotia, Roma, Fairview and Arcadia areas. These focus on avoiding 
uncontrolled releases of water or residual drilling material.   

Based on the outcomes of the exposure / pathway assessment, Table 15, Table 16, Table 17 and Table 18 
present a summary of the potential CSG waste management actions which without management controls in 
place, may pose a significant risk of adverse impact to MNES including water resources.  It describes the various 
mechanisms and processes by which water or waste may be released. 

Tables 15, 16, 17 and 18 then reference supporting documentation that can provide further information on how 
the risk of significant adverse impact has been assessed.  The supporting documents justify the proposed 
measures that are implemented to avoid, mitigate and manage impacts to MNES receptors. 

5.2.1. Water storage ponds 

Most storage ponds described in Table 3, Table 4 and Table 5 include (where they are defined as regulated 
structures): 

• Mandatory hydraulic performance engineering standards as defined by the Queensland Government to 
manage containment  

• Leak detection systems and / or seepage monitoring bores to demonstrate containment and to the risk of 
seepage to both groundwater and the surface environment 

• Annual engineering inspections by a Registered Engineer Practicing in Queensland (REPQ) to demonstrate 
that the pond is performing as designed  

• Maximum operating limits and mandatory reporting limits to manage the risk over topping 

Early warning, trigger thresholds and limits for detecting impact on surface water and groundwater resources due 
to the operation of produced water storage ponds are provided in Section 6.  A risk-based exceedance response 
plan is presented in Section 7. 

5.2.2. Irrigation 

In Queensland, criteria for irrigation water quality are defined in End of Waste Code – Irrigation of Associated 
Water (including coal seam gas water) (DETSI, 2025).  This provides general approval conditions for resource 
producers and users issued in accordance with the Queensland Waste Reduction and Recycling Act (2011) 
(WRR Act).  These criteria determine minimum standards that must be achieved by water management activities 
to avoid environmental impact and reflect the same standards that are applied to primary industries that may use 
any groundwater (i.e. from water bearing strata, including coal seams) for the same purpose. These criteria are 
adopted or derived in accordance with ANZECC (2000). 

Where a generic standard for a particular water quality parameter cannot be met, an End of Waste Code RMMP 
is required.  An RMMP: 

• is provided to the administering authority and must be certified by an independent and suitably qualified 
person 

• states the extent to which the water quality does not meet the generic required standard 

• states the varied water quality parameters (for the parameters that do not meet the required standards) that 
ensures: 

– soil structure, stability and productive capacity can be maintained or improved 

– toxic effects to crops do not result; and 

– yields and produce quality are maintained or improved 

RMMPs have been produced for each of the Irrigation areas described in Section 3.5.  Monitoring of irrigation 
water quality, soil structure and chemistry, crop health and soil infiltration rates is specified in that RMMP. 
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Deep drainage refers to the infiltration of irrigation water beneath the shallow soil layer effectively utilised by the 
irrigated crop.  Hydrogeological risk assessments (refer to Section 10) assess the risk of subsurface migration of 
irrigation water where deep drainage occurs.  They assess that subsurface migration pathways to water resource 
receptors may be present such as land uses, terrestrial GDEs, aquatic GDEs, aquifers, registered water supply 
bores, springs (including GAB springs) and terrestrial receptors.  The hydrogeological risk assessment reports for 
Scotia, Roma and Fairview have concluded that the risk of vertical and horizontal migration is very low and can be 
managed through irrigation management and monitoring. A hydrogeological risk assessment is not required for 
Arcadia because the presence of the Rewan Formation aquitard throughout the Arcadia Valley nullifies the risk of 
subsurface irrigation water migration in this area, i.e. there is no complete pathway to assess.    

For irrigated areas in the Roma development, under a conservative modelled irrigation scenario, irrigation water is 
expected to largely remain within the vadose zone and not migrate laterally more than 50m laterally.  This can be 
readily demonstrated through shallow groundwater monitoring throughout the life of the project.  Should irrigation 
water reach the water table, the water quality approximates that of the receiving environment due to the large 
travel time and the dilution that occurs due to rainfall infiltration over the period it takes to reach groundwater. In 
most irrigation areas this period is more than 1000 years.  For the northern-most pivots in the Bend South 
Irrigation area (Pivots 4 and 5), the period it takes to reach the water table is more than 100 years. 

For irrigated areas in the Scotia development, salinity modelling through the vadose zone concludes that the risk 
of vertical and horizontal migration is very low and can be managed through irrigation design and monitoring.  
Under a conservative modelled irrigation scenario, irrigation water is predicted to migrate laterally less than 200 m 
from the pivot areas over a period of greater than 30 years and can be readily demonstrated through monitoring. 

Irrigation water is expected to remain within the vadose zone and can be readily demonstrated through 
monitoring.   

For irrigated areas in the Fairview development, salinity modelling through the vadose zone concludes that the 
risk of irrigation-induced deep drainage contributing salinity to the Boxvale Sandstone aquifer is very low. The 
migration of dissolved salts to groundwater may take decades to hundreds of years (based on solute transport 
modelling), and the salt flux will be small compared to the existing salt content in the aquifer.  

Although no environmental receptors are predicted to be, or at risk of being impacted, monitoring is proposed to 
verify the report findings, demonstrate environmental outcomes and to inform adaptive management, if required.   

5.2.3. Operational re-use of coal seam water 

Assessment of complete pathways for operational water beneficial re-use is presented in Section 4.3.  The State 
EA specifies that dust suppression water is not permitted to be applied at a rate that pools. 

To manage this risk, Santos will not undertake dust suppression activities within or adjacent to watercourses.  
Further, the Constraints Planning Protocol avoids project activities, including dust suppression within or adjacent 
to areas of wetlands, including all springs. 

Early warning, trigger thresholds and limits for detecting impact on surface water (and shallow groundwater at 
these locations) due to the suppression of dust on roads using coal seam water are provided in Section 6.  A risk-
based exceedance response plan is presented in Section 7. 

5.2.4. Disposal of residual drilling material by land application 

Without adequate management controls in place, the disposal of residual drilling material via land application has 
the potential to pose a risk surface water receptor. This is because application to land could take place within or 
adjacent to the surface water receptor, where project activities intersect or are proximal to them. 

The Eastern Queensland Residual Drill Material Management Plan (0007-650-PLA-0015) (Santos 2024) and 
Residual Drill Material: Land Application Procedure (0007-220-PRO-0026) (Santos 2022) specify the methods 
used to manage risks to environmental receptors from residual drilling materials. This method outlines the 
application methods, volumes, application areas and monitoring which are required. Risk of exposure to MNES 
receptors is assessed in completed chemical risk assessments undertaken in accordance with the CRAF.  

These documents show that the potential risk to MNES receptors is low because: 

• the physical and chemical properties of the residual drilling material is largely benign, that is so not generally 
exceed screening criteria 

• well leases are remote from surface water receptors, and surface water courses are ephemeral 
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• there is large vertical separation of groundwater receptors from surface activities 

• EA conditions adequately regulate land application techniques and a methodology to avoid environmental 
harm has been developed by a suitable qualified third-party. 

Although no environmental receptors are predicted to be or at risk of being impacted, monitoring demonstrates 
that environmental outcomes have been achieved.  Monitoring comprises: 

• visual observation of areas post application of the material 

• sampling and characterisation of the residual drilling material from 1 in 10 wells; and 

• sampling and characterisation of soil samples at 1 in 10 areas where residual drilling material has been 
applied to land approximately 12 months post application and after one wet season. 

Early warning, trigger thresholds and limits for managing the risk of adverse impact to surface water and 
groundwater resources due to the disposal of residual drilling materials by land application are provided in Section 
6.  A risk-based exceedance response plan is presented in Section 7. 

Should approved chemical risk assessments identify additional management controls or monitoring requirements, 
then the CSGWMP will be revised as outlined in Section 9. 
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6. Early Warning Indicators, Trigger 
Thresholds and Limits for Detecting 
Impact 
This section meets the requirements of Condition 25B of EPBC Approval 2012/6615, which states that this plan 
must include: 

• Early warning indicators, trigger thresholds and limits for detecting impacts on surface water and groundwater 
quality as a result the storage and disposal of CSG produced water and waste products. 

Table 18 describes the early warning indicators, triggers thresholds and limits for detecting impacts MNES within 
the Scotia, Roma, Fairview and Arcadia development areas.   

These monitoring values have been derived conservatively. For example, an exceedance of a ‘limit for detecting 
impact’ would not necessarily confer that an impact to surface water or groundwater quality and associated MNES 
has occurred or is likely to occur in the future.  The early warning indicators, trigger thresholds and limits for 
detecting impact have been derived to demonstrate that the pathways to adverse impact need to be confirmed 
and may remain only partially or entirely incomplete.   

Management responses to exceedances of trigger thresholds, as presented in Section 7, will require investigation 
of the potential adverse impact, relative completion of the impact pathway, and the need for possible impact 
mitigation or site remediation. New or modified existing management controls may also be necessary to prevent a 
recurrence of the trigger threshold exceedance and will be confirmed pending the application of the management 
response to that exceedance.   

The risk-based exceedance responses which are described in Section 7 include the ability to review and revise 
the derivation of early warnings, trigger thresholds and limits for detecting impacts on surface and groundwater 
quality.  This plan would be revised in accordance with Section 9 if a revision of the values is required or if a new 
and/or modified management control is identified as necessary. 
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The evaluation will also consider subsurface conditions (e.g. baseline, post-baseline results and monitoring bore 
construction records) and the findings of the hydrogeological impact assessment. Where water is present in 
groundwater monitoring bores (e.g. background monitoring bores), the geochemical evaluation methods can be 
used to identify potentially negative changes to water quality and trends overtime. Evaluation tools used will 
include Stiff Plots and/or Piper Diagrams (described in sections below). 

If the evaluation identifies that the water present within the monitoring bore is irrigation water, then the relevant 
early warning or trigger response will be initiated. If the trigger threshold management response resample 
confirms the presence of irrigation water along the pathway, the minister will be notified of the trigger threshold 
exceedance in accordance with Table 18 and Section 9.2 and receptor monitoring will commence. An 
environmental assessment will commence to define the receptor monitoring locations, in consideration of the 
subsurface conditions, and monitoring will commence biannually, post-construction of monitoring bore(s), for the 
receptor monitoring indicators presented in Table 19. The receptor monitoring indicators may be revised, 
dependent on the receptor (i.e. surface water / groundwater), in accordance with the Water Quality Management 
Framework (Australia and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG), 2018). 

6.1.1. Stiff plots 

Similar to a Schoeller diagram, a Stiff plot can be used to compare different water quality samples and to monitor 
changes in water chemistry both temporally and spatially. Results are plotted in meq/L, and the polygon 
presented is broken up into halves. The left-hand side of the polygon plots a summary of cation data, while the 
right-hand side displays that of anions. As a result, these diagrams are typically used as a quick comparison of 
waters from different sources. 

6.1.2. Piper diagram 

A Piper Diagram graphically displays the nature of a water sample in terms of cations, anions and total ions, and 
can be used to differentiate the types of water in a given aquifer or collection of aquifers and to compare temporal, 
spatial and source changes (depending on zone isolation, etc.). The lower left triangle (presented on the left of the 
tab) summarises cations in the form of Na+ + K+, Ca2+ and Mg2+, while the lower right triangle (on the right of the 
display) focuses on anions in the form of SO42-, Cl- and HCO32-. The data displayed on the two cation/anion 
triangles are then combined, and plotted on the quadrilateral plot, displayed in the centre of the tab. 
Concentrations on Piper diagrams are expressed as % meq/L. 

7. Exceedance Response and Reporting 
This section meets the following Condition 25B (e) EPBC Approval 2012/6615, which requires that this plan must 
include: 

• Details of a risk-based exceedance response for the activities the approval holder will undertake, and the 
timeframes in which these actions will be undertaken, if early warning indicators, trigger threshold values or 
limits are exceeded, including reporting of the location and severity of exceedance/s to the Minister. 

7.1. Risk-based exceedance responses 
Monitoring and management controls are implemented by Santos GLNG to manage and mitigate against the risks 
presented in Table 14 to Table 17.   

The monitoring and response approach outlined in Table 14 to Table 17, and justified below, is conservative in 
respect of detecting a change in the potential for impact far in advance of any impact actually occurring.   

No significant impacts to MNES are expected.  The proposed management responses are adaptive.  If justified, 
re-assessment and revision of this monitoring and management plan may be required if new information becomes 
available that justifies a less conservative approach (see Section 9).   

Table 18 presents the Early Warning and Trigger Threshold values and proposed management responses that 
comprise risk-based exceedance responses for the assessed project activities.   

The following sections justify the risk-based approach to the monitoring and management. All monitoring 
requirements and frequency of monitoring are outlined in the relevant management documents, including the 
relevant Environmental Authority, RMMP, Residual Drill Material Management Plan and Procedure, End of Waste 
Code(s) and this plan. Refer Section 10 for a list of supporting documentation. 
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7.1.1. Storage of produced water in ponds 

The risk-based exceedance response plan for the storage of produced water in water ponds relies on pond water 
level monitoring and the monitoring of leak detection and / or seepage systems.   

This design and operation of these ponds adheres to relevant Australian standards or regulatory obligations 
imposed by the Queensland Government.  The monitoring approach outlined ensures that pond leakage and 
overtopping is adequately managed.  Furthermore, the location of these storage ponds, being sited away from 
potential water resources, means the risk to water resources or other MNES due to a loss of containment is 
extremely low. 

7.1.2. Irrigation 

The risk-based exceedance response plan for irrigation produced water is complex.  The various approaches that 
are shown in Table 18 are unique to the causal factor, migration pathway and potential adverse impact.  The 
approaches are summarised and justified under the following headings: 

• Adverse impacts due to over land migration 

• Adverse impacts due to subsurface migration 

• Adverse soil dispersion impacts 

• Adverse impacts to crop health and yield. 

7.1.2.1. Adverse impacts due to over-land migration 

The risk-based exceedance response plan for the irrigation of produced water, in respect of the risk of produced 
water migration to water resources via overland flow, relies on monitoring of application rates and visual 
inspection of the pivot areas and its surrounds. 

An observational approach to the management of irrigation water at, or immediately adjacent to the irrigation 
areas, will directly prevent the loss of irrigation water and risk of migration to receptors via surface run-off.  This 
approach recognises that many factors combine to affect soil infiltration rates, for example antecedent rainfall, 
crop condition, temperature and humidity, and so an adaptive and observational approach to application rates is 
both practical and reliable. 

7.1.2.2. Adverse impacts due to subsurface migration 

The risk-based exceedance response plan in respect of subsurface migration of irrigation to both groundwater 
and surface water resources, depends on groundwater monitoring. 

This approach is justified by the findings of the hydrogeological risk assessments (see Section 10).  These reports 
show that the risk to water resources due to subsurface migration of irrigation water is low because: 

• the horizontal migration pathway to surface water resources is incomplete (i.e. the rate and duration of 
application is not sufficient enough to allow irrigation water to migrate more than around ~50 m (Roma) to 
~200 m (Scotia) from the irrigation areas over 30 years).   

• the rate of vertical migration will be so slow that the potential impact to groundwater resource quality is 
mitigated by the exceedingly slow rate of release of irrigation water towards groundwater. 

• the top of the first groundwater resource is encountered at depth greater than 10 m at Fairview, 20 m at Roma 
and 60 m at Scotia. Groundwater aquifers are not present in the Arcadia Valley where Bottle Tree Irrigation 
Area occurs.  

This approach is conservative in respect of managing potential impacts to water resources because: 

• The detection of irrigation water along either the vertical or horizontal pathways is not expected throughout the 
life of the project due to irrigation design and irrigation management. 

• Early detection of irrigation water in these groundwater piezometers can derive and inform adaptive 
management response that may result in more information becoming available that may justify an amendment 
to the hydrogeological impact assessment (see Table 19).  New information that may justify an amendment of 
this plan might include (see Section 9): 
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– a review of the hydrogeological risk assessment (e.g. validation of the modelled condition using the 
observed condition) and, if necessary, a revision of the risk assessment and this plan (in accordance with 
commitments in Section 9). 

– the installation of monitoring locations further afield, i.e. to confirm the extent that irrigation has migrated 
vertically or horizontally, or  

– an alteration of irrigation practices the effect of which may continue to be monitored in the currently 
proposed monitoring locations. 

7.1.2.3. Adverse soil dispersion impacts 

The risk-based exceedance response plan for irrigation in respect of adverse impacts due to soil dispersion, 
depends on the visual inspection and a periodic laboratory testing of the soil chemistry. 

This approach is justified by the RMMPs (references provided in Section 10).  These reports describe the 
expected attributes of both the irrigation water and the soil.  They derive a methodology for ensuring the stability 
of the soil is maintained throughout the life of the project.  The approach requires the application of established 
agricultural principles and practices. 

7.1.2.4. Adverse impacts to crop health and yield 

The risk-based exceedance response plan for irrigation in respect of adverse impacts to crop health and yield, 
depends on the visual inspection of the crop condition and periodic laboratory testing of plant tissue and soil 
chemistry. 

This approach is justified by the RMMPs (full references provided in Section 10).  These reports describe the 
expected attributes of both the irrigation water and the soil.  They derive a methodology for ensuring the stability 
of the soil is maintained throughout the life of the project.  The approach requires the application of established 
agricultural principles and practices. 

7.1.3. Dust suppression with produced water 

The risk-based exceedance response plan for the re-use of produced water for dust-suppression activities relies 
on observation of the application areas by the operator, and the avoidance of application in defined areas. This 
includes avoiding dust suppression within or adjacent to watercourses or other MNES values. 

This approach is supported by the approved Environmental Protocol for Constraints Planning and Field 
Development. 

7.1.4. Application of residual drilling material 

The risk-based exceedance response plan for the application of residual drilling material relies on regular 
sampling and characterisation of residual drilling material, application of material in defined areas and observation 
of the application areas by the operator. Further soil samples are taken at areas where land application has 
occurred approximately 12 months after the application and after a wet season. 

This approach ensures residual drilling material is of a quality and applied in quantities that will not pose 
unacceptable risks to the environment. This includes ensuring the material is not applied adjacent to watercourses 
or springs. The approach is justified by the Land Application Method and the outcomes of chemical risk 
assessments undertaken in accordance with the approved CRAF.   

7.2. Timeframes for management actions and reporting 
The timeframe to implement the management responses to exceedances of the early warning indicators and 
trigger thresholds for surface water and groundwater quality is outlined in Table 20. Where there is an 
exceedance of a Trigger threshold limit outlined in Table 20 this will be reported to the Minister within 10 business 
days. 

 

Reporting will include an assessment of the location and severity of exceedance. Santos will cease the activity 
associated with the exceedance if directed in writing by the Minister (condition 26A) and where required undertake 
corrective actions as directed.  The activity will not recommence until the Minister has indicated it is able to in 
writing. Any external audits will be conducted as instructed by the Authority.  
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1. an electronic copy of the revised plan marked up with track changes to show the differences between the 
approved plan and the revised plan 

2. an explanation of the differences between the approved plan and the revised plan 

3. the reasons the approval holder considers that taking the action in accordance with the revised plan 
would not be likely to have a new or increased impact 

4. written notice of the date on which the approval holder will implement the revised plan (revised plan 
implementation date), being at least 20 business days after the date of providing notice of the revision of 
the action management plan, or a date agreed to in writing with the Department. 

• Implement the revised plan from the date that the plan is submitted to the DCCEEW. 

9.2. New information 
Santos GLNG may revise this plan if new information (such as interpreted operational data or environmental 
monitoring data) is made available or if key supporting documents that inform content in this plan are updated and 
that the new information or change justifies an amendment to the plan. For example, conditions in an 
Environmental Authority regulating the storage and disposal of CSG produced water and waste products are 
amended to change the way in which the activities are managed.   

In this situation, Santos GLNG may submit a revised plan to DCCEEW in accordance with Condition 36 of 
approval 2012/6615 issued under the EPBC Act. 

10. Supporting Documentation 
ANZECC and ARMCANZ Water Quality Guidelines, Australian and New Zealand Environment and Conservation 
Council (ANZECC) & Agriculture and Resource Management Council of Australia and New Zealand (ARMCANZ), 
2000 

0007-650-PLA-0007_Environmental Protocol for Constraints Planning and Field Development – GFD (Santos, 
2016T) 

End of Waste Code Irrigation of Associated Water (including coal seam gas water) (ENEW075467018) Waste 
Reduction and Recycling Act 2011 (DETSI, 2025) and Resource Monitoring and Management Plans (RMMPs) 
required under code: 

• 1724-220-EMP-0001 RMMP: Bottle Tree Irrigation Area 

• 0027-220-EMP-0001 RMMP: AWAF1 

• 0030-220-EMP-0001 RMMP: Avalon (Scotia) 

• 1704-220-EMP-0001 RMMP: Pleasant Hills 

• 4120-220-EMP-0001 RMMP: Kia Ora 

• 6317-220-EMP-0001 RMMP: PL 92 & PL 100 LAI 

• 6367-220-EMP-0001 RMMP: IR8 LAI 

• 7601-220-EMP-0001 RMMP: RM07-03 

• 7667-220-EMP-0001 RMMP: The Bend South 

• 7667-220-EMP-0001 RMMP: Belbri East 

• 7691-220-EMP-0001 RMMP: Roleen 

• 7608-220-EMP-0001 RMMP: Tantatton 

• 6317-220-EMP-0001 RMMP: IR3, IR4, IR5(2) and IR6(3) Irrigation Areas 

 

Irrigation Hydrogeological and Risk Assessments: 

• Santos Pleasant Hills LAI Landscape Salinity Risk Assessment.  Golder, August 2016. 
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• Bend South Irrigation Hydrogeological Risk Assessment, Santos GLNG.  Golder, July 2018 

• Belbri Irrigation Hydrogeological Risk Assessment, Santos GLNG. Golder, July 2018. 

• Scotia Irrigation Hydrogeological and Risk Assessment (Golder, 2017) 

• Fairview Irrigation Hydrogeological and Landscape Salinity Risk Assessment, Santos GLNG.  Golder, January 
2020 

 

End of Waste Code Associated Water (including coal seam gas water) (ENEW0757018) (DETSI 2025) 

Scotia Area Hydrogeological Conceptual Model (Golder 2011) 

0007-650-PLA-0015 Eastern Queensland Residual Drill Material Management Plan (Santos 2024) 

0007-220-PRO-0026 Residual Drill Material: Land Application Procedure (Santos 2022) 

0007-650-EMP-0029 Environmental Contingency and Emergency Response Plan (Santos 2022) 

Surat Underground Water Impact Report (UWIR) for the Surat Cumulative Management Area (Queensland Office 
of Groundwater Impact Assessment (OGIA 2019) 

Chemical Risk Assessment Framework (CRAF), Santos Gas Field Development Project, EPBC 2012/6615, 
Version 1, April 2021 (Santos 2021).  

Coal Seam Gas - Joint Industry Framework (JIF) - Managing impacts to groundwater resources in the Surat 
Cumulative Management Area under EPBC Act approvals. Endorsed by DAWE on 17 March 2021  

Environmental Authority EPPG00928713 (Fairview Arcadia Project Area) 

Environmental Authority EPPG00898213 (Roma Shallow Gas Project Area) 

Environmental Authority EPPG00662213 (Roma Shallow Gas Project Area East) 

Environmental Authority EPPG03515915 (Scotia Project Area) 

Environmental Authority EA0001210 (Maisey Project Area) 

  
































