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Key Points 
• State governments require CSG operators to find 'beneficial uses' for produced water, yet provide 

limited guidance on how this can be achieved 
• Environmental flow assessment methods do not address specific risks from the discharge of 

produced water (treated or untreated), and aren't designed to take full advantage of the volume of 
water available which could be supplied by CSG operators 

• The assessment method presented has the flexibility to be applied in a wide range of environments 
under different regulatory systems 

• Trial application of the assessment method to the Glenelg River identified knowledge gaps which 
create uncertainty in the prediction of impacts, such as lower tolerance limits of ecosystems to 
water quality parameters that are deficient in treated produced water (e.g. calcium). 

 

Abstract 
This paper proposes an assessment method for discharge of produced water from coal seam gas (CSG) 
projects to streams in Australia. Management of produced water is a key issue for the sustainability of the 
CSG industry. The industry is likely to continue expanding in the future creating pressure to find beneficial 
uses for produced water. It has been suggested that some produced water, treated to an appropriate level, 
could be used to augment environmental flows in catchments experiencing water stress. The flow assessment 
method proposed includes six main stages, from determining discharge requirements of the operator and 
existing environmental values, to predicting changes in stream condition under discharge scenarios and 
selecting key indicators for monitoring. The main changes that will be brought about to stream ecosystems 
from discharge of produced water relate to geomorphology, water quality and hydrology. The extent of these 
changes and the sensitivity of the environmental values within the system to these changes should be 
assessed prior to approval of stream discharge of produced water, while operational requirements, such as 
timing, volumes and release points also need to be considered in a whole-of catchment context. The 
assessment method is applied to the Glenelg River as a case study to illustrate use of the method; this 
location was selected as a hypothetical case, purely due to data availability.  
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Introduction 
The coal seam gas (CSG) industry has expanded rapidly in Australia over the last five years and is expected to 
continue growing (Hamawand et al., 2013). There are considerable economic benefits from the production 
and export of CSG and it is expected to play a vital role in meeting Australia's energy requirements in the 
future (SCER, 2013). This scale of industry expansion will result in a considerable environmental footprint. In 
the state of Queensland, 4,000 CSG wells existed in 2012, and if the industry expands as expected, this 
number could increase to as many as 40,000 (CSIRO, 2012).  
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Community concerns at the under-development of policy and legislation to regulate the CSG industry in 
Australia are significant, particularly around cumulative impacts on water resources (IESC, 2014). The CSG 
industry in Australia is most developed in Queensland, where production began in the mid 1990s (Hamawand 
et al., 2013). However, the first policy to deal with produced water wasn't released until 2010 and was 
updated and re-released in 2012 (DEHP, 2012). 

One of the biggest challenges facing the CSG industry is the management of large volumes of often poor-
quality water brought to the surface during the 'dewatering' phase of gas production (Kahn and Kordek, 
2013). It has been estimated that around 7,500 GL of groundwater could be extracted for CSG operations 
Australia-wide over the next 25 years (NWC, 2010). Previously, much of this water was ‘disposed’ of in 
evaporation ponds. Recent legislative changes now prevent this type of disposal, and existing ponds are being 
decommissioned (RPS, 2011, DEHP, 2012). Table 1 shows a summary of the options for disposal of produced 
water available to CSG operators in Australia that could have beneficial uses. Most are restricted by the poor 
quality of produced water (e.g. high salt content and sodium absorption ratio; presence of metals and 
radionuclides,(Kahn and Kordek, 2013)) and treatment is usually required. Treatment to date has 
predominantly been carried out using local-scale reverse-osmosis desalination plants. 

Table 1. Summary of beneficial use and disposal options currently available to CSG operators as part of 
their water management strategy 

Beneficial Use Description 
Irrigation Irrigation of agricultural or forestry crops with produced water, this could be arranged as a substitution for or 

supplement of an existing irrigation scheme 
Livestock 
watering 

Produced water used for stock consumption, this could be arranged as a substitution for an existing water 
entitlement 

Industrial use Examples of industrial use of produced water include: coal washing, drilling activities, dust suppression, 
enhanced oil recovery, fire protection, slurry piping, cooling water, plant and vehicle washing 

Impoundments Water storages for produced water for various uses including shallow aquifer recharge, fisheries, recreation, 
aesthetic purposes, livestock or wildlife watering 

Water supply Potable water supplies supplemented with produced water 
Aquifer storage 
and recovery 

Storage of produced water in aquifers for future recovery 

Aquifer recharge Injection of produced water into depleted aquifers for recharge purposes 
Direct stream 
discharge 

Release to the environment in a manner that improves local environmental values 

SOURCE: (RPS, 2011, DEHP, 2012) 
 
The Queensland Government's CSG Produced Water Policy suggests that a potential beneficial use for the 
water is to discharge produced water to streams 'in a manner that improves local environmental values' i.e. 
to supplement environmental flows in streams (DEHP, 2012). Some attempt has been made to understand 
the constraints to direct surface water discharge as a beneficial use; The Queensland Government's Healthy 
HeadWaters Coal Seam Gas Feasibility Study was aimed at identifying opportunities, risks and constraints in 
using produced water to address water sustainability issues (Shaw, 2010). Although this study provides 
valuable insight to the issues associated with using produced water to compensate for environmental flows, 
the scope is restricted to the Queensland section of the Murray-Darling Basin. The National Water 
Commission has stated that discharges to streams should be conditioned to protect environmental values and 
water quality objectives and that releases to ephemeral streams should be ‘pulsed’ to prevent flows in times 
where the stream would naturally be dry (NWC, 2010).However, how this can be achieved in practice is 
unclear. Additionally, there is difficulty in matching ecological requirements for stream discharge with CSG 
operator requirements. This is made difficult because the majority of produced water is brought to the 
surface in the early stages of a coal seam gas project and volumes tend to decline exponentially with time 
(RPS, 2011). The quality of produced water is also a major constraint for this reuse option, and most 
applications to release produced water to surface water bodies in Australia to date propose to treat the water 
using reverse osmosis (RO) (Shaw, 2010). As the industry expands, it is likely that the need to find appropriate 
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beneficial use options, and thus impetus for adopting surface discharge as a produced water management 
strategy, will increase. Therefore, a scientifically defensible method for assessing the discharge of produced 
water to streams in order to protect or enhance environmental values is needed.  

Regulation of the CSG industry in Australia 
Table 2 shows a brief summary of federal and state legislation in Queensland, New South Wales and Victoria, 
which relate to the discharge of produced water into watercourses. In Australia the main responsibility of 
regulating the CSG industry falls to state governments. The federal government plays a role in assessing CSG 
operations that could have an impact on environmental assets of national importance through the 
Environmental Protection and Biodiversity Conservation (EPBC) Act and the Water Act.  

Table 2: Summary of legislation in Queensland, New South Wales and Victoria relevant to the stream 
discharge of produced water 

Legislation Relevance to produced water discharges to streams 
Federal Government 
Environment Protection 
and Biodiversity 
Conservation Act 1999 

Recent changes to this legislation include a water ‘trigger’ for federal assessment of large coal mining and 
coal seam gas projects that could impact on water resources. 

Queensland State Government 
Petroleum & Gas 
(Production & Safety) 
Act 2004 

Licences for exploration and extraction of CSG are granted under this legislation. There is no restriction 
on the allowable extractable volume of groundwater for CSG operations under the act. 

 State Development and 
Public Works 
Organisation Act 1971  

Projects of economic, social and/or environmental significance require an environmental impact 
statement prepared under this act and overseen by Queensland's Coordinator-General. This process 
requires a public consultation and review process. 

Environmental 
Protection Act 1994 

An environmental authority is required under this act. The application needs to address potential impacts 
of produced water discharge to streams and is assessed on a case-by-case basis. Large-scale CSG 
operations trigger an Environmental Impact Statement process, which would need to address impacts of 
stream discharge of produced water. 

New South Wales State Government 
Petroleum (Onshore) 
Act 1991 

Ministerial consideration of the need to conserve and protect environmental values is required prior to 
the issue of a petroleum title. 

Environmental Planning 
and Assessment Act 
1979  

CSG operations require approval under the act, usually under part 3A via an environmental assessment 
process. The matters to be addressed are determined for each project individually by the Director-
General of the Department of Planning. An Environmental Impact Statement is always required for 
projects involving the production of CSG. 

Victorian State Government 
Petroleum Act 1998 Licences to extract CSG are granted under this act; once a licence has been granted a work plan must be 

submitted for approval by DEPI before planning approval is granted. DEPI can grant approval with 
conditions under this act. 

Mineral Resources 
(Sustainable 
Development) Act 1990 

A work plan is required under this act which includes a description of potential environmental impacts, 
proposed control methods and the preparation of a monitoring, reporting and evaluation plan  

Environmental Effects 
Act 1978 

The minister for planning may require an environmental effects statement to be prepared under this act 

Planning and 
Environment Act 1987 

Requires the preparation of an environmental effects statement if the planning minister believes the 
operation will have significant environmental impact 

SOURCE: (Commonwealth of Australia, 2013, Queensland Government, 2013, Roth, 2011, Victorian Government, 2014) 
 
Applications to discharge produced water to streams are currently addressed on a case-by-case basis as part 
of the operator's application for an 'environmental authority' in Queensland, 'environmental impact 
statement' in New South Wales and 'work plan' in Victoria. These three regulatory pathways all use different 
terms of reference and it is not clear how a produced water discharge to streams should be assessed.  

Although state governments are putting pressure on CSG operators to find beneficial uses for produced 
water, which can include discharge to surface water bodies where an improvement to local environmental 
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values could be achieved, little guidance is given on how improvement of values should be conducted, 
monitored or assessed in practice. The publication of the National Harmonised Regulatory Framework for 
Natural Gas from Coal Seams (SCER, 2013) has been brought about due to the recognition that the CSG 
industry will expand and communities do not have confidence that the industry is being controlled effectively 
or that industry expansion is sustainable. The environmental defenders office in Victoria emphasise the need 
for an environmental impact assessment process for the CSG industry in Victoria (EDO, 2012). Mining law 
commonly overrides other environmental protection legislation such as Victoria's Environment Protection Act 
1970 including State Environmental Protection Policies, and the Water Act 1989 which is responsible for 
licencing groundwater take and use applications in all other scenarios. It is apparent that an assessment 
method for discharge of produced water to waterways would benefit the CSG industry, the regulator, the 
environment and communities living within environments affected by CSG.  

Environmental Flow Assessment methods in use Australia and Worldwide 
Environmental flow assessment methods are used to determine environmental water requirements for 
regulated watercourses. There are a number of environmental flow assessment methods currently in use in 
Australia and worldwide and these are aimed at determining the quantity and quality of water required to 
maintain or improve aquatic ecosystems and conserve natural resources (Tharme, 2003).  

A review of existing methodologies has been undertaken with the view of using one of these for determining 
a sustainable volume of produced water from coal seam gas operations to be discharged to streams (Duncan, 
2013a). It was found that no existing method is directly applicable due to the differences between the usual 
environmental flow scenario (provides minimum levels of water required to maintain ecosystem functions) 
and the CSG scenario which involves increasing discharge , by adding treated produced water to streams. 
Risks to ecosystems from lack of water, which current environmental flow assessment methods are designed 
for, are fundamentally different to the risks from discharge of produced water. Produced water may go some 
way to meeting the watering requirements of aquatic ecosystems in some cases, hence allowing classification 
as a beneficial use. However, the risks specific to produced water discharge need further consideration within 
a clear and flexible assessment method, before widespread use of this option can be considered. The method 
requires focus on determining upper thresholds for produced water volumes that are not detrimental to the 
environmental values for a stream in question. Specific risks from CSG produced water discharge that must be 
considered within a flow assessment method are described in Table 3.  

Table 3: Risks to aquatic ecosystems from produced water discharge not covered by existing environmental 
flow assessment methods. 

Mechanism Change brought about by produced water 
discharge 

Resultant risks to ecosystems 

Hydrology Increased magnitude, duration and frequency of 
high flow events 

• Increased flooding,  
• Changes to in-stream habitat 
• Ecological consequences for native species 

Hydrology Reduced or elimination of cease-to-flow periods in 
ephemeral streams 

• Life-cycle cues may be missed for some species 
• May increase competition between native and 

introduced species 
Geomorphology Increased shear stress in stream channel • Increased erosion and sediment mobility 

• Changes to channel morphology 
• Blockage of system after discharge ceased 

Water Quality Reverse osmosis (RO) treated water has very 
different physicochemical characteristics compared 
with many  natural river waters 

• High sodium, low calcium and low magnesium affect 
species function, such as exoskeleton production 

• Low temperature (from storage in deep dams) may 
affect species’ survival and  life-cycles. 

• Low turbidity can contribute to algal blooms 
• Boron resistance to RO treatment – some species may 

have low tolerance 
SOURCE: (Shaw, 2010, QGC, 2012, Santos, 2012, HydroBiology, 2010, Coffey Environments, 2012) 
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Despite the finding that no existing method can be applied directly in its current form, many aspects of 
existing environmental assessment methods are valuable in the context of determining an appropriate a 
discharge regime for produced water from CSG to streams.  

Assessment method for discharge of produced water to streams 

 

Figure 1 shows the proposed assessment method for determining the impacts of stream discharge of 
produced water from CSG. The process for designing the method included a review of existing environmental 
flow assessment methods in Australia (Duncan, 2013a), identifying specific risks from CSG produced water, 
and combining the two aiming to adapt existing methods to apply to the stream discharge of CSG produced 
water. This method has been designed to have the flexibility to be applied to a wide range of different 
ecosystems and river systems, and within different regulatory environments (e.g., across states) within 
Australia. It takes into consideration the specific issues and risks brought about by stream discharge of 
produced water from the CSG industry, including changes to hydrology, geomorphology and water quality 
(Table 3). The method is aimed at finding the maximum volume of water that can be safely discharged to the 
stream, to enhance environmental values.  

Case study - Glenelg River, Victoria 
In order to demonstrate how the proposed assessment method could be applied, a case study was 
developed. It involves a hypothetical CSG project in the Glenelg river basin in south-eastern Australia. The 
assessment method is applied to the Glenelg River as a case study to illustrate use of the method; this 
location was selected as a hypothetical case, purely due to data availability.  

Step 1: CSG Project Assessment and Water Management Plan 
Step 1 of this method looks at the CSG project and its water production timing, volumes and quality. The 
output of this step is a thorough understanding of the discharge requirements of the CSG operator and also 
looks at other potential uses of the water in the local area, other CSG projects which could also be discharging 
water to streams and the cumulative implications for the waterway in such cases. The data on the discharge 
requirements and water treatment processes were based on information from publically available reports 
from CSG projects in Queensland and New South Wales see: (Santos, 2008, APLNG, 2011, QGC, 2012). 

Step 2: Existing Stream Condition and Environmental Values Study 
The established environmental flow assessment methods are very valuable in Step 2 of the method. The 
output from this step is an understanding of the current state of environmental values within the system and 
establishment of whether there is potential for increased flows to enhance environmental values.  SKM 
(2003) completed an environmental flow assessment for the Glenelg River in 2003 which was updated in 

Step 6: Monitoring and Assessment Program 

Step 5: Feasibility Study 

Step 4: Scenario Building and Testing 

Step 3: Predicting Ecosystem Sensitivity & Development of Indicators & Thresholds 
 

Step 2: Existing Stream Condition & Environmental Values Study 

Step 1: CSG Project & Water Management Plan Assessment 

Figure 1: Assessment method for stream discharge of produced water from CSG 
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2013 by Alluvium (2013) which informed Step 2 of the method and completed an assessment of the key 
values and challenges within the river basin. These environmental flow assessments were completed using 
the Victorian Government's FLOWS method (DSE, 2002). A Resource Allocation Model (REALM) for the river 
was developed as part of the 2003 FLOWS study and was used to model natural, pre-development stream 
flow conditions within the Glenelg, for comparison with gauged flows. It was found that due to the 
construction of Rocklands Reservoir in 1953, pumping from the river and land use change, the flow conditions 
in the river have changed significantly and it is suffering from water stress (Alluvium, 2013, SKM, 2003). There 
is thus potential for produced water from any future CSG operations to enhance environmental values by 
contributing to environmental flows in this system.  

Step 3: Predicting Ecosystem Sensitivity and Development of Thresholds 
Step 3 of the method looks to combine the information gathered in Step 1 on the CSG development and Step 
2 on the environmental values within the system to predict how the ecosystem may react and select key 
indicators of environmental consequences. Indicators should be developed for hydrology, geomorphology 
and water quality, Table 4 shows example indicators. These indicators can be used to predict the extent of 
change brought about by different discharge scenarios in Step 4, in order to reduce the risks associated with 
produced water discharge. An important aspect of Step 3 is choosing indicator species that will be the major 
or most sensitive 'receptors' to changes in hydrology, geomorphology and water quality. Indicator species are 
chosen on the basis that they are of high value to the system e.g. conservation status; likelihood that they will 
have particular sensitivity to produced water for some reason; or that they are introduced species that may 
be particularly advantaged by the discharge of produced water, to the detriment of other species in the 
ecosystem. These should be chosen using a combination of literature review and expert panel with 
community consultation. It is important that no bias exists in selecting indicator species and that they 
represent a range of possible responses, more work is required to develop a conceptual framework that is 
transparent and could be consistently applied across projects. In the case of the Glenelg River selection of 
receptors was informed by the use of an existing environmental flows study (Alluvium, 2013, Duncan, 2013b). 

 
Table 4: Indicators for predicting the extent of change to the hydrology, geomorphology and water quality 
of the system after produced water discharge begins 

Mechanism Potential Indicator 
Hydrology • Flow spells analysis  

• Flow duration curves  
• Number of days certain plant habitat zones are inundated under different regimes 

Geomorphology • Critical shear stress calculated for stream bed substrate and the number of days the flow cause these conditions 
before and after discharge 

• Effective discharge  
• Effective work  

Water Quality • Comparing physicochemical parameters of RO permeate with water quality data from receiving surface water 
body 

Threshold Development - Hydrology 
In the case of the Glenelg River it was determined that because hydrology of the system is highly modified 
relative to its natural regime that discharge of produced water could be beneficial in restoring ecological 
values. Due to time and resource constraints a detailed analysis of what an appropriate hydrologic regime 
might look like was not possible. A REALM model was produced as part of the 2003 FLOWS study for the 
Glenelg River (SKM, 2003), which included estimates of flow in the river in ML/day under pre-development 
conditions. These REALM estimates were chosen as the upper threshold for healthy function of the system 
i.e., gauged flow was compared with the REALM outputs, and produced water volumes could only occur to 
meet a deficit of flow (such that total flows do not exceed the REALM estimates). An assumption was made 
that the 'natural' flow regime calculated by REALM is the maximum flow that the system should experience. 
In reality, the Glenelg may be able to tolerate higher flows, however this is difficult to assess without long 
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term historical data from high-flow periods and/or field trials of environmental releases. Flood models should 
also be incorporated into the threshold development for hydrology so that damage to private property 
downstream of the discharge site can be prevented.  

Threshold Development - Geomorphology 
The FLOWS study showed that the Glenelg River was suffering from sand slugs and Typha sp. invasion in the 
main stream channel due to low flows (SKM, 2003, Alluvium, 2013). It was determined that increasing the 
shear stress in the channel by increasing flows would be beneficial to the system from a geomorphic 
perspective and there was no need to develop a threshold for geomorphic change provided it was in the 
range predicted by the REALM model and incorporated flood modelling to protect damage to property. 

Threshold Development - Water Quality 
Analysis of the likely responses of indicator species to various flow regimes was carried out however there are 
significant knowledge gaps surrounding tolerance limits of almost all species to changes in water quality 
brought about by CSG produced water discharge (Duncan, 2013a). It was found that the most sensitive 
indicator species to changes in water quality would be the Glenelg Spiny Crayfish. This crayfish is of high value 
to the system as it is endemic to the Glenelg area and is listed as endangered under the Environment 
Protection and Biodiversity Conservation Act 1999 (Alluvium, 2013). It was also predicted to have high 
sensitivity to produced water discharge due to the presence of an exoskeleton which can be stripped of 
calcium by RO permeate (Shaw, 2010). No data was available to predict how tolerant this species would be to 
water with very low levels of calcium. Current concentrations of calcium in the Glenelg River range from 88-
98 mg/L (DEPI, 2014) whereas typical calcium concentrations in treated RO permeate are around 3-10 mg/L 
(Shaw, 2010). Restricting RO contribution to the entire stream flow to 50% would keep the calcium 
concentration at around 50 mg/L. This threshold was chosen for illustrative purposes only, more research 
would be required to determine whether this threshold would be sufficient to protect the Glenelg Spiny 
Crayfish. In practice, a full suite of indicator species should be included in threshold development phase 
however more work is required to fill data gaps in likely responses to produced water discharge. 

Step 4: Scenario Building and Testing 
Step 4 combines the CSG operator’s requirements for discharge established in Step 1 with the threshold 
developments discussed in Step 3 to come up with an ecologically feasible stream discharge regime. In the 
case of the Glenelg River the REALM model was chosen as the upper threshold for hydrology and the water 
quality threshold restricted discharge to 50% of the total stream volume. Figure 2 shows three examples of 
this discharge regime on different days.  

 

Figure 2: Three example days under the discharge regime. Day 1 - There is a deficit of flow in the system which 
can be met by produced water discharge, maintaining water quality thresholds. Day 2 - There is a large deficit 
of flow in the system however this cannot be wholly met by produced water discharge due to the 50% 
threshold for water quality. Day 3 - There is no deficit in the system and no produced water is discharged.  
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Step 5: Feasibility Study 
Step 5 looks at the feasibility of the discharge regime described in Step 4 from an operational perspective. 
The discharge regime described in Step 4 was modelled over a 25-year period and it was found that just 22% 
of the total volume produced and treated by the CSG operator would be able to be discharged to the stream 
(Duncan, 2013b). Very large storage volumes would also be required to hold water during times that 
discharge is not possible, and a very accurate outlet system from the storage would be required to achieve 
the 50% requirement for water quality. This would add considerable cost to the project which may affect the 
financial viability of this disposal method for produced water, and the land available for storage reservoirs 
may be limited. The CSG operator would need to find an alternative beneficial use or disposal option in this 
case study to manage the additional water that can’t be discharge to the stream. 

Step 6: Monitoring and Assessment Program 
A rigorous monitoring and assessment program is required as part of the assessment method due to the large 
amount of uncertainty around the positive or negative effects of produced water discharge to streams. A 
thorough baseline study is required under Step 2 of this assessment method and the monitoring and 
assessment program should take advantage of this to measure any changes to the system in hydrology, 
geomorphology and water quality. Similarly, the indicator species that were identified in Step 3 of the 
assessment method would require special attention with appropriate field monitoring campaigns to assess 
whether the system is reacting as predicted and the discharge regime can be altered if necessary. Clear 
guidance around monitoring and assessment requirements should be written in to relevant legislation and/or 
guidelines, to ensure this critical aspect is not overlooked following project assessments. 

Conclusions 
It has been found that if the CSG industry is to expand in Australia as expected, more needs to be done to 
improve the regulatory and project approvals processes, especially with regard to produced water 
management. An assessment method for the discharge of produced water from CSG to streams has been 
developed which could fit in within existing regulatory systems in Australia and could provide valuable 
guidance to CSG operators and regulators of the industry to improve produced water management. The main 
limitations of the assessment method are knowledge gaps around lower tolerance limits of ecosystems to 
various water quality parameters, and uncertainty surrounding model predictions of flow, hydrological and 
geomorphological relationships.  
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