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Executive summary 
Background 

In the Surat Cumulative Management Area (CMA) the Office of Groundwater Impact Assessment 
(OGIA) is responsible for preparing an assessment of the cumulative impacts from coal seam gas 
(CSG) development on groundwater. The assessment includes regional groundwater modelling, an 
assessment of potential impacts on private bores and springs, and the development of integrated 
management arrangements to be implemented by CSG tenure holders (the tenure holders). The 
details of these arrangements are established in the Surat Underground Water Impact Report (the 
UWIR).  

A key component of the assessment is the establishment of a Spring Impact Management Strategy 
(SIMS) which identifies potentially affected springs and specifies monitoring arrangements to be 
implemented by tenure holders. In parallel with these monitoring obligations, the Commonwealth 
Government has approved a number of CSG projects in the Surat CMA under the Environment 
Protection and Biodiversity Conservation Act 1999 (EPBC Act). Conditions of approval include 
monitoring, assessment and management of impacts on selected springs in the Surat CMA. 

A range of monitoring and research activities have been undertaken by OGIA and tenure holders 
since the commencement of the UWIR to improve knowledge at springs to inform the development of 
future management arrangements. This report presents a summary of the new data, methodology, 
investigations and analysis undertaken together with and a revised conceptualisation for selected 
springs in the Surat CMA.  

Instead of springs which are a particular type of groundwater dependent ecosystem (GDE), the term 
‘gaining wetlands’ or simply ‘wetland’ is used in this document to be consistent with the nationally 
evolving terminology in this area. However, for all practical purposes the term wetland includes springs 
and watercourse springs used in Queensland legislative framework. The term wetland complex is an 
existing term which is used to describe a group of wetlands located within the same hydrogeological 
setting and within 6 km of one another. 

Project objectives and scope  

The primary objective of the project is to develop a revised conceptualisation for selected wetlands in 
the Surat CMA. Specifically, the objective is to provide an improved technical basis for OGIA to revise 
the existing SIMS as part of the review of the UWIR in late 2015. The new understanding will be used 
to inform the assessment of the risks to wetlands from changes in a groundwater regime, and to guide 
the development of appropriate monitoring and mitigation arrangements where required. 

The project will also assist tenure holders to meet their obligations under the EPBC Act. A key 
condition of approval on the main tenure holders in the Surat CMA is that monitoring data (initial 12 
month period) is used to develop a revised conceptualisation of EPBC Act listed sites. It is intended 
that the reports developed through this project will assist tenure holders in meeting this requirement.  

Given the common knowledge requirements of OGIA, tenure holders and the Commonwealth 
Government, OGIA have collaboratively led the revised conceptualisation of wetlands using the new 
data from monitoring and research at wetlands in the Surat CMA.  

Within this context, the scope of this project is to: 

• Develop revised conceptual models for 17 wetland complexes. The models are to describe the 
major components of the wetland system. The models are to establish a hypothesis on the 
interactions with the underlying hydrogeology and surrounding landscapes, including linkages with 
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flora and macroinvertebrate assemblages. The conceptual models provide an understanding of 
the broad ecological water requirements of the wetland.   

• Using the Australian National Aquatic Ecosystem (ANAE) Framework (AETG, 2012), classify the 
wetland complexes using a set of attributes that describe their setting and the processes that 
influence their hydrological functioning as a means of summarising the conceptualisations. From 
the classification, identify wetlands that have formed through similar process, and are likely to 
respond to changes in the water regime within a similar way. Develop a typology which can be 
used in the development of monitoring and mitigation activities at these wetlands.  

Project deliverables and outcomes 

For each of the 17 complexes, a comprehensive wetland conceptualisation is developed which 
integrates hydrogeological and ecological understanding from the available data (technical sub-
reports). The key conclusions from the completed assessments are: 

• Groundwater flow along subsurface geological structures or the contact between geological units 
is the dominant control on groundwater flow to the wetlands. Erosion and dissection are the 
dominant surface processes that control the location of wetlands within the landscape.   

• Many wetlands receive groundwater inflows from both regional and local groundwater systems. 
The regional aquifers providing discharge to the wetlands are the Precipice Sandstone, Boxvale 
Sandstone Member of the Evergreen Formation, Hutton Sandstone, Gubberamunda Sandstone 
and the Clematis Sandstone. However, at many wetlands, local groundwater flows are a 
significant contributor of discharge. Of note, at a number of wetlands, attributions of source aquifer 
have been revised in consideration of the new information.  

• Not all wetlands are permanent features of the landscape. Many of the wetlands have only a 
seasonal (ephemeral) connection to the groundwater system.  

• The geometry (shape) of the wetlands is controlled by the presence or absence of a low hydraulic 
conductive regolith and local topography. The extent of regolith and the thickness of the organic, 
clay rich wetland soils significantly influences the floristic assemblages present. At some locations, 
surface water flows significantly influence the geometry, floristic and macroinvertebrate 
assemblages.  

• Seasonal changes in evapotranspiration (ET) demand have a significant influence on the extent of 
the wetlands. The seasonal changes wetland area and discharge are superimposed onto more 
subtle longer term changes driven by land use, climate and changes in groundwater pressures. 

For groundwater management and assessment purposes (risk assessment, monitoring and mitigation) 
the project has grouped wetlands that have formed through similar process, and are likely to respond 
to changes in the water regime within a similar way. The ANAE classification system has been 
adopted and expanded to classify the individual wetlands within the 17 wetland complexes assessed.  

From the classification framework similarities between wetlands were used to group the wetlands into 
four types. Each of the types has a detailed description of the characteristics of the wetland, a 
hypothesis of the wetland water requirements, and ecological endpoints which represent suitable 
indicators of a changing groundwater regime. Critically, the implications of a change to the supporting 
groundwater regime are assessed for each wetland type. The four types are:  

1. Permanent fresh to brackish palustrine wetlands with well-developed peat wetland soils with 
dense vegetation coverage, predominantly connected to regional and local groundwater 
systems. 

2. Semi-permanent brackish palustrine wetlands with minor wetland soils and minor vegetation 
cover, predominantly connected to regional groundwater systems. 
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3. Permanent to semi-permanent riverine wetlands, with minor wetland soil development and 
moderate vegetation cover, sourced from local and regional groundwater systems with 
significant influence of surface water flows. 

4. Semi-permanent fresh riverine to palustrine wetlands, with minor wetland soil development 
and moderate vegetation cover, predominantly connected to local groundwater systems. 

Implications for groundwater management  

The next three yearly update of the UWIR is due in late 2015. The outputs from this project will provide 
key technical input into the strategies established in the UWIR. A summary of the implications from 
this work are: 

• An improved ability to assess the likelihood of impacts on wetlands resulting from changes in 
water pressure from CSG development. A key outcome from the project is the assignment of 
source aquifers to individual wetlands. At some wetlands, a regional aquifer is identified as the 
primary driver of flow. At other sites, local or nested groundwater flow systems are identified. The 
improved determination of source aquifer will provide increased confidence to assess the 
susceptibility of a wetland to any predicted pressure impacts.  

• An improved ability to evaluate consequences of a predicted change to the groundwater regime 
at wetlands. Based on the revised conceptualisations and typology, the likely consequences of a 
change in the groundwater regime are broadly described. This understanding will improve the 
assessment of consequences of potential future impacts on the wetlands. 

• The UWIR required some tenure holders to consider mitigation activities for wetlands where 
impacts were predicted. At many of these sites, the revised wetland conceptualisation provides 
increased clarity on the contributing sources of groundwater (and surface water) requirements of 
the wetland. This will support more focused and effective mitigation actions should they be 
necessary. 

• The established typology provides a basis for the design and implementation of consistent and 
more efficient monitoring arrangements under the SIMS. In addition, the typology provides a tool 
for up-scaling knowledge gained from assessed wetlands to other non-surveyed wetlands. This 
will be used to inform future risk assessments and targeted field investigations where 
required.   

 



 

Wetland Conceptualisation for the Surat CMA 1 
 

1 Introduction  

1.1 Context and background 
In areas of concentrated CSG development, the impacts on groundwater pressure resulting from CSG 
extraction by individual tenure holders may overlap. In these situations, the Queensland Government 
may prescribe an area to be a CMA which allows for a cumulative approach to the assessment and 
management of groundwater impacts from these activities. The assessment of impacts on both 
groundwater users and environmental assets, including springs, is completed.  

On 18 March 2011, the Surat CMA was established in response to existing and proposed CSG 
development in the area. The Surat CMA includes the Surat and southern Bowen Basin (Figure 1-1). 

In the Surat CMA, OGIA is responsible for the preparation of a cumulative assessment of groundwater 
impacts from CSG activities and for the development of appropriate water monitoring and spring 
impact management strategies. The assessment includes regional groundwater modelling and the 
development of integrated management arrangements. It also assigns responsibility to individual 
tenure holders for implementing specific parts of the strategies.  

The collective assessments and management arrangements are established in an Underground Water 
Impact Report (the UWIR). Under the legislative framework, the UWIR is required to be updated every 
three years. This approach ensures any changes in petroleum and gas development scheduling, 
improvement in knowledge about the groundwater system and monitoring approaches are 
appropriately considered for within the management arrangements. 

The UWIR was the first underground assessment and management report for the Surat CMA. The 
framework came into effect in December 2012 and provides: 

• an assessment of the predicted groundwater impacts from petroleum and gas water extraction 
activities in the Surat CMA; 

• integrated management arrangements including a water monitoring strategy and a spring impact 
management strategy (SIMS); and 

• identification of responsible tenure holders for the implementation of monitoring and mitigation 
activities. 

The SIMS relates to all potentially affected spring vents (points of discrete groundwater discharge) and 
watercourse springs (parts of the watercourse that receives groundwater). Contributing aquifers are 
assigned and impacts at these locations are predicted. The SIMS identifies the location of potentially 
affected springs; makes an assessment of the connectivity between springs and underlying aquifers; 
and establishes a strategy for preventing or mitigating predicted impacts on springs.  

Importantly, the SIMS establishes a program for monitoring selected spring vents and watercourse 
springs. There are two primary objectives of the spring monitoring strategy: 

• to establish an understanding of the natural variability in spring flow; and 

• to detect changes in flow at a spring as a result of water pressure impacts. 

  



 

Wetland Conceptualisation for the Surat CMA 2 
 

 

Figure 1-1: Surat CMA, Production tenures and wetland complexes 
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In the Surat CMA, tenure holders are responsible for undertaking the spring monitoring requirements 
established and assigned under the UWIR. In parallel with these obligations, the Commonwealth 
Government has approved a number of CSG projects within the Surat CMA under the EPBC Act. The 
conditions of approval for all companies are consistent, and broadly require the following in relation to 
springs: 

• a survey of all springs within project tenure areas and within 100km of project tenures to determine 
the presence or absence of EPBC Act listed species (completed and reported in KCBL (2012a), 
Queensland Herbarium (2012) and Halcrow (2012));  

• where listed species or ecological communities are identified, a quarterly baseline monitoring 
program was required for a period of 12 months (Jacobs, 2015) with 6 monthly monitoring required 
over the remaining life of the project;  

• development of a management plan for the protection of EPBC Act listed springs; and 

• analysis of the baseline monitoring results to develop conceptualisations for sites associated with 
EPBC Act values. 

Santos, Australia Pacific Liquefied Natural Gas (APLNG) and Queensland Gas Company (QGC) have 
prepared and are implementing the Joint Industry Plan and an early warning system for the monitoring 
and protection of EPBC Act listed springs. The approach ensures monitoring and mitigation is 
undertaken consistently between the proponents.  

In parallel with the implementation of spring and water monitoring requirements established under the 
UWIR, OGIA is undertaking a number of investigation and research projects across several themes to 
support the update of the UWIR. One of the research themes is about improving the knowledge on 
springs. 

In relation to springs, the objectives of the investigations are to:  

• improve knowledge about the hydrogeological setting of spring vents and watercourse springs, 
particularly the source aquifer and processes at work so that pressure impacts on the springs can 
be appropriately assessed; 

• improve knowledge about the hydrogeological and ecological linkages at springs so that 
implications of predicted pressure impacts in the flow of water to springs can be better reflected in 
management arrangements; 

• improve the techniques and selection of attributes used for monitoring springs; and 

• improve knowledge of the cultural values of the springs so that the consequences of any impact 
on the flow or water to springs are more clearly defined. 

OGIA research activates commenced in 2013 and has included a number of desktop studies and 
detailed site investigations. In combination with spring monitoring and research investment by tenure 
holders, a substantial amount of new data is now available. This provides an opportunity to enhance 
the understanding of the hydrological regime of the springs and linkages with ecology.  

1.2 Terminology 
The legislative framework for management of CSG impacts in Queensland specifically requires for an 
assessment and management of ‘springs’. In effect, the term springs is used in a broader context to 
represent groundwater fed wetlands, particularly springs fed from the Great Artesian Basin (GAB) and 
gaining streams. These terms are effectively a subset of a commonly used concept, Groundwater 
Dependent Ecosystems (GDE). 
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In the UWIR and in the Queensland Herbarium (2012) database, these GDEs are described as 
springs or watercourse springs. While these terms provide useful context (separating the two types of 
spring wetlands based upon a landscape setting), this project is seeking to adopt a more holistic 
terminology. 

The terminology used to describe GDEs has evolved significantly in recent years and is moving 
towards a nationally consistent approach. The currently accepted terminology is adopted in this report 
to be consistent with the two current national approaches to GDEs, the National Groundwater 
Dependent Ecosystem Atlas (http://www.bom.gov.au/water/groundwater/gde/) and the GDE Tool Box 
(Richardson et al. 2011). Both approaches were informed by the definition within the Australian 
National Aquatic Ecosystem Framework (ANAE) (AETG, 2012) and specifically related to GDEs 
definitions developed by Eamus and Froend (2006). These publications describe three types of GDEs: 

1. Ecosystems dependent on the surface expression of groundwater: referring to ecosystems that 
reside within wetlands, lakes, seeps, springs and river baseflow. 

2. Ecosystems dependent on the sub-surface expression of groundwater: referring to ecosystem 
associated with terrestrial vegetation utilising the watertable below the natural surface. 

3. Cave and aquifer ecosystems: referring to ecosystem that resides within the spaces of caves and 
aquifers. 

This project is focused on spring fed wetlands which are ecosystems that are reliant on the surface 
expression of groundwater (GDE type 1 above). To be consistent with ANAE and the National GDE 
Toolbox, these ecosystems, formerly referred to as either springs, spring wetlands or watercourse 
springs, are described as gaining wetlands, regardless of where they occur in the landscape. In 
addition, the wetlands described in this document receive groundwater discharge and are by definition 
‘gaining’, they are often simply referred to as wetlands.  

Therefore the term ‘wetlands’ is used further in this document to gradually adopt and recognise the 
evolving terminology. For all practical purposes, the term includes springs and watercourse springs 
under the Queensland legislative framework. The gaining wetlands of the Surat CMA often occur in 
clusters and the term wetland complex is used to describe a cluster of wetlands. 

Wetland conceptualisation is defined in this context as the process of describing the key 
hydrological processes that influence and support the ecological values of the wetland, and the 
dynamics of this interaction.  

1.3 Objectives 
The primary objective of the project is to develop a revised conceptualisation for selected wetlands in 
the Surat CMA. Specifically, the objective is to provide an improved technical basis for OGIA to revise 
the existing SIMS as part of the review of the UWIR in late 2015. The new understanding will be used 
to inform the assessment of the risks to wetlands from changes in a groundwater regime, and to guide 
the development of appropriate monitoring and mitigation arrangements where required. 

The project will also assist tenure holders to meet their obligations under the EPBC Act. A key 
condition of approval on the main tenure holders in the Surat CMA is that monitoring data (initial 12 
months) is used to develop a revised conceptualisation of EPBC Act listed sites. It is intended that the 
reports developed through this project will assist tenure holders in meeting this requirement.  

Given the common knowledge requirements of OGIA, tenure holders and the Commonwealth 
Government, OGIA have collaboratively led the revised conceptualisation of wetlands using the new 
data from monitoring and research at wetlands in the Surat CMA.  

http://www.bom.gov.au/water/groundwater/gde/
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1.4 Scope  
There are 72 wetland complexes known to exist within the Surat CMA. The complexes are located 
within varied hydrogeological and geomorphological settings.  

Over the last three years, investment in monitoring and research has provided a significant body of 
knowledge to inform the revision of the existing conceptualisation of wetlands in the Surat CMA. 
Monitoring and research has focused on those wetlands in locations where impacts on groundwater 
levels are predicted under the UWIR and on wetlands known to host EPBC Act listed species or 
communities.  

Within this context, the scope of this project includes two components: 

• Develop revised conceptual models for 17 wetland complexes. The models are to describe the 
major components of the wetland system. Importantly, based on the available data, the models 
are to develop a hypothesis on the interactions with the underlying hydrogeology and surrounding 
landscapes, including linkages with flora and macroinvertebrate assemblages. The conceptual 
models are to provide an understanding of the broad ecological water requirements of the wetland.  
In addition, for each site, ecological endpoints are proposed to detect changes to the ecosystem of 
the wetland in response to changes in the groundwater regime. For this project, ecological 
endpoints represent key physical, biological and chemical elements of the wetland that are 
primarily influenced by groundwater discharge.   

• Using the ANAE framework, classify the wetland complexes using a set of attributes that describe 
their setting and the processes that influence their hydrological functioning as a means of 
summarising the conceptualisations. From the classification, identify wetlands that have formed 
through similar process, and are likely to respond to changes in the water regime within a similar 
way and timeframe. Develop a typology which can be used in the assessment of risks, 
development of monitoring and mitigation activities at these wetlands.   

1.5 Project outcomes 
The outcomes from this project are to provide revised conceptualisation for the 17 selected wetland 
complexes (labelled in Figure 1-2). The conceptualisation must provide: 

• a spatial and temporal understanding of the hydrogeological, geomorphological and 
hydrogeochemical influences on the wetlands;  

• established hypotheses on the linkages between seasonal and long term changes in the 
groundwater regime and floristic and macroinvertebrate assemblages at the wetlands; and  

• a knowledge basis for the design of future monitoring and mitigation activities and the assessment 
of risks to wetlands from a change in a groundwater regime. 

Following the conceptualisation of the 17 wetland complexes, an approach to classification is 
developed, and a typology is established. The classification allows for wetland conceptualisations to 
be summarised. The typology allows for wetlands to be grouped into types of wetlands that interact 
and respond to changes in groundwater and surface water in a similar manner. For each wetland type, 
a description of the wetland processes is provided and hypotheses on the wetland water requirements 
and ecological endpoints are identified. In addition and critically, an assessment of the implications of 
a change in the groundwater regime on the wetlands is discussed.  

The application of the classification and typology allows for a more structured approach when 
considering future impacts and monitoring demands, rather than focusing on individual wetlands. 
Wetlands that respond and function in a similar manner can be discussed within the same framework. 
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This means management arrangements and strategies can be initially developed based on the 
established typology. 
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Figure 1-2: Location of wetland complexes and study sites 
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1.6 Structure of this report 
This report is intended as a summary document for the wetland conceptualisations. It provides an 
overview of the approach and methods used to develop the conceptual models. This report also 
introduces the wetland classification system and typology that are used to summarise the major 
findings of the project of relevance to wetland management and monitoring in relation to the 
cumulative groundwater impacts from CSG. Site summaries are also provided in Appendix A.   

This report is structured as follows: 

• Section 2 provides an overview of the approach and the methods employed to develop wetland 
conceptualisations; 

• Section 3 provides a description of the regional physical setting and the locations of the wetlands; 

• Section 4 outlines the wetland classification system that has been developed to succinctly 
describe the wetland conceptualisation for each wetland complex; 

• Section 5 outlines a wetland typology, which follows from the classification system and describes 
groups of wetlands that function and respond to changes in a groundwater regime in a similar 
way; 

• Section 6 provides a summary of the key management and monitoring implications with regard to 
CSG impacts; and 

• Appendix A presents high level summaries of the conceptualisations for each wetland complex. 

There are 12 technical sub-reports which provide the details of the technical assessments completed 
for the 17 wetland complexes. These technical assessments provide the basis of the approach to 
classification and typology established in this report. Given the similar spatial and geomorphological 
setting, some complexes have been grouped for reporting purposes (Table 1-1). Appendix A provides 
a high level summary for each technical sub-report.  

Table 1-1: Technical sub-reports and associated complexes 

Technical sub-report  Complexes  

1 (OGIA, 2015a) Lucky Last and Abyss 

2 (OGIA, 2015b) 311 and Yebna 2 

3 (OGIA, 2015c) Elgin 2 

4 (OGIA, 2015d) Scott’s Creek 

5 (OGIA, 2015e) Dawson River 8 

6 (OGIA, 2015f) Cockatoo Creek 

7 (OGIA, 2015g) Boggomoss, Dawson River 2, Dawson River 6 

8 (OGIA, 2015h) Prices  

9 (OGIA, 2015i) Orana and Wambo 

10 (OGIA, 2015j) Ponies 

11 (OGIA, 2015k) Springrock Creek 

12 (OGIA, 2015l) Barton 
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2 Approach and methodology 

2.1 Approach 
The development of wetland conceptualisations was undertaken for 17 individual wetland complexes. 
The approach included collation and analysis of the latest data and findings from research and 
monitoring programs being undertaken by tenure holders and OGIA (Section 2.3).  

The conceptualisation approach followed a step-by-step process in which the key elements that relate 
to the hydrogeology and ecological assemblages at the wetlands were studied in detail. Each area of 
technical investigation provides evidence and insights into the hydrology of wetlands, their functioning 
and their sensitivity to change.  

2.2 Project methodology 
The key elements are investigated and include: 

• hydrogeological setting and structures; 

• hydrology; 

• geomorphology; 

• hydrochemistry; 

• wetland geometry; and 

• wetland dynamics, flora and macroinvertebrates. 

Each of these elements provides evidence and insights into the hydrogeology, hydrology and ecology 
of the wetlands, their interconnection and interdependence as well as their functioning and sensitivity 
to change. The information obtained is compiled and wetland conceptual models are developed.  

The project approach is based on a combination of desktop analysis, field investigations and synthesis 
of monitoring data collected by tenure holders in meeting their UWIR and Commonwealth Government 
monitoring obligations. Details of these activities are documented in each of the technical sub-reports. 
The sub-reports also seek to integrate this knowledge with other related research activities being 
undertaken by tenure holders and OGIA. For example, Santos have completed geological mapping at 
Lucky Last and Origin Energy have installed groundwater monitoring infrastructure at Scott’s Creek. In 
addition to these activities, OGIA have also undertaken focused investigations at Lucky Last. 

Desktop analysis and field investigations have been completed at some sites by the tenure holders 
and OGIA. As part of the UWIR, APLNG and Santos were required to prepare an Evaluation of 
Prevention and Mitigation Options Report (EPMOR) at selected locations in September 2013 (Lucky 
Last, Barton, Scott’s Creek, 311/Yebna 2 and Springrock Creek). These reports presented the 
understanding of the hydrological functioning of the wetland and evaluated offset options for the 
impacts predicted under the UWIR.  

In parallel, OGIA completed a desktop assessment as part of the program of research which included 
a literature review of existing conceptual models and relevant data to identify representative sites for 
detailed investigations, key components of investigations and design of field program (October 2013). 
Preliminary conceptualisations at key sites were also developed to guide this selection of field 
investigations.  
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As a result of the desktop assessments, targeted field activities have been completed to gather data to 
enable an enhance conceptualisation for selected wetlands. An extensive field program was 
implemented to gather additional data with targeted investigations at priority locations. The field 
investigations included: 

• implementation of the spring monitoring program in accordance with the UWIR and 
Commonwealth Government requirements (as reported in Jacobs 2014). The monitoring program 
gathered information in relation to wetland discharge, extent, water chemistry, floristic and 
macroinvertebrate assemblages and groundwater levels and chemistry where nearby bores were 
available. Details of the methodology applied in the filed program is provided in Appendix C; 

• water level measurements and chemistry gathered by tenure holders as part of baseline 
obligations and OGIA in undertaking research activates at selected locations;  

• local scale field geological mapping completed by Santos, APLNG and OGIA at the Lucky Last 
and Scott’s Creek complexes;  

• a ground geophysical survey (resistivity and electromagnetic) completed by OGIA at the Lucky 
Last complex; and  

• a completion of investigation bores by OGIA at the Lucky Last complex and shallow piezometers 
installed by APLNG at Scott’s Creek complex. 

Data analysis and synthesis of the existing information and field investigations has been completed 
as part of this project. This includes an assessment of the hydrogeology, hydrochemistry, wetland 
dynamics and the relationship with flora and macroinvertebrate assemblages. A summary of the key 
components of analysis are as below.  

• Hydrogeological analysis including the development of cross-sections, analysis of groundwater 
flow processes and a description of the hydrogeological controls which influence groundwater 
discharge to the area of wetlands.  

• Hydrogeochemical analysis to obtain evidence as to the likely sources of water to wetlands and 
their relative contributions over time. The hydrogeochemical analysis evaluated and compared the 
chemical signatures of local rainfall, groundwater (from multiple aquifers), and water samples from 
wetlands, examining major ions (displayed as Schoeller and Piper plots), stable isotopes and 
radio-isotopes. 

• Compilation of a general description of the vegetation assemblages associated with the wetlands 
from the information collected by the Queensland Herbarium as part of the original botanical 
survey in the Surat CMA (Queensland Herbarium, 2012).  

• Synthesis of data collected by during the tenure holder monitoring program. This includes an 
assessment of the relationship between vegetation and macroinvertebrate composition and the 
wetland dynamics which could be used to infer changes in hydrology. 

• The linkages and relationships between hydrology and the ecology of the wetlands, and the 
dynamics of this relationship has been assessed by characterising the variability in: 

o the presence, absence and distribution of vegetation species; and 

o the presence of any macro-invertebrates. 

• A wetland conceptualisation. All information gathered and analysed is brought together into local 
scale wetland conceptual models. The diagrams describe the critical linkages between the 
wetland and the groundwater and how the variation in wetland hydrology may impact the 
ecosystem within the wetland.  

• A classification of the 17 wetland complexes using attributes linked to the ANAE to identify 
commonality between the wetland complexes. Based on outcomes from the classification, the 17 
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complexes are grouped into four wetland types that will be used to inform future monitoring and 
management arrangements in the Surat CMA.  

2.3 Data sources 
This project has been informed by a combination of primary and secondary data sources. Key data 
sources are listed below:  

• Data collected from field investigations by OGIA and tenure holders during the implementation of 
dedicated monitoring and investigation program under the requirement of the UWIR and in 
accordance with Commonwealth monitoring obligations.  

• In the preparation of the UWIR, preliminary site investigations were conducted by the Queensland 
Herbarium (2012) and KCBL (2012a). Wetlands in the Surat CMA that were listed in the 
Queensland Herbarium Springs database were visited, ecological surveys were conducted 
(Queensland Herbarium, 2012) to support preliminary hydrogeological and hydrogeochemical 
characterisations (KCBL, 2012b).  

• Geological data and interpretation by OGIA and tenure holders, sourced via the Queensland 
Petroleum Exploration Database (QPED). The Bowen and Surat Regional Structural Framework 
Study (SRK, 2008) and the 1:250 000 geological mapping produced by the Geological Survey of 
Queensland (GSQ).  

• The revised geological model prepared by OGIA for the Surat CMA (2015). 

• Groundwater data from the Department of Natural Resources and Mines’ (DNRM) Groundwater 
Database (GWDB) and baseline assessment data collected by tenure holders.  

• A range of spatial datasets including infrastructure, land system mapping, imagery and 
meteorological information. 

A range of basin wide hydrogeological investigations have occurred since the 1950s incorporating and 
referencing the wetlands which has been incorporated (Whitehouse, 1954; Mollan et al. 1972; and 
Habermahl, 1982). Prior to 1998, field investigations were primarily conducted to gather botanical 
information at wetlands, with the majority of investigations completed by the Queensland Herbarium. 
This work has provided an inventory of species, site condition and water chemistry for many wetlands 
across the GAB.  

In 2011-12, the former Queensland Water Commission (QWC) engaged Klohn Crippen Berger Ltd 
(KCBL) to undertake a field assessment of the hydrogeological and hydrochemical character of a 
selection of gaining wetlands in the Surat CMA. QWC coordinated the assessment and incorporated a 
complementary ecological and botanical survey by the Queensland Herbarium. This information was 
used to inform the development of the UWIR.  

More recently, a report summary report on the Hydrogeology of Great Artesian Basin Springs was 
commissioned by the Commonwealth Government (2014). The report assessed the location and 
status of all springs in historical sources and collated their historical, cultural and biological values.   
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3 Regional setting 

3.1 Topography and surface drainage 
The topography of the Surat CMA is shown in Figure 1-2. The Great Dividing Range passes through 
the region, rising to an elevation of 1,100 m in the Carnarvon National Park. The Range is subdued 
between Miles and Wandoan, where it is expressed as rolling hills with elevations of less than 300 m. 

There is varied terrain to the north of the Range. Steep escarpments formed predominantly by the 
Triassic Bowen Basin Sediments define the Arcadia Valley which is filled with Cenozoic colluvial and 
alluvial sediments. The upper Dawson River flows through a broad, saucer-shaped catchment of low 
relief, surrounded by areas of plateau and steep hills. The river valley narrows as it passes through 
Nathan Gorge where the river has incised through the outcropping Precipice Sandstone. 

South of the Range, the topography slopes away gently to the south-west within the Balonne River 
basin, with elevations ranging between 200 and 400 mAHD. 

3.2 Climate and land use 
The climate of the region is sub-tropical with summer-dominant rainfall. Average annual rainfall is 
higher in the north-east (approximately 750 mm/y) with a gradual trend of declining rainfall to the 
south-west, where approximately 550 mm/y occur. Average daily maximum temperatures range from 
20°C in July to more than 33°C in January (BOM Site 035070 – Taroom Post Office). Potential 
evapotranspiration follows a similar trend and exceeds rainfall in all months. 

The climate is a major driver of groundwater recharge processes. The summer dominant rainfall 
suggests this is the period in which recharge rates are highest. However winter rainfall, although low, 
is not negligible, and since it occurs at time when potential evapotranspiration rates are lower, some 
recharge in winter is possible. The climate will also control evapotranspiration from wetlands, with 
significantly higher rates occurring during the summer months. 

Agriculture is the dominant land use and includes broad acre and horticultural cropping, grazing and 
lot feeding. In many of the wetlands evaluated for this study, grazing impacts were apparent which 
have affected both the hydrology and the ecology of the wetlands. 

3.3 Geology 
The surface geology in the Surat CMA is presented in Figure 3-1. 

There are two primary geological basins within which petroleum and gas reservoirs that exist in the 
Surat CMA; the Bowen Basin and the Surat Basin. The main formations comprise layers of sandstone, 
siltstone and mudstone often overlain by extensive areas of unconsolidated younger alluvial 
sediments and volcanics.  

The Bowen Basin is an elongated, north-south trending basin extending from central Queensland into 
New South Wales comprising Permian to Triassic sediments with a maximum thickness of 9,000 m. 
The two main centres of deposition are the Taroom trough, which runs through the centre of the Surat 
CMA.  

The Surat Basin comprises a Jurassic to Cretaceous aged sequence of alternating layers of 
sandstones and siltstones and mudstones ranging to over 2,500 m in thickness. The northern margin 
of the basin has been exposed and extensively eroded due to uplift during the Tertiary and the 
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sediments generally dip in a south-westerly direction. The significant relief and dissection of aquifers 
and overlying aquitards has resulted in many wetlands in the central and northern Surat CMA.  

In addition the older consolidated formations, parts of the Surat CMA are covered by thin 
accumulations of Cenozoic-aged unconsolidated sediments. These sediments typically comprise 
higher permeability sand, silt, clay, and alluvial sediments generally deposited along the old and 
existing streams and drainage lines.  

Geological structures such as faults can provide pathways for groundwater movement between 
aquifers. However, they can also serve as hydraulic barriers (where mineralisation and precipitation 
has occurred), or they can locally displace or disconnect aquifers and obstruct groundwater flow. The 
main sedimentary troughs are bounded by major fault systems, such as the Goondiwindi-Moonie-
Burunga Fault system which has caused displacements of up to 2,000 m in the Bowen Basin 
stratigraphy. The Surat Basin is also affected by these fault systems which have been interpreted to 
fully or partially penetrate the full geological sequence. 

3.4 Soils 
The major soils in the region are Kandosols, Sodosols, Vertosols and Rudosols, with some Dermosols 
and Tenosols also present. Kandosols occur mostly in the west in the Maranoa-Balonne River area 
over unconsolidated Cenozoic sediments of the relict and current floodplain and in the north in the 
sandstone tableland country in Comet River and Duaringa areas. These are well drained, sandy to 
light clay soils are mainly used for grazing on native pastures, although have been extensively 
cultivated in the western Moonie and Border River catchments (Yee Yet & Silburn 2003; Owens et al. 
2007). 

Sodosols occur on a range of sedimentary, volcanic and metamorphic rocks, as well as 
unconsolidated sediments and alluvium throughout the area. These soils are texture contrast soils 
which generally have a sandy upper horizon and clayey subsoil. These soils are mostly grazed, but 
are cultivated in conjunction with Vertosols (Yee Yet & Silburn, 2003; Owens et al. 2007). 

Soil thickness and permeability is a major factor influencing wetland development and function. The 
dominant soil types in areas of wetlands are Sodosols, Kandosols and Rudosols. Sodosols and 
Kandosols have clayey subsoils of low permeability, which can restrict groundwater discharge to 
wetlands. These soils also provide a deeper substrate for wetlands to develop. By contrast Rudosols 
display minimal soil development and provide a shallow substrate for wetlands. 
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Figure 3-1: Regional geology 
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3.5 Hydrogeology 
The geological sequence of the major formations that occur in the region is displayed in Figure 3-2. In 
the Surat CMA, gaining wetlands are predominantly associated with the following aquifers of the Surat 
and Bowen Basins; the Clematis Sandstone, Precipice Sandstone, Boxvale Sandstone Member of the 
Evergreen Formation, Hutton Sandstone, Gubberamunda Sandstone and the Bungil Formation. In 
addition to these aquifers, there are wetlands associated with Tertiary Volcanics and Cenozoic 
sediments within the CMA.  

There are several key mechanisms causing groundwater discharge to the wetlands from these 
formations (QWC, 2012). A summary of the key mechanisms is provided below: 

• Gaining wetlands can form where there is a change in the geology within the landscape. This 
mechanism is often referred to as a contact. Where a higher permeability formation overlies a 
lower permeability formation, there is a restriction to flow across the boundary. As a result, lateral 
flow is impeded by the lower permeability layer resulting in upward movement of water to the 
surface at a gaining wetland.  

This occurs in the moderate topography in the central and east parts of the Surat CMA where 
aquifers dip to the south. In addition, where high permeability sediments (alluvial or soils) overly 
consolidated formations can also result in local flow systems discharging to wetlands along 
drainage lines in this area.   

• Permeability can vary within an individual formation. Water restricted by a lower permeability layer 
can flow laterally through a higher permeability layer and may find expression at the surface as a 
wetlands.  

This type of mechanism typically occurs in outcropping aquifers in the central and northern area of 
the Surat CMA and is associated with wetlands emanating from the Gubbermunda Sandstone, 
Hutton Sandstone and the Precipice Sandstone.  

• A geologic structure, such as a fault can provide a path to the surface along which water can flow 
or alternatively provide a barrier to groundwater flow. If an underlying aquifer is confined by 
impermeable material and the water pressure in the aquifer is high enough, water can flow to the 
surface.  

A number of regional faulting features including the Hutton Wallumbilla Fault and the Leichardt 
Burunga Fault are associated with wetlands in the central area of the Surat CMA, including the 
Lucky Last and Boggomoss wetland complexes. At a more localised scale, small scale fracturing 
provides a pathway for the flow of groundwater discharge to the surface at many locations 
including Scott’s Creek and Dawson River 8 complexes.  

• Where an aquifer outcrops high in the landscape, such as in Carnarvon Gorge, Expedition Ranges 
and the Great Dividing Range, groundwater discharge occurs as a wetland where there is a 
change in the slope of the ground surface. A large number of wetlands are associated with the 
outcropping Precipice Sandstone, Clematis Sandstone and Hutton Sandstone in the central and 
northern parts of the Surat CMA. 

• Where an outcropping aquifer has been eroded to create a depression in the surface of sufficient 
depth to reach the watertable, a wetland or gaining stream can form. This type of wetland is 
riverine and represents a window into the watertable. Where this occurs within a high permeability 
formation (Precipice Sandstone) perennial stream flow may occur in locations such as the Dawson 
River where the Precipice Sandstone has been incised. At other locations, a localised 
groundwater discharger and pooling may result. 
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Figure 3-2: Hydrostratigraphy of the study area (QWC, 2012)  
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4 Wetland classification 

4.1 Background 
Grouping or classifying wetlands based on conceptual understanding or attributes is a common 
approach that seeks to integrate existing scientific understanding for a particular management, 
monitoring or regulatory requirement (EHP, 2013). This often leads to establishment of a typology that 
allows the application of specific management approaches to a group of wetlands with common 
attributes. Grouping in this way allows for a more consistent assessment of the vulnerability and risks 
to wetlands from predicted impacts (Green et al. 2013).  

Depending on the availability of local scale data and the management requirement, classification can 
be undertaken using two approaches; a top-down (broad scale approach) or the bottom-up approach 
(AETG, 2012).  

The top down approach can be applied where local scale information is incomplete and only high level 
information is available. Based on assumptions about relationships between site hydrogeological and 
ecological characteristics, a high level classification can be achieved (AETG, 2012). Alternatively, the 
‘bottom-up’ approach can be applied where there is sufficient local scale data to establish a detailed 
conceptual model, leading to classification for a particular purpose (AETG, 2012).  

In addition to top-down versus a bottom up approach to classification, attribute based classification 
approaches can be either hierarchical or non-hierarchical. Classification systems are generally non-
hierarchical as they provide a range of attributes, but do not specify a hierarchical relationship. 
Hierarchical approaches provide a linked and cascading hierarchy of attributes indicating the 
relationship between attributes. This is more common where attributes are combined to establish 
typologies, rather than within a classification system (EHP, 2013). Guided by available data, scale of 
conceptualisation and management requirements, classifications and typologies for springs have been 
developed at a range of scales. 

Within the GAB, approaches to the classification of wetlands (springs) have origins in the Artesian 
Water Supplies in Queensland (Whitehouse, 1954) which proposed four general types of wetlands 
(springs): 

• streams issuing from sandstones, where stream erosion has cut below the watertable;  

• wetlands (springs) issuing from the outcropping sediments where recharge water is unable to 
enter the system, termed ‘rejected recharge’;   

• water-rich grassy flats where wide, flat, bottomed valleys have reached aquifer level. Whitehouse 
(1954) describes that these wetlands occur due to the erosion of an impervious layer; and 

• mound springs (wetlands), where water, under pressure, discharges through overlying clay 
coverage. 

In relation to artesian springs (wetlands), building on the work completed by Whitehouse (1954), 
Habermehl (1982) recognised the following mechanisms by which springs occur in the GAB: 

• faults along which the water flows upwards; 

• the abutment of aquifers in the sedimentary, Jurassic and Cretaceous sequence against 
impervious bedrock; 

• water discharging through thin confining beds near the discharge margins of the GAB; and 

• wetlands (springs) forming as a result of the overfilling of aquifers in recharge areas. 
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Fensham and Fairfax (2003) suggested a mechanistic approach to classifying GAB springs (wetlands) 
based upon processes identified by Habermehl (1982). The classification contains two types: recharge 
and discharge.  Recharge and discharge springs (wetlands) occur in a variety of hydrogeological 
settings and via multiple mechanisms, however each group share common hydrogeological attributes 
(i.e. discharge springs are sourced from a confined aquifer and are generally characterised by regional 
groundwater flow, unique chemistry and species assemblages).  

The establishment of two high level classifications has provided a tool to establish management 
arrangements and appropriate protection for discharge springs: the ‘Recovery plan for the community 
of native species dependent on natural discharge of groundwater from the Great Artesian Basin’ 
(Fensham et al. 2010). Expanding upon the recharge and discharge classification, QWC (2012) 
integrated sub surface hydrogeological elements that drive groundwater to the surface and suggested 
there exists seven spring (wetland) types in the Surat CMA (Table 4-1 and Figure 4-1). 

Table 4-1: Description for the mechanism by which springs occur in the Surat CMA (after QWC, 2012) 

Reference Hydrogeological mechanism  Detailed description 

(a) Change in geology 

A spring can form where there is a change in the geology 
within the landscape. This type of spring is often referred to as 
a contact spring. Where a higher permeability formation 
overlies a lower permeability formation, there is a restriction to 
flow across the interface between formations. As a result, 
water tends to flow laterally and may find expression at the 
surface as a spring.  

(b) 
Perched watertable due to 
permeability change within an 
aquifer 

Permeability can vary within an individual aquifer. In an 
aquifer, there can be layers of higher and lower permeability. 
Water restricted by a lower permeability layer can flow laterally 
through a higher permeability layer as a perched water table, 
and may find expression at the surface as a spring. This type 
of spring typically occurs within outcropping aquifers and forms 
in a similar way to a contact spring described under (a).  

(c) Influence of geological 
structures, such as faults 

A geological structure, such as a fault can provide a path to the 
surface along which water can flow. If an underlying aquifer is 
confined by an aquitard and the water pressure in the aquifer 
is high enough, water can flow to the surface as a spring. 

(d) Thinning of a confining layer 
over an aquifer 

A thinning of a confining layer can provide a path to the 
surface along which water can flow. If the pressure in the 
aquifer is high enough, water can flow to the surface as a 
spring.  

(e) Change in slope of ground 
surface 

Where an aquifer outcrops high in the landscape, such as in 
Carnarvon Gorge, Expedition Ranges and the Great Dividing 
Range, a spring can form where there is a change in the slope 
of the ground surface.  

(f) 
Erosion of an outcropping 
aquifer so that the watertable 
is exposed to the surface 

Where an outcropping aquifer has been eroded to create a 
depression in the surface of sufficient depth to reach the water 
table, a spring can form. This type of spring is generally 
associated with creeks and streams, and is referred to as a 
watercourse spring (also sometimes referred to as baseflow 
springs).  
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Figure 4-1: Mechanisms by which wetlands occur in the Surat CMA (after QWC, 2012) 

Springer et al. (2009) suggests historically, the lack of conceptual understanding within and across 
disciplines has led to inadequate classification and is likely to have contributed to the mismanagement 
of some wetland ecosystems. Within the current project a bottom up approach to classification is 
applied based on the outcomes of monitoring and research to develop detailed wetland 
conceptualisation for complex.   
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While recognising the existing classification frameworks of Habermelh (1982), Fensham et al. 2010 
and QWC (2012), the outcomes of this project seeks to incorporate the following components of the 
wetlands into a classification scheme:  

• geomorphology and soil development; 

• water regime (groundwater and surface water); and 

• ecology (vegetation and macroinvertebrates). 

As a result, a classification framework suitable for this project has been devised, that incorporates the 
key elements of existing classification while expanding to meet the particular project needs of 
assessing the implications of a change in a groundwater regime on the wetlands.  

4.2 Approach 
Aquatic ecosystem classification is the process of attributing ecosystems with logical datasets that 
have been identified as being relevant to ecological functioning (AETG, 2012). A typology is an 
extension to classification whereby those classified aquatic ecosystems are assembled into groups for 
a specific purpose or management need. 

A classification system is introduced here to classify wetland complexes using a set of attributes that 
describe their setting and the processes that influence their ecological functioning. The purpose is that 
this provides a means by which the conceptualisations developed for each complex can be succinctly 
summarised. Secondly, the approach allows for similarities and differences between the complexes to 
become evident, forming the basis of the wetland typology for management purposes. 

The system language and attribution has been designed so that it is consistent with the national 
interim ANAE classification system (AETG, 2012) and the Queensland wetland habitat classification 
scheme (EPA, 2005).  

However, the system is an extension of these systems in that it has been developed for the specific 
purpose of guiding the management and monitoring of wetlands that may be impacted by changes in 
the groundwater regime from CSG development in the Surat CMA. The system contains a suite of 
attributes that describe wetland settings and the processes which affect their functioning. Each 
wetland complex has been characterised according to this system, and four wetland types have been 
derived by grouping similar complexes. This section provides a explanation on the classification 
process for the seven main categories of wetland attributes (landscape, geomorphology, 
hydrogeology, regolith, groundwater and surface water regime, regolith and ecology) that are used to 
describe the similarities and differences between the wetland complexes. 

Table 4-2 presents the classification system that has been developed for this project, describing the 
dominant characteristics for each wetland complex. Within the initial classification process it is useful 
to compare the wetlands at the complex scale to help identify the broader wetland groupings. It is 
recognised that there exist more detailed diversity at the individual wetland scale, which is provided 
within Appendix A and B.   

The information and data used to populate the attributes for each wetland is sourced from the 
individual technical reports for each wetland complex (OGIA 2015a – 2015l). The technical reports 
drew on desktop assessments and field based data collated during tenure holder (wetland) monitoring 
(Jacobs, 2015). Some discussions around the uncertainty and confidence regarding the classification 
and description of the wetlands is provided within each technical report, related to each specific 
wetland complex. The technical reports also provide the source material that was used to assign 
attributes.  
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Table 4-2 Wetland classification, for wetland complex (dominate attribute type) 

 

  

Wetland Attributes Lucky Last Abyss 
Boggomoss, 
Dawson 
River 2 & 6 

Dawson 
River 8 Scotts Creek 311/Yebna Spring Rock 

Creek Prices Barton  CC Creek Elgin 2 Wambo, 
Orano Ponies 

  Landscape 

ANAE System (Setting) 
Riverine                           
Palustrine                           
Floodplain                           

Topographic setting 
Slope                           
Break of slope       

 
                  

Valley floor                           

Geomorphology 

Geomorphology 
Erosional                           
Depositional                           

Substrate 
Soil                           
Rock                           
Alluvium                           

Hydrogeology 

Geological control 
Contact                           
Outcrop                           
Fault                           

Dominant aquifer source Various 
Boxvale 

Sandstone 
Member 

Hutton 
Sandstone 

Precipice 
Sandstone 

Hutton 
Sandstone 

Hutton 
Sandstone 

Precipice 
Sandstone 

Precipice 
Sandstone 

Precipice 
Sandstone 

Gubberamunda 
Sandstone 

Precipice 
Sandstone 

Clematis 
Sandstone 

Superficial 
Alluvial Aquifer 

Hutton 
Sandstone 

Pressure head 
< 5 m                           
5 - 10 m                           
> 10 m                           

Groundwater flow 
system 

Regional                           
Local                           
Nested                           

Regolith 

Regolith depth 
Shallow                     

 
    

Deep                           

Mounding 

Major                           
Moderate                           
Minor                           
Nil                           

Organic Carbon 
Organic carbon rich                           
As per surrounding soils                           

Groundwater  regime  

Salinity (source 
aquifer/aquifers) 

Saline                           
Brackish                           
Fresh     

 
                    

Nature of groundwater 
discharge 

Damp/diffuse         
 

        
 

      
Pools or flows                           

Permanence of 
discharge 

Permanent                           
Semi-permanent                           

Seasonality of discharge 
High                           
Moderate                           
Low                           

Surface water regime 

Salinity (of wetland 
discharge) 

Saline                           
Brackish                           
Fresh                          
Range (TDS) 244 - 1180 960 - 3380 85 - 665 738 - 1040 761 - 2110 10 - 566 382 - 868 114 - 167 291 - 576 174 - 338 10 - 182 74 - 273 90 - 1110 
Median (TDS) 336 2080 189 862 1040 205 564 145 338 235 165 177 215 

Frequency of inundation 
(caused by surface flow 
(not groundwater 
discharge) 

Permanently              
Seasonally               
Aseasonally - Intermittent              
Aseasonally - Episodic               
Aseasonally - Ephemeral              
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Wetland Attributes Lucky Last Abyss 
Boggomoss, 
Dawson 
River 2 & 6 

Dawson 
River 8 Scotts Creek 311/Yebna Spring Rock 

Creek Prices Barton  CC Creek Elgin 2 Wambo, 
Orano Ponies 

Ecology 

Presence of woody flora 
Present                           
Not-present                           

Dominant flora 
Wetland spp.                           
Terrestrial spp. 

 
                        

Macro-invertebrates 
Tolerant                         

 Sensitive                           
Not measureable                           

EPBC listed species 
Present              

 Not-present              



 

Wetland Conceptualisation for the Surat CMA 23 
 

4.3 Landscape 
Wetlands are commonly described in terms of their landscape setting. Broad categories are listed in 
the ANAE classification system including marine, estuarine, lacustrine, palustrine, riverine or 
floodplain. Marine, estuarine and lacustrine systems are not applicable for the Surat CMA. The 
remaining categories are defined as follows: 

• Riverine: systems contained within a stream channel and its associated streamside vegetation; 

• Floodplain: systems either seasonally or intermittently flooded flat areas that are outside the 
riverine channels or palustrine/lacustrine systems but display characteristics of hydric soils or 
vegetation that are characteristically adapted to seasonal or intermittent inundation; and 

• Palustrine: are primarily shallow, vegetated, non-channel environments, including billabongs, 
bogs, swamps, springs, soaks etc. 

The wetlands in the Surat CMA are predominantly palustrine or riverine. Some of the wetlands that 
comprise the Boggomoss and Dawson River 2 and 6 complexes occur on the Dawson River 
floodplain. While these wetlands receive intermittent inflows from flooding, the dominant water source 
and the reason for their occurrence is groundwater discharge. Therefore, palustrine is listed as the 
primary classification. The primary distinction between wetlands, therefore, is whether or not they 
occur within riverine settings and are influenced by surface water inflows in addition to groundwater 
discharge. 

Topographic setting refers to local relief and the position of the wetlands within it. Riverine wetlands, 
by definition, occur on the valley floor. However, palustrine wetlands may occur in topographic lows, 
slopes or at the break of slope. The topographic position of the wetlands provides some insight into 
the potential influence of local flow systems (via groundwater and/or surface runoff) to the wetland’s 
hydrological regime. As an example, wetlands on slopes receive the least amount of surface runoff 
and are unlikely to be fed by local groundwater flow systems. Those located in topographic lows are 
the most likely to receive surface runoff, discharge from local groundwater flow systems, and there is a 
moderate likelihood for wetlands located at the break of slope to receive these inputs. 

4.4 Geomorphology 
Two geomorphological attributes have been selected of relevance to wetland setting: 

• Geomorphology: refers to current landscape evolution processes of the wetland setting, and 
whether they are predominantly erosional or depositional. 

• Substrate: refers to the base material in which the wetland has formed, with the broad categories 
being soil, rock or colluvial/alluvial material. 

Together these attributes describe the stability of the landforms in which wetlands are located and the 
likelihood of the wetland form changing over shorter geomorphological time scales (months to years) 
due to landform evolution processes. Alluvial and colluvial substrates are those considered being the 
least stable geomorphologically. Rock is considered to be the most stable, although grazing and 
vegetation management are other important influences.  

For the most part, the wetlands are located in erosional landscapes, exacerbated by vegetation 
clearing and grazing impacts. The exception is Dawson River floodplain which is a depositional 
environment. In terms of substrate, most wetlands are located in soil. Rocky substrates underlie the 
wetlands of the 311, Yebna 2, Springrock Creek and the Cockatoo Creek complexes. Alluvial material 
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underlies the Wambo and Orana wetlands and minor alluvial material is also present at the Springrock 
Creek complex, which varies between rocky and alluvial substrate. 

4.5 Hydrogeology 
The hydrogeological setting is of critical importance to this project because it outlines the possible 
exposure pathways between changes in a groundwater regime and a potential impact at a wetland. 
The attributes used to describe the hydrogeological setting are: 

• Geological control: refers to the geological control or mechanism for groundwater discharge to the 
wetland. The controls (a number of which may apply for a wetland) include: 

o Geological contact: the wetland feature is located at a point where the surface geology 
changes (i.e. the boundary between one geological unit and another). 

o Outcrop: the source aquifer is unconfined at the wetland (i.e. the geological formation 
outcrops), and a low point in the topography intersects the watertable. 

o Faults: the presence of faults may provide conduits for groundwater flow otherwise 
impeded by aquitards, or if the faults may cause a vertical dislocation of the aquifers and 
deflect flow towards the surface. 

• Number of sources: whether single or multiple aquifers contribute to groundwater discharge at the 
wetland. 

• Dominant source aquifer: the name of the source aquifer providing the greatest contribution to 
groundwater discharge at the wetland. 

• Pressure head: the magnitude of artesian pressure head causing groundwater to discharge at the 
wetland (noting that within a complex, pressure head may vary between wetlands).  

• Groundwater flow system: refers to the nature of the groundwater flow system providing water to 
the wetland, recognising that these flow systems can overlap. The flow systems are defined using 
the criteria adopted by Walker et al. (2003): 

o Local: a groundwater flow system usually less than 5 km in length from recharge to 
discharge points, with flow directions similar to surface topography. They respond rapidly 
to changes in recharge and display seasonality. This attribute includes both perched and 
connected groundwater systems.  

o Regional: a groundwater flow system that extends over large areas and depths. 
Groundwater movement is often independent of local landforms, being determined by the 
regional geology. Response times may be measured in hundreds of years. Regional flow 
systems may be overlain by local flow systems. 

o Nested: a combination of local and regional groundwater flow systems contribute to 
groundwater discharge to the wetland. 

A wide variety of hydrogeological settings are reflected in the classification. 

The geological controls influencing groundwater discharge are complex and multiple controls can 
influence discharge for a particular wetland. For example, the Abyss complex occurs in an area of 
outcrop near a faulting structure. In isolation, the geological controls causing groundwater discharge 
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do not substantially influence wetland form and function. However, their interaction with the surface 
geology, soils and topography creates differences in wetlands. 

Dominant source aquifers have been assigned to wetlands using hydrogeological conceptualisation 
and hydrogeochemical analysis. The most common source aquifers for the wetlands are the Precipice 
Sandstone and the Hutton Sandstone aquifers. The exceptions are the wetlands of:  

• Elgin 2 complex sourced from the Clematis Sandstone; 

• the Wambo and Orana wetland complexes sourced from a surficial alluvial aquifer; and  

• the Lucky Last complex sourced from the Boxvale Sandstone Member of the Evergreen 
Formation. 

The nature and relative size of the groundwater flow systems providing discharge to the wetlands has 
important implications regarding wetland hydrology and the assessment of potential impacts from a 
change to the groundwater regime. The wetlands that receive the majority of their water from regional 
flow systems (Abyss, Dawson River 8, 311, Yebna 2, Springrock Creek, Prices and Cockatoo Creek) 
receive a more constant rate of groundwater discharge throughout the year and are subjected to long- 
term trends that may be expressed over hundreds of years. In contrast, the wetlands that receive the 
majority of water from local flow systems (Elgin 2, Wamo/Orana and Ponies) experience significant 
seasonality in groundwater discharge rates. However, some wetlands are subject to both local and 
regional groundwater flow systems (Lucky Last, Dawson River 2, 6 and 8) in which a more constant 
background rate of groundwater discharge is overlain by seasonally fluctuating groundwater 
discharge. 

The artesian pressures driving flow to wetlands provide one measure of their sensitivity to any 
changes in groundwater pressures. The most sensitive (artesian pressures of less than 5 m) being: 
Lucky Last, Abyss, Dawson River 8, Scott’s Creek, Wambo / Orana and Ponies. 

4.6 Regolith 
In this context, regolith refers to the material in which a wetland occurs that has been altered by the 
physical, biological and chemical processes associated with groundwater discharge and the 
associated ecology. It includes the weathered substrate, the soil found within the wetland and 
comprises inorganic and organic material to varying degrees. It forms an important aspect of wetland 
functioning in that influences the water holding capacity of the wetland and type of vegetation 
supported. It is noted that there is a feedback loop between regolith and ecology, with each influencing 
the other. 

Regolith depth varies between wetlands with deeper profiles of at least 5 m noted at Abyss, 
Boggomoss, Dawson River 2 and 6, Scott’s Creek and Elgin 2 complexes. At these complexes, the 
wetlands can hold a greater quantity of water in proportion to their cross-sectional area, and are 
therefore more likely to support a more dense coverage of vegetation and have some resilience to 
short-term hydrologic changes. Elsewhere, the regolith depth is shallow. 

Mounded regolith features are a distinguishing characteristic of a number of wetlands. It is thought that 
these mounded features have formed primarily in response to biological processes in which organic 
matter builds up over time due to the decomposition of wetland vegetation, as opposed to the 
precipitation of solutes emanating from groundwater discharge. The growth of mounded features may 
also be accentuated by the erosion of the surrounding landscape.  

The size of the mounds is related to several factors including the size of the wetland, the abundance 
of vegetation supported by the wetland, the magnitude of groundwater discharge and the age of the 
wetland. Major mounding is evident at the Boggomoss, Scott’s Creek and the Dawson River 2, 6 and 
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8 complexes. Minor to moderate mounding is evident at the Lucky Last, Prices, Elgin 2 and Ponies 
complexes. Negligible mounding is evident at the Abyss, Dawson River 8, 311, Yebna 2, Wambo, 
Orana and Cockatoo Creek complexes. 

The presence or absence of organic-rich soils is related to mounding, with the larger mounds all 
containing organic-rich soils. However, organic-rich soils may be found where mounding does not 
occur (e.g. Dawson River 8 complex), which may be related to the local erosional and deposition 
processes. 

4.7 Groundwater regime 
The groundwater regime of the wetlands is described by the following set of attributes: 

• Salinity: is the salinity of the groundwater source as defined by the classes listed in (AETG, 2012): 

o Fresh: TDS of less than 3,000 mg/L 

o Brackish: TDS of between 3,000 and 5,000 mg/L 

o Saline: TDS of greater than 5,000 mg/L. 

• Nature of groundwater discharge: a description of how groundwater discharge expresses at the 
surface; e.g. whether it forms pools or flows off-site, or whether it forms areas of damp or 
saturated land. 

• Permanence of groundwater discharge: describes the permanence of groundwater flow over a 
period of decades (i.e. whether groundwater discharge to wetlands may cease). 

• Seasonality of discharge: describes the consistency of groundwater discharge on a seasonal 
timeframe (i.e. the extent that it fluctuates seasonally, derived from field based observations and 
previous technical investigations). 

A wide variety of water regimes are reflected in the classification scheme. 

By definition, groundwater discharge pools and flows in the riverine wetlands. In palustrine wetlands, 
damp/diffuse flow is the most common form of groundwater discharge. However, the magnitude of 
discharge is sufficient to pool and the Elgin 2, Ponies, Boggomoss, Lucky Last, Dawson River 2 and 6 
complexes which are palustrine. 

Permanent groundwater discharge is a feature at most of the wetland complexes. However, there is 
evidence of groundwater discharge ceasing for a period in wetlands of the Abyss, Cockatoo Creek 
and Ponies complexes. Several wetlands within these complexes have ceased to flow, indicating they 
are subject to longer term trends in groundwater discharge that may be a function of longer term 
rainfall trends, land use change or other factors. 

The seasonality of groundwater discharge corresponds to relative influence of local groundwater flow 
systems in contributing to the wetlands. 

4.8 Surface water regime 
The surface water regime of the wetlands is described by the following set of attributes: 

• Salinity: is the salinity of the groundwater source as defined by the classes listed in (AETG, 2012): 
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o Fresh: TDS of less than 3,000 mg/L. 

o Brackish: TDS of between 3,000 and 5,000 mg/L. 

o Saline: TDS of greater than 5,000 mg/L. 

• Surface Water Regime (inundation) (AETG 2012): 

o Permanent: - may be static or flowing, with varying levels, however is predictably filled. 

o Seasonally - intermittent with wet and dry periods on a regular basis according to season. 
Such areas often have a higher flora and fauna diversity than permanently inundated 
areas. 

o Aseasonal - captures areas that alternate between wet and dry but not on a predictable 
basis. This includes such regimes as: 

 Aseasonal Intermittent - alternating wet and dry periods but less frequently and 
regularly than seasonal. 

 Aseasonal Episodic - dry most of the time with irregular wet phases that may 
persist for months 

 Aseasonal Ephemeral - only filled after unpredictable rainfall and runoff. Surface 
water dries within days of filling and seldom supports macroscopic aquatic life. 

A wide variety of water regimes are reflected in the classification scheme. 

Based on the ANAE classification, in terms of salinity all wetlands are considered fresh. However, 
given the range for fresh in the ANAE (TDS < 3000mg/L) an additional subdivision is required to 
highlight key differences between the wetlands. Wetlands characterised by fresher groundwater 
discharge (< 400 mg/L) occurs at the Lucky Last, Boggomoss, Dawson River 2 and 6, Prices, Elgin 2, 
Wambo, Orana and Ponies complexes. More saline groundwater discharge (>500 mg/L) is evident at 
the Abyss complex, and the remaining sites receive variable groundwater discharge. The sites of 
variable groundwater salinity typically correspond to the sites which receive water from nested 
groundwater flow systems. This is an important feature at some wetlands as these additional inflows 
regulate the salinity within the wetland (i.e. Lucky Last, Boggomoss, Springrock Creek). 

The only permanent surface inundated wetlands that exist are Dawson River 2 and 311 complexes. 
Seasonal inundation occurs within most riverine wetlands including Scott’s Creek, Yebna 2, 
Springrock Creek, Prices, Wambo, Orana and Barton.  Intermittent inundation occurs in riverine 
wetlands and floodplain wetlands, Boggomoss, Dawson River 2, 6 and 8, Scott’s Creek, Springrock 
Creek and Cockatoo Creek. Ephemeral inundation occurs within isolated palustrine wetlands including 
Lucky Last, Abyss, Elgin 2 and Ponies.    
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4.9 Flora and macroinvertebrates 
The ecological attributes that have been selected to describe the wetlands are: 

• Presence of woody flora: describes whether or not deep-rooted, overstory species are present. 

• Dominant flora: describes whether wetland species or terrestrial species provide the dominant 
vegetation coverage across the wetland area. 

• Macroinvertebrates: describes the dominate taxa, in terms of tolerance and sensitivity to prevailing 
aquatic conditions present at the wetland.  

The presence of woody flora reflects a greater degree of groundwater discharge. It is present at (not 
all) the Lucky Last, Boggomoss, Dawson River 2, 6 and 8, Prices, Wambo and Orana complexes. 

Many of the wetlands occur with a water limited, semi-arid environment, such that unique floristic 
assemblages occur within the wetland when compared to the dryer surrounding landscape. At each 
wetland there is ongoing competition between wetland and terrestrial species. A predominance of 
wetland species reflects a more continuous supply of groundwater discharge. As such, saturated 
conditions prevail for the majority of the time. Wetland species dominate in the majority of wetlands. 
The primary exception is the Abyss Complex, where terrestrial species dominate the species 
composition. Some wetlands within the Cockatoo Creek Complex are also dominated by terrestrial 
species. 

Land use disturbance (e.g. grazing impacts) are notable at a number of sites and influence their 
vegetation composition. The significant ecological feature of the wetlands is the aquatic and terrestrial 
vegetation that rely on the presence of water and wetland soils. Analyses of the total species list 
present at the wetlands provide a measure of the similarity of the flora assemblage across all wetlands 
with available data.  

Species lists for each wetland were compiled from the Queensland Herbarium database. Surveys at 
different dates were collated to provide a complete list of species at each wetland. The individual site 
species data was ordinated using Non-Metric Multidimensional Scaling (NMDS) based on a Bray-
Curtis dissimilarity measure and other default settings in DECODA (Minchin 1990). All species 
(including exotics) were used in the analysis.   

The results are presented on a scatterplot (Figure 4-2) where the distance between sites represents 
the floristic similarity (i.e. sites close to one another are similar in composition). It is apparent from the 
data that there is some general grouping of the different complexes occurring which allows for some 
higher level assessment of environmental variables that are influencing the floristic assemblage. It is 
important to note that the analysis is biased by the size of the wetland. In general, the larger the 
wetland the greater the number of species present. In addition, the condition of the wetland that may 
cause the absence of natives and presence of exotic species may also obscure the results. 
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Figure 4-2: NMDS plots for flora assemblage grouped by complex 

Several patterns in the similarity of the wetlands are evident from the ordination, they are: 

• in general the wetlands for individual complexes group together; 

• with the exception of Scott’s Creek, wetlands with well-developed wetland soil, mounds, with good 
coverage of vegetation and species occur to the right (Boggomoss, Dawson River 2 and 6, Prices 
complexes); 

• wetlands that are drier, with less species and generally less vegetation, occur to the left (Abyss, 
Dawson River 8 complexes); and 

• wetlands that have significant seasonal variability and/or are influenced by surface water occur 
across the central section of the plot (Lucky Last, Cockatoo Creek, Elgin 2, Dawson River 2 and 
311 complexes). 

In the absence of a more detailed multi-criteria assessment of the variables impacting wetlands, the 
overall separation of the wetlands by the ordination can be explained by:  

• the local climate and landscape creates similar wetlands assembles; and 

• rogressively from the bottom left to the top right, there is an increase in the groundwater pressure 
from source aquifers and overall saturation of the wetlands. The increase in groundwater pressure 
enables more prolonged periods of saturation and the development of deeper wetland soils that 
provides more suitable habitat for wetland flora. 

During the monitoring period, macroinvertebrates were sampled where there was sufficient 
groundwater discharge to generate surface flows and pooling. The macroinvertebrate populations 
were highly impacted by land disturbance. In general, the data indicates macroinvertebrates provide a 
poor measure of wetland sensitivity to hydrology. However, some sites in good condition contained 
macroinvertebrate taxa that are sensitive changes in hydrology. This was evident at some of the 
wetlands within the Scott’s Creek, 311, Yebna 2, Cockatoo Creek, Elgin 2, Wambo, Orana and Ponies 
complexes. At these sites, macroinvertebrate sampling could provide a useful monitoring tool to 
assess changes in wetland hydrology. 
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Overall, the macroinvertebrate communities in the wetlands have moderate to low diversity and are 
generally dominated by tolerant taxa such as Oligochaete (worms), Chironomidae (midge larvae), 
Diptera (fly larvae), Hemiptera (true bugs) and Coleoptera (beetles). A small number of more sensitive 
taxa such as Trichoptera (caddisfly larvae) and Ephemeroptera (mayfly larvae) were collected at only 
a few sites. Based on standard bio-assessment measures, the macroinvertebrate communities at the 
sampled sites would be considered to be in poor to very poor condition, with relatively little variation 
between complexes. These results may suggest that all samples sites are moderately or extremely 
impacted by a range of factors, or it may simply confirm that even without any external impacts. 
Generally, these wetlands have relatively homogeneous macroinvertebrate habitats and only support 
tolerant taxa that can withstand periodic drying. 

The NMDS enables a comparison of the composition of the macroinvertebrates between each 
wetland. To enable a meaningful interpretation to be made, all wetlands sampled over the monitoring 
period are analysed together. This is due to the limited number of samples available (Jacobs 2015) 
combined with several complexes only having a small number of wetlands. The overall analysis in 
Figure 4-3,  

Figure 4-4 and Figure 4-5 show little or no difference between wetlands and sampling occasions 
(Figure 4-3), wetlands sampled and wetland discharge form (Figure 4-3), and little or no difference 
between the complexes (Figure 4-5). Aside from three highly impacted Boggomoss wetlands (15, 29 
and 33), which had extremely impacted assemblages, it appears from this analyses that there is very 
little spatial and temporal variation in macroinvertebrate communities between wetlands sampled.   

 

Figure 4-3: NMDS plot of taxa composition from all wetlands sampled at all complexes 
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Figure 4-4: NMDS plot of taxa composition from all wetlands sampled at all complexes 

  

Figure 4-5: NMDS plot of taxa composition from all wetlands sampled at all complexes,   

The lack of any spatial or temporal trend in the taxa composition at the complex and regional scale 
suggests the drivers on taxa occur across each complex relatively equally. Combined with the impact 
of land use, these wetland systems do not provide sufficient water to maintain suitable habitat for 
sensitive taxa and diverse macroinvertebrate communities. The wetlands create simple aquatic 
habitats and are prone to desiccation less frequently.  
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5 Wetland typology 
The classification system outlined in Table 4-2 provides for similar wetlands and wetland complexes to 
be grouped together into common wetland types through an expert opinion approach. The intent of the 
typology is to establish a hypotheses on the dominate process that form the wetlands, and to 
determine the likely impact to the wetland from a changing groundwater regime. The typology is an 
extension of the classification whereby the classified ecosystems are assembled into groups for a 
specific management purpose. 

Attributes are selected as the key differentials in describing how the wetlands occur within the 
landscape and how they are likely to respond to a change in the groundwater regime connected to the 
wetland. The selected attributes are:  

• landscape setting;  

• geomorphology; 

• groundwater flow system; 

• regolith;  

• water regime; and  

• ecology (flora and macroinvertebrates) 

Individual wetlands are assessed against a description of the selected attributes and assigned a type.  
Four wetland types (and two subsets) have been defined through this process. The distinctive features 
of each wetland type are outlined in Table 5-1.    

Figure 5-1 illustrates the key differences between the wetland types in terms of setting and dominate 
landscape processes influencing form and function. 

In the following sections, each wetland type is described in terms of: 

• landscape setting, geomorphology, groundwater flow system and wetland processes, which 
provides a spatial and temporal understanding of the hydrogeological, geomorphological and 
hydrogeochemical influences on the wetlands;  

• anthropogenic drivers, which provides context to the additional forces that influence the hydrology 
and ecology of the wetlands; 

• water requirements, which provides a hypothesis around the water requirements to maintain a 
healthy wetland; 

• implications of a changing groundwater regime. Through providing a hypothesis around the 
wetland water requirements, the implications of a change in the groundwater regime on flora, 
macroinvertebrates and wetland dynamics becomes evident. Depending on the magnitude of the 
change to the groundwater regime and the prevailing groundwater pressure at the wetland, the 
likely implications of a reduction in groundwater pressure are discussed; and  

• ecological endpoints, which are a selected subset of the physical and biological elements and 
processes the wetlands that are able to represent the overall health or condition of the system, 
that are hypothesised to be directly related to changes in the groundwater regime (adapted from 
Gross 2003). 
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Table 5-1 Wetland Typology   

Wetland Attributes Type 1a Type 1b Type 2 Type 3 Type 4a Type 4b 

Landscape setting  Palustrine and floodplain. Floodplain/riverine interface. Palustrine. Riverine. Riverine. Palustrine/riverine. 

Geomorphology 
  

Low lying landscapes, 
topographic lows, or gently 
sloping land often associated 
with floodplains. 

Lower slopes adjacent to 
watercourses. 

Broad and flat break of slope 
impacted by surface erosion. 

Active watercourse with only 
minor accumulation of wetland 
soil on exposed sandstone 
bedding planes. 

Active watercourse within 
alluvial deposits.    

Very subtle ephemeral drainage 
lines, no visible alluvial deposits     

Groundwater flow system Receives groundwater from both 
regional and local flow systems. 

Receives groundwater from both 
regional and local flow systems. 

Receives groundwater from the 
regional flow system.  

Receives groundwater from both 
regional and local flow systems. 

Receives groundwater 
predominantly from local flow 
system. 

Receives groundwater 
predominantly from local flow 
system. Includes perched 
systems. 

Regolith 
Deep weathered clay regolith, 
overlain by organic rich wetland 
soil with mounding. 

Moderate to minor regolith 
development. Can be 
associated with outcropping 
sandstone and minor mounding. 

Deep highly weathered clay 
regolith, overlain by thin sodic 
wetland soils. 

Little to no regolith development, 
predominantly within exposed 
sandstone. 

Deep, sandy alluvial deposits, 
overlying by minor to nil wetland 
soil.  

Shallow, weathered alluvial / 
colluvium deposits, overlying by 
minor wetland soil.  

Water 
Regime 

Nature of the 
wetland discharge 

Permanent discharge, 
dominated by diffuse discharge 
and ET. Seasonally induced free 
flow wetland discharge. Pooling 
can occur depending on the 
wetland shape. 

Permanent discharge, 
dominated by diffuse discharge 
and ET. Seasonally induced free 
flow wetland discharge. Pooling 
can occur depending on the 
wetland shape. 

Semi-permanent diffuse 
discharge, within only minor ET 
and pooling. 

Permanent to semi-permanent 
free flowing wetland discharge 
with minor ET. Pooling can 
occur depending on the wetland 
shape. 

Permanent to semi-permanent 
discharge dominated by free 
flow with minor ET.  

Permanent to semi-permanent 
discharge dominated by free 
flow with minor ET.  

Wetland salinity Fresh-brackish (TDS < 1000) Fresh-brackish (TDS < 1000) Saline (TDS 1000 - 2000) Fresh (TDS < 500) Fresh (TDS < 300) Fresh (TDS < 300) 

Frequency of 
inundation 

Aseasonal. Intermittent to 
ephemeral. 

Seasonal to aseasonally 
intermittent. Aseasonal. Ephemeral Seasonal.   Seasonal.  Aseasonal. Ephemeral 

Flora 
Major coverage of wetland 
vegetation, including large 
woody vegetation.  

Moderate coverage of wetland 
species. 

Minor vegetation, dominated by 
terrestrial species, often bare 
wetlands with exposed soil.  

Minor coverage of wetland and 
terrestrial vegetation due to the 
lack of substrate.  

Minor vegetation due to the lack 
of substrate and dynamic 
landscape, can contain wetland 
species.   

Minor vegetation due to the lack 
of substrate and dynamic 
landscape, can contain wetland 
species.   

Macroinvertebrates Aquatic habitat suitable for 
tolerant taxa. 

Aquatic habitat suitable for 
tolerant and sensitive taxa. Very poor aquatic habitat. Aquatic habitat suitable for 

sensitive species. 
Aquatic habitat suitable for 
sensitive species. 

Aquatic habitat suitable for 
sensitive species. 

Associated wetland  
complexes 

Lucky Last. 
Boggomoss. 
Dawson River, 2, 6 and 8. 
Scott’s Creek. 
Elgin 2. 

Prices. 
Scott’s Creek. 
Cockatoo Creek.  

Abyss. 
Cockatoo Creek. 

311 Complex. 
Yebna 2. 
Barton. 
Springrock Creek. 

Wambo. 
Orana. Ponies. 
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Figure 5-1: Wetland Typology – Wetland setting and dominant landscape process  
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5.1 Type 1 wetlands 
5.1.1 Landscape and wetland processes (Type 1a) 
These wetlands are palustrine, located within topographic lows, gently sloping landscapes and 
occasionally on floodplains. The wetlands are supported by groundwater inflows from both regional 
and local groundwater systems, and predominantly occur over deep regolith profiles. The permanent 
supply of groundwater has enabled the significant development of peaty wetland soil and mounding. 
The wetland water budget is dominated by diffuse discharge and evapotranspiration. During cooler 
months (outside of summer) when evapotranspiration is low, wetlands may free flow and pooling can 
occur depending on the wetland geometry.   

The permanent supply of groundwater and deep regolith has enabled a dense coverage of wetland 
vegetation, including large woody vegetation. However, the aquatic habitat is only suitable for tolerant 
macroinvertebrate taxa. The wetlands are characterised by a central core of aquatic vegetation that 
corresponds to the subsoil development of peaty wetland soil. The immediate area of the wetland is 
confined by the low hydraulic permeability of the surrounding regolith, such that very discreet and 
disconnected wetlands have formed.  

The wetlands are influenced by seasonal changes in climate, in addition to longer term changes in 
climate and changes in groundwater pressure. During dry periods, the central core of the wetland 
remains saturated and is dominated by aquatic vegetation. Over this period, the extent of saturated 
soil and aquatic vegetation is very similar. During cooler and wet periods, wetland discharge 
increases, which results in an increased wetland area which may result in free flowing water to 
inundate downslope areas. Seasonal changes result in the formation of an outer rim of dried and 
pugged soil that is often coated in salt efflorescence and iron staining. Long-term changes are 
expressed as multiple generations of woody vegetation, both living and dead, small ephemeral 
discharge zones and extensive ephemerally saturated discharge tails.  

At these wetlands, there exists a positive relationship between the magnitude in wetland discharge, 
with the condition of aquatic vegetation and macroinvertebrates.  

 

Figure 5-2: Type 1a wetlands (Lucky Last (left) and Scott’s Creek (right)) 
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A conceptual model for Type 1 wetlands is presented in Figure 5-3. The wetland has formed around a 
central core comprised of saturated organic wetland soil. In regards to the wetland vegetation and 
macroinvertebrates, eight focal zones (noted on Figure 5-3) have been identified. The zones represent 
the variability across the wet and dry phase of the wetlands, driven by the groundwater regime. These 
are:   

1. Zone of permanent inundation and/or flowing discharge. This area is dominated by wetland 
grasses (Leersia hexandra), tall sedges (Baumea rubiginosa and Schoenoplectus spp.) and 
floating forbs (Utricularia spp.). Where there sufficient pooling occurs, this zone is suitable 
macroinvertebrate habitat. During the dry phase, increased salinity is observed in this zone. 

2. Zone of aeration and reduced saturation. On some smaller mounds, shallow rooted shrubs are 
present such as Leptospermum polygalifolium. On some larger mounds, larger trees are present 
including Lophostemon suaveolens and Eucalyptus camaldulensis. These indicate significant 
build-up of peat and/or soil to allow adequate aeration for woody root development. 

3. Saturated shoulder of the mound. These areas are often dominated by a tall grass/sedge/rush 
community such as the tall grasses (Phragmites australis), sedges (Baumea rubiginosa, or 
Schoenoplectus spp.), ferns (Cyclosorus interruptus) and other species characteristic of 
permanent saturation. During the dry phase, increased salinity is observed in this zone 

4. Non-wetland area. These areas are often dominated by a lawn of Cynodon dactylon or can be 
scalded bare ground with a range of other terrestrial species such as the exotic grass Chloris 
gayana.  

5. Discharge tail during the wet phase. The tail area is often dominated by the sedge Carex 
appressa, the grass Leersia hexandra and in very wet tails, Eleocharis spp. 

6. Wetland to non-wetland transition zone. Fringing area of the wetland outside of the discharge area 
and mound. The soil is saturated with little free water. The area is dominated by grasses including 
Cenchrus purpurascens, Sacciolepis indica, Isachne globosa and Arthraxon hispidus, a range of 
forbs such as Ranunculus lappaceus and the fern Cyclosorus interruptus. These species are 
generally associated with permanent saturation. However, this zone also includes a small 
proportion of terrestrial species, such as Imperata cylindrica or Dianella longifolia, particularly near 
the wetland boundary. 

7. Discharge tail during dry phase. The sedge Carex appressa is still prominent. Increased areas of 
bare ground with terrestrial species such as the grass Cynodon dactylon. This area is often 
pugged by cattle. 

8. Discharge tail during the dry phase. Salt scalding, iron staining, often pugged by cattle. 
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Figure 5-3: Conceptual model for Type 1 wetlands 

5.1.2 Landscape and wetland processes (Type 1b) 
Type 1b wetlands share very similar wetland processes and conceptual understanding with Type 1a, 
however their landscape setting are primarily different. Type 1b wetlands occur at the interface 
between the floodplain and riverine setting. As a result, Type 1b wetlands have two important 
differences to Type 1a wetlands: 

• the depth of regolith and wetland soil development is thinner, due to the dissected nature of the 
adjacent riverine landscape and shallower depth to underlying source aquifer (> 20 m); and 

• the adjacent riverine landscape may provide an additional water supply during high stream flow 
events. 

 

Figure 5-4: Type 1b wetlands (Scott’s Creek complex, riverine wetlands) 
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5.1.3 Anthropogenic influences (Types 1a and 1b) 
The dominant anthropogenic influences on the wetlands are grazing and changes in adjacent land 
use. The wetlands can be severely impacted by grazing resulting in compaction and alteration of the 
vegetation fringing the wetlands.  

During dry periods the Cynodon dactylon lawn that surrounds many of the wetlands is densely pugged 
by cattle which create many bare and ponded areas. However, this lawn still forms a distinct boundary 
with the adjacent wetland vegetation. In many instances, exotic and weed species are outcompeting 
native wetland species.  

These wetlands are connected to regional groundwater systems often with existing groundwater 
development. Therefore, there are likely to be existing background changes in groundwater pressures 
imposed on the wetlands.     

5.1.4 Water requirements (Type 1a) 
The wetland water budget is dominated by groundwater discharge forming large permanent wetlands 
which can be mounded. The wetlands support a significantly dense and species rich coverage of 
wetland vegetation, often distinctly zoned, including large woody vegetation and an aquatic habitat 
suitable for tolerant macroinvertebrate taxa. There exist a positive relationship between the increase 
and decrease in wetland discharge, with aquatic vegetation and macroinvertebrates. The groundwater 
component of these wetlands maintains the wetland and aquatic vegetation and macroinvertebrates 
by permanently saturated the wetland core and via seasonal local groundwater flow creates additional 
discharge forming extensive wetland tails.   

Therefore, it is hypothesised that the environmental values associated with these wetlands are 
maintained by the following water requirements: 

• a permanent supply of groundwater discharge;  

• sufficient groundwater discharge to maintain saturation of the underlying regolith, preventing 
oxidation of peaty wetland soils and to provide a permanent water source for wetland vegetation, 
including large woody vegetation; 

• the groundwater discharge rate and volume to exceed evapotranspiration to enable water to pool 
and allow the development of discharge tails; and 

• additional seasonal input to the wetland from local groundwater system resulting in additional 
wetland discharge. This regulates the wetland salinity through flushing of salts and supplies 
additional water for vegetation that has evolved within the ephemerally inundated discharge tails. 

These wetlands are predominantly disconnected from perennial surface water sources, such that 
groundwater fed pools provide the only habitat for macroinvertebrates. 

5.1.5 Water requirements (Type 1b) 
The wetland water requirements are similar to Type 1a, with the additional influence of surface water 
during high stream flow events. The wetlands support a moderate coverage of wetland species, 
including endemic species, and an aquatic habitat suitable for both tolerant and sensitive taxa.  

Critically, these wetlands are connected to ephemeral and perennial surface water sources, such that 
the stream water provides additional habitat for macroinvertebrates and as such is part of the 
wetlands. 
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5.1.6 Implications of a changing groundwater regime 
The implications of a reduction in the groundwater regime are based upon the hypothetical wetland 
water requirements described for this wetland type. The implications proposed relate to the following 
four stages of change in the groundwater regime (Table 5-2 and Table 5-3): 

• minor changes in groundwater pressure within the historical range of variability; 

• temporary (short-term) changes to groundwater pressure greater than the historical range of 
variability;  

• permanent (long-term) changes to groundwater pressure greater than the historical range of 
variability but pressures remain above the base of the wetland; and  

• major permanent changes to groundwater pressures that fall permanently below the base of the 
wetland. 

Although it is acknowledged that changes in the wetland will be complex, the implications to the 
wetland associated with changes in the groundwater regime are described in terms of wetland flora, 
macroinvertebrates and wetland soil.  

Type 1b wetlands are at the floodplain to riverine wetlands interface and are significantly associated 
with the hydrology and dynamics of the watercourse. The implication of the change in the groundwater 
regime must be considered in light of the water requirement provided through surface flow events. In 
general, short-term changes in the groundwater regime may be offset by additional water from surface 
water flow events that inundate the wetlands. This additional source of water provides habitat for 
macroinvertebrates, replenishing soil water stores for flora and flushing any accumulated salts. In 
contrast, short-term changes can be exacerbated by a reduction in the “normal” surface water flow 
regime, where the stress to macroinvertebrates will increase with no additional adjacent habitat, and 
stress to flora as the wetland area begins to dry and contract. 
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Table 5-2: Implications of a change in the groundwater regime (Type 1a) 

Change in groundwater regime Implications for the wetland 

Magnitude Description  Water requirement Wetland dynamics Wetland ecology (flora and macroinvertebrates) 
and soil 

Minor 

Changes in 
groundwater 
pressure within the 
historical range of 
variability. 

Groundwater pressure is sufficient to 
maintain permanent saturation and 
discharge within observed range.  

Minimal to no changes in the wetland 
area.  
 
Likely decrease in the rate of 
groundwater discharge due to lower 
hydraulic gradient in the source aquifer. 

Minimal implications.  
 
Maintenance of the natural variation in the ratio of 
terrestrial to wetland species at the periphery of 
the wetland. 

 
 
 
 
 
 
 

Moderate 
 
 
 
 
 
 
 
 

 
 
Short-term changes 
to groundwater 
pressure greater 
than the historical 
range of variability. 

During dry periods (seasonal to 
yearly) it is likely that groundwater 
discharge is insufficient to maintain 
permanent saturation of 100% of the 
wetland soil. 

Potential for a decrease in the wetted 
area and drying of wetland surface 
where evapotranspiration is greater 
than the groundwater flux.  
 
Reduction in the amount of water 
pooling. 

Potential change in composition of floristic 
assemblages at the periphery of the wetland.  
 
Increase in exposure of wetland soils around the 
edge of the wetland. Increased salinity in pooled 
water due to reduced discharge and salt flushing.  

Potential for seasonal decrease in 
wetland discharge. 
 

Decrease in pooling of discharge water. 
Decreased development and extent of 
the seasonal discharge tail. 

Increase in stress to sensitive macroinvertebrates, 
as less inundation and suitable habitat (pooling) is 
available.  
 
Potential for increased salt accumulation within 
and around the periphery of the wetland.  
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Change in groundwater regime Implications for the wetland 

Magnitude Description  Water requirement Wetland dynamics Wetland ecology (flora and macroinvertebrates) 
and soil 

 
 
 
 
 
 
 
 
 
 
 
 

Moderate 
 

Long-term changes 
to groundwater 
pressure greater 
than the historical 
range of variability. 

Extended periods of insufficient 
groundwater flux to maintain 100% 
saturation of wetland soil. 
 
 

Reduction in wetland area. 
 
Surface of wetland area begins to dry. 
Increased sub soil aeration within 
elevated central core of mounds. 
 
Reduced free flow wetland discharge.  
 
 

 
Decrease in wetland flora. Potential for the edges 
of the wetlands to be transformed from aquatic to 
terrestrial dominated species. This may also occur 
where the central part of the mounds becomes 
increasingly aerated.  
 
Potential for wetland mounds to slump as the 
saturated organic rich wetland soil to dry and 
shrink. Initiation of oxidation of wetland of peaty 
wetland soils, alteration of soil structure.  
 
Loss of macroinvertebrate habitat. 
 
Increase in sub soil salinity as vegetation 
continues to transpire groundwater via 
transpiration. 
 

Potential increase in cease to flow / 
discharge events.  

Drying out of wetland area within the 
discharge tail.  

Loss of wetland vegetation and permanent 
vegetation within the discharge tail zone. Potential 
increase in erosion of the once wetland soil due to 
reduced soil stability.  

Major 

Permanent changes 
to groundwater 
pressure that fall 
permanently below 
the base of the 
wetland. 

Groundwater pressure insufficient to 
maintain saturation of wetland soil 
(including sub soil component).  
 
Discharge rate is less than the 
evapotranspiration demand of large 
deep rooted flora.  
 
No surface discharge from the 
wetland.  

Very minimal saturation of wetland soil. 
 
Discharge only occurs via transpiration 
by deep rooted large woody flora 
drawing on deeper soil water stores. 
 
  
 
 

Absence of wetland vegetation and 
macroinvertebrates. 
 
Oxidization of peaty wetland soils and potential 
acid production and sub soil salt accumulation.  
 
Permanent changes to wetland structure due to 
changes in soil structure. 
 
Increase susceptibility to surface soil erosion. 
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Table 5-3: Implications of a change in the groundwater regime (Type 1b) 

Change in groundwater regime Implications for the wetland 
Offset provided by non-altered  
surface water regime 

Magnitude Description  Water requirement Wetland dynamics Wetland ecology (flora and 
macroinvertebrates) and soil 

Minor 

Changes in 
groundwater pressure 
within the historical 
range of variability. 

Groundwater pressure 
sufficient to maintain 
permanent saturation and 
discharge within observed 
range.  

Minimal to no changes in the 
wetland area.   

Groundwater pressure sufficient to 
maintain permanent saturation 
and discharge within observed 
range.  

NA. 

Moderate 
 

Short-term changes 
to groundwater 
pressure greater than 
the historical range of 
variability. 

During dry periods (seasonal 
to yearly) it is likely that 
groundwater discharge will 
be insufficient maintain 
permanent saturation of 
100% of the wetland. 
Particularly those wetlands 
located higher in the 
landscape. 

Potential for a decrease in 
the wetted area and drying of 
wetland surface as 
evapotranspiration exceeds 
groundwater flux.  
 
Reduction in the amount of 
water pooling. 

Increased salinity in pooled water 
due to reduced discharge and 
evapotranspiration. 

High flow surface water flow 
events may provide additional 
habitat for macroinvertebrates 
and supplement wetland flora 
demands. 
 
In contrast, high flow surface 
water events may also mobilise 
bed load sediments and cover 
wetlands reducing 
macroinvertebrate and flora 
habitat.  

Potential seasonal decrease 
in wetland discharge. 
 

Decrease in pooling of 
discharge and decreased 
volume of discharge to 
adjacent waterway where 
previously connected. 

Increased stress to sensitive 
macroinvertebrates due to less 
inundation and connection to 
adjacent watercourse.  
 
Potential for increased salt 
accumulation within and around 
the periphery of the wetland. 
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Change in groundwater regime Implications for the wetland 
Offset provided by non-altered  
surface water regime 

Magnitude Description  Water requirement Wetland dynamics Wetland ecology (flora and 
macroinvertebrates) and soil 

Moderate 

Long-term changes to 
groundwater pressure 
greater than the 
historical range of 
variability. 

Extended periods of 
insufficient groundwater flux 
to maintain 100% saturation 
of wetland substrate. 
 

Reduction in wetland area. 
 
Surface of wetland area 
begins to dry. 
 
No free flow wetland 
discharge. 

Decrease in wetland flora. 
Wetland edges may transition 
from aquatic to terrestrial 
dominated species.  
  
Loss of macroinvertebrate habitat. 
 
Increase in pool salinity as 
vegetation continues to transpire 
groundwater via transpiration. 

High surface water flow events 
may provide additional habitat 
for macroinvertebrates.  
 
The impact of surface flow 
events supplementing wetland 
flora water demands reduces as 
period of declining groundwater 
flux continues. 
 
In contrast, high flow surface 
water events may also mobilise 
bed load sediments and cover 
wetlands reducing 
macroinvertebrate and flora 
habitat. 

Potential increase in cease 
to flow discharge events. 

Extended periods of 
hydraulic disconnection from 
adjacent watercourse. 

Increased stress on sensitive 
macroinvertebrate taxa that 
require hydraulic connection to 
additional watercourse habitat.    

Major 

Permanent changes 
to groundwater 
pressure that fall 
permanently below 
the base of the 
wetland. 

Groundwater pressure is 
insufficient to maintain 
saturation of wetland soil and 
the pooling of free water. 
 
No surface flow wetland 
discharge. 

No saturation of wetland soil. 
 
No hydraulic connection with 
adjacent waterways. 

Absence of wetland vegetation  
  
Loss of macroinvertebrate habitat. 
 
Likely increase in erosion during 
high surface flow events, 
removing any wetland soil 
accumulated over time.   

The adjacent watercourse can 
only provide habitat for 
macroinvertebrates able to 
migrate to surface water habitat. 
 
In areas where the adjacent 
watercourse is connected to the 
same aquifer as the wetland, the 
available adjacent habitat may 
be reduced with declining 
groundwater levels. 
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5.1.7 Ecological endpoints 
The relationship between the environmental values, groundwater regime and the water requirements 
of the wetlands enables ecological endpoints to be proposed. The endpoints encapsulate the critical 
groundwater processes and linkages to the overall condition of the wetlands. The ecological endpoints 
identified for this wetland Type 1a are outlined below. 

Wetland area (aquatic vegetation) and wetted extent (extent of discharge) 

Within these wetlands the area of permanent saturation is predominantly influenced by groundwater 
discharge, such that the wetland area will shrink or expand as groundwater flux decreases and 
increases. Aquatic vegetation is confined to the central permanently saturated core of the wetland, 
with a very distinct change to the adjacent non-wetland areas and seasonally to an active discharge 
tail. Therefore, the area of the wetland during the dry phase defined by aquatic vegetation can be used 
as a proxy of the impact of changing groundwater regime to the aquatic vegetation species residing 
within the wetland. Groundwater pressure in combination with this provides a suitable ecological 
endpoint at this wetland type. 

The ratio of aquatic to terrestrial/invasive species at the boundary of the wetland  

The long-term permanent groundwater discharge has created a wetland core area dominated by 
aquatic species, with a very low ratio (close to zero) of aquatic to terrestrial/invasive species. If the 
groundwater flux to the wetland declines, the edge of the wetland would begin to dry out.  
Subsequently terrestrial or exotic species may begin to migrate into the wetland area. This change in 
vegetation pattern, caused changes in the groundwater regime will be measurable by the ratio of 
aquatic to terrestrial/invasive species at the periphery of the wetland. Groundwater pressure in 
combination with this provides a suitable ecological endpoint at this wetland type.  

Wetland water and soil chemistry  

Within these wetlands regional groundwater flows provide a sustained groundwater discharge to the 
wetland. However, seasonal groundwater inflows exist and provide additional groundwater discharge 
forming discharge tails and flushing salts. This mechanism regulates the wetland water chemistry and 
provides additional ephemeral aquatic habitat along discharge tails. Wetland water chemistry will 
provide an indicator of seasonal contributions and maintenance of the aquatic habitat.   

The ecological endpoints identified for Type 1b wetlands are outlined below. 

Groundwater pressure to maintain saturation of the wetland soil 

Within these wetlands the rate of groundwater discharge provides the dry period water supply that 
maintains saturation of the wetland soil. It is this source of water that maintains of the aquatic habitat 
and source of moisture for fringing wetland vegetation. Due to the shallow nature of the wetland soil, it 
is unlikely that soil water stores and ephemeral surface water flow could maintain the pools to sustain 
the aquatic environment during dry periods. Measurement of groundwater pressure adjacent to the 
wetlands will provide a surrogate for measuring pressure conditions in the wetland.  
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5.2 Type 2 wetlands 
5.2.1 Landscape and wetland process 
These wetlands are palustrine, located within topographic lows or gently sloping landscape settings. 
The wetlands receive groundwater inflows predominantly from regional groundwater systems. The 
wetlands occur on highly weathered regolith profiles. The wetland water budget is dominated by 
diffuse groundwater discharge and is not permanently connected to the groundwater system.  

Relatively small wetlands have developed that are dominated by terrestrial vegetation, with little to no 
habitat (free water) for macroinvertebrates. The semi-permanent connection to the groundwater 
system has not enabled the development of distinct wetland soils. It is likely that during extended dry 
periods, these wetlands can cease to flow. The wetlands are often associated with a broader saline 
discharge zone that are actively eroding, they are characterised by ‘flowing-sands’ that create small 
non-vegetated mounds.   

 

Figure 5-5: Type 2 wetlands (Abyss complex) 

A conceptual model for Type 2 wetlands is presented in Figure 5-6. The wetlands have formed within 
a broad area of diffuse groundwater discharge, where changes in the subsoil allow for more point 
discharge zones to occur, initiating quick flow conditions of sediment which develop ‘mud springs’. In 
regards to the wetland vegetation, six focal zones (noted on Figure 5-6) have been identified that 
represent variability across the wet and dry phase of the wetlands, driven by the groundwater regime:  

1. The main area of groundwater discharge, characterised by minor ‘flowing-sands’, little vegetation 
or macroinvertebrate assemblages. 

2. The wetland transition zone and adjacent wet areas. This area contains some free standing water 
(< 5 cm deep), a range of forbs including Bacopa minima and sedges such as Fimbristylis spp. 
indicative of less permanent saturation. The area has a low total vegetation cover and is 
dominated by terrestrial species such as Chloris gayana, Cynodon dactylon, and the invasive 
wetland species Paspalum distichum. 

3. Non-wetland and broader diffuse groundwater discharge area. Dominated by terrestrial grass 
species such as Chloris gayana, Cynodon dactylon intermixed with a substantial amount of bare 
ground.  

4. Scalded areas during the wet phase. Bare scalded ground (cause by diffuse discharge of saline 
groundwater) covered by a thin crust of dry eroded sands. This area is intermixed with a sparse 
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cover of terrestrial grasses including Chloris gayana, Sporobolus mitchellii and Aristida spp. This 
area is interspersed with remnant A horizon stacks, slightly elevated above the scalded area, such 
that some leaching of the soil occurs, removing salts.  

5. Wetland transition area during the dry phase. No open water, dominated by flowing sands. 

6. Non-wetland and broader diffuse groundwater discharge area during the dry phase. Less 
terrestrial grasses with more exposed sodic soils. 

 

 

Figure 5-6: Conceptual model for Type 2 wetlands 

5.2.2 Anthropogenic influences 
The dominant anthropogenic influences on the wetlands are grazing and changes in adjacent land 
use. These pressures have allowed the exposure of unstable soils and considerable sheet and rill 
erosion to occur across the landscape. The wetlands are severely impacted by grazing predominately 
resulting in compaction and alteration of the vegetation fringing the wetlands.   

Historical land use changes may have resulted in increased surface water runoff resulting in erosion 
and sedimentation in and adjacent to the wetlands. The current declining groundwater regime and 
comparatively hostile nature of the saline and sodic soil creates a habitat unsuitable for aquatic 
vegetation or macroinvertebrates. 

5.2.3 Water requirements 
The wetland water budget is dominated by groundwater discharge. However, it is rarely at a rate 
where any considerable discharge occurs at the surface. This reflects the low hydraulic gradient and 
low permeability of the source aquifers. There are only minor changes in the wetland vegetation and 
area seasonally. Long-term changes are apparent due to the presence of deceased and shrinking 
wetlands and disappearance of aquatic wetland species due to changes in long term groundwater 
pressures.  

Therefore, it is hypothesised that the environmental values associated with these wetland are 
maintained by the following water requirements:  

• a supply of groundwater discharge during extended dry periods; and 

• a sufficient groundwater discharge rate and volume to maintain saturation of the underlying 
regolith, providing a seasonal water supply for terrestrial vegetation and wetland vegetation. 
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5.2.4 Implications of a changing groundwater regime 
The implications of a reduction in the groundwater regime are based upon the hypothetical water 
requirements described for this wetland type. The implications proposed relate to the following four 
stages of change in the groundwater regime (Table 5-4): 

• minor changes in groundwater pressure within the historical range of variability; 

• temporary (short-term) changes to groundwater pressure greater than the historical range of 
variability;  

• permanent (long-term) changes to groundwater pressure greater than the historical range of 
variability but pressures remain above the base of the wetland; and  

• major permanent changes to groundwater pressures that fall permanently below the base of the 
wetland. 

Although it is acknowledged that changes in the wetland will be complex, the implications to the 
wetland associated with changes in the groundwater regime are described in terms of wetland flora, 
macroinvertebrates and wetland soil.  

Type 2 wetlands are not a permanent feature of the landscape, such that groundwater discharge to 
these wetlands can cease during extended dry periods. In light of the temporal nature of groundwater 
connection, moderate long-term changes and permanent changes are considered equal in terms of 
the impact to the wetlands.  
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Table 5-4: Implications of a change in the groundwater regime (Type 2) 

Change in groundwater regime Implications for the wetland 

Magnitude Description  Water requirement Wetland dynamics Wetland ecology (flora and macroinvertebrates) 
and soil 

Minor 

Changes in groundwater 
pressure within the 
historical range of 
variability. 

Groundwater pressure is sufficient 
to maintain semi-permanent 
saturation and discharge within 
observed range.  

Minimal to no changes in the wetland 
area.  

Groundwater pressure sufficient to maintain 
semi-permanent saturation and discharge within 
observed range.  
 
Maintenance of existing floristic assemblages. 

Moderate 
 

Short-term changes to 
groundwater pressure 
greater than the historical 
range of variability. 

During dry periods (seasonal to 
yearly) it is likely that groundwater 
discharge will be insufficient to 
maintain permanent saturation of 
the wetland soil. 

Decrease in the wetted area and 
drying of wetland surface as 
evapotranspiration is greater than the 
groundwater flux.  

Composition of floristic assemblages will be 
increasingly dominated by terrestrial species.  
 
Increased exposure of wetland soils at the edge 
of the wetland.  
 
Increased salinity in pooled water due to 
reduced discharge. 

Major 

Permanent changes to 
groundwater pressure 
falls permanently below 
the base of the wetland. 

Groundwater pressure falls below 
the wetlands, such that no 
groundwater discharge occurs. 

Surface of wetland area begins to dry. 
Increased sub soil aeration below 
wetlands. No surface discharge. 

No presence of wetland species or surface 
expression of groundwater. Dominated by 
terrestrial species. 
 
Wetland area will be difficult to distinguish from 
surrounding terrestrial landscape. 
 
Increase susceptibility of the wetland to surface 
soil erosion, similar to adjacent non-wetland 
areas. 
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5.2.5 Ecological endpoints 
These wetlands are considered to be in a phase of declining groundwater discharge. Changes in 
species assemblages transitioning from aquatic to terrestrial, and the degree of disturbance at these 
wetlands makes the identification of suitable ecological endpoints difficult. However, the following 
ecological endpoint is applicable to the wetlands that encapsulate the critical groundwater process 
linkage to the overall health and condition of the wetlands. 

Wetted extent (extent of groundwater discharge) 

Within these wetlands the area of permanent saturation is influenced by the nature of groundwater 
discharge, surrounding land uses and surface water inundation. The extent of observed groundwater 
discharge (non-aquatic, saturated extent) can be used to measure seasonal change in discharge from 
wetland that will directly relate to any opportunistic wetland species that may occur. Measurement of 
nearby groundwater monitoring bores will provide a useful surrogate for change in groundwater 
pressure and discharge to the wetland.  
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5.3 Type 3 wetlands 
5.3.1 Landscape and wetland processes  
These wetlands generally occur within active watercourses on exposed sandstone bedding planes.  
The wetlands have minor substrates, with the wetland soil forming more through the accumulation of 
sediment, rather than wetland soil development over time. The wetlands receive groundwater 
contributions from both regional and local groundwater systems, are predominantly actively 
discharging wetlands, with little soil water storage potential or evapotranspiration demand. The 
wetlands contain only minor wetland vegetation (due to lack of substrate). Due to the low salinity of the 
water and adjacent water supply, the wetlands contain dynamic macroinvertebrate populations. 

Only minor seasonal changes occur to the wetland area as there is a constant supply of through flow 
groundwater occurring. Long-term changes in wetland area will be influenced by stream erosion and 
deposition during high flow events which are likely to alter the wetland area and location of discharge. 

Discharge from the wetland is maintained all year and is either within, or adjacent to permanent or 
semi-permanent watercourses. The shape and size of the wetlands is controlled by the nature of the 
exposed sandstone and the erosion and dynamics of in-stream sediments. The constant flow from the 
wetland and discharge of low salinity groundwater to the wetland allows generally low salinity water 
within the wetlands which provides habitat for both aquatic vegetation and tolerant and sensitive 
aquatic macroinvertebrate assemblages. 

Only shallow wetland soils have developed at these wetlands. As a result, when changes in 
groundwater discharge or a decline in evapotranspiration demand occurs, there is a change in the 
volume of discharge and minor changes to the wetland area. This is due to the wetlands having little 
regolith or wetland soil development and therefore limited storage capacity. 

Change to the wetland area is controlled by large scale high flow surface water events rather than 
groundwater discharge. Within the current hydrogeological state, the seasonal changes in 
groundwater discharge to the wetlands appear to have a negligible impact on the wetland. While it is 
expected that changes in groundwater discharge will have a negative impact on the wetlands, the 
condition of the wetlands is dominated by surface flow events. 

These wetlands are characteristically wet and do not have a dry cycle. During the wettest phase they 
are inundated to a degree by surface flow. During the lower flow periods, the wetlands are maintained 
by groundwater. 

The aquatic macroinvertebrate assemblages appear to vary independently to changes in the wetland 
area. This is due to the constant flow regime which provides a consistent habitat in the wetlands, with 
the adjacent watercourse supply creating a dynamic population of aquatic macroinvertebrates. Smaller 
wetlands located above the main watercourse vary in vegetation type, with terrestrial and weed 
species occurring. Generally, the larger wetlands are dominated by aquatic vegetation assemblages.  
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Figure 5-7: Type 3 wetlands (Barton (left) and 311 (right)) 

A conceptual model for Type 3 wetlands is presented in Figure 5-8. The wetlands have formed due to 
landscape dissection intersecting the watertable within a sandstone aquifer creating point discharge 
zones (wetlands) adjacent to permanently and seasonally flowing streams. In relation to the wetland 
vegetation and macroinvertebrates, three focal zones (noted on Figure 5-8) have been proposed that 
represent the variability across the wetlands driven by the groundwater regime:  

1. Area of permanent groundwater discharge which maintains saturation and pools of free water. 
Aquatic species include the Spangled Perch. Dominant species include the grasses Isachne 
globosa, Leersia hexandra and Sacciolepis indica indicative of permanent saturation with species 
such as Schoenoplectus mucronatus, S. validus and Persicaria hydropiper prominent in wetter 
areas near the main points of groundwater discharge.  

2. Terrestrial areas adjacent to the creek line. Dominated by as Chloris gayana, Cynodon dactylon 
the invasive intermixed with a substantial amount of bare ground pugged by cattle.   

3. Area of seasonal inundation and local groundwater discharge within the creek line. Aquatic 
species include midgees and mayflies. Bare ground or fringing vegetation indicating saturation 
including sedges Juncus prismatocarpus, Gahnia aspera and Cyperus spp. the bullrush Typha 
spp., grasses such as Paspalum spp.  

4. Within the creek line there are areas of seasonal inundation and local groundwater discharge. 
Aquatic species include midgees and mayflies. Bare ground or fringing vegetation indicating 
saturation include the sedges Juncus prismatocarpus, Gahnia aspera and Cyperus spp., the 
bulrush Typha spp. and grasses such as Paspalum spp.  
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Figure 5-8: Conceptual model for Type 3 wetlands 

5.3.2 Anthropogenic influences 
The wetlands are located within a riverine or near riverine environment and receive a regional and 
local scale groundwater discharge from sandstone aquifers. A dominant influence on the wetlands is 
surface water flows that can alter the wetland form during high flow events. The catchment hydrology 
has been affected by land clearing and use, altering the pre-European hydrological regime, which is to 
a degree, causing continued impacts on the wetlands. These wetlands are under moderate impact 
from stock damage which is evident from pugging and compaction, influencing the soil and vegetation 
within the wetlands.  

5.3.3 Water requirements 
The wetland water budget is dominated by constant groundwater discharge from the exposed bedding 
planes of sandstone aquifers. The ecology of the wetlands is intrinsically linked to the hydrology of the 
adjacent watercourse that either flows permanently, and/or causes inundation during high flow events. 

Therefore, it is hypothesised that the environmental values associated with these wetlands are 
maintained by the following water requirements: 

• permanent supply of groundwater discharge;  

• sufficient groundwater discharge rate to maintain a free flowing wetland, in some situations to 
maintain connection with in stream water; and  

• the wetlands are connected to ephemeral and perennial surface water sources, such that the 
stream water provides additional habitat for macroinvertebrates, and as such, is part of the 
wetland water requirements. 
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5.3.4 Implications of a changing groundwater regime 
The implications of a reduction in the groundwater regime are based upon the hypothetical water 
requirements for this wetland type.  The implications proposed relate to the following four stages of 
change in the groundwater regime (Table 5-5): 

• minor changes in groundwater pressure within the historical range of variability; 

• temporary (short-term) changes to groundwater pressure greater than the historical range of 
variability;  

• permanent (long-term) changes to groundwater pressure greater than the historical range of 
variability but pressures remain above the base of the wetland; and  

• major permanent changes to groundwater pressures that fall permanently below the base of the 
wetland. 

Although it is acknowledged that changes in the wetland will be complex, the implications to the 
wetland associated with changes in the groundwater regime are described in terms of wetland flora, 
macroinvertebrates and wetland soil.  

Type 3 wetlands are riverine wetlands, permanently associated with the hydrology of the watercourse. 
The implication of the change in the groundwater regime must be considered in light of the water 
requirement provided through surface flow events. In general, short-term changes in the groundwater 
regime may be offset by additional water from surface water flow events that inundate the wetlands. 
This additional source of water provides habitat for macroinvertebrates, replenishing soil water stores 
for flora and flushing any accumulated salts. In contrast, short-term changes can be exacerbated by a 
reduction in the “normal” surface water flow regime, where the stress to macroinvertebrates will 
increase with no additional adjacent habitat, and stress to flora as the wetland area begins to dry and 
shrink. 
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Table 5-5: Implications of a change in the groundwater regime (Type 3) 

Change in groundwater regime Implications for the wetland 
Offset provided by non-altered  
surface water regime 

Magnitude Description  Water requirement Wetland dynamics Wetland ecology (flora and 
macroinvertebrates) and soil 

Minor 

Changes in 
groundwater pressure 
within the historical 
range of variability. 

Groundwater pressure 
sufficient to maintain 
permanent saturation and 
discharge within observed 
range.  

Minimal to no changes in the 
wetland area.   

Groundwater pressure sufficient to 
maintain permanent saturation 
and discharge within observed 
range.  

NA. 

Moderate 
 

Short-term changes 
to groundwater 
pressure greater than 
the historical range of 
variability. 

During dry periods (seasonal 
to yearly) it is likely that 
groundwater discharge will 
be insufficient maintain 
permanent saturation of 
100% of the wetland. 
Particularly those wetlands 
located higher in the 
landscape. 

Potential for a decrease in 
the wetted area and drying of 
wetland surface as 
evapotranspiration exceeds 
groundwater flux.  
 
Reduction in the amount of 
water pooling. 

Change in composition of floristic 
assemblages at the periphery or 
higher elevation area of the 
wetland.  
 
Increased salinity in pooled water 
due to reduced discharge and ET 
demand. High surface water flow events 

may provide additional habitat 
for macroinvertebrates and 
supplement wetland flora 
demands. 

Potential seasonal decrease 
in wetland discharge. 
 

Decrease in pooling of 
discharge and decreased 
volume of discharge to 
adjacent waterway where 
previously connected. 

Increased stress to sensitive 
macroinvertebrates due to less 
inundation and connection to 
adjacent watercourse.  
 
Potential for increased salt 
accumulation within and around 
the periphery of the wetland. 
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Change in groundwater regime Implications for the wetland 
Offset provided by non-altered  
surface water regime 

Magnitude Description  Water requirement Wetland dynamics Wetland ecology (flora and 
macroinvertebrates) and soil 

Moderate 

Long-term changes to 
groundwater pressure 
greater than the 
historical range of 
variability. 

Extended periods of 
insufficient groundwater flux 
to maintain 100% saturation 
of wetland substrate. 
 

Significant reduction in 
wetland area. 
 
Surface of wetland area 
begins to dry. 
 
No free flow wetland 
discharge. 

Decrease in wetland flora. 
Wetland may transition from 
aquatic to terrestrial dominated 
species.  
  
Loss of macroinvertebrate habitat. 
 
Increase in pool salinity as 
vegetation continues to transpire 
groundwater via transpiration. 

High surface water flow events 
may provide additional habitat 
for macroinvertebrates.  
 
The impact of surface flow 
events supplementing wetland 
flora water demands reduces as 
period of declining groundwater 
flux continues. 
 
In areas where the adjacent 
watercourse is connected to the 
same aquifer as the wetland, the 
frequency of high flow surface 
water events may reduce with 
declining groundwater levels. 

Potential increase in cease 
to flow discharge events. 

Extended periods of 
hydraulic disconnection from 
adjacent watercourse. 

Increased stress on sensitive 
macroinvertebrate taxa that 
require hydraulic connection to 
additional watercourse habitat.    

Major 

Permanent changes 
to groundwater 
pressure that fall 
permanently below 
the base of the 
wetland. 

Groundwater pressure is 
insufficient to maintain 
saturation of wetland soil and 
the pooling of free water. 
 
No surface flow wetland 
discharge. 

No saturation of wetland soil. 
 
No hydraulic connection with 
adjacent waterways. 

Absence of wetland vegetation  
  
Loss of macroinvertebrate habitat. 
 
Likely increase in erosion during 
high surface flow events, 
removing any wetland soil 
accumulated over time.   

The adjacent watercourse can 
only provide habitat for 
macroinvertebrates able to 
migrate to surface water habitat. 
 
In areas where the adjacent 
watercourse is connected to the 
same aquifer as the wetland, the 
available adjacent habitat may 
be reduced with declining 
groundwater levels. 
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5.3.5 Ecological endpoints  
The significant influence of surface water flows on these wetlands dictates the selection of ecological 
endpoints and indicators of changes to the groundwater regime. At this location, stream flow and 
groundwater pressure represent reliable indicators, as they control the presence of permanent water 
flow (ground and surface water). Other endpoints, including wetland extent, are significantly influenced 
by surface water flow events making them unreliable indicators of changes in the groundwater regime.  

The following ecological endpoints are applicable to these wetlands that encapsulate the critical 
groundwater process linkages to the overall health and condition of the wetlands.    

Groundwater pressure to maintain permanent pools within the watercourse  

Within these wetlands the rate of groundwater discharge provides the dry period water supply that 
maintains connected and disconnected pools. It is this source of water that maintains the aquatic 
habitat and is a source of moisture for fringing wetland vegetation. Due to the very shallow nature of 
the wetland soil, it is unlikely that soil water stores and ephemeral surface water flows could maintain 
the pools to sustain the aquatic environment during dry periods. Measurement of groundwater 
pressure adjacent to the wetlands will provide a surrogate for measuring water conditions in the 
wetland.  

Permanent or seasonal surface water flows  

These wetlands occur within an ephemeral riverine environment. It is expected that the seasonal input 
of surface water plays a critical role the condition of the wetlands. Surface flow events will provide a 
seasonal flowing aquatic habitat and regulates the salinity and nutrient concentration within pools. 
Downstream gauging of flow and field parameters will provide a surrogate for measuring changes in 
the groundwater and surface water regime at the wetland.    

Water quality   

The majority of these wetlands are fresh water ecosystems, and during low flow periods the salinity 
and temperature (driven by evaporation) may rise. The next phase of surface flow will replenish the 
wetland, reducing the salinity and temperature. Therefore, maintaining a low salinity and regulated 
water quality through continual groundwater discharge and seasonal surface water flow is essential for 
wetland condition. 
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5.4 Type 4 wetlands 
5.4.1 Landscape and wetland processes (Type 4a) 
The wetlands occur within active watercourses within deep sandy alluvial deposits. The wetlands 
receive groundwater inflows from local groundwater systems. Groundwater discharge is fresh and free 
flowing. The lack of any clay substrate prevents any significant subsoil water storage and as a result, 
only very minor wetland soil can develop.  

The wetlands contain an irregular distribution of wetland vegetation due to the lack of substrate and a 
dynamic landscape where the form of the wetland can be altered by stream bank erosion. Therefore, 
they are subtle features, only distinguishable from the surrounding landscape during dry periods due 
to greener vegetation. The fresh water and adjacent water bodies provide aquatic habitat suitable for 
sensitive macroinvertebrate species.  

The wetlands fluctuate in extent and area and will be altered physically by bank erosion during flood 
events. They maintain free flowing discharge all year round and are considered semi-permanent 
features of the landscape. The extent of the wetland area and associated flora appears constrained by 
the landscape position. However, the spatial distribution of terrestrial vegetation within the wetland 
varies, potentially reflecting changes in the distribution of saturation within the wetland. Despite the 
lack of wetland soil and mounding, the wetlands are generally in good condition ecologically, with 
balanced macroinvertebrates taxa diversity.   

Seasonal changes in groundwater discharge and climate appear to have little impact on the wetlands. 
There are no surface features that represent long or short term changes in the wetland area and or 
form. The sandy substrate and low water holding capacity of the immediate area of the wetland 
enables groundwater discharge to occur at different rates without impacting the wetland vegetation. 

 

Figure 5-9: Type 4a wetlands (Wambo complex)  

A conceptual model for Type 4a wetlands is presented in Figure 5-10. Local groundwater flow from 
alluvial aquifers discharges at the wetlands due to the presence of a low permeable layer, forcing 
groundwater to flow to the wetland, and discharges in the banks of the watercourse. The aquifer is 
recharge seasonally during rainfall events due to the sandy surface soils. Therefore the discharge 
zone is responsive to short term rainfall patterns. In regards to the wetland vegetation and 
macroinvertebrates, three focal zones (noted on Figure 5-10) have are described that represent the 
variability across the wetlands driven by the groundwater and surface water regime.  

1. Semi-permanent area of groundwater discharge. Dominated by sedges Carex appressa, grasses 
such as and Leersia hexandra, forbs such as Centella asiatica and other species indicative of 
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permanent saturation. These areas can be very restricted and intermixed with drier parts 
associated with terrestrial species including Chloris gayana, Cynodon dactylon and the invasive 
wetland species Paspalum distichum. 

2. Permanent zone of groundwater discharge. On the lower slopes adjacent to drainage lines where 
saturation is more uniform, discharge supports similar species to Zone 1 with the tall grass 
Phragmites australis prominent.   

3. Adjacent permanent watercourse provides additional water supply for macroinvertebrates and 
during high flow surface water events, will inundate the wetlands.  

  

 

Figure 5-10: Conceptual model for Type 4a wetlands 

5.4.2 Landscape and wetland processes (Type 4b) 
Type 4b wetlands are similar to Type 4a. However, the wetlands occur within upper catchment 
drainage lines that have surface flow ephemerally. Their location often coincides with the headwaters 
of large, more defined watercourses. The significant difference to Type 4a wetlands is that there is no 
distinct channel that has developed within the drainage line, such that the wetlands occur as broad 
areas of saturation within only minor wetland soil development. 

Seasonal changes in the wetlands occur when seasonal recharge increase discharge to the wetland, 
increasing the wetted area and wetland discharge rate. This is in contrast to Type 4a, where any 
increase in discharge flows directly into the adjacent watercourse with little change in wetland area. 
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Figure 5-11: Type 4b wetlands (Ponies complex) 

A conceptual model for Type 4b wetlands is presented in Figure 5-12. The wetlands have formed due 
to local groundwater flow system occurring overlying lower permeable weathered substrate. Lateral 
gravity driven flow paths result in point discharge zones (wetlands) within the valley floors. In relation 
to the wetland vegetation and macroinvertebrates, four focal zones (noted on Figure 5-12) are 
described that represent the variability across the wetlands driven by the groundwater regime.   

1. Permanent zone of groundwater discharge. Dominated by forbs such as Myriophyllum gracile, 
Eriocaulon scariosum, Philydrum lanuginosum, Utricularia dichotoma, the sedge Eleocharis 
cylindricus and other species indicative of permanent or near permanent inundation.  

2. Seasonal areas of groundwater discharge and saturation. These areas are more temporally 
inundated and dominated by the lawn Cynodon dactylon and other terrestrial species with some 
fluctuating encroachment from the adjacent wetland vegetation in Zone 1. 

3. Adjacent bare areas dominated by a sparse cover of terrestrial grasses and sedges including 
Juncus spp., Eragrostis spp. and Bothriochloa bladhii. 

4. Ceased flowing wetlands. During extended wet periods, wetlands can occur temporally (for many 
years) higher in the landscape. However during dry periods, the local water tables drop and they 
become disconnected to the groundwater system and cease to flow. 
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Figure 5-12: Conceptual model for Type 4b wetlands 

5.4.3 Anthropogenic influences (Type 4a and 4b) 
These wetlands are located within a riverine or near riverine environment (palustrine) within local 
groundwater systems. The wetlands occur within unconsolidated sediments such that surface water 
flows can alter the wetland form during high flow surface water events. The catchment hydrology has 
been affected by land clearing and land use. This has altered the pre-European hydrological regime 
and to some degree is causing continued impact to the wetlands. These wetlands are under moderate 
impact from stock damage is evident with pugging and compaction influencing the soil and vegetation 
within the wetlands. Some wetlands have also been excavated. 

5.4.4 Water requirements (Type 4a) 
The wetland water budget is a combination of groundwater discharge, river bank storage from 
inundation during flood events, and adjacent semi-permanent watercourses depending upon the 
wetland’s landscape setting. The wetlands support minor coverage of wetland vegetation and an 
aquatic habitat suitable for a dynamic population of macroinvertebrate taxa. It is likely that during high 
bank flow and flood events, the aquifer to the wetland is recharged from surface water. 

Therefore, it is hypothesised that the environmental values associated with these wetlands are 
maintained by the following water requirements: 

• a supply of groundwater discharge that may not be permanent; 

• sufficient groundwater discharge rate to maintain a free flowing wetland, maintaining the 
connection with water in the watercourse;  

• overbank storage and supply of water during and following flood events; and 

• the wetlands are connected to ephemeral and perennial water sources, such that the stream 
water provides additional habitat for macroinvertebrates. As such, this connectivity is part of the 
wetland water requirements.  

5.4.5 Water requirements (Type 4b) 
The wetland water budget is a combination of groundwater discharge and inundation during flood 
events. These wetlands support minor coverage of wetland vegetation and an aquatic habitat suitable 
for a dynamic population of macroinvertebrate taxa.    
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Therefore, it is hypothesised that the environmental values associated with these wetland are 
maintained by the following water requirements: 

• a supply of groundwater discharge that may not be permanent; 

• sufficient groundwater discharge rate to maintain a free flowing wetland; and 

• the wetlands are connected to ephemeral water sources, such that the stream water provides 
additional habitat for macroinvertebrates and as such is part of the wetlands water requirements.  

5.4.6 Implications of a changing groundwater regime 
The implications of a reduction in the groundwater regime are based upon the hypothesised water 
requirements for this wetland type. The implications proposed relate to the following four stages of 
change in the groundwater regime (Table 5-6 and Table 5-7): 

• minor changes in groundwater pressure within the historical range of variability; 

• temporary (short-term) changes to groundwater pressure greater than the historical range of 
variability;  

• permanent (long-term) changes to groundwater pressure greater than the historical range of 
variability but pressures remain above the base of the wetland; and  

• major permanent changes to groundwater pressures that fall permanently below the base of the 
wetland. 

Although it is acknowledged that changes in the wetland will be complex, the implications to the 
wetland associated with changes in the groundwater regime are described in terms of wetland flora, 
macroinvertebrates and wetland soil.  

Type 4a and 4b wetlands are not permanent features of the landscape. As such, groundwater 
discharge to these wetlands can cease during extended dry periods due to their connection with local 
groundwater systems. In light of the temporal nature of groundwater connection, moderate, long-term 
and permanent changes are assessed collectively in terms of the implications of a change in the 
groundwater regime on the wetlands. 

Type 4a wetlands are riverine wetlands and associated with the hydrology of the watercourse. The 
implication of the change in the groundwater regime must be considered in light of the additional non-
groundwater water requirement provided through surface flow events. In general, short-term changes 
in the groundwater regime may be offset by additional water from surface flow events which inundate 
the wetlands, providing habitat for macroinvertebrates, replenishing soil water stores for flora and 
flushing any accumulated salts. In contrast, short-term changes can be exacerbated by a reduction in 
the “normal” surface water flow regime, where the stress to macroinvertebrates will increase with no 
adjacent habitat, and stress to flora as the wetland area begins to dry and contract. 

Type 4b wetlands are also riverine wetlands. However, in contrast to Type 4b, the adjacent 
watercourse/drainage line is ephemeral, flowing only after substantial rainfall. The implication of the 
change in the groundwater regime must be considered in a general sense, such that short temporal 
changes to the groundwater regime may be offset by additional water provided during high rainfall 
events. 
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Table 5-6: Implications of a change in the groundwater regime (Type 4a) 

Change in groundwater regime Implications for the wetland 
Offset provided by non-altered  
surface water regime 

Magnitude Description  Water requirement Wetland dynamics Wetland ecology (flora and 
macroinvertebrates) and soil 

Minor 

Changes in 
groundwater pressure 
within the historical 
range of variability. 

Groundwater pressure is 
sufficient to maintain 
permanent saturation and 
discharge within 
observed range.  

Minimal to no changes in the 
wetland area.   
 
Likely decrease in the rate of 
surface discharge due to 
lower hydraulic gradient in 
the local aquifer. 

Minimal implications. Maintenance of 
the natural variation in the ratio of 
terrestrial to wetland species at the 
periphery of the wetland. 

NA. 

Moderate 
 

Short-term changes 
to groundwater 
pressure greater than 
the historical range of 
variability. 

During dry periods 
(seasonal to yearly) it is 
likely that groundwater 
discharge will be 
insufficient to maintain 
permanent saturation of 
100% of the wetland soil. 

Potential for a decreased 
wetted area and drying of 
wetland surface as ET 
exceeds groundwater flux.  
 
Reduction in the amount of 
water pooling.  

Change in the composition of floristic 
assemblages at the periphery of the 
wetland.  
 
Increased salinity in pooled water due 
to reduced discharge. 

High surface water flow events 
may provide additional habitat 
for macroinvertebrates and 
supplement wetland flora water 
demands. 
 
High surface water flow events 
(flooding) may potentially 
provide an additional recharge 
to the local aquifer and bank 
storage. To a degree this may 
negate the impacts from a 
change in the groundwater 
levels supporting the wetland. 

Potential seasonal 
decrease in wetland 
discharge. 
 

Decrease in pooling of 
discharge water and volume 
of discharge to adjacent 
watercourse.  

Increase in stress to sensitive 
macroinvertebrates, as less 
inundation and potential 
disconnection to adjacent 
watercourse.  
 
Potential for increased salt 
accumulation within and around the 
periphery of the wetland. 

Long-term changes to 
groundwater pressure 
greater than the 
historical range of 
variability. 

Groundwater pressure is 
insufficient to maintain 
saturation of wetland soil.  
 
No surface discharge 
from the wetland.  

No saturation of wetland soil. 
 
No hydraulic connection with 
adjacent waterways. 

Absence of wetland vegetation and 
loss of wetland macroinvertebrate 
habitat. 
 
Likely increase in erosion during high 
surface flow events removing any 
wetland soil accumulated over time.   

The adjacent water way may 
provide habitat for 
macroinvertebrates able to 
migrate from the wetland 



 

Wetland Conceptualisation for the Surat CMA 63 
 

Table 5-7: Implications of a change in the groundwater regime (Type 4b) 

Change in groundwater regime Implications for the wetland 

Magnitude Description  Water requirement Wetland dynamics Wetland ecology (flora and macroinvertebrates) 
and soil 

Minor 

Changes in groundwater 
pressure within the 
historical range of 
variability. 

Groundwater pressure is sufficient 
to maintain semi-permanent 
saturation and discharge within 
observed range.  

Minimal to no changes in the wetland 
area. Likely decrease in the rate of 
discharge due to lower hydraulic 
gradient in the source aquifer. 

Minimal implications. Maintenance of the natural 
variation in the ratio of terrestrial to wetland 
species at the periphery of the wetland. 

Moderate / 
Major 

Short-term changes to 
groundwater pressure 
greater than the historical 
range of variability. 

During dry periods (seasonal to 
yearly) it is likely that groundwater 
discharge will be insufficient to 
maintain permanent saturation of 
the wetland soil with historical 
range. 

Potential for a decrease in the wetted 
area and drying of wetland surface as 
evapotranspiration is greater than the 
groundwater flux.  
 
Reduction in the amount of water 
pooling. 

Change in composition of floristic assemblages 
at the periphery of the wetland.  
 
Increase in exposure of wetland soils around the 
edge of the wetland.  
 
Increased salinity in pooled water due to 
reduced discharge. 

Potential seasonal decrease in 
wetland discharge. 

Decrease in pooling of discharge 
water and development and extent of 
the seasonal discharge tail. 

Increase in stress to sensitive 
macroinvertebrates as less inundation and 
suitable habitat is available (pooling). 

Long-term changes to 
groundwater pressure 
greater than the historical 
range of variability. 

Increased periods of insufficient 
groundwater flux to maintain 100% 
saturation of wetland soil. 

Significant reduction in wetland area. 
 
Surface of wetland area begins to dry, 
with increased sub soil. No free flow 
wetland discharge. 

Absence of wetland flora. Wetlands are 
transformed from aquatic to terrestrial dominated 
species. Loss of macroinvertebrate habitat. 

Cease to flow wetland. Drying out of wetland area. 
Loss of wetland vegetation and permanent 
vegetation. Potential increase in erosion of the 
once wetland soil due to reduced soil stability. 
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5.4.7 Ecological endpoints  
The significant influence of groundwater and surface water flows on the wetlands dictates the 
selection of ecological endpoints and indicators of changes to the groundwater regime. At this 
location, stream flow and groundwater pressure maintain a free flowing fresh wetland, and represent 
reliable indicators. Other endpoints, including wetland extent, are significantly influenced by surface 
water flow events making them unreliable indicators of changes in the groundwater regime.  

The following ecological endpoints are applicable to Type 4a wetlands which encapsulate the critical 
groundwater process linkages to the overall health and condition of the wetlands.    

Groundwater pressure to maintain wetland discharge 

Within these wetlands the rate of local groundwater flux provides the dry period source of water that 
maintains wetland discharge and saturation. It is this source of water that maintains of the aquatic 
habitat and source of moisture for fringing wetland vegetation. Groundwater pressure in the local 
source aquifer will provide a useful surrogate for groundwater discharge at the wetland.    

Permanent or seasonal surface water flow and flooding events 

These wetlands occur within an ephemeral to permanent riverine environment. It is expected that the 
seasonal input of surface water plays a critical role the condition of the wetlands. It is likely that the 
local aquifer connected to the wetlands partially recharges during high flow and flood events, such that 
a porting of the groundwater discharge is sourced from the upstream watercourse. Surface flow 
events will be provide a seasonal flowing aquatic habitat, providing an additional water source, and 
influencing the salinity and nutrients within pools. 

The following ecological endpoints are applicable to Type 4b wetlands.    

Groundwater pressure to maintain wetland discharge  

Within these wetlands the rate of groundwater flux provides the dry period source of water that 
maintains wetland discharge and saturation. It is this source of water that maintains of the aquatic 
habitat and source of moisture for fringing wetland vegetation.    

Wetted extent (extent of discharge)   

Within these wetlands the area of permanent saturation is influenced by the nature of groundwater 
discharge, surrounding land uses and surface water inundation. The extent of observed groundwater 
discharge (non-aquatic) can be used to measure seasonal change in discharge from wetland that will 
directly relate to any opportunistic wetland species that may occur.  
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6 Conclusions  

6.1 Summary  
This project has completed a detailed assessment on 17 wetland complexes to improve the 
understanding of how the wetlands of the Surat CMA interact with groundwater and how the wetland 
area, vegetation and macroinvertebrates respond to changes in the groundwater regime.  

The project assessed the hydrogeological, landscape and soil settings to understand the mechanism 
and form of groundwater discharge to the wetlands in the landscape. The hydrogeology and 
hydrochemistry of both the source aquifers and wetlands was used to determine the variability in 
groundwater flow to the wetlands, identifying both regional and local contributions.  

Site surveys of the wetland area, site descriptions and monitoring data of flora and macroinvertebrates 
assemblages were used to provide insight into how the wetlands change seasonally and over the 
longer term and how the vegetation and macroinvertebrates responds to changes in water availability. 

The ANAE Classification system has been adopted and expanded to develop a classification 
framework for the wetlands within each of the 17 wetland complexes. The framework contains a 
hierarchy of attributes (7 major and 21 minor) that detail the critical elements of each of the wetland’s 
landscape setting and processes.  

For groundwater management and assessment purposes (risk assessment, monitoring and mitigation) 
the project has grouped wetlands that have formed through similar process, and are likely to respond 
to changes in the water regime within a similar way. The ANAE Classification system has been 
adopted and expanded to classify the wetlands within the 17 wetland complexes.  

From the classification framework similarities between wetlands were used to group the wetlands into 
four types. Each of the types has a detailed description of the characteristics of the wetland, a 
hypothesis of the wetland water requirements, and ecological endpoints which represent suitable 
indicators of a changing groundwater regime. Critically, the implications of a change to the supporting 
groundwater regime are assessed for each wetland type. The four types are outlined below:  

1. Permanent fresh to brackish palustrine wetlands with well-developed peat wetland soils with 
dense vegetation coverage, predominantly connected to local and regional groundwater 
systems. 

2. Semi-permanent brackish palustrine wetlands with minor wetland soils and minor vegetation 
cover, predominantly connected to regional groundwater systems. 

3. Permanent to semi-permanent riverine wetlands, with minor wetland soil development and 
moderate vegetation cover, sourced from local and regional groundwater systems with 
significant influence of surface water flows. 

4. Semi-permanent fresh riverine (or near riverine) wetlands, with minor wetland soil 
development and moderate vegetation cover, predominantly connected to local groundwater 
systems. 

Key conclusions from the completed assessments are: 

• Groundwater flow along sub surface geological structures or the contact between geological units 
is the dominant control on groundwater flow to the wetlands. Erosion and dissection are the 
dominant surface processes that control the location of wetlands within the landscape.   

• Many wetlands receive groundwater inflows from both regional and local groundwater systems. 
The regional aquifers providing discharge to the wetlands are the Precipice Sandstone, Boxvale 
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Sandstone Member of the Evergreen Formation, Hutton Sandstone, Gubberamunda Sandstone 
and the Clematis Sandstone. However, at many wetlands, local groundwater flows are a 
significant contributor of discharge. Of note, at a number of wetlands, source aquifers have been 
revised in consideration of new information.  

• Not all wetlands are permanent features of the landscape. Many of the wetlands have only a 
seasonal (ephemeral) connection to the groundwater system.  

• The geometry (shape) of the wetlands is controlled by the presence or absence of a low hydraulic 
conductive regolith and local topography. The extent of regolith and the thickness of the organic, 
clay rich wetland soils significantly influences the floristic assemblages present. At some locations, 
surface water flows significantly influence the geometry, floristic and macroinvertebrate 
assemblages.  

• Seasonal changes in evapotranspiration (ET) demand have a significant influence on the extent of 
the wetlands. The seasonal changes wetland area and discharge are superimposed onto more 
subtle longer term changes driven by land use, climate and changes in groundwater pressures. 

6.2 Implications of the project  
The next three yearly update of the UWIR is due in 2015. The outputs from this project will provide key 
technical input into the SIMS strategies that will be established under the next UWIR. In addition, the 
outputs from this project will provide a sound basis to inform the refinement of tenure holder’s 
monitoring obligations under the EPBC Act on existing and future developments in the GAB. 

 A summary of the implications from this project are: 

• An improved ability to assess the likelihood of impacts on wetlands resulting from changes in 
water pressure from CSG development. A key outcome from the project is the assignment of 
source aquifers to individual wetlands. At some wetlands, a regional aquifer is identified as the 
primary driver of flow. At other sites, local or nested groundwater flow systems are identified. The 
improved determination of source aquifer will provide increased confidence to assess the 
susceptibility of a wetland to any predicted pressure impacts.  

• An improved ability to evaluate consequences of a predicted change to the groundwater regime 
at wetlands. Based on the revised conceptualisations and typology, the likely consequences of a 
change in the groundwater regime are broadly described. This understanding will improve the 
assessment of consequences of potential future impacts on the wetlands. 

• The UWIR required some tenure holders to consider mitigation activities for wetlands where 
impacts were predicted. At many of these sites, the revised wetland conceptualisation provides 
increased clarity on the contributing sources of groundwater (and surface water) requirements of 
the wetland. This will support more focused and effective mitigation actions should they be 
necessary. 

• The established typology provides a basis for the design and implementation of consistent and 
more efficient monitoring arrangements under the SIMS. In addition, the typology provides a tool 
for up-scaling knowledge gained from assessed wetlands to other non-surveyed wetlands. This 
will be used to inform future risk assessments and targeted field investigations where 
required.   

6.3 Limitations of analysis 
This report collates and provides analysis of both historical and recently acquired information on the 
wetlands. In relation to time-series data presented in the report, the following limitations apply: 
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• The majority of wetland monitoring data was collected over four sampling events over a 12 months 
monitoring period in 2013/14. The data was collected by tenure holders in accordance with 
obligations under the UWIR and the Commonwealth Government conditions of approval. In many 
cases the data provides useful indications of wetland dynamics, relationships and system 
functioning over both wet and dry phases. However, it should be noted that the data represents a 
12 month snapshot of the wetlands. 

• Many wetlands are subject to regular and long-term stressors unrelated to changes in regional and 
local groundwater regimes (i.e. weeds, grazing, excavation and weather). These influences can 
affect the physical condition and nature of discharge. As a result, the implications of these 
influences may obscure natural hydrological relationships identified in this report. Where this is a 
possibility, the report notes the potential influences on any conclusions drawn.   
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Introduction 

In the Surat Cumulative Management Area (CMA) the Office of Groundwater Impact Assessment (OGIA) is 
responsible for preparing an assessment of the cumulative impacts from coal seam gas (CSG) development on 
groundwater resources including private water bores and springs (wetlands). To inform future assessments, OGIA 
has undertaking a number of investigation and research projects across several themes to support the update of 
the Surat Underground Water Impact Report (UWIR) in 2015.  

One of the key research themes is about improving the knowledge on springs in relation to their hydrogeological 
setting, source aquifer determination and ecological linkages (OGIA, 2013). This has been delivered as a series of 
separate reports that are focused on wetland conceptualisation for particular complexes. The reports incorporate 
research and monitoring undertaken by both OGIA and CSG tenure holders. The separate complex specific 
conceptualisations are synthesised into a more holistic report, ‘Wetland conceptualisation; A summary report on 
the conceptualisation of springs in the Surat CMA’ (OGIA, 2015).  

The purpose of this document is to provide a summary of the outcomes from these investigations. Specifically, this 
document provides a summary of the spatial and temporal understanding of the hydrogeological, 
geomorphological and hydrogeochemical influences on the wetlands and presents a hypothesis on the linkages 
between changes in the groundwater regime and floristic and macroinvertebrate assemblages at the wetlands. 

Location     

The Lucky Last and Abyss wetland complexes are located in the broad ‘U’ shaped valley of the Injune Creek, 20 
km north-east of Injune (Figure 1). Twelve individual wetlands are associated with the Lucky Last complex. Six 
individual wetlands are associated with the Abyss complex. Both complexes are palustrine. The wetlands are 
circular and generally less than a 200 m2 in size, although one wetland at Lucky Last greater than 3,000 m2. 

 

Figure 1: Location of the Lucky Last and Abyss wetlands 

Description  

Despite their close proximity, these two complexes are distinctly different. The Lucky Last wetlands are vegetated 
and contain mounded organic-rich regolith (Figure 2). In contrast, the Abyss wetlands have less distinctive 
vegetation cover, are located on flat surfaces, have elevated salinities and are within an area of continuously 
damp soil. The surrounding area contains grey-white fine silt (Figure 3). 

 

Figure 2: Wetland 687 (Lucky Last) and 286 (Abyss) 

Previous investigations and research 

Prior to this project, a number of ecological and hydrogeological investigations have been completed at these 
complexes. Information and knowledge generated from these investigations has been incorporated into the 
conceptualisation presented. Previous investigations are as follows: 

• Hydrogeological and ecological assessments completed to inform the Surat UWIR (KCBL, 2012a; KCBL, 
2012b; and Queensland Herbarium 2012); and 

• Tenure holder reporting in accordance with the UWIR (2012) and Commonwealth obligations (Jacobs, 2015; 
Halcrow, 2013; Golder Associates, 2013; and URS 2013). 

 
Hydrogeological setting and controls on discharge 

The wetlands overly a thin sequence of alluvial sediments associated with Injune Creek. Underlying these 
sediments, the surface geology consists of the Hutton Sandstone at Abyss and the lower Evergreen Formation at 
the Lucky Last complex. To the south, the Birkhead Formation outcrops. To the north of Lucky Last, the Boxvale 
Sandstone Member of the Evergreen Formation outcrops in the surrounding tablelands (Figure 4).   

The Hutton-Wallumbilla Fault, a major structural feature strikes north to north-west. This fault has undergone 
multiple periods of reactivation and has caused significant displacement and disruption to the geological sequence 
in this area. Of particular interest is the clustering of the wetlands around the interpreted fault between the two 
complexes.  

Hydrogeology 

The primary aquifers in this area are the Hutton Sandstone, the Boxvale Sandstone Member of the Evergreen 
Formation and the Precipice Sandstone. These aquifers exist in both confined and unconfined conditions. The 
Birkhead Formation and lower Evergreen Formation are considered to be aquitards.  

Based on the available information, flow directions in the Hutton and Precipice sandstones are north-west to 
south-east, along the strike of the fault. The Boxvale Sandstone Member of the Evergreen Formation is artesian 
and has the highest pressure of the aquifers underlying the complexes (greater than 10 m above the wetlands). 
The water level in the Hutton Sandstone is inferred to be approximately at the ground elevation of the Abyss 
Complex. Groundwater flow from the Hutton Sandstone aquifer reaches the land surface where flows are impeded 
by the geological faults and as aquifer transmissivity decreases.  
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Figure 3: Sub surface geology of the wetlands 

Within this area, discrete wetlands have formed at the Abyss complex sourced from the Hutton Sandstone. At the 
Lucky Last wetlands, groundwater flow from the Boxvale Sandstone Member under artesian pressure flows from 
the west upward along a fault where it discharges at the land surface (Figure 4).  

 

Figure 4: Sub surface geology of the wetlands 

Landscape and Soils 

The Lucky Last wetlands occur within a relatively complex drainage network associated with Injune Creek, 
significantly influenced by the south-east to north-west faulting structures. The wetlands occupy an elevation range 
of less than 4 m (349 to 352 mAHD). This is 2 to 6 m higher than the adjacent bed of the Injune Creek. The 
wetlands are surrounded by Sodosols (highly dispersive and erosive soils), with organic-rich sediments found 
within the wetlands.  

The Abyss wetlands occur on the southern side of the ‘U’ shaped valley associated with the fault. The wetlands 
follow the contour of the landscape and are associated with a break in slope. The wetlands occupy a narrow 
elevation range, similar to Lucky Last, and are slightly higher in elevation than the adjacent Injune Creek. These 
wetlands also occur within Sodosols and Kurosols soils. However, in contrast to the Lucky Last wetlands, these 
wetlands do not contain organic-rich sediment, are highly eroded and feature grey flowing sediments. 

Wetland Processes (Lucky Last)  

The wetlands occur within the Narran land system, with the Lucky Last wetlands occurring at the transition 
between two soil types; Sodosols and Rudosols. The wetlands are less saline than the adjacent Abyss wetlands 
due to the fresher groundwater source and greater discharge rate enabling salt flushing. The Lucky Last wetlands 
are more vegetated than the Abyss due to the groundwater discharge being a more permanent feature of the 
landscape, enabling the development of more stable wetland soils. Both wetlands are influenced by the change in 
seasonal climate as well as additional discharge from localised groundwater flow. Local groundwater is most 
pronounced within the Lucky Last wetlands which results in significant seasonal changes in discharge and wetted 
area. The Abyss wetlands show more subtle seasonal changes. 

Groundwater flow to the Lucky Last wetlands is considered permanent. As a result, the wetlands are colonised by 
aquatic vegetation and dark organic rich soils have formed with mounding. The wetlands in this group generally 
have little obvious internal zonation of vegetation species. The higher discharge wetlands (e.g. 340 and 688) 
support wetland vegetation assemblages including species such as Eriocaulon carsonii, Sacciolepis indica, 
Cenchrus purpurascens and Leersia hexandra. The more diffuse and drier wetlands support species such as 
Bacopa minima, and Fimbristylis spp. Although these species are still considered wetland species, are indicative 
of less permanent inundation.  

Overall the floristic assemblages and hydrogeology of the wetland indicate a relatively stable system. However, 
the expression of the wetted area and flora alter depending on the wetting or drying phase of the wetlands. During 
the dry phase the wetland area is confined to the immediate discharge zone characterized by the extent of 
mounding and very dark organic rich soil.  During this period the extent of aquatic vegetation and wetted area are 
very similar. The periphery of the wetland will be marked by a distinct change into terrestrial grasses, dried 
cracking soils often coated in iron stains and salt crusts. The larger discharge wetlands have a more precisely 
defined boundary and the edge of the wetland vegetation which. However, this is often disturbed by cattle 
pugging, is generally clearly differentiated from the adjacent non-wetland area which is dominated by a Cynodon 
dactylon lawn or bare scaled areas. 

During the wetting phase more groundwater is able to discharge, creating deeper inundated pools and extending 
the wetlands tail. Water will either pool around the wetland or freely flow towards adjoining drainage lines and or 
other wetlands. The zones of dry exposed soil will become covered in vegetation such the edge of the wetland is 
less obvious.  It is important to note that the change in the surface expression of the wetland will be greater than 
the expansion in the sub surface zone of saturation. 
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Figure 5: Wetland processes at the Lucky Last wetlands 

Wetland Water Requirements (Lucky Last)  

There exist a positive relationship between the increase and decrease in wetland discharge, with aquatic 
vegetation and macroinvertebrates. The groundwater component of these wetlands maintains the wetland and 
aquatic vegetation and macroinvertebrates by permanently saturated the wetland core and via seasonal local 
groundwater flow creates additional discharge forming extensive wetland tails. Therefore, it is hypothesised that 
the environmental values associated with these wetlands are maintained by the following water requirements:   

1. A permanent supply of groundwater discharge sufficient to maintain saturation of the underlying regolith;  
2. Groundwater discharge to exceed the ET rate of vegetation cover enabling water to pool and discharge tails to 

develop; and  
3. Additional seasonal input to the wetland from local groundwater systems. This creates additional discharge 

that regulates wetland salinity through flushing of salts and provides flow for vegetation that has evolved within 
the ephemeral inundation discharge tails. 

 
Wetland Processes (Abyss Complex)  

The Abyss wetlands occur only within Sodosols and as such are undergoing significant surface erosion due to 
current land use. Groundwater flow to the Abyss wetlands is considered in a declining phase and appears not to 
be a long term feature of the landscape. As a result the wetlands are dominated by terrestrial species and soils 
that are only slightly darker than surrounding landscape.  The Abyss wetland occurs within a broader saline 
discharge zone, and under current land use appears unable to promote any regrowth or stable vegetative cover.   

The Abyss wetlands are proposed to be pockets of higher sub soil permeability within a broader saline discharge 
zone. The wetlands have formed where the least resistance to upward movement of groundwater and 
groundwater discharge combined with flowing muds occurs. 

The non-permanent nature of the groundwater discharge has not enabled stabilised wetland soils to form. The 
current declining groundwater regime and “hostile” nature of the saline and sodic soils creates a habitat that isn’t 
suitable for aquatic vegetation or macroinvertebrates. 

 
 
Figure 6: Wetland processes at the Abyss wetlands 

Wetland Water Requirements (Abyss)  

It is hypothesised that the environmental values associated with these wetlands are maintained by the following 
water requirements: 

1. A supply of groundwater discharge during extended wet periods; and 
2. Sufficient groundwater discharge rate and volume to maintain saturation of the underlying regolith and 

providing a seasonal water supply for terrestrial vegetation and opportunistic wetland vegetation. 
 
More Information  

More information regarding the research and data collated in order to create this document is contained within the 
following reports:  

Golder Associates, 2013, Evaluation of Prevention or Mitigation Options Report prepared for Fairview springs, 
Report prepared for Santos, Brisbane.  

Halcrow, 2013, Spring Impact Prevention or Mitigation Options, Desktop Analysis Summary Report; Stage 1: 
Spring Mitigation and Monitoring, Report prepared for Santos, Brisbane. 

Jacobs, 2015, Surat Basin Quarterly Spring Baseline Monitoring Program; Fourth Monitoring Event Field Survey 
Completion Report, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLa), Hydrogeological attributes associated with springs in the Surat 
Cumulative Management Area, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLb), Desktop assessment of source aquifer for springs in the Surat 
Cumulative Management Area, Brisbane. 
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Queensland Herbarium, 2012, Ecological and botanical survey of springs in the Surat Cumulative Management 
Area, Queensland Herbarium, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015. Wetland Conceptualisation; A summary report on the 
conceptualisation of springs in the Surat Cumulative Management Area, Version 2.0, Department of Natural 
Resources and Mines, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015a. Wetland Conceptualisation; Lucky Last and Abyss 
Complexes, Technical Sub-report 1, Version 1.3, Department of Natural Resources and Mines, Brisbane. 

URS, 2013, Spring Mitigation Options Assessments and Selection – Evaluation of Prevention and Mitigation 
Options Report; Ecological Assessment; Report prepared for Santos, Brisbane. 
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Introduction 

In the Surat Cumulative Management Area (CMA) the Office of Groundwater Impact Assessment (OGIA) is 
responsible for preparing an assessment of the cumulative impacts from coal seam gas (CSG) development on 
groundwater resources including private water bores and springs (wetlands). To inform future assessments, OGIA 
has undertaking a number of investigation and research projects across several themes to support the update of 
the Surat Underground Water Impact Report (UWIR) in 2015.  

One of the key research themes is about improving the knowledge on springs in relation to their hydrogeological 
setting, source aquifer determination and ecological linkages (OGIA, 2013). This has been delivered as a series of 
separate reports that are focused on wetland conceptualisation for particular complexes. The reports incorporate 
research and monitoring undertaken by both OGIA and CSG tenure holders. The separate complex specific 
conceptualisations are synthesised into a more holistic report, ‘Wetland conceptualisation; A summary report on 
the conceptualisation of springs in the Surat CMA’ (OGIA, 2015).  

The purpose of this document is to provide a summary of the outcomes from these investigations. Specifically, this 
document provides a summary of the spatial and temporal understanding of the hydrogeological, 
geomorphological and hydrogeochemical influences on the wetlands and presents a hypothesis on the linkages 
between changes in the groundwater regime and floristic and macroinvertebrate assemblages at the wetlands. 

Location     

The 311 and Yebna 2 complexes are located approximately 50 km to the east-north-east of Injune (Figure 1). The 
wetlands occur in riverine settings and consist of discrete points of groundwater discharge predominantly on the 
southern banks of Hutton Creek and the Dawson River. 

 

Figure 1: Dawson River 311 and Yebna 2 wetlands 

Description  

The wetlands occur within the rocky channels of the watercourses where the outcropping Evergreen Formation 
and Precipice Sandstone (Figure 2). Due to the rocky nature of the watercourses there is little regolith 
development. The wetlands are confined by the rocky substrate and often limited in extent. However, the influence 

of groundwater discharge from these wetlands extends to the Hutton Creek and the Dawson River. As a result, 
these creeks are characterised by perennial flow. 

 

Figure 2: Wetland 536 (311 Complex) 

Previous investigations and research 

Prior to this project, a number of ecological and hydrogeological investigations have been completed at these 
complexes. Information and knowledge generated from these investigations has been synthesised as a key input 
to the conceptualisation presented. Previous investigations are as follows: 

• Hydrogeological and ecological assessments completed to inform the Surat UWIR 2012 (KCBL, 2012a; KCBL, 
2012b; and Queensland Herbarium 2012); and 

• Tenure holder reporting in accordance with the UWIR (2012) and Commonwealth obligations (Jacobs, 2015; 
Halcrow, 2013; Golder Associates, 2013; and URS 2013). 

 
Hydrogeological setting and controls on discharge 

The wetlands are located within the outcropping Precipice Sandstone and Evergreen Formation along the Dawson 
River. The Triassic Bowen Basin sediments of the Rewan Formation and Bandanna Formation underlie this 
sequence. A number of the wetlands are associated with minor tributaries of the Dawson River, some within 
deeply incised and steep drainage lines. At these wetlands, the Evergreen Formation has been dissected by the 
Hutton Creek and the Dawson River exposing the Precipice Sandstone. The wetlands are located along bedding 
planes in the outcropping Precipice Sandstone or within the Evergreen Formation near the boundary with the 
Precipice Sandstone. At one wetland, the Evergreen Formation is present and has an estimated thickness of less 
than 5 m (wetland 535). 
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Figure 3: South-east to north-east section 

Hydrogeology 

Groundwater flow to the wetlands is from the Precipice Sandstone under artesian pressure driven by the lower 
Precipice Sandstone. The erosion of the Evergreen Formation, the confining unit of the Precipice Sandstone has 
exposed the aquifer enabling the upward movement of groundwater to the watercourse and wetlands. 

Regional groundwater flow is predominantly from the west and north. However, it is likely local topographically 
driven groundwater discharge from the Precipice Sandstone along bedding planes controls the precise nature of 
discharge along the Dawson River. The nature of the exposed bedding controls the size of the wetlands, rather 
than any regolith or soil characteristics.  The location of the wetlands outside the main channel is controlled by the 
degree of dissection within tributaries, exposing the watertable at a higher elevation than the main watercourse 
channel. The wetlands are dominantly on the southern side of the watercourse. 

 

 Figure 4: Groundwater flow to the 311 and Yebna 2 wetlands 

Landscape and Soils 

The wetlands are located within the deeply dissected Nathan land system which encompasses the path of the 
Dawson River and Hutton Creek. The land system is characterised by gently dipping sandstone units that have 
undergone dissection and weathering since the middle Tertiary. The drainage lines of Nathan land system have 
dissected down to bedrock such that erosional processes now work into the banks of drainage lines rather than 
developing deeper channels.  

The wetlands predominantly occur on the southerly side of the major drainage lines. The northern side of the 
valley is steeper. A unique feature of the land system in which the wetlands occur within is the shallow and freely 
draining soils, which do not appear to confine or influence the locations of groundwater discharge. 

Wetland Processes  

The wetlands maintain discharge all year and provide permanent flow to the adjacent watercourses. Discharge is 
dominated by free flowing groundwater. Evapotranspiration appears to be minor component of the water budget. 
Only shallow wetland soils have developed, such that when changes in groundwater discharge or a decline in 
evapotranspiration demand occur there is not a significant change in the wetland area. The condition of the 
wetlands is significantly influenced by surface flow events. The constant flow regime and fresh groundwater 
maintain generally low salinity wetlands that provide suitable habitat for aquatic vegetation and both tolerant and 
sensitive aquatic macroinvertebrates.  

The wetlands exist either within the main channel or slightly above the above the channel where amounts of 
wetland soil are able to develop. Changes to the wetlands are predominantly controlled by surface flow events. 
While it is expected that large scale changes in groundwater will have a negative impact on the wetlands, the 
current condition of the wetlands is dominated by surface flow events. These wetlands are characterised by not 
having a drying cycle. During the wet phase they are inundated to a degree by surface flows. During the low flow 
periods, the wetlands are maintained by groundwater. 
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Figure 5: Wetland processes at the Dawson River 311 wetlands 

Wetland Water Requirements  

The wetland water budget is dominated by constant groundwater discharge from the exposed bedding planes of 
sandstone aquifers. The ecology of the wetlands is intrinsically linked to the hydrology of the adjacent watercourse 
that either flows permanently, and/or causes inundation during high flow events. Therefore, it is hypothesised that 
the environmental values associated with these wetlands are maintained by the following water requirements: 

1. permanent supply of groundwater discharge;  
2. sufficient groundwater discharge rate to maintain a free flowing wetland, in some situations to maintain 

connection with in stream water; and  
3. the wetlands are connected to ephemeral and perennial surface water sources, such that the stream water 

provides additional habitat for macroinvertebrates, and as such, is part of the wetland water requirements. 
 
More Information  

More information regarding the research and data collated in order to create this document is contained within the 
following reports:  

Golder Associates, 2013, Evaluation of Prevention or Mitigation Options Report prepared for Fairview springs, 
Report prepared for Santos, Brisbane.  

Halcrow, 2013, Spring Impact Prevention or Mitigation Options, Desktop Analysis Summary Report; Stage 1: 
Spring Mitigation and Monitoring, Report prepared for Santos, Brisbane. 

Jacobs, 2015, Surat Basin Quarterly Spring Baseline Monitoring Program; Fourth Monitoring Event Field Survey 
Completion Report, Brisbane. 

Klohn Crippen Berger Ltd , 2012 (KCBLa), Hydrogeological attributes associated with springs in the Surat 
Cumulative Management Area, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLb), Desktop assessment of source aquifer for springs in the Surat 
Cumulative Management Area, Brisbane. 

Queensland Herbarium, 2012, Ecological and botanical survey of springs in the Surat Cumulative Management 
Area, Queensland Herbarium, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015. Wetland Conceptualisation; A summary report on the 
conceptualisation of springs in the Surat Cumulative Management Area, Version 2.0, Department of Natural 
Resources and Mines, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015b. Spring Wetland Conceptualisation; 311 and Yebna 2 
Complexes, Technical Sub-report 2, Version 1.2, Department of Natural Resources and Mines, Brisbane. 

URS, 2013, Spring Mitigation Options Assessments and Selection – Evaluation of Prevention and Mitigation 
Options Report; Ecological Assessment; Report prepared for Santos, Brisbane.
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Introduction 

In the Surat Cumulative Management Area (CMA) the Office of Groundwater Impact Assessment (OGIA) is 
responsible for preparing an assessment of the cumulative impacts from coal seam gas (CSG) development on 
groundwater resources including private water bores and springs (wetlands). To inform future assessments, OGIA 
has undertaking a number of investigation and research projects across several themes to support the update of 
the Surat Underground Water Impact Report (UWIR) in 2015.  

One of the key research themes is about improving the knowledge on springs in relation to their hydrogeological 
setting, source aquifer determination and ecological linkages (OGIA, 2013). This has been delivered as a series of 
separate reports that are focused on wetland conceptualisation for particular complexes. The reports incorporate 
research and monitoring undertaken by both OGIA and CSG tenure holders. The separate complex specific 
conceptualisations are synthesised into a more holistic report, ‘Wetland conceptualisation; A summary report on 
the conceptualisation of springs in the Surat CMA’ (OGIA, 2015).  

The purpose of this document is to provide a summary of the outcomes from these investigations. Specifically, this 
document provides a summary of the spatial and temporal understanding of the hydrogeological, 
geomorphological and hydrogeochemical influences on the wetlands and presents a hypothesis on the linkages 
between changes in the groundwater regime and floristic and macroinvertebrate assemblages at the wetlands. 

Location     

The wetland is located in small gulley at the head of a minor tributary of Conciliation Creek, on the eastern flank of 
a north south sandstone ridge (Clematis Sandstone) of the Expedition Ranges (Figure 1).  

 

Figure 1: Location of the Eglin 2 wetland  

Description  

The wetland is tear drop in shape with an extensive discharge tail. The total area of the wetland is approximately 
6500 m2. The wetland contrasts with the surrounding landscape. The wetland contains free standing water and an 
iron stained free flowing discharge zone, covered in dense stands of permanent grasses, sedges and rushes. The 
wetland is likely to have moderately deep regolith profile, with mounding composed of organic-rich soil (Figure 2).  

 

Figure 2: Wetland 540, Elgin 2.  

Previous investigations and research 

Prior to this project, a number of ecological and hydrogeological investigations have been completed at this 
complex. Information and knowledge generated from these investigations has been incorporated into the 
conceptualisation presented. Previous investigations are as follows: 

• Hydrogeological and ecological assessments completed to inform the Surat UWIR (KCBL, 2012a; KCBL, 
2012b; and Queensland Herbarium 2012); and 

• Tenure holder reporting in accordance with the UWIR (2012) and Commonwealth obligations (Jacobs, 2015). 
 
Hydrogeological setting and controls on discharge 

The wetland is located in sandy soils underlain by the Moolayember Formation of the Bowen Basin.  The Clematis 
Sandstone is observed at outcrop to the west at higher elevations (Figure 3). It is unlikely that sub surface 
structures surface structures control groundwater flow, with only minor features within the region, more than 1km 
from the wetland. It is the dissection and thinning of the confining Moolayember Formation, enabling upward flow 
from the Clematis Sandstone to reach the land surface. 

 

Figure 3: West to east geological section  
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Hydrogeology 

The Clematis Sandstone is artesian in the vicinity of the wetlands, confined by the overlying Moolayember 
Formation. The groundwater flow direction for the Clematis Sandstone is from the higher elevation areas in the 
west to the east. The wetlands are located near the boundary of the Moolayember Formation and the Clematis 
Sandstone. Groundwater discharge occurs only at the flanks of the ridge, as further east the Moolayember 
Formation thickens, confining the Clematis Sandstone.     

 

Figure 4: Groundwater flow to the Eglin 2 wetland 

Landscape and Soils 

Sandy alluvial soils surround the wetlands which are likely to have higher permeability, enabling discharge to flow 
freely from the wetland. The lack of shallow confining soils around the wetland suggests the main controlling 
process is the thinning of the aquitard and the outcropping Clematis Sandstone. 

Wetland Processes   

Groundwater discharge to the wetland is considered permanent, with significant seasonal variation. As a result, 
the wetland is colonised by aquatic vegetation and dark organic rich soils have formed with mounding. It is likely 
the wetland has formed by the upward movement of groundwater along into overlying sediments. Over time the 
sediments begin to slump and collapse. The area of the collapse remains saturated by groundwater and is 
becomes permanently occupied by aquatic vegetation that gradually accumulates organic matter and alters the 
soil condition. 

The location of the wetland (and other wetlands within this landscape) is controlled by the dissection of the 
confining, enabling upward flow from the Clematis Sandstone to surface. Groundwater flow to the wetlands is 
permanent.  

Local and regional groundwater flow systems contribute to groundwater discharge. Recharge through the 
surrounding highly permeable sandy soils contributes to wetland discharge. 

The relative degree of local vs regional flow varies spatially and temporally. Within a 12 month period, local 
variation in recharge can cause variation in the dominant source of groundwater such that some wetlands have a 
more local signature, while others may reflect the deeper aquifer source. While groundwater flow from the 
underlying Clematis Sandstone aquifer is considered to be relatively constant over time, the wetted area of the 
wetlands responds to seasonal changes in evapotranspiration (climate driven), local flow systems as well as 
longer term changes in climate and groundwater pressures. 

Seasonal change in wetland area has some control over the abundance of vegetation, particularly aquatic 
vegetation. Changes in the ratio of aquatic to terrestrial species provide a sound marker to changes in wetland 
area. The macroinvertebrate assemblages within this wetland were highly affected by seasonal changes, namely 
in the amount of surface water present in the wetland areas. 

 

Figure 5: Wetland processes at the Eglin 2  

Wetland Water Requirements  

The wetland water budget is dominated by groundwater discharge forming a large permanent mounded wetland. 
The wetland supports a significantly dense and species rich coverage of wetland vegetation, distinctly zoned, 
including large woody vegetation and an aquatic habitat suitable for tolerant macroinvertebrate taxa. There exist a 
positive relationship between the increase and decrease in wetland discharge, with aquatic vegetation and 
macroinvertebrates. The groundwater component of the wetland maintains the wetland and aquatic vegetation and 
macroinvertebrates by permanently saturated the wetland core and via seasonal local groundwater flow creates 
additional discharge forming extensive wetland tails.   
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Therefore, it is hypothesised that the environmental values associated with these wetland have the following water 
requirements that maintain the environmental values: 

1. A permanent supply of groundwater discharge;  

2. Sufficient groundwater discharge to maintain saturation of the underlying regolith, preventing oxidation of 
peaty wetland soils and to provide a permanent water source for wetland vegetation, including large woody 
vegetation; 

3. The groundwater discharge rate and volume to exceed the ET rate of the vegetation cover to enable water to 
pool and the development of discharge tails; and 

4. Additional seasonal input to the wetland discharge from local groundwater system creating additional wetland 
discharge. This regulates the wetland salinity through flushing of salts and supplies additional water for 
vegetation that has evolved within the ephemerally inundated discharge tails. 

In addition, these wetlands are predominantly disconnected from perennial surface water sources, such that 
groundwater discharge provides the only habitat for macroinvertebrates. 

More Information  

More information regarding the research and data collated in order to create this document is contained within the 
following reports:  

Golder Associates, 2013, Evaluation of Prevention or Mitigation Options Report prepared for Fairview springs, 
Report prepared for Santos, Brisbane.  

Halcrow, 2013, Spring Impact Prevention or Mitigation Options, Desktop Analysis Summary Report; Stage 1: 
Spring Mitigation and Monitoring, Report prepared for Santos, Brisbane. 

Jacobs, 2015, Surat Basin Quarterly Spring Baseline Monitoring Program; Fourth Monitoring Event Field Survey 
Completion Report, Brisbane. 

Klohn Crippen Berger Ltd , 2012 (KCBLa), Hydrogeological attributes associated with springs in the Surat 
Cumulative Management Area, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLb), Desktop assessment of source aquifer for springs in the Surat 
Cumulative Management Area, Brisbane. 

Queensland Herbarium, 2012, Ecological and botanical survey of springs in the Surat Cumulative Management 
Area, Queensland Herbarium, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015. Wetland Conceptualisation; A summary report on the 
conceptualisation of springs in the Surat Cumulative Management Area, Version 2.0, Department of Natural 
Resources and Mines, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015b. Wetland Conceptualisation; 311 and Yebna 2 
Complexes, Technical Sub-report 2, Version 1.2, Department of Natural Resources and Mines, Brisbane. 

URS, 2013, Spring Mitigation Options Assessments and Selection – Evaluation of Prevention and Mitigation 
Options Report; Ecological Assessment; Report prepared for Santos, Brisbane.
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Introduction 

In the Surat Cumulative Management Area (CMA) the Office of Groundwater Impact Assessment (OGIA) is 
responsible for preparing an assessment of the cumulative impacts from coal seam gas (CSG) development on 
groundwater resources including private water bores and springs (wetlands). To inform future assessments, OGIA 
has undertaking a number of investigation and research projects across several themes to support the update of 
the Surat Underground Water Impact Report (UWIR) in 2015.  

One of the key research themes is about improving the knowledge on springs in relation to their hydrogeological 
setting, source aquifer determination and ecological linkages (OGIA, 2013). This has been delivered as a series of 
separate reports that are focused on wetland conceptualisation for particular complexes. The reports incorporate 
research and monitoring undertaken by both OGIA and CSG tenure holders. The separate complex specific 
conceptualisations are synthesised into a more holistic report, ‘Wetland conceptualisation; A summary report on 
the conceptualisation of springs in the Surat CMA’ (OGIA, 2015).  

The purpose of this document is to provide a summary of the outcomes from these investigations. Specifically, this 
document provides a summary of the spatial and temporal understanding of the hydrogeological, 
geomorphological and hydrogeochemical influences on the wetlands and presents a hypothesis on the linkages 
between changes in the groundwater regime and floristic and macroinvertebrate assemblages at the wetlands. 

Location     

The Scott’s Creek Complex is located 70 km east of Injune north of the Roma-Taroom Road in the Dawson River 
Catchment. The wetlands are located within a thin veneer of Eurombah Formation along Scott’s Creek and the 
associated and adjacent valley floor. There are 5 individual wetlands associated with the complex 189, 190, 191, 
192 and 192.1. 

 

Figure 1: Location of the Scott’s Creek wetlands 

Description  

The wetlands occur within two landscape settings. Wetlands 192, 192.1 and 190 occur within the ephemeral 
Scott’s Creek and wetlands 189 and 191 are located within a broad depression adjacent the creek. The wetlands 
occur on sandy soils developed on an alluvial and erosional setting that overlies a thin veneer of Eurombah 

Formation. The wetlands are irregularly shaped. The larger wetlands (189, 190, and 191) are circular with 
discharge tails. The smaller wetlands have a narrow elongated form, following a subtle drainage line. The 
wetlands range in size from 110 to 306 m2. The wetlands contrast with the surrounding landscape being 
permanently saturated at their core with greener vegetation during dry months. Wetlands 189 and 191 have 
developed large mounds. The smaller wetlands have little mounding but have developed distinct wetland soils. 

 

Figure 2: Scott’s Creek wetlands 189 (right) and 190 (left) 

Previous investigations and research 

Prior to this project, a number of ecological and hydrogeological investigations have been completed at this 
complex. Information and knowledge generated from these investigations has been synthesised as a key input to 
the conceptualisation presented. Previous investigations are as follows: 

• Hydrogeological and ecological assessments completed to inform the Surat UWIR 2012 (KCBL, 2012a; KCBL, 
2012b; and Queensland Herbarium 2012); and 

• Tenure holder reporting in accordance with the UWIR (2012) and Commonwealth obligations (Jacobs, 2015; 
Halcrow, 2013; and APLNG, 2013). 

 
Hydrogeological setting and controls on discharge 

Wetlands 189 and 191 are located within a bowl-like depression and are underlain by the Jurassic Eurombah 
Formation (lower Injune Creek Group) and the Hutton Sandstone. The Eurombah forms a thin veneer of material 
overlying the Hutton Sandstone at this location. The three additional wetlands (190, 192 and 192.1) are riverine 
and located within the moderately incised Scott’s Creek. 

The Eurombah Formation is considered a relatively low permeability aquitard that largely acts as a confining bed 
where it overlies the Hutton Sandstone in this area. The Hutton Sandstone is a regionally significant aquifer with a 
thickness of 200 m in some locations. However, the formation is heterogeneous and includes mudstones, 
siltstones and shales resulting in multiple aquifers and a degree of confinement within the formation.  
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Figure 3: South to north geological section  

Hydrogeology 

The Hutton Sandstone is the dominant groundwater source in this area. Groundwater flow directions in the Hutton 
Sandstone at this location are generally from west to east. There is significant regional faulting immediately to the 
east and the west of the complex that is likely to develop fracture zones that facilitate discharge from the Hutton 
Sandstone through the overlying Eurombah Formation. Based on field investigations completed by APLNG, the 
wetlands appear to reside within a depression basin, with faults bounding the area of wetlands to the east and 
west. It is likely the dissection and thinning of the confining Eurombah Formation enables upward movement of 
groundwater along fault lines to the surface, creating the wetlands. 

 
 
Figure 4: Groundwater flow to the Scott’s Creek complex  

 

 
Landscape and Soils 

The wetlands are located within and adjacent the meandering easterly flowing Scott’s Creek. The wetlands occur 
in three settings. Wetlands 192.1 and 192.2 occur within an ephemeral drainage line, wetland 190 on the flank of 
an overbank flow channel and wetlands 189 and 191 are within a broad depression adjacent the creek. 

The soils surrounding wetlands 189 and 191 show an increase in sodicity with depth and are regarded as 
moderately to poorly draining. The low infiltration rates and sodic nature of the soils is reflected in the prominent 
surface water erosion within the broad basin wetland 189 and 191 occur within.  

Wetlands 189 and 191 occur in a depressing that is not directly connected to Scott’s Creek, however is at a lower 
elevation. This suggests that this depression undergoes inundation and erosion, possibly deflation processes 
during very dry periods.  Wetlands 190, 192.1 and 192.2 are located adjacent Scott’s Creek and will have minor 
regolith development, residing adjacent outcropping Hutton Sandstone and within the bed load sediments of the 
watercourse. 

Wetland Processes   

The Scott’s Creek complex has two distinct forms of wetlands. The wetland forms include elongated wetlands, and 
circular and mounded wetlands, both of which discharge all year around and are permanent features of the 
landscape. The wetlands are distinct within the landscape due to the presence of wetland vegetation and dark 
wetland soil. The larger wetlands (189 and 191) are circular and mounded wetlands characterised by dark organic 
rich sub soils, high in organic matter. The abundance and persistent of aquatic species within the centre of the 
wetlands is indicative of long-term groundwater discharge. The riverine wetlands (190, 192.1 and 192.2) are more 
elongated in shape, with only minor mounding and minor dark organic rich sub soils.  

Wetlands 189, 190 and 191 

Groundwater discharge is confined to the immediate area below the wetland, confined by the low permeability 
regolith surrounding the wetlands. It is likely the wetlands have formed by the upward movement of groundwater 
along into overlying sediments. Over time the sediments begin to slump and collapse. The area of the collapse 
remains saturated by groundwater and is permanently occupied by aquatic vegetation that gradually accumulates 
organic matter and alters the soil condition. 

Groundwater flow to the wetlands is permanent. As a result, the wetlands are dominated by aquatic vegetation 
and dark organic rich soils, with mounding. The absence of terrestrial/invasive weed species indicates the 
persistent nature of the groundwater flow and surface saturation of the wetlands. The boundary of the vegetated 
wetland is distinct and separated from the adjacent non-wetland. Longer term trends in the climate and 
groundwater flux to the larger wetlands appear to control the wetland extent and vegetation. 

Due to the confining properties of the regolith there is little seasonal shift in the wetland area, therefore little 
seasonal shift in the abundance and richness of flora and macroinvertebrates. However, evidence exist that the 
variability in the size of the wetlands corresponds to longer term changes in climate and recharge to the Hutton 
Sandstone aquifer.   

During the dry phase, the wetland area is confined to the immediate discharge zone characterised by the extent of 
mounding and very dark organic rich soil. During this period the extent of aquatic vegetation and wetted area are 
very similar and only the most tolerant macroinvertebrates persist. The periphery of the wetland is marked by a 
distinct change into terrestrial grasses, dried cracking soils often coated in iron stains and salt crusts.  
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During the wetting phase more groundwater is able to discharge, creating deeper inundated pools and extending 
the wetlands tail. Water pools around the wetland and flows freely towards adjoining drainage lines. The zone of 
dry exposed soil becomes covered in vegetation so the edge of the wetland is less distinct. It is important to note 
that the change in the surface expression of the wetland is greater than the expansion in the sub surface zone of 
saturation. 

Wetlands 192.1 and 192.2 

These wetlands are characterised by an elongate shape confined within the riverine setting of Scott’s Creek. While 
discharge is confined to the wetland area, the landscape setting has prevented any substantial accumulation of 
organic matter, such that only minor mounding exists. Groundwater discharge to these wetlands is dominantly 
diffuse. The habitat is suitable for wetland flora but is very limiting for macroinvertebrates. The wetland area and 
form are influenced strongly by the surface water regime, causing erosion and deposition during flooding events. 
Therefore these wetlands undergo a faster regime of wetland area change. 

The environment of the wetlands is conducive to aquatic vegetation. However, due to the high evaporation and 
dominantly diffuse nature of groundwater discharge, the macroinvertebrate population is dominated by very 
tolerant species, that are able to occupy only minor temporary pools. 

 

Figure 5: Wetland processes at Scott’s Creek wetlands 189, 190 and 191 

Wetland Water Requirements  

The water budget of these wetlands is dominated by groundwater discharge forming large permanent wetlands 
which can be mounded. These wetlands support a significantly dense and species rich coverage of wetland 
vegetation, often distinctly zoned, including large woody vegetation and an aquatic habitat suitable for tolerant 
macroinvertebrate taxa. There exist a positive relationship between the increase and decrease in wetland 

discharge, with aquatic vegetation and macroinvertebrates. The groundwater component of these wetlands 
maintains the wetland and aquatic vegetation and macroinvertebrates by permanently saturated the wetland core 
and via seasonal local groundwater flow creates additional discharge forming extensive wetland tails.   

Therefore, it is hypothesised that the environmental values associated with these wetland have the following water 
requirements: 

1. A permanent supply of groundwater discharge;  

2. Sufficient groundwater discharge to maintain saturation of the underlying regolith, preventing oxidation of 
peaty wetland soils and to provide a permanent water source for wetland vegetation, including large woody 
vegetation; and 

3. The groundwater discharge rate and volume that exceeds evapotranspiration to enable water to pool and the 
development of discharge tails.  

More Information  

More information regarding the research and data collated in order to create this document is contained within the 
following reports:  

Australia Pacific LNG (APLNG), 2013, Surat Underground Water Impact Report Springs: Evaluation of Prevention 
or Mitigation Options Report (EPMOR), Prepared for the Office of Groundwater Impact Assessment, September 
2013. 

Halcrow, 2013, Spring Impact Prevention or Mitigation Options, Desktop Analysis Summary Report; Stage 1: 
Spring Mitigation and Monitoring, Report prepared for Santos, Brisbane. 

Jacobs, 2015, Surat Basin Quarterly Spring Baseline Monitoring Program; Fourth Monitoring Event Field Survey 
Completion Report, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLa), Hydrogeological attributes associated with springs in the Surat 
Cumulative Management Area, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLb), Desktop assessment of source aquifer for springs in the Surat 
Cumulative Management Area, Brisbane. 

Queensland Herbarium, 2012, Ecological and botanical survey of springs in the Surat Cumulative Management 
Area, Queensland Herbarium, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015. Wetland Conceptualisation; A summary report on the 
conceptualisation of springs in the Surat Cumulative Management Area, Version 2.0, Department of Natural 
Resources and Mines, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015e. Wetland Conceptualisation; Scott’s Creek Complex, 
Technical Sub-report 4, Version 1.3, Department of Natural Resources and Mines, Brisbane. 

 



Wetland Conceptualisation: Boggomoss, Dawson River 2 and 6 complexes 

Wetland Conceptualisation for the Surat CMA 87 
 

Introduction 

In the Surat Cumulative Management Area (CMA) the Office of Groundwater Impact Assessment (OGIA) is 
responsible for preparing an assessment of the cumulative impacts from coal seam gas (CSG) development on 
groundwater resources including private water bores and springs (wetlands). To inform future assessments, OGIA 
has undertaking a number of investigation and research projects across several themes to support the update of 
the Surat Underground Water Impact Report (UWIR) in 2015.  

One of the key research themes is about improving the knowledge on springs in relation to their hydrogeological 
setting, source aquifer determination and ecological linkages (OGIA, 2013). This has been delivered as a series of 
separate reports that are focused on wetland conceptualisation for particular complexes. The reports incorporate 
research and monitoring undertaken by both OGIA and CSG tenure holders. The separate complex specific 
conceptualisations are synthesised into a more holistic report, ‘Wetland conceptualisation; A summary report on 
the conceptualisation of springs in the Surat CMA’ (OGIA, 2015).  

The purpose of this document is to provide a summary of the outcomes from these investigations. Specifically, this 
document provides a summary of the spatial and temporal understanding of the hydrogeological, 
geomorphological and hydrogeochemical influences on the wetlands and presents a hypothesis on the linkages 
between changes in the groundwater regime and floristic and macroinvertebrate assemblages at the wetlands. 

Location     

Dawson River 8 includes three individual wetlands near the confluence of Palm Tree Creek and the Dawson River, 
5 km north of Taroom (Figure 1).  

 

Figure 1: Location of the Dawson River 8 wetlands 

Description  

Wetland 38 is located at the western boundary of the Dawson River floodplain, within a ‘V’ shaped valley. Wetland 
28 and 26 occur adjacent Palm Tree Creek. Wetlands 28 and 26 occur at the break of slope, where the Palm Tree 
Creek floodplain intersects the outcropping Birkhead Formation. Wetlands 28 and 26 are small circular wetlands 
within minor mounding with an average size of 30 m2. During dry periods, there is a distinct boundary on the outer 

edge of wetlands marked by the change in vegetation and soil saturation. As these wetlands occur almost within a 
larger wetland, which has developed darker wetland soils, they are less distinguishable by soil colour compared to 
other wetlands. 

Wetland 38 is s a long oval shape, elongated parallel with to the drainage line. The wetland is clearly visible to the 
thick coverage of Melaleuca viminalis trees within the wetted part of the wetland and surrounding almost moat like 
pugged up soil. The wetland has minor mounding and occurs within a depression. At the southern end of the 
wetland a smaller discharge exists that appears disconnected to the larger wetland.  

During dry periods, the soil between the two vents is very dry, suggesting the sub soil confines groundwater 
discharge to discrete locations. Wetland 38 is dominated by Melaleuca viminalis, which require a degree of 
aeration within the root zone indicating a drying and or accumulation of organic matter on the surface of the 
wetland. There is a good mix of tolerant and sensitive taxa, indicating a constant and healthy aquatic habitat 
provided by groundwater discharge and seasonal surface water inundation. While wetland 28 is dominated by 
groundwater discharge, the vegetation is dominated by exotic weeds, most likely due to the small size of the 
wetland making it vulnerable to surrounding landuse threats. Insufficient groundwater discharge occurs to provide 
habitat for macroinvertebrates. 

 

Figure 2: Dawson River 8 wetlands, 28 (right) and 38 (left) 

Previous investigations and research 

Prior to this project, a number of ecological and hydrogeological investigations have been completed at this 
complex. Information and knowledge generated from these investigations has been synthesised as a key input to 
the conceptualisation presented. Previous investigations are as follows: 

• Hydrogeological and ecological assessments completed to inform the Surat UWIR 2012 (KCBL, 2012a; KCBL, 
2012b; and Queensland Herbarium 2012); and  

• Tenure holder reporting in accordance with the UWIR (2012) and Commonwealth obligations (Jacobs, 2015). 
 

Hydrogeological setting and controls on discharge 

All three wetlands are underlain by alluvial sediments. The alluvium comprises sands, silts, mud and gravel and 
considered to be relatively thin (less than 5m thick). The alluvial sediments overlie the Jurassic Birkhead 
Formation and Hutton Sandstone. The wetlands are located at the eastern extent of the Birkhead Formation with 
the formation considered to be less than 20 metres thick underlying the wetlands. The Birkhead Formation 
confines the Hutton Sandstone on the western side of the wetlands. The reduction in thickness in the overlying 
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and confining Birkhead Formation is likely to contribute to the presence of groundwater discharge where there is 
sufficient groundwater pressure above ground surface at this location.  

The wetlands occur within the confluence of the Palm Tree Creek and Dawson River, which corresponds with a 
north to south fault. The combined change in the geometry of the formations and alluvial sediments at this location 
and dominant groundwater flow direction are likely to contribute to a significant area of local and regional 
groundwater discharge. It is likely the landscape controls cause mounding of the shallow watertable in the 
quaternary sediments in this area and may contribute to discharge of groundwater at this location.  

 

 

Figure 3: South-west to north-east geological section  

Hydrogeology 

The Birkhead Formation confines the Hutton Sandstone on the western side of the wetlands. The groundwater 
flow direction in the Hutton Sandstone in this area is predominantly from the west and south-west to the east and 
north-east. In the vicinity of the wetlands, the Hutton Sandstone progresses from confined to unconfined 
conditions. The reduction in thickness in the overlying and confining Birkhead Formation is likely to contribute to 
the presence of groundwater discharge where there is sufficient groundwater pressure above ground surface at 
this location.  

 
Figure 4: Groundwater flow to the Dawson River 8 wetlands 

Landscape and Soils 

The wetlands occur at the intersection of two different landscapes, the rolling plains and alluvial/floodplain setting. 
The change in landscape corresponds with a change in the properties of regolith and soils. The soils within the 
surface water catchment of the wetlands are relatively well drained, with the infiltration rate of the floodplain soils 
(Vertisols) decreasing upon saturation. The wetlands exist in low lying landscapes and are subject to surface flow 
inundation on a regular basis. Both wetlands were inundating during the 2011 floods, indicating they will 
episodically be covered in surface water. Wetland 38 will likely receive more regular inundation due to it occurring 
within a subtle drainage line where surface water flow will converge prior to expanding out onto the floodplain.  

Wetland Processes   

The discharge at wetland 26 and 28 is diffuse and has created small circular wetlands. Wetland 38 is larger and 
supports substantially more vegetation. Groundwater discharge within the wetlands is confined to the immediate 
area below the wetland, restricted by the low permeability of the surrounding soils and regolith. The nature of 
groundwater discharge is diffuse. This is a function of the hydraulic properties of the Hutton Sandstone, the limited 
artesian conditions which exist at this location, and the evapotranspiration rate of the vegetation within the 
wetlands (particularly wetland 38). 

Groundwater flow to the wetlands is permanent. However, wetlands 26 and 28 do not support aquatic species or 
aquatic vegetation. It is likely the current floristic assemblage of the wetlands is influenced more by land use, than 
any changes in the groundwater regime. Wetland 38 supports a large stand of Melaleuca viminalis and 
Phragmites australis. Of note, Melaleuca viminalis is not an aquatic species and requires aerated, non-saturated 
soils. This suggests that the central core of the wetland has transitioned into a drier state. The vegetation of 
wetlands 26 and 28 is dominated by exotic weeds and terrestrial species.  

During the drying phase, the wetland area is confined to the immediate discharge zone characterized by the extent 
of mounding and very dark organic rich soil. During this period the extent of aquatic vegetation and wetted area 
are very similar. The periphery of the wetland is marked by a distinct change into terrestrial grasses and dried 
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cracking soils. The wetland vegetation boundary for wetland 38 forms a distinct boundary with the adjacent 
Cynodon dactylon/Paspalidium dilatatum lawn, although the latter is often densely pugged by cattle, creating many 
bare and ponded areas.  

Both wetlands are influenced by surface water flow events, either by inundation of the surrounding areas or 
connecting the wetlands to a larger surface water inundation area. 

During the wetting phase (during periods of reduced evapotranspiration) the wetted extent of the wetlands only 
slightly increases, reflecting the diffuse nature of groundwater discharge and the low permeability of the dominant 
source aquifer (Hutton Sandstone). None of the wetlands were observed to develop any significant groundwater 
discharge tail. 

 .    

Figure 5: Wetland processes at Dawson River 8 wetlands 

Wetland Water Requirements  

The water budget of these wetlands is dominated by groundwater discharge forming large permanent wetlands, 
which can be mounded. However, the wetlands occur within a landscape that undergoes frequent surface 
inundation, which will influence the ecological assemblages. The wetlands support a significantly dense and 
species rich coverage of wetland vegetation, often distinctly zoned, including large woody vegetation and an 
aquatic habitat suitable for tolerant macroinvertebrate taxa. The groundwater component of these wetlands 
maintains the wetland and aquatic vegetation and macroinvertebrates by permanently saturated the wetland core 
and via seasonal local groundwater flow creates additional discharge forming extensive wetland tails.   

Therefore, it is hypothesised that the environmental values associated with these wetland have the following water 
requirements: 

1. A permanent supply of groundwater discharge;  

2. Sufficient groundwater discharge to maintain saturation of the underlying regolith, preventing oxidation of 
peaty wetland soils and to provide a permanent water source for wetland vegetation, including large woody 
vegetation; 

3. The groundwater discharge rate and volume to exceed the ET rate of the vegetation cover to enable water to 
pool and the development of discharge tails; and 

4. The wetlands occur within a landscape that undergoes inundation, such that some proportion of the water 
requirement will derived from surface flow events. 

More Information  

More information regarding the research and data collated in order to create this document is contained within the 
following reports:  

Jacobs, 2015, Surat Basin Quarterly Spring Baseline Monitoring Program; Fourth Monitoring Event Field Survey 
Completion Report, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLa), Hydrogeological attributes associated with springs in the Surat 
Cumulative Management Area, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLb), Desktop assessment of source aquifer for springs in the Surat 
Cumulative Management Area, Brisbane. 

Queensland Herbarium, 2012, Ecological and botanical survey of springs in the Surat Cumulative Management 
Area, Queensland Herbarium, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015. Wetland Conceptualisation; A summary report on the 
conceptualisation of springs in the Surat Cumulative Management Area, Version 2.0, Department of Natural 
Resources and Mines, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015f. Wetland Conceptualisation; Dawson River 8 Complex, 
Technical Sub-report 5, Version 1.3, Department of Natural Resources and Mines, Brisbane. 
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Introduction 

In the Surat Cumulative Management Area (CMA) the Office of Groundwater Impact Assessment (OGIA) is 
responsible for preparing an assessment of the cumulative impacts from coal seam gas (CSG) development on 
groundwater resources including private water bores and springs (wetlands). To inform future assessments, OGIA 
has undertaking a number of investigation and research projects across several themes to support the update of 
the Surat Underground Water Impact Report (UWIR) in 2015.  

One of the key research themes is about improving the knowledge on springs in relation to their hydrogeological 
setting, source aquifer determination and ecological linkages (OGIA, 2013). This has been delivered as a series of 
separate reports that are focused on wetland conceptualisation for particular complexes. The reports incorporate 
research and monitoring undertaken by both OGIA and CSG tenure holders. The separate complex specific 
conceptualisations are synthesised into a more holistic report, ‘Wetland conceptualisation; A summary report on 
the conceptualisation of springs in the Surat CMA’ (OGIA, 2015).  

The purpose of this document is to provide a summary of the outcomes from these investigations. Specifically, this 
document provides a summary of the spatial and temporal understanding of the hydrogeological, 
geomorphological and hydrogeochemical influences on the wetlands and presents a hypothesis on the linkages 
between changes in the groundwater regime and floristic and macroinvertebrate assemblages at the wetlands. 

Location     

The Cockatoo Creek Complex is located 45km south-east of Taroom (Figure 1). There are 15 individual wetlands 
associated with this complex, located along Cockatoo Creek and tributaries. 

 

Figure 1: Location of the Cockatoo Creek wetlands 

Description  

The wetlands generally occur on lower slopes associated with the Cockatoo Creek and tributaries. The wetlands 
are located on the sandy soils developed in a colluvial setting, overlying the Evergreen Formation. The wetlands 
are irregular shapes. The larger wetlands often have discharge tails and the very smallest wetlands are circular in 
form. The wetlands range in size from 13 to 2,254 m2.  

The wetlands contrast with the surrounding landscape being permanently saturated at their core, with greener 
vegetation during dry months. Wetlands 64, 65 and 320 contain free standing water and are characterised by 
permanent grasses, sedges and rushes. The smaller wetlands, 321 (1-8) have no free standing water, discharge 
diffusely and are characterised by flowing muds creating small mounds. The wetlands have little to no regolith 
profile or mounding of organic-rich soil or accumulation of organic matter. 

 
 
Figure 2: Cockatoo Creek wetlands. Open water and vegetated (left) and non-vegetated flowing sands (right).  

Previous investigations and research 

Prior to this project, a number of ecological and hydrogeological investigations have been completed at this 
complex. Information and knowledge generated from these investigations has been synthesised as a key input to 
the conceptualisation presented. Previous investigations are as follows: 

• Hydrogeological and ecological assessments completed to inform the Surat UWIR 2012 (KCBL, 2012a; KCBL, 
2012b; and Queensland Herbarium 2012); and  

• Tenure holder reporting in accordance with the UWIR (2012) and Commonwealth obligations (Jacobs, 2015). 
 
Hydrogeological setting and controls on discharge 

The wetlands are located within the Jurassic Evergreen Formation along Cockatoo Creek and associated 
tributaries. Many of the wetlands are immediately underlain by unconsolidated sandy soils, particularly those 
wetlands located further from the main watercourses in this area. In the vicinity of the wetlands, the Evergreen 
Formation is significantly incised and provides relatively thin confinement of the underlying Precipice Sandstone, 
the basal unit of the Surat Basin.  

The Evergreen Formation is considered to be a relatively low permeability aquitard that largely acts as a confining 
bed where it overlies the Precipice Sandstone in this area. It is likely the dissection and thinning of the confining 
Evergreen Formation, enabling upward flow from the Precipice Sandstone to reach the land surface creating the 
numerous wetlands that occur. 

There is significant regional faulting immediately to the west of the complex, which is likely to develop fracture 
zones that facilitate discharge from the Precipice Sandstone through the overlying Evergreen Formation.      
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Figure 3: South-east to north-east geological section 

Hydrogeology   

The major aquifer in the vicinity of the wetlands is the Precipice Sandstone. There are minor supplies from the 
Carboniferous sediments east of the wetlands. However, the dominant aquifer is the Precipice Sandstone. The 
general groundwater flow direction in the Precipice Sandstone at this location is from south to north, and south-
east to north-west. The Precipice Sandstone is artesian at the location of the wetlands.  

 

Figure 4: Groundwater flow to the Cockatoo Creek wetlands. Free flowing (64, 65) and flowing sands (320, 321) 

 
 
Landscape and Soils 

The wetlands occur within a discrete grouping associated with the change in the geomorphological setting of 
Cockatoo Creek from rolling hills to an alluvial setting which corresponds with the thinning of the Evergreen 
formation, exposing the underlying Precipice Sandstone. The relatively confined elevation range of the wetlands 
suggest at a local scale the horizontal intersect of the Evergreen Formation and Precipice Sandstone controls the 
location of the wetlands with structures enabling vertical flow.     

The soils that surround wetlands with exception to the bed load sediments within the watercourses are sodic at 
depth and are expected to have very low saturated permeability. Free flowing wetlands are located adjacent to 
Sandy Creek, a gaining watercourse, within the exposed Precipice Sandstone, the wetlands characterised by 
flowing sands are located at a broad change in slope that corresponds with the horizontal connection between the 
overlying Evergreen Formation and the Precipice Sandstone. 

Wetland Processes (wetlands 64 and 65) 

The wetlands are generally circular, with the variation in the shape occurring due to the influence of topography 
dictating the absence or presence of a discharge tail. The area of sub surface flow creating the discharge is 
confined to the immediate wetland area and appears to be constricted by the low permeability of the surrounding 
sub soil and regolith. 

Evidence exists that the wetlands area and discharge rate is influenced by seasonal and longer term changes in 
evapotranspiration and groundwater regimes. At these wetlands, this is supported by the presence of deceased 
wetlands. 

The wetlands are sourced from the Precipice Sandstone aquifer, with very little variability in the composition of 
wetland waters across the complex. The Cl:Br ratios indicate that recycling of salts within wetland. During drying 
phases, salts (halite) precipitate out of solution and during wet phases, the salts are remobilised within the 
increase in wetland discharge. Strontium ratios (indicative of groundwater) are similar across the wetlands, 
confirming that there is insignificant surface water flows to the wetlands. 

While the wetlands are located within a similar landscape position, the depth of the overlying Evergreen Formation 
has considerable influence on the wetland form. Wetlands 64 and 65 are located closer to the watercourse, and as 
such have less overburden of Evergreen Formation. As a result, these wetlands have a higher discharge rate with 
free flowing discharge than the other wetlands.  

The floristic assemblages of the larger wetlands are dominated by wetland species, with the outer edge of the 
wetland experience migration of terrestrial species during drying and wetting phases. These wetlands are 
characterised by dark organic rich sub soils, high in organic matter. The abundance and persistent of aquatic 
species within the centre of the wetlands is indicative of long term and permanent groundwater discharge. 
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Figure 5: Wetland processes at the Cockatoo Creek wetlands (64 and 65) 

Wetland Water Requirements (64 and 65) 

The wetland water budget is dominated by constant groundwater discharge from the underlying Precipice 
Sandstone. The ecology of the wetlands is intrinsically linked to the hydrology of the adjacent watercourse that 
either flows permanently, and/or causes inundation during high flow events. Therefore, it is hypothesised that the 
environmental values associated with these wetlands have the following water requirements: 

1. A permanent supply of groundwater discharge;  

2. Sufficient groundwater discharge to maintain saturation of the underlying regolith, preventing oxidation of 
peaty wetland soils and providing a permanent water source for wetland vegetation including large woody 
vegetation; 

3. The groundwater discharge rate and volume to be greater than evapotranspiration to enable water to pool and 
discharge tails to develop; and 

4. Additional seasonal input from local groundwater systems which creates additional discharge that regulates 
the wetlands salinity through flushing of salts. This also supplies water for vegetation that has evolved within 
the ephemeral inundation discharge tails. 

Wetland Processes (flowing sands wetlands, 320 and 321)  

The wetlands are generally circular, with the variation in the shape occurring due to the influence of topography 
governing the absence or presence of a discharge tail. The area of sub surface flow creating the discharge is 

confined to the immediate wetland area and appears to be constrained by the low conductivity of the surrounding 
sub soil and regolith. 

Evidence exists that the wetland area and discharge rates are impacted by seasonal and longer term changes in 
evapotranspiration and local groundwater flows. For these wetlands, this is evident by the presence of multiple 
flowing mud vents, suggesting recent changes in the groundwater regime. 

The wetlands are solely sourced from the Precipice Sandstone, with very little variability in the composition of 
wetland waters across the complex. The Cl:Br ratios indicate that recycling of salts within wetland. During drying 
phases, salts (halite) form and during wet phases, the salts are remobilised within the wetland discharge. 
Strontium ratios (indicative of groundwater) are all very similar for the wetlands, confirming that there is an 
insignificant component of surface water flow that enters the wetlands. 

Wetlands 321 (1-8) and 320 have characteristics of the saline discharge area. The sub soil of the wetlands is low 
in organic matter with mounding caused by flowing sands rather than an accumulation of organic matter. The 
diffuse discharge rate, absence of significant wetland vegetation, no aquatic habitat or wetland soil, within a 
degraded landscape suggest the wetland may not be long term permanent features of the landscape.  Wetland 
320 has a slightly higher discharge rate and darker soil development. 

 
 
Figure 6: Wetland processes of the flowing sands wetlands (320 and 321) 

Wetland Water Requirements (320 and 321)  

It is hypothesised that the environmental values associated with these wetlands have the following water 
requirements: 

1. A supply of groundwater discharge during extended wet periods; and 

2. Sufficient groundwater discharge rate and volume to maintain saturation of the underlying regolith and 
providing a seasonal water supply for terrestrial vegetation and opportunistic wetland vegetation. 

More Information  

More information regarding the research and data collated in order to create this document is contained within the 
following reports:  
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Jacobs, 2015, Surat Basin Quarterly Spring Baseline Monitoring Program; Fourth Monitoring Event Field Survey 
Completion Report, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLa), Hydrogeological attributes associated with springs in the Surat 
Cumulative Management Area, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLb), Desktop assessment of source aquifer for springs in the Surat 
Cumulative Management Area, Brisbane. 

Queensland Herbarium, 2012, Ecological and botanical survey of springs in the Surat Cumulative Management 
Area, Queensland Herbarium, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015. Wetland Conceptualisation; A summary report on the 
conceptualisation of springs in the Surat Cumulative Management Area, Version 2.0, Department of Natural 
Resources and Mines, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015f. Wetland Conceptualisation; Cockatoo Creek Complex, 
Technical Sub-report 6, Version 1.2, Department of Natural Resources and Mines, Brisbane. 
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Introduction 

In the Surat Cumulative Management Area (CMA) the Office of Groundwater Impact Assessment (OGIA) is 
responsible for preparing an assessment of the cumulative impacts from coal seam gas (CSG) development on 
groundwater resources including private water bores and springs (wetlands). To inform future assessments, OGIA 
has undertaking a number of investigation and research projects across several themes to support the update of 
the Surat Underground Water Impact Report (UWIR) in 2015.  

One of the key research themes is about improving the knowledge on springs in relation to their hydrogeological 
setting, source aquifer determination and ecological linkages (OGIA, 2013). This has been delivered as a series of 
separate reports that are focused on wetland conceptualisation for particular complexes. The reports incorporate 
research and monitoring undertaken by both OGIA and CSG tenure holders. The separate complex specific 
conceptualisations are synthesised into a more holistic report, ‘Wetland conceptualisation; A summary report on 
the conceptualisation of springs in the Surat CMA’ (OGIA, 2015).  

The purpose of this document is to provide a summary of the outcomes from these investigations. Specifically, this 
document provides a summary of the spatial and temporal understanding of the hydrogeological, 
geomorphological and hydrogeochemical influences on the wetlands and presents a hypothesis on the linkages 
between changes in the groundwater regime and floristic and macroinvertebrate assemblages at the wetlands. 

Location     

The Boggomoss, Dawson River 2 and 6 complexes are located 30 km north-east of Taroom in the Dawson River 
Catchment (Fitzroy Basin). There are 48 individual wetlands associated with the three complexes.  

 

Figure 1: Boggomoss, Dawson River 2 and 6 complexes 

Description  

The wetlands occur on or near floodplain environments associated within Quaternary alluvium that overlies the 
Evergreen Formation.  The wetlands are often circular, or near circular with a discharge tail, and range in size from 
1-35,000 m2, with most wetlands being 100-1,000 m2. The wetlands contrast with the surrounding landscape being 
permanently saturated at their core. While they can contain freestanding water, most are characterised by dense 

stands of permanent grasses, sedges and rushes that rely on the soil moisture provided by groundwater 
discharge. The wetlands have a deep regolith profile, and have mounded features composed of organic-rich soil. 

 

Figure 2: Boggomoss complex (wetland 58) 

Previous investigations and research 

Prior to this project, a number of ecological and hydrogeological investigations have been completed at these 
complexes. Information and knowledge generated from these investigations has been synthesised as a key input 
to the conceptualisation presented. Previous investigations are as follows: 

• Hydrogeological and ecological assessments completed to inform the Surat UWIR 2012 (KCBL, 2012a; KCBL, 
2012b; and Queensland Herbarium 2012);  

• Tenure holder reporting in accordance with the UWIR (2012) and Commonwealth obligations (Jacobs, 2015); 
and 

• Assessments completed as part of the Nathan Dam project (SunWater 2014; SKM, 2012; and DNR, 1996). 
 
Hydrogeological setting and controls on discharge 

The wetlands occur within Quaternary alluvial sediments overlying the Evergreen Formation or solely within the 
Evergreen Formation at outcrop. The Evergreen Formation forms a thin confining unit in this area and overlies the 
Precipice Sandstone. The Evergreen Formation and Precipice Sandstone are members of the Surat Basin, which 
thins from west to east at this location.  

Aquifer geometry, structural controls and faulting contribute to groundwater discharge and wetlands at this 
location. The spatial distribution of the wetlands correlates with a progressive reduction in aquifer thickness 
resulting in reduced aquifer transmissivity or a ‘choke’ to groundwater flow; a thinning of the confining Evergreen 
Formation; and interpreted faulting features underlying the wetlands which may provide conduits for groundwater 
discharge to the wetlands. 
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Figure 3: West to east geological section 

Hydrogeology 

It is likely the wetlands have formed by the upward movement of groundwater along structures into overlying 
sediments where the confining regolith is relatively thin. Over time the sediments begin to slump and collapse.  
The area of the collapse remains saturated by groundwater and is becomes permanently occupied by aquatic 
vegetation that gradually accumulates organic matter and alters the soil condition.   

Regional groundwater pressures indicate a flow direction from west to east in the Precipice Sandstone. The 
available artesian pressure form the Precipice Sandstone at this complex is greater than 10 m above ground. 
Groundwater flow to the wetlands occurs from regional groundwater flow from the Precipice Sandstone and 
topographically driven local groundwater system. The location of the wetlands is controlled by the dissection of the 
confining regolith, enabling upward flow from the Precipice Sandstone to surface. Recharge through the 
surrounding highly permeable sandy soils contributes to seasonal wetland discharge. 

 

Figure 4: Groundwater flow to the Boggomoss, Dawson River 2 and 6 

Landscape and Soils 

The wetlands occur at topographic low points in the landscape, within or adjacent to the floodplain of the Dawson 
River and tributaries. The wetlands are located at a point in the catchment where it narrows entering Nathan 
Gorge. The wetlands occur at a variety of elevations, which suggests vertical structures facilitating groundwater 
discharge, rather than horizontal structures. Soils are typically clayey with very low permeability. The low 
permeability soils constrict flow to the immediate wetland area. 

Wetland Processes   

Groundwater flow to the wetlands is permanent. As a result, the wetlands are dominated by aquatic vegetation 
and dark organic rich soils have formed with mounding up to several metres at some wetlands. The vegetation is 
often distinctly zoned in association with changes in the hydrological character across the wetland area. There is 
often a mound dominated by a tall grass/sedge/rush community including species such as Phragmites australis, 
Baumea rubiginosa or Schoenoplectus spp. and other species requiring saturated soils.   

There is often a distinct boundary zone around the wetlands marked by wetland species such as Leersia hexandra 
or tall rushes such as Baumea rubiginosa and lined with the sedge such as Carex aphylla. These species reflect 
the wetter nature of this area compared to the main community which appears to be due to pooling or sometimes 
venting of water around the edges of the wetland. The boundary with non-wetland areas is usually relatively stable 
and distinct from adjacent non-wetland areas. The adjacent area is dominated by non-wetland species particularly 
the exotic Cynodon dactylon. This exotic species generally forms a “lawns” which commonly fringe wetlands.  

While groundwater flow from the underlying Precipice Sandstone aquifer is considered to be relatively constant 
over time, the wetted area of the wetlands respond to seasonal changes in climate and local hydrogeology as well 
as longer term changes in climate and groundwater pressures. There exists a temporal change (e.g. 10 year 
period) in the dominant source of groundwater to wetlands, varying from the deeper Precipice Sandstone aquifer, 
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to the local topographically control groundwater flow systems. Within a 12 month period, local topographic controls 
can cause variation in the dominate source of groundwater between wetland within this complex, such that some 
wetlands have a more local signature, while others may reflect the deeper aquifer. 

Longer term changes will be driven by shifts in the source aquifers recharge rates and or large scale changes to 
the land use of the regional environment (i.e clearing). Longer term changes are expressed by different ages of 
woody vegetation within wetlands and/or ringed by single aged regeneration. These provide evidence of large 
shifts a shift in the hydrology of the wetland that caused significant changes to the vegetation assemblage.  

Wetlands are often situated within a slightly larger depression, with fringing paleo discharge zones with areas of 
diffuse groundwater discharge expressed as salt scalding and iron crusting. It is therefore likely that the current 
extent of the wetland area is not at its maximum.    

Seasonal changes are driven by changes in ET demand and recent rainfall (within the last 3 months) driving 
localised recharge to the wetlands. Seasonal changes are expressed by an increase in the wetland area during 
cooler months, driven by the reduced evaporative demand, and a decrease in the wetland area after extended dry 
periods during hotter months at the height of annual ET demand.  

During the dry phase the wetland area is confined to the immediate discharge zone characterized by the extent of 
mounding and very dark organic rich soil. During this period the extent of aquatic vegetation and wetted area are 
very similar, with only the most tolerant macroinvertebrates persisting.  The periphery of the wetland will be 
marked by a distinct change to terrestrial grasses, dried cracking soils often coated in iron stains and salt crusts.  

During the wetting phase, more groundwater is able to discharge from the wetland, creating deeper inundated 
pools and extension of the wetland tail. Water will either pool around the wetland or freely flow towards adjoining 
drainage lines and or other wetlands. The zones of dry exposed soil will become covered in vegetation such the 
edge of the wetland is less obvious. It is important to note that the change in the surface expression of the wetland 
will be greater than the expansion in the sub surface zone of saturation. 

 

Figure 5: Wetland processes at the Boggomoss, Dawson River 2 and 6 

Wetland Water Requirements  

The water budget of these wetlands is dominated by groundwater discharge forming large permanent wetlands 
which can be mounded. These wetlands support a significantly dense and species rich coverage of wetland 
vegetation, often distinctly zoned, including large woody vegetation and an aquatic habitat suitable for tolerant 
macroinvertebrate taxa. There exists a positive relationship between the increase and decrease in wetland 
discharge, with aquatic vegetation and macroinvertebrates. The groundwater component of these wetlands 
maintains the wetland and aquatic vegetation and macroinvertebrates by permanently saturated the wetland core 
and via seasonal local groundwater flow creates additional discharge forming extensive wetland tails.   

Therefore, it is hypothesised that the environmental values associated with these wetland have the following water 
requirements: 

1. A permanent supply of groundwater discharge;  

2. Sufficient groundwater discharge to maintain saturation of the underlying regolith, preventing oxidation of 
peaty wetland soils and to provide a permanent water source for wetland vegetation including large woody 
vegetation; and 

3. The groundwater discharge rate and volume to be greater than evapotranspiration to enable water to pool and 
discharge tails to develop. 

In addition, these wetlands are predominantly disconnected from perennial surface water sources, such that 
groundwater discharge provides the only habitat for macroinvertebrates. 

More Information  

More information regarding the research and data collated in order to create this document is contained within the 
following reports:  

Department of Natural Resources (DNR) 1996, Report on the Impact of Nathan Dam on Boggomosses and 
Regional Hydrology, Queensland Government Department of Natural Resources, Resource Sciences Centre, 
Brisbane. 

Jacobs, 2015, Surat Basin Quarterly Spring Baseline Monitoring Program; Fourth Monitoring Event Field Survey 
Completion Report, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLa), Hydrogeological attributes associated with springs in the Surat 
Cumulative Management Area, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLb), Desktop assessment of source aquifer for springs in the Surat 
Cumulative Management Area, Brisbane. 

Queensland Herbarium, 2012, Ecological and botanical survey of springs in the Surat Cumulative Management 
Area, Queensland Herbarium, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015. Wetland Conceptualisation; A summary report on the 
conceptualisation of springs in the Surat Cumulative Management Area, Version 2.0, Department of Natural 
Resources and Mines, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015g. Wetland Conceptualisation; Boggomoss, Dawson River 
2 and 6 Complexes, Technical Sub-report 7, Version 1.2, Department of Natural Resources and Mines, Brisbane. 

Sinclair Knight Merz (SKM), 2012, Chapter 15 – Geology and Soils, Nathan Dam Environmental Impact 
Statement, prepared for Sunwater, Brisbane.    

SunWater, 2014, Nathan Dam and Pipelines Project Supplementary EIS Groundwater Monitoring Network 
Expansion Project Field Report, March 2014, SunWater. 
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Introduction 

In the Surat Cumulative Management Area (CMA) the Office of Groundwater Impact Assessment (OGIA) is 
responsible for preparing an assessment of the cumulative impacts from coal seam gas (CSG) development on 
groundwater resources including private water bores and springs (wetlands). To inform future assessments, OGIA 
has undertaking a number of investigation and research projects across several themes to support the update of 
the Surat Underground Water Impact Report (UWIR) in 2015.  

One of the key research themes is about improving the knowledge on springs in relation to their hydrogeological 
setting, source aquifer determination and ecological linkages (OGIA, 2013). This has been delivered as a series of 
separate reports that are focused on wetland conceptualisation for particular complexes. The reports incorporate 
research and monitoring undertaken by both OGIA and CSG tenure holders. The separate complex specific 
conceptualisations are synthesised into a more holistic report, ‘Wetland conceptualisation; A summary report on 
the conceptualisation of springs in the Surat CMA’ (OGIA, 2015).  

The purpose of this document is to provide a summary of the outcomes from these investigations. Specifically, this 
document provides a summary of the spatial and temporal understanding of the hydrogeological, 
geomorphological and hydrogeochemical influences on the wetlands and presents a hypothesis on the linkages 
between changes in the groundwater regime and floristic and macroinvertebrate assemblages at the wetlands. 

Location     

The wetlands are located within Prices Creek, a tributary to the Dawson River, downstream of the Glebe Weir and 
upstream of Nathan Gorge. The complex includes 4 main wetlands that exist on a thin Evergreen Formation 
overlying Precipice Sandstone. All wetlands are located immediately on the edge of surface draining lines incised 
into the bedrock with the Precipice Sandstone is exposed within drainage lines.  

  

 Figure 1: Location of the Prices Complex 

Description  

The densely vegetated mounds are formed by the accumulation of organic matter around the wetlands. The 
mounds are often circular, or near circular with a discharge tail, and range in size from 576 m2 to 1594 m2. The 

wetlands contrast starkly with the surrounding landscape being permanently saturated at their core. While they 
can contain free water, most are characterised by dense stands of permanent grasses, sedges and rushes.   

  

Figure 2: Wetlands at the Prices Complex  

Previous investigations and research 

Prior to this project, a number of ecological and hydrogeological investigations have been completed at this 
complex. Information and knowledge generated from these investigations has been synthesised as a key input to 
the conceptualisation presented. Previous investigations are as follows: 

• Hydrogeological and ecological assessments completed to inform the Surat UWIR 2012 (KCBL, 2012a; KCBL, 
2012b; and Queensland Herbarium 2012);  

• Tenure holder reporting in accordance with the UWIR (2012) and Commonwealth obligations (Jacobs, 2015); 
and 

• Assessments completed as part of the Nathan Dam project (SunWater 2014; SKM, 2012; and DNR, 1996). 
 
Hydrogeological setting and controls on discharge 

The wetlands are located in the Evergreen Formation overlying the Precipice Sandstone. The Dawson River, 
Prices Creek and tributaries are heavily incised into the Evergreen Formation with the Precipice Sandstone 
observed at outcrop within many if the creek beds. The wetlands can be considered as a large local to regional 
discharge zone, from which over 40 mapped gaining wetlands and the permanently gaining Dawson River occur. 
Aquifer geometry, structural controls and faulting contribute to groundwater discharge to the wetlands.  

The spatial distribution of the wetlands correlates with the thinning of the Evergreen Formation proximal to the 
wetlands in response to dissection and landscape evolution processes; artesian conditions in the underlying 
Precipice Sandstone; and interpreted faulting features underlying the wetlands which potentially provide conduits 
for groundwater discharge from the Precipice Sandstone through the Evergreen Formation. 
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Figure 3: South-west to north-east geological section  

Hydrogeology 

The major aquifers in the vicinity of the wetlands are the confined and unconfined Precipice Sandstone and the 
unconfined Dawson River Alluvium. The Evergreen Formation confines the Precipice Sandstone. In the vicinity of 
wetlands, the Evergreen Formation has been completely dissected and eroded allowing upward movement of 
groundwater from the Precipice Sandstone. Due to the lower landscape position of the wetlands and significant 
local topographic relief there is also likely to be topographically driven groundwater flow in the outcropping 
Precipice Sandstone.   

Regional groundwater flow direction for the Precipice Sandstone in this area is a subdued reflection of topography 
and coincides with the surface water drainage lines, predominantly flowing from west to east.  

 
Figure 4: Groundwater flow to the Prices wetlands  

Landscape and Soils 

The wetlands occur at low points in the landscape adjacent watercourses, where the Precipice Sandstone is at 
outcrop. The wetlands are either within exposed sandstone bedding planes and shallow stream sediments or a 
relatively thin layer of weathered Precipice Sandstone and/or remnant Evergreen Formation. 

Where the wetlands occur within the watercourse, the soils are high permeable coarse sands, such that wetland 
soil development is limited.  The wetlands that form slightly further upslope occur on the lower permeable regolith 
of the weathered Precipice Sandstone and/or remnant Evergreen Formation. In this situation, the regolith confines 
the upward movement of groundwater to the immediate area of the wetland and subsequently deeper wetland 
soils have formed and accumulation of organic matter has created mounding. 

Wetland Processes   

The wetlands are circular to tear drop in shape. Wetlands occurring in flat areas are more circular and those 
occurring on slopes have a discharge tail. The wetlands contain organic-rich soils that appear to have formed over 
time, though the accumulation of organic matter.  

The wetland area is clearly visible due to the thick assemblage of distinctly wetland vegetation associated with 
consistent levels of inundation. The wetland vegetation is dominated by species requiring permanent inundation 
such as Eriocaulon spp, Sacciolepis indica, Cenchrus purpurascens and Leersia hexandra. There is some 
zonation in the vegetation, with taller species including Baumea rubiginosa and Phragmites australis concentrated 
around the wetlands. There is often a distinct boundary on the outer edge of wetlands marked by the change in 
vegetation from wetland to terrestrial species. The macroinvertebrate communities have moderate to low diversity 
and were in poor to very poor condition over the monitoring period. 

Overall, the wetlands represent a relatively stable system. However, the expression of the wetted area, flora and 
macroinvertebrates varies depending on the wetting or drying phase. During the dry phase, the wetland area is 
confined to the immediate discharge zone characterized by the extent of mounding and very dark organic rich soil. 
During this period, the extent of aquatic vegetation and wetted area are very similar, with only the most tolerant 
macroinvertebrates persisting. During the period of wetland area contraction the wetland is dominated by aquatic 
species. The periphery of the wetland will be marked by a distinct change into terrestrial grasses, and areas of 
surface water erosion.  

During the wetting phase more water is able to discharge due to reduced ET demand and increases in seasonal 
inflows, creating deeper inundated pools and extensive wetland tails. Water will either pool around the wetland or 
freely flow towards adjoining Prices Creek. The zones of dry exposed soil will become covered in vegetation such 
the edge of the wetland is less obvious. During the period of wetland area expansion, the wetland tail is dominated 
by exotic and terrestrial species. The change in the surface expression of the wetland will be greater than the 
expansion in the sub surface zone of saturation. 
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Figure 5: Wetland processes at the Prices Complex 

Wetland Water Requirements  

The water budget of these wetlands is dominated by groundwater discharge forming large permanent wetlands 
which can be mounded. These wetlands support a significantly dense and species rich coverage of wetland 
vegetation, often distinctly zoned, including large woody vegetation and an aquatic habitat suitable for tolerant 
macroinvertebrate taxa. There exists a positive relationship between the increase and decrease in wetland 
discharge, with aquatic vegetation and macroinvertebrates. The groundwater component of these wetlands 
maintains the wetland and aquatic vegetation and macroinvertebrates by permanently saturated the wetland core 
and via seasonal local groundwater flow creates additional discharge forming extensive wetland tails.   

Therefore, it is hypothesised that the environmental values associated with these wetland have the following water 
requirements: 

1. A permanent supply of groundwater discharge;  

2. Sufficient groundwater discharge to maintain saturation of the underlying regolith, preventing oxidation of 
peaty wetland soils and to provide a permanent water source for wetland vegetation including large woody 
vegetation; and 

3. The groundwater discharge rate and volume to be greater than evapotranspiration to enable water to pool and 
discharge tails to develop. 

In addition, these wetlands occur adjacent to a riverine environment such that some proportion of the water 
requirement will derived from high flow surface water events. 

 
   

 
More Information  

More information regarding the research and data collated in order to create this document is contained within the 
following reports:  

Department of Natural Resources (DNR) 1996, Report on the Impact of Nathan Dam on Boggomosses and 
Regional Hydrology, Queensland Government Department of Natural Resources, Resource Sciences Centre, 
Brisbane. 

Jacobs, 2015, Surat Basin Quarterly Spring Baseline Monitoring Program; Fourth Monitoring Event Field Survey 
Completion Report, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLa), Hydrogeological attributes associated with springs in the Surat 
Cumulative Management Area, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLb), Desktop assessment of source aquifer for springs in the Surat 
Cumulative Management Area, Brisbane. 

Queensland Herbarium, 2012, Ecological and botanical survey of springs in the Surat Cumulative Management 
Area, Queensland Herbarium, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015. Wetland Conceptualisation; A summary report on the 
conceptualisation of springs in the Surat Cumulative Management Area, Version 2.0, Department of Natural 
Resources and Mines, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015g. Wetland Conceptualisation; Prices Complex, Technical 
Sub-report 8, Version 1.2, Department of Natural Resources and Mines, Brisbane. 

Sinclair Knight Merz (SKM), 2012, Chapter 15 – Geology and Soils, Nathan Dam Environmental Impact 
Statement, prepared for Sunwater, Brisbane.    

SunWater, 2014, Nathan Dam and Pipelines Project Supplementary EIS Groundwater Monitoring Network 
Expansion Project Field Report, March 2014, SunWater. 
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Introduction 

In the Surat Cumulative Management Area (CMA) the Office of Groundwater Impact Assessment (OGIA) is 
responsible for preparing an assessment of the cumulative impacts from coal seam gas (CSG) development on 
groundwater resources including private water bores and springs (wetlands). To inform future assessments, OGIA 
has undertaking a number of investigation and research projects across several themes to support the update of 
the Surat Underground Water Impact Report (UWIR) in 2015.  

One of the key research themes is about improving the knowledge on springs in relation to their hydrogeological 
setting, source aquifer determination and ecological linkages (OGIA, 2013). This has been delivered as a series of 
separate reports that are focused on wetland conceptualisation for particular complexes. The reports incorporate 
research and monitoring undertaken by both OGIA and CSG tenure holders. The separate complex specific 
conceptualisations are synthesised into a more holistic report, ‘Wetland conceptualisation; A summary report on 
the conceptualisation of springs in the Surat CMA’ (OGIA, 2015).  

The purpose of this document is to provide a summary of the outcomes from these investigations. Specifically, this 
document provides a summary of the spatial and temporal understanding of the hydrogeological, 
geomorphological and hydrogeochemical influences on the wetlands and presents a hypothesis on the linkages 
between changes in the groundwater regime and floristic and macroinvertebrate assemblages at the wetlands. 

Location     

The wetlands are associated with two complexes, Orana and Wambo, which are both associated with Wambo 
Creek, a westerly tributary the Condamine River, south of Chinchilla. Wetlands 711 and 711.1 (Wambo) occur in 
the banks of Wambo creek, and Orana 1 occurs further upstream within a small tributary to Wambo Creek.  
Wetland 711 and 711.1 are 340 m2 and 78 m2 respectively. Orana occurs as a small point discharge that flows into 
a drainage line that extends for 600 m before reaching the Wambo Creek. 

 

Figure 1: Location of the Wambo and Orana complexes 

 

 

Description  

The wetlands are subtle features in the landscape and contrast with the surrounding landscape due to changes in 
vegetation type reflecting the permanently saturated wetland core. The wetlands are essential circular in shape, 
and despite the wetlands relatively high discharge rates and perennial nature, no distinct wetland substrate has 
formed. The absence of typical wetland soils may be due to the changing nature of the drainage lines morphology, 
in flash flood events some the wetlands may be partially eroded. Additionally the steep slope, frequent inundation 
and free draining sandy substrate may prevent any build-up of organic matter. 

 

Figure 2: Wetlands at Wambo (left) and Orana (right) 

Previous investigations and research 

Prior to this project, a number of ecological and hydrogeological investigations have been completed at this 
complex. Information and knowledge generated from these investigations has been synthesised as a key input to 
the conceptualisation presented. Previous investigations are as follows: 

• Hydrogeological and ecological assessments completed to inform the Surat UWIR 2012 (KCBL, 2012a; KCBL, 
2012b; and Queensland Herbarium 2012); and  

• Tenure holder reporting in accordance with the UWIR (2012) and Commonwealth obligations (Jacobs, 2015). 
 
Hydrogeological setting and controls on discharge 

The sediments underlying these wetlands include the Kumbarilla Beds, Tertiary Sands and Quaternary Alluvium 
associated with the Condamine River and Wambo Creek. The surface sediments in the immediate vicinity of the 
wetlands comprise fine to coarse grained sandstone, conglomerate with pebbles, cobbles and petrified wood. The 
Tertiary Chinchilla Sands and Tertiary Sands also outcrop at the surface surrounding these wetlands.  
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Figure 3: North to south geological section (Wambo) 

Hydrogeology 

The wetlands are located adjacent to and within the banks of Wambo Creek. The creek is heavily incised into the 
predominantly flat landscape.  Both wetlands occur in areas where the unconsolidated and alluvial sediments have 
been eroded and dissected along a drainage line. It is likely that groundwater is discharging where the 
unconsolidated sediments are thin and have been eroded, the underlying consolidated formation is shallow and 
groundwater is discharging on top of a low permeability consolidated formation. The thinning of the unconsolidated 
sediments may be associated with an elevation high in the underlying Kumbarilla Beds. 

 

Figure 4: Groundwater flow to the Wambo and Orana wetlands 

Landscape and Soils 

A prominent landscape feature and likely recharge source to local aquifer are deep sandy Tenosols, which are 
associated with both wetlands. The other dominant soil type within the region is the strongly duplex sandy loams 
over brown / grey clay. These soils are often water logged due to the low permeability of the clay horizon and 
provide minimal recharge to underlying aquifers. The wetlands occur within an active alluvial setting. In the 
immediate area of the wetlands, the regolith is freely draining with no apparent restriction to sub soil water 
movement. 

Wetland Processes   

Wetlands have developed from localised groundwater systems with minimal development of wetland soil or 
mounding. The nature of the sandy sub soil and being located on an unstable slope, prevents substantial wetland 
soil and or mounding development. Therefore, they are sublet features, only distinguishable from the surrounding 
landscape during dry periods due to greener vegetation. 

The wetlands are effectively dynamic and will be altered physically by bank erosion during flood events. They 
wetlands maintain free flowing discharge all year round and are considered semi-permanent features of the 
landscape. Despite the lack of wetland soil and mounding the wetlands are overall in good condition, with 
balanced taxa diversity. This is an expected result given that the site had quality in-situ habitat values and a large 
amount of standing water within adjacent creek beds. 

Seasonal changes in groundwater discharge and climate appear to have little impact on the wetlands. There are 
no surface features that represent long or short term changes in the wetland area and or form.  The sandy 
substrate and low water holding capacity of the immediate area of the wetland enables groundwater discharge to 
occur at different rates without impacting the wetland vegetation.  

 

Figure 5: Wetland processes at the Wambo and Orana wetlands 
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Wetland Water Requirements  

It is hypothesised that the environmental values associated with these wetland have the following water 
requirements: 

1. A supply of groundwater discharge that may not be permanent; 

2. Sufficient groundwater discharge rate to maintain a free flowing wetland, maintaining the connection with 
water in the watercourse; and 

3. Overbank storage and supply of water during and following flood events. 

In addition, the wetlands are connected to ephemeral and perennial water sources, such that the stream water 
provides additional habitat for macroinvertebrates and as such is part of the wetlands water requirements.  

More Information  

More information regarding the research and data collated in order to create this document is contained within the 
following reports:  

Jacobs, 2015, Surat Basin Quarterly Spring Baseline Monitoring Program; Fourth Monitoring Event Field Survey 
Completion Report, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLa), Hydrogeological attributes associated with springs in the Surat 
Cumulative Management Area, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLb), Desktop assessment of source aquifer for springs in the Surat 
Cumulative Management Area, Brisbane. 

Queensland Herbarium, 2012, Ecological and botanical survey of springs in the Surat Cumulative Management 
Area, Queensland Herbarium, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015. Wetland Conceptualisation; A summary report on the 
conceptualisation of springs in the Surat Cumulative Management Area, Version 2.0, Department of Natural 
Resources and Mines, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015h. Wetland Conceptualisation; Wambo and Orana 
Complexes, Technical Sub-report 9, Version 1.0, Department of Natural Resources and Mines, Brisbane. 
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Introduction  

In the Surat Cumulative Management Area (CMA) the Office of Groundwater Impact Assessment (OGIA) is 
responsible for preparing an assessment of the cumulative impacts from coal seam gas (CSG) development on 
groundwater resources including private water bores and springs (wetlands). To inform future assessments, OGIA 
has undertaking a number of investigation and research projects across several themes to support the update of 
the Surat Underground Water Impact Report (UWIR) in 2015.  

One of the key research themes is about improving the knowledge on springs in relation to their hydrogeological 
setting, source aquifer determination and ecological linkages (OGIA, 2013). This has been delivered as a series of 
separate reports that are focused on wetland conceptualisation for particular complexes. The reports incorporate 
research and monitoring undertaken by both OGIA and CSG tenure holders. The separate complex specific 
conceptualisations are synthesised into a more holistic report, ‘Wetland conceptualisation; A summary report on 
the conceptualisation of springs in the Surat CMA’ (OGIA, 2015).  

The purpose of this document is to provide a summary of the outcomes from these investigations. Specifically, this 
document provides a summary of the spatial and temporal understanding of the hydrogeological, 
geomorphological and hydrogeochemical influences on the wetlands and presents a hypothesis on the linkages 
between changes in the groundwater regime and floristic and macroinvertebrate assemblages at the wetlands. 

Location     

The Ponies Complex consists of a single wetland located approximately 50 km east of Injune. The wetland is 
located in the upper catchment of Scott’s Creek which flows east into Eurombah Creek and the Dawson River 
near Taroom (Figure 1).  

 

Figure 1: Location of the Ponies wetland 

Description  

The wetland contrasts with the surrounding landscape due to changes in vegetation type reflecting the 
permanently saturated wetland core. The average size of the wetland is 217 m2. The wetlands have no significant 
mounding or change in soil colour that separates them from the surrounding landscape. The wetlands occur within 

valley floor, of the southward flowing Scott’s creek. While wetlands 284 and 284.1 are separate in terms of surface 
expression of groundwater discharge, both wetlands form part of a subtle erosional depression, which appears to 
be the upstream extent of Scott’s Creek. The wetlands are therefore individual discharge zones within a broader 
ephemeral riverine wetland.  Wetland 284 creased to flow in 2014. 

 

Figure 2: Ponies wetlands 284 (left) and 284.1 (right)  

Previous investigations and research 

Prior to this project, a number of ecological and hydrogeological investigations have been completed at this 
complex. Information and knowledge generated from these investigations has been synthesised as a key input to 
the conceptualisation presented. Previous investigations are as follows: 

• Hydrogeological and ecological assessments completed to inform the Surat UWIR 2012 (KCBL, 2012a; KCBL, 
2012b; and Queensland Herbarium 2012); and  

• Tenure holder reporting in accordance with the UWIR (2012) and Commonwealth obligations (Jacobs, 2015). 
 
Hydrogeological setting and controls on discharge 

The wetlands are located in the outcrop of the Hutton Sandstone. The surface sediments are weathered Hutton 
Sandstone described as fine quartz sand, minor peat and clay with an estimated thickness of 2 m. The Hutton 
Sandstone is interpreted to have a uniform thickness of approximately 100 m underlying the wetland with no 
structures mapped in the vicinity of the wetland. However, Scott’s Creek appears strongly structurally controlled 
with the stream flowing directly southwards, until abruptly changing direction at right angles to flow easterly. 

Approximately 400 m north-east of the wetland is a prominent local rise in the Hutton Sandstone. The elevation 
difference between the wetland and this feature is approximately 60 m. The wetlands are located within an 
amphitheatre like depression with topography surrounding the wetlands on three sides. 
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Figure 3: North to south geological section  

Hydrogeology 

The dominant aquifer in the vicinity of the wetland is the unconfined Hutton Sandstone. Underlying the Hutton 
Sandstone, the Boxvale Sandstone of the Evergreen Formation and the confined Precipice Sandstone is also 
present at considerable depth (greater than 240 m). The available water level measurements indicate the 
dominant groundwater flow direction in the Hutton Sandstone is a subdued reflection of topography, flowing from 
the west to east. The water level in the Hutton aquifer at this location is approximately 20 m below the elevation of 
the wetland. Therefore, it is likely that the wetland is driven by localised shallow groundwater system operating 
through the local topographic highs surrounding the wetland 

 

Figure 4: Groundwater flow to the Ponies wetlands  

 

Landscape and Soils 

The wetland occurs within the valley floor of the scallop shaped catchment of the headwaters of Scott’s Creek. 
The depression is located in natural amphitheatre formed by the surrounding ridges in the Hutton Sandstone 
within the rugged sandstone Narran land system. The location of the wetlands coincides with the upstream extent 
of the headwater erosion of Scott’s Creek. The soils surrounding the wetlands are highly sodic and will have 
relatively low permeability. The highly dispersive and erosive nature of these soils is evident by areas of sheet 
erosion around the valley floor.  Further upslope and along the elevated ridges the soils are skeletal rocky soils, 
Rudosols. These soils are freely draining and will have higher soil permeability. 

Wetland Processes   

The wetlands have developed within localised groundwater systems with minimal development of wetland soil or 
mounding. Historical information suggest that the wetlands may not be permanent features of the landscape, with 
wetlands developing during wet periods and during dry periods the watertable declines causing wetland discharge 
to cease. Subsequently the broader area that contains the wetlands is very dynamic with gaining wetland and the 
surface expression of groundwater appearing and disappearing over time. Despite the non-permanent discharge 
the relatively high rate of discharge, extensive wetland tail and fresh water provides suitable habitat for aquatic 
vegetation and macroinvertebrates.    

Seasonal changes in groundwater discharge and climate causes significant changes to the wetlands when 
flowing. Seasonal increases in the wetland area and discharge tail allows for an increase in population of wetland 
vegetation and macroinvertebrates. 

Wetland 284.1 is a long elongate wetland that has formed in a depression that runs directly southwards.  The 
wetland supports vegetation indicative of permanent or near permanent inundation. Dominant species include 
Myriophyllum gracile, Eriocaulon scariosum, Philydrum lanuginosum, Utricularia dichotoma and Eleocharis 
cylindricus. There is generally little internal zonation although occasionally, there are mats of the aquatic 
Myriophyllum gracile in small areas. The wetland vegetation forms a distinct boundary with the adjacent non-
wetland vegetation which is dominated by a Cynodon dactylon lawn. The aquatic habitat of wetland 284.1 is most 
suitable tolerant taxa such as midge sub-species (Tanyponidae, Ceratopogonidae and Chironominae). 
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Figure 5: Wetland processes at the Ponies Complex   

Wetland Water Requirements  

The wetland water budget is a combination of groundwater discharge and inundation during flood events. These 
wetlands support minor coverage of wetland vegetation and an aquatic habitat suitable for a dynamic population of 
macroinvertebrate taxa. Therefore, it is hypothesised that the environmental values associated with these wetland 
have the following water requirements: 

1. A supply of groundwater discharge during extended wet periods; and 

2. Sufficient groundwater discharge rate and volume to maintain saturation of the underlying regolith and 
providing a seasonal water supply for terrestrial vegetation and opportunistic wetland vegetation. 

More Information  

More information regarding the research and data collated in order to create this document is contained within the 
following reports:  

Jacobs, 2015, Surat Basin Quarterly Spring Baseline Monitoring Program; Fourth Monitoring Event Field Survey 
Completion Report, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLa), Hydrogeological attributes associated with springs in the Surat 
Cumulative Management Area, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLb), Desktop assessment of source aquifer for springs in the Surat 
Cumulative Management Area, Brisbane. 

Queensland Herbarium, 2012, Ecological and botanical survey of springs in the Surat Cumulative Management 
Area, Queensland Herbarium, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015. Wetland Conceptualisation; A summary report on the 
conceptualisation of springs in the Surat Cumulative Management Area, Version 2.0, Department of Natural 
Resources and Mines, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015i. Wetland Conceptualisation; Ponies Complex, Technical 
Sub-report 10, Version 1.1, Department of Natural Resources and Mines, Brisbane. 
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Introduction 

In the Surat Cumulative Management Area (CMA) the Office of Groundwater Impact Assessment (OGIA) is 
responsible for preparing an assessment of the cumulative impacts from coal seam gas (CSG) development on 
groundwater resources including private water bores and springs (wetlands). To inform future assessments, OGIA 
has undertaking a number of investigation and research projects across several themes to support the update of 
the Surat Underground Water Impact Report (UWIR) in 2015.  

One of the key research themes is about improving the knowledge on springs in relation to their hydrogeological 
setting, source aquifer determination and ecological linkages (OGIA, 2013). This has been delivered as a series of 
separate reports that are focused on wetland conceptualisation for particular complexes. The reports incorporate 
research and monitoring undertaken by both OGIA and CSG tenure holders. The separate complex specific 
conceptualisations are synthesised into a more holistic report, ‘Wetland conceptualisation; A summary report on 
the conceptualisation of springs in the Surat CMA’ (OGIA, 2015).  

The purpose of this document is to provide a summary of the outcomes from these investigations. Specifically, this 
document provides a summary of the spatial and temporal understanding of the hydrogeological, 
geomorphological and hydrogeochemical influences on the wetlands and presents a hypothesis on the linkages 
between changes in the groundwater regime and floristic and macroinvertebrate assemblages at the wetlands. 

Location     

The Springrock Creek Complex is located within close proximity of the Lucky Last and Abyss complexes, 20km 
north-east of Injune. The Springrock Creek wetlands are located within the riverine setting of a tributary of Hutton 
Creek, within the Dawson River Catchment of the Fitzroy Basin (Figure 1). 

 

Figure 1: Location of the Springrock Creek wetlands (SpRockCrk) 

 

 

 

Description  

The wetlands occur as pools within depressions in exposed sandstone bedding plains and where stream sediment 
has accumulated. During wet periods, the wetlands connect by surface water flow, during dry periods the upper 
reaches of the tributary become disconnected wetlands. 

 

Figure 2: Springrock Creek wetland (284) 

Previous investigations and research 

Prior to this project, a number of ecological and hydrogeological investigations have been completed at this 
complex. Information and knowledge generated from these investigations has been synthesised as a key input to 
the conceptualisation presented. Previous investigations are as follows: 

• Hydrogeological and ecological assessments completed to inform the Surat UWIR 2012 (KCBL, 2012a; KCBL, 
2012b; and Queensland Herbarium 2012); and 

• Industry reporting in accordance with the UWIR (2012) and their Commonwealth obligations (Jacobs, 2015; 
Halcrow, 2013; Golder Associates, 2013; and URS 2013). 

 
Hydrogeological setting and controls on discharge 

The wetlands are located on Hutton Creek in the outcropping Precipice Sandstone, the basal unit of the Surat 
Basin. The Hutton Creek is moderately incised with minor sandstone escarpments noted in the vicinity of the 
wetlands. The creek bed has limited alluvial development with the Precipice Sandstone forming the base. The 
Evergreen Formation is present in the elevated topography approximately 1km to the south and north of the 
wetlands. Where the complete Evergreen Formation is present, the unit comprises several members in this area.  

There are significant structural and basement features including the regional fold structure of the Arcadia Anticline 
(approximately 30 km to the east) and the Hutton-Wallumbilla fault (2 km to the south).  

The wetlands at this location align with the erosion of the Evergreen Formation, the confining unit of the Precipice 
Sandstone; the incised Hutton Creek, a low position in the landscape; and the high likelihood of topographical and 
regional groundwater discharge from the Precipice Sandstone. 
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Figure 3: North to south geological section  

Hydrogeology 

The main aquifer in the vicinity of the wetlands is the Precipice Sandstone. This aquifer exists in both unconfined 
(at the wetland) and confined conditions in surrounding areas. Groundwater flow to the wetlands is from the 
Precipice Sandstone under artesian pressure driven by the lower Precipice Sandstone unit. The Evergreen 
Formation acts as a confining layer to the Precipice. In the vicinity of wetlands, the Evergreen Formation has been 
completely eroded away along the Hutton Creek revealing the Precipice Sandstone at the surface.   

Due to the lower landscape position of the wetlands and significant local topographic relief there is likely to be 
topographically driven groundwater flow in the outcropping Precipice Sandstone. The Hutton Creek is moderately 
incised and is likely to be a point of local groundwater discharge. In this area, groundwater flow in the Precipice 
Sandstone is from the north-west to south-east. 

   

Figure 4: Groundwater flow to the Springrock Creek wetlands 

Landscape and Soils 

The wetlands are located within the riverine environment of Springrock Creek that is a tributary to Hutton Creek. 
The section of the creek that contains the wetland is effectively parallel to Hutton creek and is gaining (connected 
to the groundwater) to the degree that the creek is permanently flowing at the confluence with the Hutton Creek.   

The wetlands are located within the deeply dissected Doonkuna land system. Springrock and Hutton creeks occur 
within the outcropping Precipice Sandstone, between elevated plateaus of the Evergreen Formation. The 
upstream elevation of groundwater discharge within the wetland is 371 mAHD, which is approximately 7 m higher 
in elevation than the adjacent Springrock and Hutton Creek.  

The land system is characterised by extensive plateaus and gently dipping sandstone slopes, that have 
undergone dissection and weathering since the mid Tertiary (CSIRO 1968). The network of drainage lines in the 
Doonkuna land system have dissected down to the bedrock. As a result, erosional process are now expressed on 
the banks of drainage lines, rather than developing deeper channels. The Doonkuna land system occurs on the 
eastern flank of the Hutton-Wallumbilla Fault, which separates the Springrock Creek catchment from the Injune 
Creek catchment. 

The wetland and creek occur within the exposed Precipice Sandstone bedding planes and accumulated bed load 
sediments. At some locations, the accumulation of sediment within the creek has enabled wetland vegetation to 
colonise. However, it is evident that this material is frequently reworked during high flow events.  

Wetland Processes  

The wetlands occur as pools within depressions in exposed sandstone bedding plane and where stream sediment 
has accumulated. During wet periods the wetlands are connected by surface water flow. During dry periods, the 
upper reaches of the tributary become a series of disconnected wetlands. The rate of groundwater discharge 
increases with the distance downstream towards the intersection with the Hutton Creek. The substrate of the 
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wetlands is either exposed sandstone bedding or accumulated sediment. The wetlands do not appear to have 
developed any in-situ wetland soils. 

The wetlands in this group generally consist of large areas of open water which are too deep to support emergent 
vegetation. The wetland vegetation is confined to a narrow fringe adjacent to the permanent pools of water, 
dominated by species including Phragmites australis, Carex appressa, Cyperus spp. and Juncus usitatus, in 
addition to many terrestrial/invasive weed species including Echinochloa colona, Chloris virgatus and Cynodon 
dactylon.  

This site was characterised by some fringing macrophytes and periphyton algae, as well as some small woody 
debris.  The constant seasonal surface flow and fresh groundwater maintain generally low salinity wetlands that 
provide suitable habitat for aquatic vegetation and both tolerant and sensitive aquatic macroinvertebrates. 

The wetlands can exist either within the main channel or slightly above the above the channel where amounts of 
wetland soil are able to develop. Changes in the geometry of the wetlands are largely controlled by high surface 
flow events rather than changes in groundwater discharge. In the current hydrogeological state, the seasonal 
changes in groundwater flux to the wetlands appear to not have a negative impact on the wetland habitat. 
Although it is expected that large scale changes in the groundwater regime will have a negative impact on the 
wetlands, the condition of the wetlands is likely to be controlled by surface flow events. 

These wetlands are characterised by not having a drying cycle. During the wettest phase, the wetlands are 
inundated to a degree by surface flow. During low flow periods the wetlands are maintained by free flowing 
groundwater. 

 

Figure 5: Wetland processes at the Springrock Creek Complex  

 

Wetland Water Requirements  

The wetland water budget is dominated by constant groundwater discharge from the exposed bedding planes of 
sandstone aquifers. The ecology of the wetlands is intrinsically linked to the hydrology of the adjacent watercourse 
that either flow permanently, and/or causes inundation during high flow events. 

Therefore, it is hypothesised that the environmental values associated with these wetlands has the following water 
requirements: 

• permanent supply of groundwater discharge;  

• sufficient groundwater discharge rate to maintain a free flowing wetland, in some situations to maintain 
connection with in stream water; and  

• the wetlands are connected to ephemeral water sources, such that the stream water provides additional 
habitat for macroinvertebrates, and as such, is part of the wetland water requirements. 

More Information  

More information regarding the research and data collated in order to create this document is contained within the 
following reports:  

Golder Associates, 2013, Evaluation of Prevention or Mitigation Options Report prepared for Fairview springs, 
Report prepared for Santos, Brisbane.  

Halcrow, 2013, Spring Impact Prevention or Mitigation Options, Desktop Analysis Summary Report; Stage 1: 
Spring Mitigation and Monitoring, Report prepared for Santos, Brisbane. 

Jacobs, 2015, Surat Basin Quarterly Spring Baseline Monitoring Program; Fourth Monitoring Event Field Survey 
Completion Report, Brisbane. 

Klohn Crippen Berger Ltd , 2012 (KCBLa), Hydrogeological attributes associated with springs in the Surat 
Cumulative Management Area, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLb), Desktop assessment of source aquifer for springs in the Surat 
Cumulative Management Area, Brisbane. 

Queensland Herbarium, 2012, Ecological and botanical survey of springs in the Surat Cumulative Management 
Area, Queensland Herbarium, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015. Wetland Conceptualisation; A summary report on the 
conceptualisation of springs in the Surat Cumulative Management Area, Version 2.0, Department of Natural 
Resources and Mines, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015j. Wetland Conceptualisation; Springrock Creek Complex, 
Technical Sub-report 11, Version 1.2, Department of Natural Resources and Mines, Brisbane. 

URS, 2013, Spring Mitigation Options Assessments and Selection – Evaluation of Prevention and Mitigation 
Options Report; Ecological Assessment; Report prepared for Santos, Brisbane. 
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Introduction 

In the Surat Cumulative Management Area (CMA) the Office of Groundwater Impact Assessment (OGIA) is 
responsible for preparing an assessment of the cumulative impacts from coal seam gas (CSG) development on 
groundwater resources including private water bores and springs (wetlands). To inform future assessments, OGIA 
has undertaking a number of investigation and research projects across several themes to support the update of 
the Surat Underground Water Impact Report (UWIR) in 2015.  

One of the key research themes is about improving the knowledge on springs in relation to their hydrogeological 
setting, source aquifer determination and ecological linkages (OGIA, 2013). This has been delivered as a series of 
separate reports that are focused on wetland conceptualisation for particular complexes. The reports incorporate 
research and monitoring undertaken by both OGIA and CSG tenure holders. The separate complex specific 
conceptualisations are synthesised into a more holistic report, ‘Wetland conceptualisation; A summary report on 
the conceptualisation of springs in the Surat CMA’ (OGIA, 2015).  

The purpose of this document is to provide a summary of the outcomes from these investigations. Specifically, this 
document provides a summary of the spatial and temporal understanding of the hydrogeological, 
geomorphological and hydrogeochemical influences on the wetlands and presents a hypothesis on the linkages 
between changes in the groundwater regime and floristic and macroinvertebrate assemblages at the wetlands. 

Location     

The Barton Complex is located 30km north of Wallumbilla. The single registered wetland is located within the 
incised Barton Creek, flowing north from the Great Dividing Range into the Dawson River catchment of the Fitzroy 
Basin.  

 

Figure 1: Location of the Barton Complex  

Description  

The wetlands are riverine occur as localized pools within the outcropping and incised Gubberamunda Sandstone 
within modern alluvium. The creek bed is dynamic with significant sedimentation occurring during high flow events 
with the extent and presence of free water larger determined by these processes.  

The wetland is observed as small pools constrained by outcropping sandstones and the stream bed. Although the 
wetland is generally 1 to 2 m2, it has been known to persist several hundred metres downstream following 
significant rainfall events. 

 

Figure 2: Barton 283 Complex, free flow discharge (left) and discharge point (right) 

Previous investigations and research 

Prior to this project, a number of ecological and hydrogeological investigations have been completed at this 
complex. Information and knowledge generated from these investigations has been synthesised as a key input to 
the conceptualisation presented. Previous investigations are as follows: 

• Hydrogeological and ecological assessments completed to inform the Surat UWIR 2012 (KCBL, 2012a; KCBL, 
2012b; and Queensland Herbarium 2012); and 

• Industry reporting in accordance with the UWIR (2012) and Commonwealth obligations (Jacobs, 2015; 
Halcrow, 2013; and APLNG, 2013). 

 
Hydrogeological setting and controls on discharge 

The Barton Creek is moderately incised with minor sandstone escarpments noted to the north, upstream along 
Barton Creek. The surrounding geology has been significant weathered in sections of the creek resulting in thin 
veneer of alluvial sediments within the drainage line. The geological mapping describes several stratigraphic units 
underlying the wetlands including the Gubberamunda Sandstone, the Westbourne Formation, the Springbok 
Sandstone and the Walloon Coal Measures. The Gubberamunda Sandstone is a poorly sorted, angular, quartzose 
to sublabile sandstone with conglomerate, siltstone, mudstone and claystone. Both the Gubberamunda Sandstone 
and Orallo Formation show significant variation in thickness as a consequence of erosional processes particularly 
along drainage lines including Barton Creek.  

This area is structurally complex. An unnamed fault is mapped (1:250 000 geological mapping) immediately 
adjacent to the wetlands with a north-east to south-west strike. The regionally significant Hutton-Wallumbilla Fault 
is 20 km to the west and there are three additional faults indicated on the geological mapping, both south and 
south-east of the wetlands (within 8km).  

The spatial distribution of the wetlands correlates with the thinning of the Orallo Formation and outcropping of the 
underlying Gubberamunda Sandstone and a topographically low position in the landscape. 
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Figure 3: North to south geological section 

Hydrogeology 

Due to the lower landscape position of the wetlands and significant local topographic relief there is likely to be 
topographically driven groundwater flow in the Gubberamunda Sandstone. Barton Creek is moderately incised and 
is likely to be a point of local groundwater discharge. In this area, groundwater flow in the upper units is form south 
to north and is a subdued reflection of topography. There are also a number of minor and seasonal areas of 
groundwater discharge at the break of slope in the Gubberamunda Sandstone supporting the conclusion that local 
groundwater flows occur in this area. 

 

 

 Figure 4: Groundwater flow to the Barton Complex  

Landscape and Soils 

The wetlands are located within the riverine environment of Barton creek, within the undulating and hilly country of 
the Oakleigh land system which forms the southern boundary of the Dawson River catchment. The main wetland 
occurs within the base of Barton Creek, within a relatively steep ‘V’ shaped valley. The creek bed is a combination 
of outcropping sandstone and sandy to coarse sediment. The observation of shifting bed load sediments after 
surface flow events illustrates the active fluvial environment. 

The sandy to gravel stream sediments will have very high permeability and low water holding capacity. This is 
likely to result in subsurface water movement (downstream) after surface flow events and significant groundwater 
inflows as baseflow. 

Wetland Processes  

The wetland is riverine and occurs as pools within the outcropping Gubberamunda Sandstone within modern 
alluvium. The creek bed is dynamic, with significant sedimentation occurring during high flow events with the 
extent and presence of free water significantly determined by these processes. 

The shallow pools are too dynamic to maintain any significant vegetation. This is predominantly the result of 
seasonal high flow events making it difficult to relate short-term changes in vegetation cover to changes in 
groundwater hydrology. 

The water chemistry compositions from the wetland are most closely comparable to groundwater sampled from 
bores screened in the shallow Gubberamunda Sandstone. Bromide data for the wetland indicates variable Cl:Br 
ratio against Cl, suggesting high groundwater input during some months (September and October) compared to 
wetlands. Variable salinity at the wetland may represent variable input from rainfall or interflow thorough local flow 
systems. The available data does not suggest an input from other groundwater sources. 

Wetland Water Requirements    

The wetland water budget is dominated by constant groundwater discharge from the exposed bedding planes of 
sandstone aquifers. The ecology of the wetlands is intrinsically linked to the hydrology of the adjacent watercourse 
that causes inundation during high flow events. Therefore, it is hypothesised that the environmental values 
associated with these wetlands have the following water requirements: 

1. Permanent supply of groundwater discharge; and 

2. Sufficient groundwater discharge rate to maintain a free flowing wetland.  

The wetlands are connected to ephemeral and perennial surface water sources, such that the stream water 
provides additional habitat for macroinvertebrates and as such is part of the wetlands water requirements. 

More Information  

More information regarding the research and data collated in order to create this document is contained within the 
following reports:  

Australia Pacific LNG (APLNG), 2013, Surat Underground Water Impact Report Springs: Evaluation of Prevention 
or Mitigation Options Report (EPMOR), Prepared for the Office of Groundwater Impact Assessment, September 
2013. 
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Halcrow, 2013, Spring Impact Prevention or Mitigation Options, Desktop Analysis Summary Report; Stage 1: 
Spring Mitigation and Monitoring, Report prepared for Santos, Brisbane. 

Jacobs, 2015, Surat Basin Quarterly Spring Baseline Monitoring Program; Fourth Monitoring Event Field Survey 
Completion Report, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLa), Hydrogeological attributes associated with springs in the Surat 
Cumulative Management Area, Brisbane. 

Klohn Crippen Berger Ltd, 2012 (KCBLb), Desktop assessment of source aquifer for springs in the Surat 
Cumulative Management Area, Brisbane. 

Queensland Herbarium, 2012, Ecological and botanical survey of springs in the Surat Cumulative Management 
Area, Queensland Herbarium, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015. Wetland Conceptualisation; A summary report on the 
conceptualisation of springs in the Surat Cumulative Management Area, Version 2.0, Department of Natural 
Resources and Mines, Brisbane. 

Office of Groundwater Impact Assessment (OGIA), 2015k. Wetland Conceptualisation; Barton Complex, Technical 
Sub-report 12, Version 1.1, Department of Natural Resources and Mines, Brisbane. 
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Table 1: Wetland attribution for Cockatoo Creek complex 

Wetland Attributes 
Cockatoo Creek (9) 

64 64.1 65 65.1 65.2 320 321 321.1 321.2 321.3 321.4 321.5 321.6 321.7 321.8 

  Landscape 

ANAE System (Setting) 
Riverine                               
Palustrine                               
Floodplain                               

Topographic setting 
Slope                               
Break of slope                               
Valley floor                               

Geomorphology 

Geomorphology 
Erosional                               
Depositional                               

Substrate 
Soil                               
Rock                               
Alluvium                               

Hydrogeology 

Geological control 
Contact                               
Outcrop                               
Fault                               

Dominant source aquifer  

Surficial aquifer                               
Gubberamunda Sandstone                               
Hutton Sandstone                               
Boxvale Sandstone Member                               
Clematis Sandstone                                
Precipice Sandstone                               

Pressure head 
< 5 m 3 5 5 5 3 3 3 3 3 3 3 3 3 3 3 
5 - 10 m                               
> 10 m                               

Groundwater flow system 
Regional                               
Local                               
Nested                               

Regolith 

Regolith depth 
Shallow                               
Deep                               

Mounding 

Major                               
Moderate                               
Minor                               
Nil                               

Organic Carbon 
Organic carbon rich                               
As per surrounding soils                               

Groundwater  regime  

Salinity (source 
aquifer/aquifers) 

Saline                               
Brackish                               
Fresh                               

Nature of groundwater 
discharge 

Damp/diffuse                               
Pools or flows                               

Permanence of discharge 
Permanent                               
Semi-permanent                               

Seasonality of discharge High                               
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Wetland Attributes 
Cockatoo Creek (9) 

64 64.1 65 65.1 65.2 320 321 321.1 321.2 321.3 321.4 321.5 321.6 321.7 321.8 
Moderate                               
Low                               

Surface water regime 

TDS (of wetland discharge – 
baseline period) 

Saline                               
Brackish                               
Fresh                               

Range (TDS) 174-
219   289     251                   

Median (TDS) 195                             

Frequency of inundation 
(caused by surface flow (not 
groundwater discharge) 

Permanently                               
Seasonally                                
Aseasonally - Intermittent                               
Aseasonally – Episodic                                
Aseasonally - Ephemeral                               

Ecology 

Presence of woody flora 
Present                               
Not-present                               

Dominant flora 
Wetland spp.                               
Terrestrial spp.                               

Macro-invertebrates 
Tolerant                               
Sensitive                               
Not measureable                               

EPBC listed species 
Present                               
Not-present                               
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Table 2: Wetland attribution for Scott’s Creek, Springrock Creek and Prices complexes 

Wetland Attributes 
Scott's Creek (260) Springrock Creek (561) Prices (580) 

189 190 191 192 192.1 285.1 52 40 41 Nv346 67 

  Landscape 

ANAE System (Setting) 
Riverine                       
Palustrine                       
Floodplain                       

Topographic setting 
Slope                       
Break of slope                       
Valley floor                       

Geomorphology 

Geomorphology 
Erosional                       
Depositional                       

Substrate 
Soil                       
Rock                       
Alluvium                       

Hydrogeology 

Geological control 
Contact                       
Outcrop                       
Fault                       

Dominant source aquifer  

Surficial aquifer                       
Gubberamunda Sandstone                       
Hutton Sandstone                       
Boxvale Sandstone Member                       
Clematis Sandstone                        
Precipice Sandstone                       

Pressure head 
< 5 m 3 4 4 4 4  1 3 4  4 4   
5 - 10 m                      7 
> 10 m                       

Groundwater flow system 
Regional                       
Local                       
Nested                       

Regolith 

Regolith depth 
Shallow                       
Deep                       

Mounding 

Major                       
Moderate                       
Minor                       
Nil                       

Organic Carbon 
Organic carbon rich                       
As per surrounding soils                       

Groundwater  regime  

Salinity (source 
aquifer/aquifers) 

Saline                       
Brackish                       
Fresh                       

Nature of groundwater 
discharge 

Damp/diffuse                       
Pools or flows                       

Permanence of discharge 
Permanent                       
Semi-permanent                       

Seasonality of discharge 
High                       
Moderate                       
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Wetland Attributes 
Scott's Creek (260) Springrock Creek (561) Prices (580) 

189 190 191 192 192.1 285.1 52 40 41 Nv346 67 

Low                       

Surface water regime 

TDS (of wetland discharge – 
baseline period) 

Saline                       
Brackish                       
Fresh                       

Range (TDS) 998 1110 1660 1380 931 382-596 114-
154       171 

Median (TDS)           410 134.5         

Frequency of inundation 
(caused by surface flow (not 
groundwater discharge) 

Permanently                       
Seasonally                        
Aseasonally - Intermittent                       
Aseasonally – Episodic                        
Aseasonally - Ephemeral                       

Ecology 

Presence of woody flora 
Present                       
Not-present                       

Dominant flora 
Wetland spp.                       
Terrestrial spp.                       

Macro-invertebrates 
Tolerant                       
Sensitive                       
Not measureable                       

EPBC listed species 
Present                       
Not-present                       
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Table 3: Wetland attribution for Boggomoss complex 

Wetland Attributes 
Boggomoss (5) 

2 3 7 8 9 10 11 12 13 14 15 29 33 37 37.1 44 

  Landscape 

ANAE System (Setting) 
Riverine                                 
Palustrine                                 
Floodplain                                 

Topographic setting 
Slope                                 
Break of slope                                 
Valley floor                                 

Geomorphology 

Geomorphology 
Erosional                                 
Depositional                                 

Substrate 
Soil                                 
Rock                                 
Alluvium                                 

Hydrogeology 

Geological control 
Contact                                 
Outcrop                                 
Fault                                 

Dominant source aquifer  

Surficial aquifer                                 
Gubberamunda Sandstone                                 
Hutton Sandstone                                 
Boxvale Sandstone Member                                 
Clematis Sandstone                                  
Precipice Sandstone                                 

Pressure head 
< 5 m                                 
5 - 10 m             6 5 5 8 9     5 5 9 
> 10 m 20 20 16 14 12 10           20 20       

Groundwater flow system 
Regional                                 
Local                                 
Nested                                 

Regolith 

Regolith depth 
Shallow                                 
Deep                                 

Mounding 

Major                                 
Moderate                                 
Minor                                 
Nil                                 

Organic Carbon 
Organic carbon rich                                 
As per surrounding soils                                 

Groundwater  regime  

Salinity (source 
aquifer/aquifers) 

Saline                                 
Brackish                                 
Fresh                                 

Nature of groundwater 
discharge 

Damp/diffuse                                 
Pools or flows                                 

Permanence of discharge 
Permanent                                 
Semi-permanent                                 

Seasonality of discharge 
High                                 
Moderate                                 
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Wetland Attributes 
Boggomoss (5) 

2 3 7 8 9 10 11 12 13 14 15 29 33 37 37.1 44 

Low                                 

Surface water regime 

TDS (of wetland discharge – 
baseline period) 

Saline                                 
Brackish                                 
Fresh                                 
Range (TDS)       248     490 195     136 93 183       
Median (TDS)                                 

Frequency of inundation 
(caused by surface flow (not 
groundwater discharge) 

Permanently                                 
Seasonally                                  
Aseasonally - Intermittent                                 
Aseasonally – Episodic                                  
Aseasonally - Ephemeral                                 

Ecology 

Presence of woody flora 
Present                                 
Not-present                                 

Dominant flora 
Wetland spp.                                 
Terrestrial spp.                                 

Macro-invertebrates 
Tolerant                                 
Sensitive                                 
Not measureable                                 

EPBC listed species 
Present                                 
Not-present                                 
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Table 4: Wetland attribution for Boggomoss complex (cont.) 

Wetland Attributes 
Boggomoss (5) 

53 54 55 56 56.1 57 58 61 62 63 68 68.1 683 691 

  Landscape 

ANAE System (Setting) 
Riverine                             
Palustrine                             
Floodplain                             

Topographic setting 
Slope                             
Break of slope                             
Valley floor                             

Geomorphology 

Geomorphology 
Erosional                             
Depositional                             

Substrate 
Soil                             
Rock                             
Alluvium                             

Hydrogeology 

Geological control 
Contact                             
Outcrop                             
Fault                             

Dominant source aquifer  

Surficial aquifer                             
Gubberamunda Sandstone                             
Hutton Sandstone                             
Boxvale Sandstone Member                             
Clematis Sandstone                              
Precipice Sandstone                             

Pressure head 
< 5 m                             
5 - 10 m   9               7       9 
> 10 m 20   17 18 18 14 16 20 15   12 11 20   

Groundwater flow system 
Regional                             
Local                             
Nested                             

Regolith 

Regolith depth 
Shallow                             
Deep                             

Mounding 

Major                             
Moderate                             
Minor                             
Nil                             

Organic Carbon 
Organic carbon rich                             
As per surrounding soils                             

Groundwater  regime  

Salinity (source 
aquifer/aquifers) 

Saline                             
Brackish                             
Fresh                             

Nature of groundwater 
discharge 

Damp/diffuse                             
Pools or flows                             

Permanence of discharge 
Permanent                             
Semi-permanent                             

Seasonality of discharge 
High                             
Moderate                             
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Wetland Attributes 
Boggomoss (5) 

53 54 55 56 56.1 57 58 61 62 63 68 68.1 683 691 
Low                             

Surface water regime 

TDS (of wetland discharge – 
baseline period) 

Saline                             
Brackish                             
Fresh                             

Range (TDS)         665     200-
195             

Median (TDS)               197.5             

Frequency of inundation 
(caused by surface flow (not 
groundwater discharge) 

Permanently                             
Seasonally                              
Aseasonally - Intermittent                             
Aseasonally – Episodic                              
Aseasonally - Ephemeral                             

Ecology 

Presence of woody flora 
Present                             
Not-present                             

Dominant flora 
Wetland spp.                             
Terrestrial spp.                             

Macro-invertebrates 
Tolerant                             
Sensitive                             
Not measureable                             

EPBC listed species 
Present                             
Not-present                             
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Table 5: Wetland attribution for Dawson River 2 and 6 

Wetland Attributes 

Dawson 
River 2 

(2) 
Dawson River 6 (6) 

42 1 4 5 6 22 23 24 25 27 30 31 32 43 59 60 681 

  Landscape 

ANAE System (Setting) 
Riverine                                   
Palustrine                                   
Floodplain                                   

Topographic setting 
Slope                                   
Break of slope                                   
Valley floor                                   

Geomorphology 

Geomorphology 
Erosional                                   
Depositional                                   

Substrate 
Soil                                   
Rock                                   
Alluvium                                   

Hydrogeology 

Geological control 
Contact                                   
Outcrop                                   
Fault                                   

Dominant source aquifer  

Surficial aquifer                                   
Gubberamunda Sandstone                                   
Hutton Sandstone                                   
Boxvale Sandstone Member                                   
Clematis Sandstone                                    
Precipice Sandstone                                   

Pressure head 
< 5 m                                   
5 - 10 m                                   
> 10 m 15 20 20 17 17 19 20 20 22 16 19 19 20 6 20 16 20 

Groundwater flow system 
Regional                                   
Local                                   
Nested                                   

Regolith 

Regolith depth 
Shallow                                   
Deep                                   

Mounding 

Major                                   
Moderate                                   
Minor                                   
Nil                                   

Organic Carbon 
Organic carbon rich                                   
As per surrounding soils                                   

Groundwater  regime  

Salinity (source 
aquifer/aquifers) 

Saline                                   
Brackish                                   
Fresh                                   

Nature of groundwater 
discharge 

Damp/diffuse                                   
Pools or flows                                   

Permanence of discharge 
Permanent                                   
Semi-permanent                                   
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Wetland Attributes 

Dawson 
River 2 

(2) 
Dawson River 6 (6) 

42 1 4 5 6 22 23 24 25 27 30 31 32 43 59 60 681 

Seasonality of discharge 
High                                   
Moderate                                   
Low                                   

Surface water regime 

TDS (of wetland discharge – 
baseline period) 

Saline                                   
Brackish                                   
Fresh                                   

Range (TDS) 85-95 196-
195            120 176     95 45 207   170-

350   

Median (TDS) 87 195.5                           277   

Frequency of inundation 
(caused by surface flow (not 
groundwater discharge) 

Permanently                                   
Seasonally                                    
Aseasonally - Intermittent                                   
Aseasonally – Episodic                                    
Aseasonally - Ephemeral                                   

Ecology 

Presence of woody flora 
Present                                   
Not-present                                   

Dominant flora 
Wetland spp.                                   
Terrestrial spp.                                   

Macro-invertebrates 
Tolerant                                   
Sensitive                                   
Not measureable                                   

EPBC listed species 
Present                                   
Not-present                                   
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Table 6: Wetland attribution for Yebna 2 and Complex 311 

Wetland Attributes 
Yebna 2  Complex 311 

534 499 500 500.1 535 536 536.1 536.2 537 692 693 694 695 696 697 698 699 704 

  Landscape 

ANAE System (Setting) 
Riverine                                     
Palustrine                                     
Floodplain                                     

Topographic setting 
Slope                                     
Break of slope                                     
Valley floor                                     

Geomorphology 

Geomorphology 
Erosional                                     
Depositional                                     

Substrate 
Soil                                     
Rock                                     
Alluvium                                     

Hydrogeology 

Geological control 
Contact                                     
Outcrop                                     
Fault                                     

Dominant source aquifer  

Surficial aquifer                                     
Gubberamunda Sandstone                                     
Hutton Sandstone                                     
Boxvale Sandstone Member                                     
Clematis Sandstone                                      
Precipice Sandstone                                     

Pressure head 
< 5 m         2 3   2     2               
5 - 10 m 4 8         6     7   5 5 5 5 6 5 

 > 10 m     10 10         10                 10 

Groundwater flow system 
Regional                                     
Local                                     
Nested                                     

Regolith 

Regolith depth 
Shallow                                     
Deep                                     

Mounding 

Major                                     
Moderate                                     
Minor                                     
Nil                                     

Organic Carbon 
Organic carbon rich                                     
As per surrounding soils                                     

Groundwater  regime  

Salinity (source 
aquifer/aquifers) 

Saline                                     
Brackish                                     
Fresh                                     

Nature of groundwater 
discharge 

Damp/diffuse                                     
Pools or flows                                     

Permanence of discharge 
Permanent                                     
Semi-permanent                                     

Seasonality of discharge High                                     
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Wetland Attributes 
Yebna 2  Complex 311 

534 499 500 500.1 535 536 536.1 536.2 537 692 693 694 695 696 697 698 699 704 

Moderate                                     
Low                                     

Surface water regime 

TDS (of wetland discharge 
– baseline period) 

Saline                                     
Brackish                                     
Fresh                                     

Range (TDS) 188-250         154-
240         172-

216             214-
230 

Median (TDS) 219         162         187             222 

Frequency of inundation 
(caused by surface flow 
(not groundwater 
discharge) 

Permanently                                     
Seasonally                                      
Aseasonally - Intermittent                                     
Aseasonally – Episodic                                      
Aseasonally - Ephemeral                                     

Ecology 

Presence of woody flora 
Present                                     
Not-present                                     

Dominant flora 
Wetland spp.                                     
Terrestrial spp.                                     

Macro-invertebrates 
Tolerant                                     
Sensitive                                     
Not measureable                                     

EPBC listed species 
Present                                     
Not-present                                     
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Table 7: Wetland attribution for Abyss, Dawson River 8, Barton, Elgin 2, Wambo and Ponies complexes  

Wetland Attributes 
Abyss (592) Dawson River 8 

(8) Barton (283) Elgin 2 
(594) Wambo (584) Orana Ponies (229) 

286 286.1 286.2 286.3 38 28 702 540 711 711.1 NA 284.1 

  Landscape 

ANAE System (Setting) 
Riverine                         
Palustrine                         
Floodplain                         

Topographic setting 
Slope                         
Break of slope                         
Valley floor                         

Geomorphology 

Geomorphology 
Erosional                         
Depositional                         

Substrate 
Soil                         
Rock                         
Alluvium                         

Hydrogeology 

Geological control 
Contact                         
Outcrop                         
Fault                         

Dominant source aquifer  

Surficial aquifer                         
Gubberamunda Sandstone                         
Hutton Sandstone                         
Boxvale Sandstone Member                         
Clematis Sandstone                          
Precipice Sandstone                         

Pressure head 
< 5 m  1 2  2  2   2  2  1   1 1  1  1 
5 - 10 m                         
> 10 m               18         

Groundwater flow system 
Regional                         
Local                         
Nested                         

Regolith 

Regolith depth 
Shallow                         
Deep                         

Mounding 

Major                         
Moderate                         
Minor                         
Nil                         

Organic Carbon 
Organic carbon rich                         
As per surrounding soils                         

Groundwater  regime  

Salinity (source 
aquifer/aquifers) 

Saline                         
Brackish                         
Fresh                         

Nature of groundwater 
discharge 

Damp/diffuse                         
Pools or flows                         

Permanence of discharge 
Permanent                         
Semi-permanent                         
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Wetland Attributes 
Abyss (592) Dawson River 8 

(8) Barton (283) Elgin 2 
(594) Wambo (584) Orana Ponies (229) 

286 286.1 286.2 286.3 38 28 702 540 711 711.1 NA 284.1 

Seasonality of discharge 
High                         
Moderate                         
Low                         

Surface water regime 

TDS (of wetland discharge – 
baseline period) 

Saline                         
Brackish                         
Fresh                         

Range (TDS)     2080   1040 862 291 - 576   139 - 182 165 - 
207 

165 - 
207 74 90 - 265 

Median (TDS)             433 171 177 177   184 

Frequency of inundation 
(caused by surface flow (not 
groundwater discharge) 

Permanently                         
Seasonally                          
Aseasonally - Intermittent                         
Aseasonally – Episodic                          
Aseasonally - Ephemeral                         

Ecology 

Presence of woody flora 
Present                         
Not-present                         

Dominant flora 
Wetland spp.                         
Terrestrial spp.                         

Macro-invertebrates 
Tolerant                         
Sensitive                         
Not measureable                         

EPBC listed species 
Present                         
Not-present                         
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Table 8: Wetland attribution for the Lucky Last complex  

Wetland Attributes 
Lucky Last (230) 

687 687.5 340 687.6 687.1 687.3 687.4 687.2 688 689 686 287 

  Landscape 

ANAE System (Setting) 
Riverine                         
Palustrine                         
Floodplain                         

Topographic setting 
Slope                         
Break of slope                         
Valley floor                         

Geomorphology 

Geomorphology 
Erosional                         
Depositional                         

Substrate 
Soil                         
Rock                         
Alluvium                         

Hydrogeology 

Geological control 
Contact                         
Outcrop                         
Fault                         

Dominant source aquifer  

Surficial aquifer                         
Gubberamunda Sandstone                         
Hutton Sandstone                         
Boxvale Sandstone Member                         
Clematis Sandstone                          
Precipice Sandstone                         

Pressure head 
< 5 m                         
5 - 10 m 5 6 7 7 8 8 8 8 8 9     
> 10 m                     10 10 

Groundwater flow system 
Regional                         
Local                         
Nested                         

Regolith 

Regolith depth 
Shallow                         
Deep                         

Mounding 

Major                         
Moderate                         
Minor                         
Nil                         

Organic Carbon 
Organic carbon rich                         
As per surrounding soils                         

Groundwater  regime  

Salinity (source 
aquifer/aquifers) 

Saline                         
Brackish                         
Fresh                         

Nature of groundwater 
discharge 

Damp/diffuse                         
Pools or flows                         

Permanence of discharge 
Permanent                         
Semi-permanent                         

Seasonality of discharge 
High                         
Moderate                         
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Wetland Attributes 
Lucky Last (230) 

687 687.5 340 687.6 687.1 687.3 687.4 687.2 688 689 686 287 

Low                         

Surface water regime 

TDS (of wetland discharge – 
baseline period) 

Saline                         
Brackish                         
Fresh                          

Range (TDS)     261 - 
457     296 262 - 

1108 
244 - 
314  

503  - 
604 

Median (TDS)     359      721 301.5  535 

Frequency of inundation 
(caused by surface flow (not 
groundwater discharge) 

Permanently                         
Seasonally                          
Aseasonally - Intermittent                         
Aseasonally – Episodic                          
Aseasonally - Ephemeral                         

Ecology 

Presence of woody flora 
Present                         
Not-present                         

Dominant flora 
Wetland spp.                         
Terrestrial spp.                         

Macro-invertebrates 
Tolerant                         
Sensitive                         
Not measureable                         

EPBC listed species 
Present                         
Not-present                         
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Executive Summary 
ES.1. Introduction and Regulatory Context 

Jacobs was engaged by APLNG, Santos GLNG and QGC (the Operators), to undertake baseline monitoring on 
gaining wetlands (springs) and bores under a program of four quarterly baseline data collection surveys (the 
Baseline Monitoring Program). The Baseline Monitoring Program is designed to address the baseline spring 
monitoring requirements of the Queensland Water Commission’s (QWC), now the Office of Groundwater Impact 
Assessment (OGIA), 2012 Surat CMA Underground Water Impact Report (UWIR), as well as the Federal 
Department of Sustainability, Environment, Water, Population and Communities (SEWPaC, now Department of 
the Environment, DotE) EPBC Act approval conditions for the Operators CSG projects. 

For the purpose of this report, spring vents are collectively termed 'gaining wetlands' to align with the current 
national standards approach to classifying GDEs (SKM, 2014).  This is considered appropriate for the Surat 
Basin where any particular listed ‘spring’ may be comprised of multiple vents that collectively discharge together 
to form a single listed spring wetland area. 

This report, the Baseline Summary Report, focusses on summarising the methodology and observations from 
the four baseline monitoring events which occurred at roughly 3-monthly intervals between October 2013 and 
September 2014.  

ES.2. First Baseline Monitoring Event – Site Selection and Methodology 

The first monitoring event of the Baseline Monitoring Program consisted of the collection and collation of 
baseline data for all vents identified by OGIA or DotE. Where overlap exists between spring complexes that 
meet both the OGIA and DotE monitoring requirements, all vents within that complex were included in the first 
monitoring event. Four additional gaining wetlands in two complexes outside of those identified in the UWIR or 
by DotE were included in the Baseline Monitoring Program; these sites have been identified by the Operators 
separately to the UWIR or DotE approvals process. A number of groundwater bores located within close 
proximity to the spring complexes were also selected by the Operators to be included in the first monitoring 
event. These bores were selected such that an assessment could be undertaken for their suitability for ongoing 
groundwater monitoring purposes related to the gaining wetlands. 

Two principal components to the gaining wetland monitoring were applied in the first monitoring event; 
hydrogeology and ecology. The two-component methodology was derived based on addressing the five metrics 
defined within the UWIR to provide measureable information regarding the potential impacts of changes to 
groundwater flow to the gaining wetland: 

 Wetland Discharge 

 Wetland Area 

 Wetland Water Quality 

 Groundwater Pressure/Level as an indicator of potential Groundwater Flux 

 Ecosystem Condition 

ES.3. Second and Subsequent Monitoring Events – Site Selection and Methodology 

Following the first monitoring event, a review of the survey methodology took into account the lessons learned 
during the first monitoring event associated with the key challenges of: 

 The observed variability of gaining wetland type. 

 The need to link monitoring objectives to conceptualisation that considers all aspects of how and why the 
gaining wetlands exist in the landscape, and their predicted response to changing groundwater regimes. 

 Existing disturbances that result in departure from ‘natural’ conditions.  

 Existing disturbances affecting the five UWIR metrics that may mask any potential CSG-induced impacts. 
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 Remoteness of site locations. 

 Delivery of a safe and efficient field data collection program. 

Selection of monitoring sites for the second, third and fourth baseline monitoring event combined the preliminary 
pre-survey site selection results with observations made during the first baseline visit. There were three principal 
components to the site selection process for the remaining Baseline Monitoring Program: 

1. A semi-quantitative multi-criteria suitability assessment based on the information presented in the Site 
Conceptualisation and Monitoring Suitability Report (SKM, 2013a),  and the observations made during 
the first baseline monitoring event. All of the vents within each Complex were ranked in order of the 
suitability of the vent as a long term monitoring site. Each site was then ranked according to its score 
within its repective Complex, resulting in identification of the likely most suitable sites for ongoing 
monitoring within each Complex. 

2. Selection of the most suitable sites for each Complex from item (1) above, such that all complexes were 
represented in the ongoing monitoring program. 

3. Despite items (1) and (2) above, sites were also selected such that all UWIR requirements in terms of 
identified monitoring sites were met. 

4. Consultation with key stakeholders (the Operators and OGIA). 

To appropriately address future baseline monitoring in light of the key challenges identified following the first 
monitoring event, three monitoring classes were developed for ongoing monitoring sites such that monitoring for 
any particular site is undertaken at a level comparable to the sites assessed suitability. This approach has been 
developed to identify key sites for ongoing monitoring to potentially concentrate future efforts at those sites 
where the most value will be gained from the Baseline Monitoring Program. 

Future baseline monitoring was divided into three classes: 

1. Full Monitoring - provides the most complete monitoring dataset, such that the requirements underneath 
the UWIR and Federal approval conditions are met. Consisted of full quantitative data collection at each 
site. 

2. Visual Only Monitoring - provides additional information in support of the information gathered from Full 
Monitoring. Consisted of qualitative data collection at each site with the exception of the measurement 
of wetland area which was surveyed in full. 

3. No Monitoring. 

The application of the site selection process resulted in a total of 23 vents proposed for Full Monitoring and a 
further 33 for Visual Only Monitoring by the end of the Baseline Monitoring Program. The three vents of the 
Kangaroo Creek complex remain subject to classification once the initial baseline visit occurs at those sites. 

ES.4. Climate over the Baseline Monitoring Program 
The Australian Government Bureau of Meteorology (BoM) records have been interrogated for the period 
covering the Baseline Monitoring Program. The rainfall data shows that significant rainfall in the northern Surat 
Basin and southern Bowen Basin region over the baseline monitoring period is limited to a few sporadic events 
of less than 50 mm between November 2013 and February 2014, and a single large rainfall event totalling 
around 100 mm over a four day period in late March 2014. No baseline monitoring events occurred during or 
immediately following significant rainfall events. With the exception of the months of November 2013 and March 
2014 which were wetter than average, and the months of May and August 2014 that were around average, the 
period of the Baseline Monitoring Program was generally relatively dry compared to the long term average. 
Total rainfall over the Baseline Monitoring Program was roughly 70% of the long term average.  

The BoM ET data show around a two-thirds reduction in daily ET in the northern Surat Basin and southern 
Bowen Basin region between the peak ET during the summer of 2013/14 and the minimum ET during the winter 
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of 2014.  Monthly potential ET was generally at or just below the long term average over the Baseline 
Monitoring Program; total potential ET over the Baseline Monitoring Program was roughly 92% of the long term 
average. 

ES.5. Land Access Results 
Throughout the Baseline Monitoring Program, land access negotiations were undertaken by the Operators for 
sites located on tenement, and by Jacobs for monitoring sites located off the respective Operators tenements. 
Jacobs also undertook land access negotiations for the Wambo gaining wetland site, located on QGC tenure.  
Land access was typically achieved at rates of greater than 90% for each monitoring event with the exception of 
the second monitoring event that only achieved 77%, despite all efforts being made to contact landholders and 
to gain access to all monitoring sites. Baseline monitoring for the three vents of the Kangaroo Creek complex 
was not able to be undertaken during the Baseline Monitoring Program due to unavailable land access 
throughout the Program, again despite all efforts to obtain access.  

ES.6. Water Quality Results 

A number of gaining wetlands identified for water quality sampling in the Baseline Monitoring Program were not 
able to be sampled due to a general lack of sufficiently undisturbed free surface water. This was especially the 
case for diffuse discharge-type gaining wetlands with minimal to no free surface water. The ability to collect a 
water sample increased during the cooler (winter) months as more free surface water became available at many 
gaining wetlands, especially at diffuse discharge-type vents. 

Flowing vents were shown to have most chemically stable discharge water of the Baseline Monitoring Program, 
consistent with minimal surface residence time for the water to be affected by surficial processes. It is 
considered that water quality sampling from these types of gaining wetlands is likely to be the most 
representative of source aquifer groundwater in terms of water chemistry. Watercourse springs with stagnant 
pools showed variable water quality over the Baseline Monitoring program; it is considered that this is a result of 
changes in water quality brought about by surficial processes and chemical reactions. Diffuse discharge type 
gaining wetlands show variable trends in water quality over the Baseline Monitoring Program; such wetlands are 
also subject to surficial processes and chemical reactions similar to stagnant watercourse type gaining 
wetlands. 

Wetland pH measurement results over the Baseline Monitoring Program were generally significantly more 
temporally variable than EC measurements, further suggesting the influence of surficial processes on wetland 
water quality. Such processes may include micro soil processes, precipitation and/or mobilisation of minerals, or 
interactions with vegetation such as root zone nitrification. 

The Baseline Monitoring Program results showed that, at least for simple field measurements such as EC and 
pH, wetland water quality is highly temporally variable across the gaining wetlands and likely to be highly 
significantly influenced by natural and landuse-related surficial processes. Bores adjacent the gaining wetlands 
that access the primary source aquifer for the gaining wetlands show somewhat limited temporal variability in 
comparison, which suggests that any variability in the source aquifer in itself is unlikely to be the principal cause 
of observed variability in the surficial water quality parameters of the gaining wetland. 

ES.7. Flora Survey Results 

Analysis of flora data was restricted to the calculation of the average percentage cover at each gaining wetland 
subject to Full Monitoring from the 1m2 quadrats for each monitoring event for a few key attributes; further 
analysis and interpretation is planned in the OGIA-led conceptualisation project. 

Many of the flora attributes measured show significant temporal variability when assessed at a complex level, 
and no clear correlation to other gaining wetland monitoring parameters; although, further more detailed wetland 
by wetland analysis in the OGIA-led conceptualisation project may resolve this.   

Most sites recorded substantial physical disturbance over the Baseline Monitoring Program, which was mainly 
associated with cattle pugging. The average percentage cover of disturbance across all wetlands ranged from 
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11% in June 2014 to 40% in September 2014. It is apparent that vegetation cover is impacted by excessive 
cattle disturbance which may mask any association between vegetation and gaining wetland hydrology. 
Therefore, the use of vegetation monitoring to indicate changes in wetland hydrology may only be useful in the 
absence of high levels of disturbance.  

There was little consistent trend in the changes in total recorded vegetation cover or total target species cover 
across the monitored sites across the Baseline Monitoring Program. However the data does suggest that there 
may be correlation between a lack of water and an increase in weedy species at the gaining wetlands, as these 
species migrate into a wetland that is drying. Overall, it is considered that much of the variation in the recorded 
flora parameters is associated with the character of individual monitoring sites and other local environmental 
factors. 

The high level analysis presented in this report may mask variation in vegetation patterning within any individual 
gaining wetland. Changes in vegetation and species type are observed to occur across the edges of the 
wetland vegetation in association with the waxing and waning of the wetted area. Further analysis of the 
detailed transect data in the OGIA-led conceptualisation project will be undertaken to elucidate these patterns, 
including a breakdown of vegetation species into wetland and non-wetland categories which can be used to 
precisely define the wetland vegetation area at each wetland and for quadrat based species monitoring across 
the boundary. 

ES.8. Macro-invertebrate Results 

A number of gaining wetlands identified for macro-invertebrate sampling in the Baseline Monitoring Program 
were not able to be sampled for macro-invertebrate analysis due to a general lack of sufficiently undisturbed 
free surface water. Due to the variable nature of the gaining wetlands and specifically pooled water associated 
with the wetlands, only three sites were able to be sampled consecutively across all four monitoring events.  

A total of 70 different macro-invertebrate families were collected across the duration of the program. The 
diversity of taxa decreased overall at the spring complex level at most complexes between the first (Oct 2013) 
and second (March 2014) monitoring events. After the second monitoring event there were no obvious trends in 
diversity. The majority of sites showed variability in taxa diversity across the four monitoring events.  

Macro-invertebrate taxa abundance had clear temporal trends throughout the Baseline Monitoring Program. 
There was a uniform decrease (68% overall) in taxa abundance from the first (Oct 2013) to second (March 
2014) monitoring events. After the March 2014 monitoring event, the overall trend was a significant increase 
(169%) in the population numbers in the third (June 2014) monitoring event, coinciding with the observed 
increases in wetland area at that time, before a slight decrease (23%) in taxa abundance again in the fourth 
(September 2014) monitoring event. 

It is apparent that the macro-invertebrate assemblage condition within the gaining wetlands is variable in 
background nature and is likely to be impacted from a variety of external factors, especially for diffuse and 
flowing discharge type gaining wetlands with small and/or variable amounts of pooled water. The suitability of 
using macro-invertebrate sampling as an impact indicator may therefore be limited in effectiveness to the 
watercourse springs, as the diffuse and flowing spring groups do not appear to support permanent pooled water 
capable of maintaining a consistent representative aquatic assemblage.  

ES.9. Wetland Area Results 

The quantitative measurement of wetland area (the combined extent of wetland vegetation plus wetted soil 
area) for each gaining wetland showed that, generally, there was a significant increase in measured wetland 
area (on average more than double in size) between the second and third monitoring events, followed by 
stabilisation and/or a slight (<10%) decrease in wetland area size as measured in the fourth monitoring event. 
Some of the largest gaining wetlands continued to expand in wetland area following the third monitoring event, 
potentially indicating that the larger wetlands respond slower to external influences as compared to smaller 
wetlands, even when in the same complex and located close by. Generally, the gaining wetlands associated 
with incised bedrock (water course springs) showed significantly less variance in wetland area as compared to 
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those gaining wetlands that are associated with regolith landscapes.  An inference of this is that the regolith 
may play an important role in wetland discharge processes. 

During the third and fourth monitoring events, it was observed that the wetted soil area at the fringes of many 
gaining wetlands exceeded the area occupied by the wetland vegetation and that the extent of wetted soil at 
each wetland showed significantly more variation between monitoring events than the extent of the wetland 
vegetation. As such, the methodology developed by Fensham and Fairfax (2009) based only on the extent of 
wetland vegetation may not capture the true extent of each wetland in these circumstances. Recording the 
extent of wetland vegetation may be suitable for observing long term trends in wetland discharge, whilst shorter 
term fluctuations may be best recorded by surveying the extent of wetted soil. A suitable future method for 
measuring wetland area may include the recording of two separate wetland area extents: (i) the area occupied 
by wetland vegetation, and (ii) the area occupied by wetted soil which may be smaller or larger than (i). 

ES.10. General Observations 

During the course of the Baseline Monitoring Program a number of key general observations were made and 
are summarised below: 

 The vast majority of gaining wetlands have no real management in place and are damaged by stock and/or 
anthropogenic physical interference. Alteration of wetland area as a direct result of physical damage by 
stock (cattle) was evident at many sites. However, recovery of wetland physical condition was also evident 
at some sites as a result of the removal of stock between monitoring events, suggesting the gaining 
wetlands physical condition is able to recover relatively quickly following physical damage. 

 The majority of gaining wetlands showed visibly increased levels of groundwater discharge in the third 
monitoring event compared to the previous two monitoring events (based on the extent of wetted area and 
amount of pooled water), and then similar levels of groundwater discharge in the fourth monitoring event as 
compared to the third monitoring event.  

 In the first and second monitoring events, several gaining wetlands showed evidence of recent shrinking 
such as slight collapsing of mound structures, salt scalding, stressed vegetation and dry cracked mud. 
Evidence of wetland shrinking was generally not seen in the third monitoring event but was again observed 
at several sites in the fourth monitoring event.  

 Gaining wetlands associated with watercourses incised into bedrock remained visually relatively consistent 
in size throughout the Baseline Monitoring Program, as compared to gaining wetlands associated with 
regolith overlying bedrock. 

 Wetland vegetation at many sites was observed to appear stressed in the first and second monitoring 
events, especially at the fringes of the gaining wetlands. Conversely, wetland vegetation was qualitatively 
observed to appear to be in a healthy condition at most gaining wetlands in the third and fourth monitoring 
events, although some wetland vegetation appeared to be in a state of seasonal dormancy in the fourth 
monitoring event. 

 The wetted soil area at the fringes of some gaining wetlands exceeded the area occupied by the wetland 
vegetation at those gaining wetlands in the third and fourth monitoring event. 

 Anecdotally, landholder observations generally supported visual observations made during the Baseline 
Monitoring Program, in regards to the apparent contraction and expansion of many gaining wetlands over 
the relatively short (12-month) duration of the Program. Some landholders commented during the first 
monitoring event that vent discharge at that time was at its lowest level in memory, and had been reducing 
consistently since the 1940’s. 

ES.11. Conclusions 
The Baseline Monitoring Program is the first time the gaining wetlands (springs) of the northern Surat Basin 
have been seasonally subjected to combined ecological and hydrogeological assessment over the course of 
one year.  

Combining field observations of the geomorphological setting of the gaining wetlands, with the collection of field 
data regarding the water chemistry, flora and aquatic ecosystems during the four quarterly monitoring events 
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over one year, has provided several critical insights into how the temporal variability of gaining wetland 
vegetation and wetted area. It has also allowed identification of key influences on gaining wetland health and 
condition in a temporal sense.   

The Baseline Monitoring Program showed that the gaining wetlands can be classed into three types of gaining 
wetlands, each displaying somewhat similar characteristics for the monitoring parameters used in the Baseline 
Monitoring Program. The three types are: 

1. Flowing vents. 

2. Diffuse discharge. 

3. Watercourse springs. 

The Baseline Monitoring Program highlighted the significant change in the wetted area of the gaining wetlands 
between the summer and winter seasons, as the gaining wetlands respond to climatic conditions and in 
particular evapotranspiration (ET).  It is anticipated that the increase in wetland size during cooler months (after 
a wet summer) will correspond with an increase in the proportion of local and regolith-sourced groundwater 
discharge compared with the deeper-sourced groundwater within vent discharge water. The changing nature of 
the dominant source of discharge water (local vs regional) has implications when attempting to monitor for and 
understand the potential influence of groundwater drawdown associated with CSG activities on the gaining 
wetlands. 

There were several overriding observations of gaining wetland dynamics that will likely play a key role in 
identifying any potential CSG-induced impacts to the gaining wetlands: 

 All non-watercourse gaining wetlands change in wetted area size and wetland water quality due to 
seasonal climatic patterns. 

 Watercourse springs (within outcropping hard rock aquifers) appear to be more consistent in terms of 
discharge rate and wetland area compared to gaining wetlands that reside within a weathered regolith 
setting.  

 Non-watercourse gaining wetlands appear to reside within a multiple-source groundwater flow system, 
where in wet periods a local flow system exists that is superimposed over the regional groundwater flow 
system. 

 The absence and/or presence of stock (cattle) has significant bearing on the overall condition of gaining 
wetlands. 

 Wetland water quality is highly temporally variable across the gaining wetlands and likely to be highly 
significantly influenced by natural and landuse-related surficial processes. In support of this conclusion, 
bores adjacent to the gaining wetlands that access the primary source aquifer for the gaining wetlands 
show somewhat limited temporal variability in comparison to the surficial water quality parameters of the 
gaining wetland. 

 A high level analysis of the vegetation monitoring data indicates that there is significant spatial and 
temporal variability in vegetation across the gaining wetlands. Monitoring of wetlands where there is 
excessive disturbance from cattle is of questionable value, as the disturbance can mask vegetation 
changes associated with underlying hydrology. However, relationships have been shown to exist between 
the abundance of some target species and the wetland vegetation extent. Further detailed analysis of the 
baseline monitoring data is required to modify the methods of vegetation monitoring for use as a potential 
CSG-impact indicator.  

 The suitability of using macro-invertebrate sampling as a potential CSG-impact indicator may be limited in 
effectiveness to watercourse springs, as the diffuse and flowing gaining wetland groups do not appear to 
support permanent and sufficiently undisturbed pooled water capable of maintaining a consistent 
representative aquatic assemblage. In addition, the usefulness of vegetation mapping in assessing 
changes in watercourse springs is limited as watercourse springs don’t usually have distinct flora 
associations. However, watercourse springs will have distinct macro-invertebrate assemblages and 
therefore, the addition of macro-invertebrate sampling will offset the limitation of flora sampling. 
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ES.12. Future Monitoring Recommendations 
Future gaining wetland monitoring sites should be selected on a risk/likelihood of CSG-induced pressure 
reduction in the underlying source aquifer, i.e. consistent with those selected in the 2012 UWIR, and updated 
following the 2015 UWIR. It is considered that Table H-4 of the 2012 UWIR provides a comprehensive risk-
based list of sites for ongoing monitoring following the Baseline Monitoring Program, with the following slight 
modifications: 

 Vent 286.3 in the Abyss (592) complex is removed, as it was found to be dormant in the Baseline 
Monitoring Program and there are a number of vents being monitored close by. 

 Vent 703 in the Barton (283) complex is removed, as it was found to be dormant/extinct in the Baseline 
Monitoring Program. 

 Vent 284 in the Ponies (229) complex is replaced with vent 284.1, as vent 284 was found to be 
dormant/extinct in the Baseline Monitoring Program. 

 Vent 192.1 in the Scott’s Creek (260) complex is removed, as the nearby vent 192 was found to be more 
suitable for ongoing monitoring in the Baseline Monitoring Program and now has been subject to 12-
months of continuous monitoring. 

 Vent Orana1 in the Orana complex is included, which is a new site/complex identified during the Baseline 
Monitoring Program. 

 Incorporation of pressure and quality monitoring at bores:  

- Barton Well in the Barton complex 

- RN67229 in the Cockatoo Creek complex  

- Two SunWater bores in the Dawson River (2) complex 

- Two SunWater bores in the Dawson River (8) complex 

- Six new OGIA bores in the Lucky Last complex 

- RN14881 and RN31097 in the Scott’s Creek complex 

- New monitoring bores screening the most likely source aquifer at the 311/Yebna2, Ponies, Wambo 
and Orana complexes (i.e. 4 new bores in total). 

Monitoring of additional sites located outside of the extent of predicted CSG impacts is warranted to provide a 
number of comparison\control sites from which to compare temporal changes in gaining wetland monitoring 
parameters from within and outside the predicted extent of CSG-impacts.  This will provide information on the 
changes in wetlands that are not impacted by CSG-related changes in groundwater, and can provide some 
basis in support of proving or disproving that change in gaining wetland monitoring parameters may be related 
to CSG. Two gaining wetlands with existing adjacent bores have been chosen in each of the Cockatoo Creek 
and Dawson River (2) complexes, to act as suitable control sites. Selection of these sites, which are EPBC-
listed communities and contain EPBC-listed species, also ensures that future monitoring includes a component 
that is likely to address Federal-level concerns outside of those sites identified by the State as potentially 
impacted, whilst still allowing risk-based site selection for the majority of recommended future monitoring sites. 

The Baseline Monitoring Program has allowed review and refinement of appropriate gaining wetland monitoring 
methods in light of the temporal (seasonal) variability in the gaining wetlands monitored components. The 
recommended monitoring methods are intrinsically linked to one of the four physical components of the 
monitoring hypothesis: (i) groundwater pressure, (ii) wetland discharge, (iii) wetland area, and (iv) wetland 
ecology.  In light of the key lessons learned during the Baseline Monitoring Program, Table ES-1 presents 
revised recommended monitoring methods for future gaining wetland monitoring. 

It is recommended that future gaining wetland monitoring occurs on a 6-monthly basis corresponding to the 
dominant climatic seasons; during the summer period (January), and again during the cooler winter period 
(July).  However, as noted in Table ES-1, monitoring parameters related to wetland vegetation are only included 
in the monitoring once per year, during the summer period when the longer term changes in the extent of 
aquatic vegetation reliant on groundwater can be most readily observed. 



Springs Baseline Summary Report  

 

IH037400.700 PAGE 8 

Table ES-1 Recommended Future Monitoring Methods 

Gaining Wetland Attribute Details of Recommended Monitoring 

Flow 
Changes in spring flow to be inferred from changes in wetted area and wetland area. 

V-notch weir measurements only form existing weirs in the 311 complex. 

Area 

DGPS survey of the wetted area in the summer and winter monitoring events. 

DGPS survey of the wetland vegetation area in the summer monitoring events, based on 

the method described in Fensham and Fairfax (2009). 

Water chemistry 

Sampling from new spear-point piezometers installed into organic wetland substrate, or 

from wetland pools and flow channels where permanent pools or flows were recorded in 

the Baseline Monitoring Program. 

Sampling from wetlands only where a representative (sufficiently undisturbed) sample 

can be obtained, consistent with the Surat Spring Baseline Monitoring Program.  

Sampling at adjacent monitoring bores where available. 

Chemistry Suite B of Table H-7 of the UWIR. 

Groundwater pressure 

Pressure/level monitoring at adjacent monitoring bores where available.  

Installation of new bores where no existing bores are present: 

 One bore accessing the Precipice Sandstone in the 311/Yebna 2 complex 

 One bore accessing the Hutton Sandstone in the Ponies complex 

 One bore\push tube accessing the recent alluvium in the Wambo complex 

 One bore\push tube accessing the recent alluvium in the Orana complex 

Ecological condition 

Monitoring for selected target vegetation species for individual gaining wetlands within 

quadrats across the edges of the wetlands (i.e. across the wetland fringe areas subject to 

waxing and waning of the wetted area).  

Vegetation monitoring only to occur in the summer monitoring event when wetland target 

species extent is smallest.  

Monitoring only to occur at sites where disturbance from cattle is not causing excessive 

impact to vegetation spatial and temporal patterns. 

Macro-invertebrate sampling for watercourse-type sites  

(Barton, Spring Rock Creek and 311 complexes). 

Physical condition 

Photography from the four locations defined in the Spring Baseline Monitoring Program  

Photograph any significant disturbances noted at the spring 

Description of the general physical condition of the spring. 

Assign one of the following classifications for spring disturbance: 

1. No evidence of animal disturbance. 

2. Less than 10% of the total spring wetland area shows animal disturbance. 

1. 10 – 50% of the total spring wetland area shows animal disturbance. 

2. 10 – 50% of the total spring wetland area shows animal disturbance. 

3. More than 50% of the total spring wetland area shows animal disturbance. 
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Important note about your report 
The sole purpose of this report and the associated services performed by Jacobs is to provide a summary of the 
Surat Springs Baseline Monitoring Program in accordance with the scope of services set out in the contract 
between Jacobs and the Client. That scope of services, as described in this report, was developed with the 
Client. 

In preparing this report, Jacobs has relied upon, and presumed accurate, any information (or confirmation of the 
absence thereof) provided by the Client and/or from other sources. Except as otherwise stated in the report, 
Jacobs has not attempted to verify the accuracy or completeness of any such information. If the information is 
subsequently determined to be false, inaccurate or incomplete then it is possible that our observations and 
conclusions as expressed in this report may change. 

Jacobs derived the data in this report from information sourced from the Client (if any) and/or available in the 
public domain at the time or times outlined in this report. The passage of time, manifestation of latent conditions 
or impacts of future events may require further examination of the project and subsequent data analysis, and re-
evaluation of the data, findings, observations and conclusions expressed in this report.  
Jacobs has prepared this report in accordance with the usual care and thoroughness of the consulting 
profession, for the sole purpose described above and by reference to applicable standards, guidelines, 
procedures and practices at the date of issue of this report. For the reasons outlined above, however, no other 
warranty or guarantee, whether expressed or implied, is made as to the data, observations and findings 
expressed in this report, to the extent permitted by law. 

This report should be read in full and no excerpts are to be taken as representative of the findings. No 
responsibility is accepted by Jacobs for use of any part of this report in any other context. 

This report has been prepared on behalf of, and for the exclusive use of, Jacobs’ Client, and is subject to, and 
issued in accordance with, the provisions of the contract between Jacobs and the Client.  
Jacobs accepts no liability or responsibility whatsoever for, or in respect of, any use of, or reliance upon, this 
report by any third party. 
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1. Introduction 
For the purpose of this report, spring vents are collectively termed 'gaining wetlands' to align with the current 
national standards approach to classifying groundwater dependent ecosystems (GDEs) (SKM, 2014) and 
described in detail below.  

This project concerns itself with GAB springs (GDEs) in the Surat CMA that are mapped surface ecosystems 
defined as spring wetlands in the Regional Ecosystem and Wetland definitions for Queensland.  The 
terminology to describe GDEs has evolved significantly in recent years and is tending towards a nationally 
consistent approach. The currently accepted terminology is adopted to be in line with the two current national 
approaches to GDEs, The National Groundwater Dependent Ecosystem Atlas (http://www.bom.gov.au/) and the 
GDE Tool Box (Richardson et al 2011a), both of which were informed by the definition within the Australian 
National Aquatic Ecosystem Framework (ANAE) and where specifically related to GDEs, definitions developed 
by Eamus and Froend (2006). 

There are three classifications of GDEs: 

Type 1) Ecosystems dependent on the surface expression of groundwater 

Referring to ecosystems that reside within wetlands, lakes, seeps, springs and river baseflow 

Type 2) Ecosystems dependent on the sub-surface expression of groundwater 

Referring to ecosystem associated with terrestrial vegetation utilising the water table below the 
natural surface 

Type 3) Cave and aquifer ecosystems 

Referring to ecosystem that reside within the spaces of caves and aquifers 

This project is focused on spring wetlands which are ecosystems that are reliant on the surface expression of 
groundwater (GDE type 1). Consistent with ANAE, these ecosystems that are reliant on the surface expression 
GDEs are described as gaining wetlands, this terminology includes springs, spring wetlands, and water course 
springs.  The ANAE provides a classification of the hydraulic connectivity between the gaining wetland and the 
aquifer as being: 

1)  Connected, gaining (includes spring wetlands, terminal wetlands) 

2)  Connected, losing 

3)  Connected, variable gaining / losing (includes flow through wetlands and water course springs) 

4)  Disconnected, losing (not connected to the groundwater) 

The gaining wetlands in the Surat Basin will be ‘Connected Gaining’ and ‘Connected, variably gaining/losing’ (in 
the case for water course springs). It is acknowledged that there is a seasonal component to the proportion of 
groundwater discharge relative to surface water inflow. This must be considered as part of monitoring programs 
aimed at identifying the impact from groundwater extraction. 

The terminology adopted in this document reflects the terminology used in the National GDE Atlas, the National 
GDE Toolbox, and the OGIA Improved Surat Basin Spring Monitoring Approach, and as such a spring, spring 
wetland and a water course spring will be referred to as a gaining wetland.  

1.1 Background & Regulatory Context 

The coal seam gas (CSG) petroleum tenure holders of the Surat and southern Bowen Basins, APLNG, Santos, 
and QGC (the Operators) are committed to meeting all Queensland State regulatory requirements and 
Commonwealth approval conditions which include the long term monitoring of GDEs within the Surat 
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Cumulative Management Area (CMA), where these GDEs have been identified as potentially being at risk from 
water extraction associated with CSG activities.  

The Queensland Water Commission (QWC), now the Office of Groundwater Impact Assessment (OGIA), has 
identified 33 spring vents within 10 spring complexes to be monitored as part of the 2012 Surat CMA 
Underground Water Impact Report (UWIR). Additionally, the Federal Department of Sustainability, Environment, 
Water, Population and Communities (SEWPaC, now Department of the Environment, DotE) identified 94 vents 
within 12 spring complexes for monitoring as part of the EPBC Act approval conditions for the Operators CSG 
projects.  

Both the State and Federal agencies require an initial program of 4 quarterly spring baseline monitoring events 
at each of their respectively identified vents. Monitoring of target gaining wetlands will generate the data needed 
to assess the potential for impacts and ongoing potential impact, if any, from CSG operations undertaken in the 
CMA, in accordance with State and Commonwealth requirements. The results of the initial baseline assessment 
program will allow refinement of the spring monitoring methodology for long term monitoring. 

1.2 Overview of the Surat Basin Spring Baseline Monitoring Program 
 
Sinclair Knight Merz Pty Ltd (SKM), now Jacobs Group (Australia) Pty Limited (Jacobs), was engaged to 
undertake the baseline monitoring on spring vents and selected bores under a program of four quarterly 
baseline data collection events (the Baseline Monitoring Program). The implementation of the Baseline 
Monitoring Program will allow for confirmation of a monitoring program design including appropriate methods for 
priority sites in the long term. 

Where overlap exists between spring complexes that meet both the OGIA and DotE monitoring requirements, 
all vents from each complex are included in the Baseline Monitoring Program. Considerable overlap exists in 
the sites identified by the State and the Commonwealth such that a total of 114 individual spring vents are 
identified for monitoring (refer to Section 2.1.1 of this report). 

In addition to gaining wetlands identified for monitoring, a number of bores located near to the targeted gaining 
wetlands were included in the Baseline Monitoring Program (refer to Section 2.1.2 of this report). 

The Baseline Monitoring Program consisted of the following four field data collection monitoring events: 

First monitoring event: consisted of the collection and collation of baseline data for all identified vents and 
bores. Gaining wetlands were assessed for their suitability to be included in the remaining Baseline Monitoring 
Program and a reduced number of sites are taken forward as the representative set for baseline monitoring. 

Second monitoring event: is where the recommendations of the first stage were implemented and was 
representative of the work effort that was required for future long-term monitoring. 

Third and fourth monitoring events: completed in the first year of quarterly monitoring.  

SKM (now Jacobs) completed a desktop Site Conceptualisation and Monitoring Suitability Report (SKM, 2013a) 
in October 2013, prior to the first baseline monitoring event. The first report presented information relating to: 

1) Site selection and confirmation; 

2) Desktop hydro-ecological conceptualisations; and 

3) Preliminary description of components of a monitoring framework.  

The outputs of this first report were noted to be preliminary and sought to provide direction for the first baseline 
monitoring event. Recommendations within the report were refined as a consequence of information collected 
during the first baseline survey and during the development of the monitoring framework, and reported in the 
Future Baseline Monitoring Recommendations Report (SKM, 2013b) in December 2013. 
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The Future Baseline Monitoring Recommendation Report (SKM, 2013b) presented the revised description of 
the monitoring framework for the remainder of the Baseline Monitoring Program, based on the results of the first 
baseline monitoring event. This framework included a reduction in the number of monitoring sites for future 
monitoring, based on selecting the most suitable monitoring sites within a complex, and was implemented in the 
second baseline monitoring event. 

An update to the monitoring framework was included in the Second Monitoring Event Field Survey Completion 
Report (Jacobs SKM, 2014) and incorporated monitoring recommendations arising from the first baseline visit 
undertaken in the second monitoring event at four gaining wetlands and one bore. An additional update to the 
monitoring framework was incorporated in the Third Monitoring Event Field Survey Completion Report (Jacobs, 
2014); these were derived from the first baseline visits undertaken in the third monitoring event at further two 
gaining wetlands. 

Figure 1-1 presents a locality plan for the sites visited in the Baseline Monitoring Program. 

1.2.1 Monitoring Event Timing 

The field data collection monitoring events in the Baseline Monitoring Program occurred on the dates outlined in 
Table 1-1. It is considered that the program met the ‘quarterly’ monitoring regulatory requirements. Further 
notes on the climatic conditions relevant to each monitoring event are found in Section 5 of this report. 

Table 1-1 Monitoring Event Timing 

Monitoring Event Field Survey Dates Representative Seasonal Climate Period 

Round 1 22nd – 31st October, 2013 Early Summer 

Round 2 24th February – 3rd March, 2014 Late Summer 

Round 3 3rd – 10th June, 2014 Winter 

Round 4 2nd – 11th September, 2014 Late Winter 

1.3 Spring Nomenclature in the Baseline Monitoring Program 

In order to achieve efficient and accurate data collection and management, all gaining wetland sites in the 
Baseline Monitoring Program were assigned a simple unique feature identifier (UFI) by Jacobs to limit any 
ambiguity. This UFI is constructed in the form XX9999, where: 

 XX is a 2 character abbreviation of the spring complex name, and 

 9999 is the vent number x 10. 

For example, the site Abyss (592) vent 286 is assigned the UFI AB2860, and the site Boggomoss (5) vent 37.1 
is assigned the UFI BM0371. Full details are available in Appendix A.  

All Baseline Monitoring Program data uses this simple system in its referencing for any particular spring site. 

1.4 This Report 

This report, the Springs Baseline Summary Report, focusses on summarising the methodology and 
observations from the four quarterly monitoring events in the Baseline Monitoring Program.  This report also 
provides a high level interpretive summary of the data collected including key differences in the data between 
monitoring events. However, this report does not undertake a detailed analysis and interpretation of the 
quantitative data collected, such as water quality, nor does it provide a detailed comparison of data between 
monitoring events. It is the intention that such analysis will be conducted under a separate Springs Re-
conceptualisation project being undertaken by OGIA. 
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2. Baseline Monitoring – First Monitoring Event 
It should be noted that the term “First Monitoring Event” does not necessarily correspond to the Round 1 survey 
in October 2013, but applies to the first survey undertaken at any particular gaining wetland in the Baseline 
Monitoring Program. 

2.1 Site Selection 

2.1.1 Gaining Wetlands 

As outlined in Section 1, the first monitoring event consisted of the collection and collation of baseline data for 
all vents identified by OGIA or DotE. Where overlap exists between gaining wetland complexes that meet both 
the OGIA and DotE monitoring requirements, all vents within that complex were included in the first monitoring 
event. Note that the first monitoring event for any particular gaining wetland may not have necessarily occurred 
during the Round 1 survey due to land access constraints as outlined in Section 6.1 of this report. 

Table 2-1 summarises the gaining wetland sites selected for monitoring in the first monitoring event of the 
Baseline Monitoring Program. Full details are provided in Appendix B.  

One gaining wetland in the Carnarvon Gorge (296) complex was identified by DotE for baseline monitoring, 
however was excluded from the Baseline Monitoring Program at the request of the Operators.  

Four additional gaining wetlands outside of those identified in the UWIR or by DotE were included in the 
Baseline Monitoring Program, namely the Kangaroo Creek (three gaining wetlands) and Orana (one gaining 
wetland) complexes. These sites have been identified by the Operators separately to the UWIR or DotE 
approvals process. 

2.1.2 Bores 

A number of groundwater bores located within close proximity to the spring complexes were selected by the 
Operators to be included in the first monitoring event of the Baseline Monitoring Program. These bores were 
selected such that an assessment could be undertaken for their suitability for ongoing groundwater monitoring 
purposes related to the gaining wetlands. These bores are outlined in Table 2-2. Note that the first monitoring 
event for any particular bore may not have necessarily occurred during the Round 1 survey due to land access 
constraints as outlined in Section 6.1 of this report. 

2.2 Monitoring Methodology 

There were two principal components to the gaining wetland monitoring applied in the first monitoring event; 
hydrogeology and ecology. The two-component methodology was established to address the metrics defined 
within the UWIR to provide meaningful information regarding the potential impacts of changes to groundwater 
flow to the gaining wetland.  The methodology applied for each component comprises the assessment of: 

 Wetland Discharge 

 Wetland Area 

 Wetland Water Quality 

 Groundwater Pressure/Level as an indicator of potential Groundwater Flux 

 Ecosystem Condition 
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Table 2-1 Monitoring Site Summary for the First Monitoring Event – Gaining Wetlands 

Spring Complex 
Name 

Spring Complex 
Number 

Number of Vents 
Listed as Monitoring 

Sites in the UWIR 

Total Number of Vents 
included in the first 
monitoring event 1 

Rationale for Site 
Selection 

311 311 4 5 UWIR 

Abyss 592 6 6 UWIR & DotE 

Barton 283 2 2 UWIR 

Boggomoss 5 0 30 DotE 

Cockatoo Creek 9 0 19 UWIR & DotE 

Dawson River 2 2 0 1 DotE 

Dawson River 6 6 0 16 DotE 

Dawson River 8 8 1 3 UWIR & DotE 

Elgin 2 594 0 1 DotE 

Kangaroo Creek NA 0 3 
Previously 
unidentified 

Lucky Last 230 12 12 UWIR & DotE 

Orana NA 0 1 
Previously 
unidentified 

Ponies 229 1 2 UWIR 

Prices 580 0 4 DotE 

Scott’s Creek 260 4 5 UWIR & DotE 

Spring Rock Creek 561 1 1 UWIR 

Wambo 584 1 2 UWIR 

Yebna 2 591 1 1 UWIR 

Notes: 1. Includes those vents that were only visited for the first time in the Baseline Monitoring Program in Round 2, Round 3 or Round 4 

Table 2-2 Monitoring Site Summary for the First Monitoring Event – Bores 

Bore RN Associated Spring 
Complex Name 

Associated Spring 
Complex Number 

Bore Type 

11878 

Cockatoo Creek 9 

Pump assisted artesian 

17197 Artesian 

67229 Artesian 

62077 Artesian 

89695 Dawson River 2 2 Artesian 

14200 

Scott’s Creek 260 

Sub-artesian 

14203 Sub-artesian 

14881 Artesian 
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2.2.1 Hydrogeology 

The hydrogeology assessment methodology in the first monitoring event included: 

 A discussion with the landholder (if available) on the general condition of the gaining wetland and any 
observations they have made over time. 

 A visual geomorphological assessment was undertaken, with the aim of identifying landscape features that 
may influence or control the occurrence of the gaining wetland, or landscape features that may be 
controlled by the gaining wetland itself. 

 A general visual inspection of the condition of the gaining wetland was undertaken to determine: 

- Level of physical disturbance/departure from ‘natural’ condition (e.g. stock damage, feral animal 
damage, anthropogenic disturbance). 

- Location of any flowing vent/s and/or pooled water. 

- Evidence of palaeo-discharge (e.g. salt scalding/mineralisation of soils, cracked clays, collapsing of 
mound structures). 

- A description of the soil type surrounding the spring and any outcropping geology in the vicinity. 

 Sampling of wetland water for field chemistry parameters and laboratory analysis was undertaken where 
the visual condition assessment identified flowing water or pooled water in an undisturbed state. A 
conservative approach was adopted in the sampling, where sampling was only undertaken where: 

- there was flowing water, or 

- the level of physical disturbance of pooled water was low enough to suggest that water sampled is 
representative of undisturbed spring water. 

Sampling for field parameters and laboratory analysis was as follows: 

Field Parameters 

 EC, pH, Temp, DO, Redox, Turbidity  

 Total Alkalinity 

 Fe2+, S2-, NO2
- 

 Free Gases (O2, CH4, CO, H2S) 

Laboratory Analysis 

pH, EC, TDS, TSS 

Free and Total CO2 

Total Hardness 

Hydroxide Alkalinity, Carbonate Alkalinity, Bicarbonate Alkalinity, Total Alkalinity 

Major ions 

Dissolved and Total metals 

Nutrients 

DOC, TOC and DIC 

  BTEX and Volatile Hydrocarbons 

 Sampling methods varied depending on the amount of free water present at each sampled wetland; where 
possible, samples were collected in-situ from wetland pools. However, at some vent locations samples 
were required to be collected using a peristaltic pump as there was insufficient depth of pooled water to 
sample in-situ. 

 Samples for laboratory analysis were sent to ALS Environmental laboratories under standard chain of 
custody procedures. 
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2.2.2 Ecology 

There were two parts to the ecological survey:  

 Wetland vegetation and condition; and  

 Aquatic macro-invertebrates. 

Wetland Vegetation 

At each wetland, targeted searches for threatened/endemic or invasive species and estimates of the area 
disturbed were undertaken.  The species targeted for survey are listed in Table 3-8. This list includes species 
that have been previously recorded at the sites surveyed in the baseline program and includes species that are: 

 Listed as Rare or Threatened under the Environment Protection and Biodiversity Conservation Act 1999 
(EPBC Act). 

 Listed as Rare or Threatened under the Queensland Nature Conservation Act 1992 (NC Act). 

 Considered to be a disjunct occurrence of that species (sensu Fensham et al. 2012). 

 An exotic, native or listed weed species considered to be invasive (sensu Fensham et al. 2012).   

The target species list was compiled from the springs database supplied by the Queensland Herbarium (dated 
14 October 2013) and using the criteria presented in Fensham et al. (2012). It only includes species previously 
recorded at the wetland sites that form part of the baseline program. 

Table 2-3 Vegetation target species for the Ecological Survey 

Target species scientific name Category 
Rare and threatened status 

EPBC Act NC Act 

Adenostemma lavenia disjunct 
  

Ampelopteris prolifera disjunct 
  

Arthraxon hispidus Rare or Threatened V V 

Cenchrus purpurascens disjunct 
  

Cyclosorus interruptus disjunct 
  

Cyperus laevigatus disjunct 
  

Eriocaulon carsonii Rare or Threatened E E 

Isachne globosa disjunct 
  

Livistona nitida Rare or Threatened 
 

NT 

Myriophyllum artesium Rare or Threatened 
 

E 

Rhynchospora brownii disjunct 
  

Sacciolepis indica disjunct 
  

Thelypteris confluens Rare or Threatened 
 

V 

Utricularia bifida disjunct     

Aeschynomene indica (Budda Pea) invasive native     

Ammannia multiflora (Jerry Jerry) invasive native     

Azolla pinnata (Azolla) invasive native     
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Target species scientific name Category 
Rare and threatened status 

EPBC Act NC Act 

Baccharis halimifolia (Groundsel Bush) 
Invasive exotic, declared Class 2 species 
under the Land Protection (Pest and Stock 
Route Management) Act 2002. 

    

Centipeda minima (Spreading 
Sneezeweed) 

invasive native     

Cyperus difformis (Dirty Dora) disjunct     

Cyperus polystachyos (Leafy 
Twigweed) 

invasive native     

Ludwigia octovalvis (Willow Primrose) invasive native     

Ludwigia peploides subsp. 
montevidensis (Creeping Water 
Primrose) 

invasive native     

Monochoria cyanea (Azure 
Monochoria) 

invasive native     

Opuntia tomentosa (Velvety Tree Pear) 
invasive exotic, declared Class 1 species 
under the Land Protection (Pest and Stock 
Route Management) Act 2002. 

    

Ottelia ovalifolia (Swamp Lily) invasive native     

Paspalum distichum (Water Couch) invasive native     

Sesbania cannabina (Yellow Bush Pea) invasive native     

Spirodela punctata (Thin Duckweed) invasive native     

Typha domingensis (Narrow-leafed 
Cumbungi) 

invasive native     

Typha orientalis (Bullrush) invasive exotic     

Urochloa mutica (Para Grass) invasive exotic     

Notes . Status: E = Endangered, V = Vulnerable, NT = Near Threatened 

 
The above information was collected by placing 1 m2 quadrats in transects across the each wetland area and 
recording the visual percentage cover within each quadrat of:  

 individual target species by name 

 total non-target species 

 bare ground 

 open water 

 litter 

The percentage cover was estimated and recorded either as "present" (small cover with one or few individuals) 
or as percentage foliage projected cover. The precision of the cover estimate varied from to the nearest 1% for 
low cover values (<10%) sliding to the nearest 10% for high cover values (>50%). The total cover of the above 
list of attributes sums to 100% for each quadrat. In addition, the percentage cover of disturbance by stock or 
feral animals was also estimated at each quadrat. 
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The number of quadrats assessed per site varied with the size of the wetland area. Where possible, a minimum 
of five quadrats were located in an individual wetland site although this was not possible for wetlands with very 
small (e.g. <5 m2) wetland areas. Quadrats were arranged in a more or less equally spaced manner in transects 
across the range of variation evident at a wetland. The location of each quadrat was recorded using differential 
GPS (DGPS) methods. 

Generally the quadrats were located at a density that was sufficient to record any target species that occurred in 
the wetland. In addition, a target species was recorded as “present” in the wetland if it was observed at the site 
but not actually recorded in any quadrats.  

Aquatic macro-invertebrates 

Wetlands were sampled for macro-invertebrates where conditions were suitable. Suitable conditions included 
enough open-water that was deep enough to sweep with a net, and where this open water was not significantly 
polluted by stock or other animal disturbance.  

Samples were taken by sweeping an area of up to 5 m2 with a net for 5 minutes. The sweep time was 
progressively reduced to 1 minute if less than about 1 m2 of open water was present.  After the sweep the 
detritus in the net was transferred to a sterile jar and preserved with 90% methylated spirits for later 
identification in the laboratory.  

At each site sampled for macro-invertebrates the following environmental data was collected: 

 estimated average water depth (cm) 

 estimated water area (m2) 

 composite sample sweep time (minutes) 

 dominant substrate type (e.g. silt, sand, gravel, cobble, bedrock) 

 presence of algae; 

 presence of macrophytes 

 presence of detritus 

 presence of branches/logs 

 other notes or observations 

Samples were sent to FRC Environmental laboratory under standard chain of custody procedures for 
identification to morphofamily level. 

2.2.3 Bores 

The methodology for the bore monitoring included: 

 Groundwater level (sub-artesian) or pressure (artesian) where possible (i.e. where headworks and installed 
infrastructure allowed). 

 A general condition assessment (including the nature of any installed infrastructure), and an assessment 
for suitability for long term monitoring. 

 Sampling for field chemistry parameters and laboratory analysis as follows: 

Field Parameters 

 EC, pH, Temp, DO, Redox, Turbidity  

 Total Alkalinity 

 Fe2+, S2-, NO2
- 

 Free Gases (O2, CH4, CO, H2S) 

Laboratory Analysis 

pH, EC, TDS, TSS 



Springs Baseline Summary Report  

 

IH037400.700 PAGE 20 

Free and Total CO2 

Total Hardness 

Hydroxide Alkalinity, Carbonate Alkalinity, Bicarbonate Alkalinity, Total Alkalinity 

Major ions 

Dissolved and Total metals 

Nutrients 

DOC, TOC and DIC 

BTEX and Volatile Hydrocarbons 

Purging of bores prior to sampling was undertaken using a field parameter stabilisation method consistent 
with AS/NZS 5667.11:1998 . Sub-artesian bores were sampled using the installed pumping infrastructure, 
whilst artesian bores were allowed to flow via the installed headworks in order to sample. 
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3. Baseline Monitoring – Second, Third and Fourth Monitoring 
Events 

3.1 Rationale 

As outlined in Section 2.2, the baseline monitoring methodology was formulated based on addressing the 
metrics defined within the UWIR to provide meaningful information regarding the potential impacts of changes to 
groundwater flow to the gaining wetland.  As mentioned in Section 2.2, the five key metrics are: 

 Wetland Discharge 

 Wetland Area 

 Wetland Water Quality 

 Groundwater Pressure/Level as an indicator of potential Groundwater Flux 

 Ecosystem Condition 

However, it was considered that review of the methodology applied during the first monitoring event was 
warranted prior to the second monitoring event, to take into account the lessons learned during the first 
monitoring event associated with the key challenges of: 

 The observed variability of gaining wetland type. 

 The need to link monitoring objections to conceptualisation that considers all aspects of how and why the 
gaining wetlands exist in the landscape, and their predicted response to changing groundwater regimes 
caused by a range of influences. 

 Existing disturbances that result in departure from ‘natural’ conditions. 

 Existing disturbances affecting the five UWIR metrics that may mask any potential CSG-induced impacts. 

 Remoteness of site locations. 

 Delivery of a safe and efficient field data collection program. 

3.1.1 Types of Gaining Wetland 

During the first monitoring event it was observed that there are three general types of gaining wetland to be 
monitored in the Baseline Monitoring Program: 

1. Flowing vents 

2. Diffuse or non-flowing vents 

3. Watercourse springs 

These three principal types of gaining wetlands require different approached to collecting baseline data that 
addresses the five UWIR indicators.  

Flowing vents 

A typical flowing vent (Figure 3-1) exists within a geological setting of low permeability sediments (aquifers or 
aquitards) overlying deeper artesian aquifers. These gaining wetlands typically form when large scale faulting 
allows deeper (artesian) groundwater to flow to the surface. Upwards groundwater flow through fractured 
confining units is thought to enhance weathering and weaken overlying low permeability sediments causing 
them to collapse and forming circular discharge zones. These typically accumulate biomatter forming mounds 
(i.e. mound springs) that are clearly distinguishable in the landscape, either as the mound itself or its associated 
pattern of vegetation. These gaining wetlands are often heavily vegetated due to the high water holding capacity 
of the accumulated organic-rich sediments and permanent water. 
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Figure 3-1 Conceptual diagram of a typical flowing vent 

Permanently flowing wetlands often have large discharge volumes (evapotranspiration plus surface water 
outflows) and are heavily vegetated. The area of permanent saturation can increase during wet weather periods 
from both increased surface water flows and groundwater discharge, with the regolith acting as a sponge, 
making it difficult to determine soil saturation from groundwater discharge.  Thick vegetation cover can 
exacerbate this issue where wetland species can potentially proliferate beyond the zone of groundwater 
discharge into the seasonally saturated surrounding regolith.  

Along with measuring groundwater pressures, changes to the rate of surface discharge and spring area are 
suitable approaches to monitoring for groundwater-driven changes to these types of gaining wetlands.  Where a 
defined outflow channel exists, a v-notch weir may be able to be installed to measure surface flow discharge.  
The same location is suitable for water sampling for chemistry, and as long as flow persists these sites will not 
require the installation of shallow piezometers to allow water quality sampling.  

Wetland area is typically difficult to measure in these types of gaining wetlands where thick vegetation exists.  
More attention to vegetation survey approaches (multiple vegetation transects) to increase the confidence in 
assessment of the area of wetland and any changes measured over time may be required.  Large or complex 
wetlands may require the addition of remote sensing (wetness and/or NDVI) approaches to capture wetland 
area during dry periods when the contrast between the wetland and surrounding landscape is at its greatest. 

Classic examples of these types of gaining wetlands include the Elgin 2, Wambo and Orana gaining wetlands, 
and many vents of the Dawson River complex.  

Diffuse or non-flowing vents 

This type of gaining wetland constitutes the majority of gaining wetlands in the Surat Basin. Diffuse discharging 
vents are formed by the particular geometry of local geology, where an aquifer unit intersects the ground 
surface via faulting or geological contact. Groundwater can flow upward through faults or at the contact between 
and aquifer and its confining units, creating isolated discharge points (examples of this include the Abyss and 
Lucky Last spring complexes). The cross-section of a diffuse or non-flowing vent is shown in Figure 3-2. 
Alternatively, horizontally lying aquifers may contact the ground surface part way along a hill slope and in such 
situations can form diffuse vents (an example includes several Cockatoo Creek sites where the Evergreen 
Formation and underlying Precipice Sandstone outcrop along a hillslope giving rise to a number of spring vents 
aligned along the hill contour).    
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Figure 3-2 Conceptual diagram of a typical diffuse or non-flowing vent 

Diffuse discharge vents are typically exposed and clearly delineable in the landscape from their corresponding 
geological structure. These gaining wetlands form on relatively low water holding substrates which have limited 
capacity to expand during wet periods.  These wetlands often reside in a slight depression which is generally 
permanently saturated but with little to no actual flowing water. The area of permanent saturation is often 
associated with the presence of permanent aquatic species. Variable groundwater levels and discharge can be 
observed in the field as an increase in wetland area and occasional overland flow. Associated vegetation is 
typically low density in coverage (e.g. grasses) and in poor condition, and the wetlands can often suffer from 
salt scalding during phases of contraction.  Discharge rates are very low for these types of gaining wetlands.   

Changes to groundwater conditions will be most evident in the area of saturation and active wetland for these 
types of gaining wetlands. Monitoring is best directed toward assessing any change in wetland area through 
field survey methods, or remote sensing where possible (depending on the size of the wetland). Monitoring 
discharge rate is very difficult at these sites due to inherently low flow rates. Piezometers and shallow spear 
points can be used to monitor water pressure and enable sampling for chemistry. Due to very low flow rates, the 
groundwater discharge from the wetland can stagnate resulting in insufficient water volumes being available for 
sampling; often the wetlands are not suitable for direct chemistry sampling because any water present is highly 
evaporated (and therefore chemically altered) and contaminated by stock, and therefore is not truly 
representative of source groundwater discharge. In these cases, shallow spear points may offer the most 
suitable means of obtaining a water chemistry sample. 

As well as the Abyss, Lucky Last, Prices and many Cockatoo Creek gaining wetland complexes, examples of 
this vent type can be found in the Scott’s Creek, Dawson River and Boggomoss complexes. 

Watercourse spring 

A typical watercourse spring (Figure 3-3) is where groundwater discharge to the surface occurs via flow along 
relatively horizontal bedding planes exposed in low lying areas.  At these locations, the water table aquifer has 
been exposed through erosion of a water course channel. This ‘window to the watertable’ expression of 
groundwater is typically seen in the form of linear sections of groundwater discharge located within 
watercourses intersecting sandstone aquifers.  
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Figure 3-3 Conceptual diagram of a typical watercourse spring 

The presence of permanent fauna species (such as fish species) within many Surat Basin watercourse springs 
indicates the permanent nature of the expression of groundwater at these sites. During wet climatic periods, i.e. 
when groundwater levels typically increase, groundwater discharge to these springs can increase up slope of 
the watercourse channel.  In this type of gaining wetland, changes to the rate of surface flow (stream baseflow) 
during dry periods, rather than in vegetation type or area, are the most typical manifestations of a change in 
groundwater conditions. Monitoring changing groundwater conditions at watercourse springs is therefore best 
centred around flow measurement (in the form of v-notch weirs) and testing of water chemistry, rather than 
ecosystem condition. However, monitoring of aquatic species may also give an indication of condition of the 
watercourse health. 

Examples of this type of spring include Barton, Spring Rock Creek and 311 spring complexes. 

3.2 Approach to assessing each UWIR indicator 

As described above, the three principal types of gaining wetlands require different approaches to collecting 
baseline data that addresses the five UWIR indicators of wetland discharge, wetland area, wetland water 
quality, groundwater pressure, and general ecosystem condition. 

3.2.1 Wetland Discharge 

It was deemed that approaches to measuring the change in the discharge rate feeding each gaining wetland 
should reflect the nature of the discharge at each particular wetland. For example, within watercourse springs, 
or vents that are free flowing with a defined outlet channel, a v-notch weir allows quantitative assessment of 
wetland discharge rates.  

However, currently v-notch weirs are only installed for Vents 536 and 693 in the 311 complex, and therefore in 
Baseline Monitoring Program wetland discharge rates were inferred by observations made during field surveys 
for ecology and wetland area measurements. Such observations provide a qualitative assessment such that 
general trends in discharge rates can be recorded. 

3.2.2 Wetland Area 

Approaches to measuring the change in the wetland area were undertaken using field based assessments, 
including quantitative DGPS measurement.   
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Field based assessment included a combined assessment of the extent of wetland vegetation (wetland area) 
and saturated soil (wetted area). A field based assessment of spring area can be made irrespective of the 
current condition of the ecosystem. Quantitative assessment of wetland area was undertaken by DGPS 
measurements of the extent of wetland vegetation and saturated soil based on a visual assessment.  

It is important to note that in the Baseline Monitoring Program, the term Wetland Area is used to define the area 
that encompasses both the extent of wetland vegetation and the extent of the wetted area associated with a 
gaining wetland. This definition encompasses the extent of likely groundwater discharge as well as the extent of 
wetland vegetation, consistent with the aim of linking changes in the surface expression of groundwater to 
potential changes induced from CSG activities. 

This Wetland Area definition outlined above is different to the criteria and decision rules for mapping the area of 
‘spring wetland’ as described by Fensham and Fairfax (2009). The Fensham and Fairfax (2009) method is 
designed to “capture changes in spring wetlands beyond what can be expected due to seasonal changes, 
including extremely wet or dry years, and focuses on permanent wetland vegetation and permanent free-water 
pools...”. In the Baseline Monitoring Program, Jacobs implemented a modified version of the Fensham and 
Fairfax (2009) method in order to capture the minimum wetland extent based on vegetation for relatively dry 
periods (fulfilling the criteria of Fensham and Fairfax (2009)), and the maximum wetland extent based on extent 
of wetted soil for relatively wet periods, providing a measure of the seasonal to yearly changes in saturated 
wetland area and by inference, groundwater flux.  

Therefore, Jacob’s developed method can be used to capture both: 

(i) seasonal changes in the maximum extent of wetted area, identifying the influence of localised climate 
and groundwater flow systems on the gaining wetland, and  

(ii) long term changes in the minimum extent of wetland vegetation, providing a long term measure of any 
changes in the underlying regional groundwater flow patterns that are less influenced by seasonal 
variables. 

Applying the Fensham and Fairfax (2009) approach in isolation of assessing changes in wetted area may not 
provide a measure of the true variability of gaining wetland systems, something that is considered a vital piece 
of information in the effort to develop a greater understanding of natural gaining wetland changes. As such, this 
information is considered critical in understanding how potential changes in groundwater will impact gaining 
wetland ecosystems, in association with climatic and locally induced pressures. 

3.2.3 Wetland Water Quality 

A defined vent, or significant pooling of free water, is required for a wetland to be suitable for water quality 
sampling and testing.  The vent should have free flowing water and/or a standing pool of water (ideally fed by a 
flowing vent). The overall condition of the vent is important as the poorer the condition of the vent, the less likely 
a surface discharge sample can be obtained that can be considered representative of the source groundwater.  

However, for springs with no or poor quality surface water sampling potential, a temporary shallow monitoring 
and sampling piezometer/standpipe may be able to be installed. Such a standpipe is installed by hand within the 
wetland to allow direct collection of wetland water for water quality analysis. 

3.2.4 Groundwater Pressure as an indicator of Groundwater Flux 

The rate of groundwater flux to the gaining wetland is determined by many factors, but is principally controlled 
by the pressure (level) of the groundwater in the wetland's source aquifer. Changes to the groundwater 
pressure can be monitored in a piezometer near the vent itself, or as a pressure/level in a nearby bore in the 
source aquifer.  Installation of a piezometer at the spring vent may be constrained by environmental, access, or 
site suitability conditions and was outside of the scope of the Baseline Monitoring Program. Some sites in the 
Baseline Monitoring Program have existing groundwater bores present, and these were utilised where 
appropriate. 
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3.2.5 General Ecosystem Condition 

In the context of gaining wetlands general ecosystem condition, which consists of both flora and aquatic fauna, 
is controlled by both the wetland’s water regime (hydrogeological and hydrological conditions) and the level of 
physical disturbance to the wetland. Ongoing observations of both flora and fauna were used to ascertain if any 
change in the condition of the gaining wetlands was occurring throughout the Baseline Monitoring Program.  

Field based observations of flora in a gaining wetland are best undertaken using vegetation transects and 
quadrats to identify target species of importance, and the percentage abundance of those species. Such 
species include those listed as Endangered, Vulnerable or Threatened under the EPBC or NC Acts, or species 
known to be invasive.  Such vegetation monitoring is able to be undertaken at all gaining wetlands. 

Field based sampling of macro-invertebrates that exist in gaining wetland pools are a means of quantifying any 
change in fauna supported by the gaining wetlands. However, such sampling is possible only if there is a pool of 
sufficient size and depth within the gaining wetland. 

3.3 Site Selection 

The selection of monitoring sites for the second, third and fourth baseline visits built upon the preliminary 
information presented in the pre-survey Site Conceptualisation and Monitoring Suitability Report (SKM, 2013a), 
by combining the preliminary site selection results with observations made during the first baseline visit to refine 
the results of that preliminary site selection. 

There were three principal components to the site selection process for the Baseline Monitoring Program 
follwing the first monitoring event: 

1. A semi-quantitative multi-criteria suitability assessment based on the information presented in the Site 
Conceptualisation and Monitoring Suitability Report (SKM, 2013a), and the observations made during 
the first baseline assessment.  

2. Selection of the most suitable vent sites within each complex from item (1) above, such that all 
complexes were represented in the ongoing monitoring program. 

3. Despite items (1) and (2) above, sites were also selected such that all UWIR requirements in terms of 
identified monitoring sites were met. 

4. Consultation with key stakeholders (the Operators and OGIA). 

3.3.1 Suitability assessment 

The semi-quantitative multi-criteria suitability assessment was used as a guide to inform the overall decision 
making process, rather than form the definitive tool in site selection.  

The methodology for the suitability assessment involved reviewing and collating all information presented in the 
Site Conceptualisation and Monitoring Suitability Report (SKM, 2013a) with the first round monitoring results 
pertaining to each gaining wetland, including: physical condition, history of monitoring, ability to collect a water 
sample, availability of groundwater pressure (level) monitoring, and ecological value.   

All of the vents within each complex were ranked in order of the suitability of the vent as a long term monitoring 
site. This ranking was based on a multi-criteria analysis as described in Table 3-1 below.  

The individual component weighted scores for each site were combined to provide an overall score for each 
vent site as follows: 

    Site score = sum (component score * weighting) 
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Table 3-1 Components of the Multi-Criteria Site Suitability Ranking 

Component Criteria Score Weighting 

Pre-baseline Initial 

Desktop Review (SKM, 

2013a) 

 Overall desktop ranking of suitability 

as presented in SKM, 2013a 

1 = Poor 

2 = Average 

3 = Good 

2 

Accessibility 

 Ease of physical access 

 Safe access 

 Consistency of accessibility (e.g. 

subject to flooding) 

1 = Poor 

2 = Average 

3 = Good 
1 

Suitability for Water 

Quality Sampling 

 Ability to sample in the first baseline 

visit 

 Type of surface water present, e.g. 

flowing, seeping or standing 

1 = Poor 

2 = Average 

3 = Good 
3 

Suitability for Flow 

Monitoring 

 Presence of flowing water 

 Presence of existing weir 

 Ability to install weir to measure flow  

1 = Poor 

2 = Average 

3 = Good 

1 

Physical Condition 

 Evidence of anthropogenic physical 

disturbance 

 Evidence of fauna physical 

disturbance 

 Presence of introduced species 

 Overall ecological and hydrological 

condition 

1 = Poor 

2 = Average 

3 = Good 
3 

Existing Pressure 

Monitoring Infrastructure 
 Availability of nearby groundwater 

bores or piezometers 

1 = Bore not available 

2 = Bore Potentially available 

3 = Bore available 

3 

Ecological Value 

 Presence of listed or disjunct species 

(refer Table 3-8) 

 Evidence of physical disturbance 

 Presence of introduced species 

1 = No listed or disjunct 

species present and/or high 

invasive species abundance 

and/or high disturbance 

2 = Disjunct species present 

3 = Listed species present 

3 

 

Each vent site was then ranked according to its score within its repective complex, resulting in identification of 
the likely most suitable sites for ongoing monitoring within each complex.  The detailed site suitability 
assessment is provided in Appendix C. 
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3.3.2 Monitoring classes 

As outlined in Section 3.1, review of the methodology applied during the first monitoring event for each site was 
warranted prior to the second monitoring event, to take into account the lessons learned during the first 
monitoring event associated with the key challenges of: 

 The observed variability of gaining wetland type. 

 The need to link monitoring objections to conceptualisation that considers all aspects of how and why the 
gaining wetlands exist in the landscape, and their predicted response to changing groundwater regimes 
caused by a range of influences. 

 Remoteness of site locations. 

 Delivery of a safe and efficient field data collection program. 

To appropriately address future baseline monitoring in light of these key challenges, three monitoring classes 
were developed for ongoing monitoring sites such that monitoring for any particular site is undertaken at a level 
comparable to the sites assessed suitability. This approach has been developed to isolate key sites and 
concentrate future efforts at those sites where the most value will be gained from the Baseline Monitoring 
Program. 

Future baseline monitoring was divided into three classes: 

1. Full Monitoring - provides the most complete monitoring dataset, such that the requirements underneath 
the UWIR and Federal approval conditions are met. 

2. Visual Only Monitoring - provides additional information in support of the information gathered from Full 
Monitoring. 

3. No Monitoring. 

A description of each class is provided in Table 3-2. 

3.3.3 Site selection results 

The application of the methodology outlined in Section 3.3.1 and Section 3.3.2 resulted in a total of 23 vents 
proposed for Full Monitoring (Table 3-3) and a further 33 for Visual Only Monitoring (Table 3-4) by the end of 
the Baseline Monitoring Program. The three vents of the Kangaroo Creek complex remain subject to 
classification once the initial baseline visit occurs at those sites, as shown in Table 3-5. 

Table 3-6 presents an overall summary of the monitoring program by Monitoring Class and Figure 3-4 presents 
a spatial representation. 
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Table 3-2 Monitoring Classes 

Monitoring Class Monitoring methods Typical features of sites 

Full Monitoring 

 Qualitative hydrogeological visual 

assessments. 

 Quantitative flora quadrat 

assessments. 

 Wetland photography. 

 DGPS survey of wetland area. 

 Sampling for wetland water quality 

and macro-invertebrates. 

  

 Little physical disturbance 

 Presence of flowing free water 

 Good access 

 High ecological value 

 Presence of nearby existing bores/piezometers to 

allow pressure data collection. 

 Possibility for flow gauging. 

 Most suitable site within a Complex of relatively 

closely spaced vents. 

Visual Only Monitoring 

 Qualitative hydrogeological visual 

assessments. 

 Qualitative flora target species 

check.  

 Wetland photography. 

 Quantitative data collection limited 

to DGPS survey of wetland area. 

 Some evidence of free surface water. 

 Some physical disturbance. 

 Previous recording of significant ecological value. 

 Close by site in same Complex already selected 

for Full Monitoring. 

No Monitoring  No further monitoring 

 No flowing or standing water. 

 Highly physically disturbed. 

 Low ecological value. 

 Some sites no longer active gaining wetlands. 

 Any potential impacts to these sites resulting from 

CSG operations are likely to be undiscernible 

compared to pre-existing impacts. 
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Table 3-3 Full Monitoring sites 

Complex Vent Wetland area Wetland discharge 
Wetland water 

quality 
Ecosystem 
condition  

Groundwater 
pressure 

311 704 
Field survey - distance 

of flow downstream 
from vent 

Inferred from 
changes in wetland 

area and field 
observations 

Water sampling 
from vent 

Aquatic surveys 

Window to water 
table.  

No identified 
existing bore 

311 536 
Field survey - distance 

of flow downstream 
from vent 

V-notch weir - 
already established 

Field sampling 
from weir pool 

Aquatic surveys 
Window to water 

table. No identified 
existing bore 

311 693 
Field survey - distance 

of flow downstream 
from vent 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from weir pool 

Vegetation 
transects and 

aquatic surveys. 

Window to water 
table. No identified 

existing bore 

Abyss 
(592) 

286 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations 

None 

Associated with 
changes in 

wetland area 
and field 

observations 

None 

Abyss 
(592) 

286.2 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations 

None 

Associated with 
changes in 

wetland area 
and field 

observations 

None 

Barton 
(283) 

702 
Field survey - distance 

of flow downstream 
from vent 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from vent 

Aquatic surveys 

Window to water 
table.  

Adjacent hand-dug 
well suitable for 
level monitoring. 

Cockatoo 
Creek (9) 

64 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from vent 

Vegetation 
transects and 

aquatic surveys. 

Existing bore 

RN 67229 

Dawson 
River (2) 

42 1 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from vent  

Vegetation 
transects and 

aquatic surveys. 

Existing bore  
RN 89695 

Dawson 
River (6) 

60 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from vent  

Vegetation 
transects and 

aquatic surveys. 

Nearby SunWater 
piezometers would 

be suitable 

Dawson 
River (6) 

1 

Field survey (photo, 
DGPS and visual 

condition 
observations)) 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from vent  

Vegetation 
transects and 

aquatic surveys. 

Nearby SunWater 
piezometers would 

be suitable 

Dawson 
River (8) 

28 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from vent - would 
beneficial to install 

a access tube 

Vegetation 
transects and 

aquatic surveys. 

Nearby SunWater 
piezometers would 

be suitable 
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Complex Vent Wetland area Wetland discharge Wetland water 
quality 

Ecosystem 
condition  

Groundwater 
pressure 

Elgin 2 
(594) 

540 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from vent  

Vegetation 
transects and 

aquatic surveys. 

Existing bore RN 
67137 

Lucky 
Last (230) 

287 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from vent - would 
beneficial to install 

a access tube 

Vegetation 
transects and 

aquatic surveys. 

No identified 
existing bore  

Lucky 
Last (230) 

340 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from vent - would 
beneficial to install 

a access tube 

Vegetation 
transects and 

aquatic surveys. 

No identified 
existing bore 

Lucky 
Last (230) 

688 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from vent - would 
beneficial to install 

a access tube 

Vegetation 
transects and 

aquatic surveys. 

No identified 
existing bore 

Lucky 
Last (230) 

689 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from vent - would 
beneficial to install 

a access tube 

Vegetation 
transects and 

aquatic surveys. 

No identified 
existing bore  

Orana Orana13 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from vent  

Vegetation 
transects and 

aquatic surveys. 

No identified 
existing bore 

Ponies 
(229) 

284.1 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from vent  

Vegetation 
transects and 

aquatic surveys. 

No identified 
existing bore 

Prices 
(580) 

52 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from vent - would 
beneficial to install 

a access tube 

Vegetation 
transects and 

aquatic surveys. 

No identified 
existing bore 

Scott's 
Creek 
(260) 

189 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from vent - would 
beneficial to install 

a access tube 

Vegetation 
transects and 

aquatic surveys. 

Existing bores 
RN 14200 
RN 14203 
RN 14881 
RN 31097 

Scott's 
Creek 
(260) 

191 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations 

Field sampling 
from vent - would 
beneficial to install 

a access tube 

Vegetation 
transects and 

aquatic surveys. 

Existing bores 
RN 14200 
RN 14203 
RN 14881 
RN 31097 

Spring 
Rock 
Creek 
(561) 

285 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Change in spring 
pool - assume the 

multiple spring pools 
join together during 

the wet to allow 
creek flow. 

Field sampling 
from spring pool 

Vegetation 
transects and 

aquatic surveys. 

Window to water 
table. No identified 

existing bore 

Wambo 
(584) 711 2 Field survey (photo, 

DGPS and visual 
Inferred from 

changes in wetland 
Field sampling 

from vent 
Vegetation 

transects and 
No identified 
existing bore 



Springs Baseline Summary Report  

 

IH037400.700 PAGE 32 

Complex Vent Wetland area Wetland discharge Wetland water 
quality 

Ecosystem 
condition  

Groundwater 
pressure 

condition 
observations) 

area and field 
observations. 

aquatic surveys. 

Yebna 2 
(531) 

534 

Field survey (photo, 
DGPS and visual 

condition 
observations) 

Inferred from 
changes in wetland 

area and field 
observations. 

Field sampling 
from vent - would 
beneficial to install 

a access tube 

Vegetation 
transects and 

aquatic surveys. 

No identified 
existing bore 

Notes : 1. Classified following the Round 2 survey 
  2. Classified following the Round 3 survey 
  3. Classified following the Round 4 survey 

Table 3-4 Visual Monitoring Only sites 

Complex Vent Wetland area Wetland discharge 
Wetland 

water quality 
Ecosystem 
condition  

Groundwater 
pressure 

311 537 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Abyss (592) 286.1 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Abyss (592) 286.3 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Abyss (592) 682 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Abyss (592) 716 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Boggomoss 
(5) 

8 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Boggomoss 
(5) 

11 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Boggomoss 
(5) 

12 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Boggomoss 
(5) 

15 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Boggomoss 
(5) 

29 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Boggomoss 
(5) 

33 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Boggomoss 
(5) 

56.1 Photography, DGPS 
survey and visual 

Inferred from changes 
in wetland area and 

None Field observations 
and target species 

None 
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Complex Vent Wetland area Wetland discharge Wetland 
water quality 

Ecosystem 
condition  

Groundwater 
pressure 

condition observations field observations check 

Boggomoss 
(5) 

57 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Boggomoss 
(5) 

58 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Boggomoss 
(5) 

61 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Cockatoo 
Creek (9) 

65 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Cockatoo 
Creek (9) 

320 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Dawson 
River (6) 

24 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Dawson 
River (6) 

25 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Dawson 
River (6) 

31 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Dawson 
River (6) 

32 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Dawson 
River (8) 

38 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Lucky Last 
(230) 

686 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Lucky Last 
(230) 

687 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Lucky Last 
(230) 

687.1 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Lucky Last 
(230) 

687.2 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Lucky Last 
(230) 

687.3 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Lucky Last 
(230) 

687.4 Photography, DGPS 
survey and visual 

Inferred from changes 
in wetland area and 

None Field observations 
and target species 

None 
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Complex Vent Wetland area Wetland discharge Wetland 
water quality 

Ecosystem 
condition  

Groundwater 
pressure 

condition observations field observations check 

Lucky Last 
(230) 

687.5 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Lucky Last 
(230) 

687.6 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Prices (580) 67 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Scott's Creek 
(260) 

190 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Scott's Creek 
(260) 

192 
Photography, DGPS 

survey and visual 
condition observations 

Inferred from changes 
in wetland area and 
field observations 

None 
Field observations 
and target species 

check 
None 

Table 3-5 Springs yet to have baseline monitoring undertaken 

Complex Vent Wetland area Wetland 
discharge 

Wetland water 
quality 

Ecosystem 
condition  

Groundwater 
pressure 

Kangaroo 
Creek 

Kangaroo 
Creek 1 

Baseline 
required 

Baseline 
required 

Baseline 
required 

Baseline required 
No known nearby 

bores 

Kangaroo 
Creek 

Kangaroo 
Creek 2 

Baseline 
required 

Baseline 
required 

Baseline 
required 

Baseline required 
No known nearby 

bores 

Kangaroo 
Creek 

Spring Creek 
Baseline 
required 

Baseline 
required 

Baseline 
required 

Baseline required 
No known nearby 

bores 
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Table 3-6 Baseline Monitoring Program Summary – Second and Subsequent Monitoring Events 

Complex Spring Vent Monitoring Type Complex Spring Vent Monitoring Type Complex Spring Vent Monitoring Type Complex 
Spring Vent 
or Bore RN 

Monitoring Type 

311 

353 No Monitoring 

Boggomoss (5) 

53 No Monitoring 

Cockatoo Creek (9) 

321.6 No Monitoring 

Lucky Last (230) 

340 Full Monitoring 

536 Full Monitoring 54 No Monitoring 321.7 No Monitoring 686 Visual Only 

537 Visual Only 55 No Monitoring 321.8 No Monitoring 687 Visual Only 

693 Full Monitoring 56 No Monitoring 684 No Monitoring 687.1 Visual Only 

704 Full Monitoring 56.1 Visual Only Dawson River (2) 42 Full Monitoring incl 
adjacent RN89695 687.2 Visual Only 

Abyss (592) 

286 Full Monitoring 57 Visual Only 

Dawson River (6) 

1 Full Monitoring 687.3 Visual Only 

286.1 Visual Only 58 Visual Only 4 No Monitoring 687.4 Visual Only 

286.2 Full Monitoring 61 Visual Only 5 No Monitoring 687.5 Visual Only 

286.3 Visual Only 62 No Monitoring 6 No Monitoring 687.6 Visual Only 

682 Visual Only 63 No Monitoring 22 No Monitoring 688 Full Monitoring 

716 Visual Only 68 No Monitoring 23 No Monitoring 689 Full Monitoring 

Barton (283) 
702 Full Monitoring incl 

adjacent Barton Well 68.1 No Monitoring 24 Visual Only Orana Orana1 Full Monitoring 

703 No Monitoring 683 No Monitoring 25 Visual Only 
Ponies (229) 

284 No Monitoring 

Boggomoss (5) 

2 No Monitoring 691 No Monitoring 27 No Monitoring 284.1 Full Monitoring 

3 No Monitoring 

Cockatoo Creek (9) 

64 Full Monitoring incl 
adjacent RN67229 30 No Monitoring 

Prices (580) 

40 No Monitoring 

7 No Monitoring 64.1 No Monitoring 31 Visual Only 41 No Monitoring 

8 Visual Only 65 Visual Only 32 Visual Only 52 Full Monitoring 

9 No Monitoring 65.1 No Monitoring 43 No Monitoring 67 Visual Only 

10 No Monitoring 65.2 No Monitoring 59 No Monitoring 

Scott's Creek (260) 

189 Full Monitoring 

11 Visual Only 66 No Monitoring 60 Full Monitoring 190 Visual Only 

12 Visual Only 319 No Monitoring 681 No Monitoring 191 Full Monitoring 

13 No Monitoring 320 Visual Only 

Dawson River (8) 

26 No Monitoring 192 Visual Only 

14 No Monitoring 320.1 No Monitoring 28 Full Monitoring 192.1 No Monitoring 

15 Visual Only 321 No Monitoring 38 Visual Only 

RN14881 
RN14200 
RN14203 
RN31097 

Full Monitoring 

29 Visual Only 321.1 No Monitoring Elgin 2 (594) 540 Full Monitoring incl 
adjacent RN67137 Spring Rock Creek (561) 285 Full Monitoring 

33 Visual Only 321.2 No Monitoring 

Kangaroo Creek 

Kangaroo 
Creek 1 

Initial baseline visit 
required 

Wambo (584) 
711 Full Monitoring 

37 No Monitoring 321.3 No Monitoring Kangaroo 
Creek 2 

Initial baseline visit 
required 711.1 No Monitoring 

37.1 No Monitoring 321.4 No Monitoring Spring Creek Initial baseline visit 
required Yebna 2 (591) 534 Full Monitoring 

44 No Monitoring 321.5 No Monitoring Lucky Last (230) 287 Full Monitoring    
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3.4 Detailed Monitoring Methodology 

This section presents the detailed field survey methodology for the second, third and fourth baseline monitoring 
events. It is intended as a means to describe the details of the field implementation of the monitoring 
approaches described in Section 3.2. 

3.4.1 Gaining Wetlands – Full Monitoring 

This section provides notes on the methodology for monitoring each of the key metrics defined within the UWIR 
with regard to the Full Monitoring methodology. 

Wetland Discharge 

The installation of v-notch weirs to quantify wetland discharge at selected sites was identified in the Future 
Baseline Monitoring Recommendations report (SKM, 2013b).  This task was, however, outside of the Scope of 
Work for the Baseline Monitoring Program. Vents 536 and 693 of the 311 complex have existing v-notch weirs, 
previously installed by Santos, however these were not monitored by Jacobs as part of this scope. 

For the majority of gaining wetlands which have diffuse discharge, any changes in Wetland Discharge are to be 
inferred from changes in Wetland Area and Ecosystem Condition. The methodology for monitoring of these 
components in the second, third and fourth baseline monitoring events is outlined below. 

Wetland Area 

Measurement of aerial extent of wetlands, the Wetland Area, was undertaken by tracing a polygon of the 
wetland extent using ArcPad software within a DGPS unit. The wetland extent was defined using both 
hydrogeological and ecological input using a modified version of the Fensham and Fairfax (2009) method, as 
follows: 

 Where damp soil or pooled water was visible at the edge of the wetland, the extent of the area of damp soil 
or pooled water associated with the wetland was mapped; or 

 Where the extent of damp soil was not visible due to vegetation cover, the wetland area was defined as 
that which contained greater than 50% cover of perennial wetland plant species as per Fensham and 
Fairfax (2009). 

The Wetland Area measurement for each gaining wetland is provided to the Operators in the form of a single 
polygon ArcGIS shapefile. 

Wetland Water Quality 

Sampling of wetland water for field chemistry parameters and laboratory analysis was undertaken at sites 
identified for Full Monitoring where the visual condition assessment identified flowing water or pooled water in 
an undisturbed state. Where possible, the sampling point location was the same as that from the first monitoring 
event. 

A conservative approach was adopted in the sampling, where sampling was only undertaken where: 

 there was flowing water, or 

 the level of physical disturbance of pooled water was low enough to suggest that water sampled is 
representative of undisturbed spring water, and there was sufficient volume of pooled water to collect all 
the required sample volumes. 

Sampling methods were variable depending on the amount of free water present at each sampled wetland. 
Where possible, samples were collected in-situ from wetland pools. However, at some vent locations samples 
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were required to be collected using a peristaltic pump as there was insufficient depth of pooled water to sample 
in-situ. 

Sampling for field parameters and laboratory analysis was as follows: 

Field Parameters 

EC, pH, Temp, DO, Redox, Turbidity  

Total Alkalinity 

Fe2+, S2-, NO2
- 

Free Gases (O2, CH4, CO, H2S) 

Laboratory Analysis 

pH, EC, TDS, TSS 

Free and Total CO2 

Total Hardness 

Hydroxide Alkalinity, Carbonate Alkalinity, Bicarbonate Alkalinity, Total Alkalinity 

Major ions 

Dissolved and Total metals 

Nutrients 

DOC, TOC and DIC 

 BTEX and Volatile Hydrocarbons 

 Isotopes (222Rn, 13C, 14C, 87/86Sr, 18O and 2H) 

Isotope samples were only collected once for each gaining wetland in the Baseline Monitoring Program. 

Samples for laboratory analysis were sent to ALS Environmental laboratories (excluding isotopes) in chilled 
Eskie’s under standard chain of custody procedures. Isotope samples were sent to the selected specialist 
laboratories at (i) CSIRO (222Rn, 14C and 87/86Sr) and (ii) University of California, Davis, USA (13C, 18O and 2H) 
for analysis. 

A number of existing bores were identified for as part of the Full Monitoring Program for selected gaining 
wetlands as shown in Table 3-7. Bores visited as part of the second, third and fourth baseline monitoring events 
were sampled for the same groundwater quality parameters outlined above for Wetland Water Quality. Purging 
of the bores prior to sampling was undertaken using a field parameter stabilisation method consistent with 
AS/NZS 5667.11:1998. Sub-artesian bores were sampled using the installed pumping infrastructure where 
possible, whilst artesian bores were allowed to flow via the installed headworks in order to sample. Barton Well 
was sampled using a bailer and was not able to be purged. 

As outlined in the Future Baseline Monitoring Recommendations report (SKM, 2013b), it was recommended 
that permanent shallow push-tube piezometers be installed at each wetland identified for Full Monitoring in 
order to obtain water quality samples in future monitoring events. However, installation of these piezometers 
was outside of Jacobs’s Scope of Work for the second, third and fourth monitoring events and these 
piezometers were not available for sampling during the baseline surveys. Temporary push-tube piezometers 
were utilised at some sites during the fourth monitoring event, where required (i.e. when there was insufficient 
surface water and where a representative undisturbed sample could be obtained using a push-tube).  

The Wetland Water Quality measurements for each gaining wetland are provided to the Operators in the form of 
MS Excel spreadsheets (field parameters and isotopes) and PDF files directly from ALS laboratories (laboratory 
chemistry). 
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Table 3-7 Bores targeted for monitoring in the second, third and fourth monitoring events 

Bore RN Associated Spring 
Complex Name 

Associated Spring Complex 
Number 

Bore Type 

N/A Barton 283 Unconfined / water table well 

67229 Cockatoo Creek 9 Artesian 

89695 Dawson River 2 2 Artesian 

67137 Elgin 2 594 Artesian 

14200 

Scott’s Creek 260 

Sub-artesian, unable to measure 
standing water level 

14203 
Sub-artesian, unable to measure 

standing water level 

14881 Artesian 

31097 Artesian 

Groundwater Pressure/Level as an indicator for Groundwater Flux 

A number of existing bores were identified for as part of the Full Monitoring program for selected gaining 
wetlands as shown in Table 3-7. These bores were monitored for pressure head (artesian bores) or depth to 
water (non-artesian bores/wells).  

A number of SunWater bores installed as part of the Nathan Dam Project, identified for monitoring in the Future 
Baseline Monitoring Recommendations report (SKM 2013b), were not able to be monitored in the Baseline 
Monitoring Program, as access agreements with SunWater are yet to be obtained. Obtaining these agreements 
is currently excluded from Jacobs’ Scope of Work, and SunWater are unlikely to grant Jacobs or the Operators 
direct access to the bores. Jacobs understands that the Operators and OGIA are currently working with 
SunWater to secure data collection from these bores.  

Outlined in the Future Baseline Monitoring Recommendations report (SKM, 2013b) was a recommendation that 
shallow piezometers were installed at many Full Monitoring sites in order to obtain water pressures/levels in 
future monitoring events. However, installation of these piezometers was outside of Jacobs Scope of Work for 
the Baseline Monitoring Program and these piezometers were not available for monitoring.  

The Groundwater Pressure/Level measurements for each monitored bore/well are provided to the Operators in 
the form of MS Excel spreadsheets. 

Ecosystem Condition 

At each site, a general visual condition assessment was undertaken to assess the level of physical 
disturbance/departure from ‘natural’ condition (e.g. stock damage, feral animal damage, anthropogenic 
disturbance). A general description of the wetland and its features was also recorded by the hydrogeologist. 

Flora Survey 

Following the general visual assessment, quantitative vegetation surveys were undertaken. At each wetland, 
this involved targeted searches for threatened/endemic or invasive species and estimates of the area disturbed.  

Species targeted for survey are listed in Table 3-8, which is identical to the target species in the first monitoring 
event. This list includes species that have been previously recorded at the sites surveyed in the baseline 
program and includes species that are: 

 listed as Rare or Threatened under the Environment Protection and Biodiversity Conservation Act 1999 
(EPBC Act)  
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 listed as Rare or Threatened under the Queensland Nature Conservation Act 1992 (NC Act) 

 considered to be a disjunct occurrence of that species (sensu Fensham et al. 2012) 

 an exotic, native or listed weed species considered to be invasive (sensu Fensham et al. 2012).   

This target species list was compiled from the springs database supplied by the Queensland Herbarium (dated 
14 October 2013) and using the criteria presented in Fensham et al. (2012). It only includes species previously 
recorded at the wetland sites that form part of the 12-month baseline program. 

Table 3-8 Vegetation target species for the Ecological Survey 

Target species scientific name Category 
Rare and threatened status 

EPBC Act NC Act 

Adenostemma lavenia disjunct 
  

Ampelopteris prolifera disjunct 
  

Arthraxon hispidus Rare or Threatened V V 

Cenchrus purpurascens disjunct 
  

Cyclosorus interruptus disjunct 
  

Cyperus laevigatus disjunct 
  

Eriocaulon carsonii Rare or Threatened E E 

Isachne globosa disjunct 
  

Livistona nitida Rare or Threatened 
 

NT 

Myriophyllum artesium Rare or Threatened 
 

E 

Rhynchospora brownii disjunct 
  

Sacciolepis indica disjunct 
  

Thelypteris confluens Rare or Threatened 
 

V 

Utricularia bifida disjunct     

Aeschynomene indica (Budda Pea) invasive native     

Ammannia multiflora (Jerry Jerry) invasive native     

Azolla pinnata (Azolla) invasive native     

Baccharis halimifolia (Groundsel Bush) 

Invasive exotic, declared Class 2 
species under the Land Protection 
(Pest and Stock Route Management) 
Act 2002. 

    

Centipeda minima (Spreading 
Sneezeweed) 

invasive native     

Cyperus difformis (Dirty Dora) disjunct     

Cyperus polystachyos (Leafy Twigweed) invasive native     

Ludwigia octovalvis (Willow Primrose) invasive native     

Ludwigia peploides subsp. montevidensis 
(Creeping Water Primrose) 

invasive native     
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Target species scientific name Category 
Rare and threatened status 

EPBC Act NC Act 

Monochoria cyanea (Azure Monochoria) invasive native     

Opuntia tomentosa (Velvety Tree Pear) 

invasive exotic, declared Class 1 
species under the Land Protection 
(Pest and Stock Route Management) 
Act 2002. 

    

Ottelia ovalifolia (Swamp Lily) invasive native     

Paspalum distichum (Water Couch) invasive native     

Sesbania cannabina (Yellow Bush Pea) invasive native     

Spirodela punctata (Thin Duckweed) invasive native     

Typha domingensis (Narrow-leafed 
Cumbungi) 

invasive native     

Typha orientalis (Bullrush) invasive exotic     

Urochloa mutica (Para Grass) invasive exotic     

Notes . Status: E = Endangered, V = Vulnerable, NT = Near Threatened 

The flora species survey was completed by placing 1 m2 quadrats in transects across the each wetland area at 
the precise location (via DGPS) of the quadrats from the first monitoring event, and recording the visual 
percentage cover within each quadrat of:  

 individual target species by name 

 total percentage of non-target species, identified as “non-target” 

 bare ground 

 open water 

 litter. 

The percentage cover was estimated and recorded either as "present" (small cover with one or few individuals 
of any of the targeted species) or as percentage foliage cover. The accuracy of the cover estimate varied from 
the nearest 1% for low cover values (<10%) sliding to the nearest 10% for high cover values (>50%). The total 
cover of the above list of attributes sums to 100% for each quadrat. In addition, the percentage cover of 
disturbance by stock or feral animals was also estimated for each quadrat. 

The Flora Survey results for each monitored gaining wetland are provided to the Operators in the form of an MS 
Excel spreadsheet. 

Photography 

Four (4) photographs of each wetland were taken, with northern, southern, eastern and western facing aspects. 
The location of each photograph was recorded in an electronic database via DGPS survey to allow repeatability 
of the photographic point in future monitoring events with precision. Each photograph position was chosen to 
allow best representation and desktop visual assessment of wetland condition. This will facilitate direct 
comparison of Wetland Condition changes in the future. 

The photos for each monitored gaining wetland are provided to the Operators in the form of JPEG images. The 
photo locations are provided to the Operators in the form of a point ArcGIS shapefile. 
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Aquatic macro-invertebrates 

Wetlands identified for Full Monitoring were sampled for macro-invertebrates where conditions were suitable 
(see Section 6.6 and Table 6-3). Suitable conditions included open-water that was deep enough to sweep with 
a sampling net, and where this open water was not significantly polluted by stock or other animal disturbance.  

Sampling nets were constructed consistent with the parameters outlined in the Queensland AusRivAS Sampling 
and Processing Manual (DNRM, 2001): 

 triangular 250mm  x  250mm  x  250mm opening 

 50 cm depth 

 1.5 m aluminium handle 

 250 µm mesh 

Samples were taken by sweeping an area of up to 5 m2 with the net for 5 minutes. The sweep time was 
progressively reduced to 1 minute if less than about 1 m2 of open water was present.  After the sweep the 
detritus in the net was directly transferred to a sterile jar and preserved with 90% methylated spirits for later 
identification in the laboratory.  

At each site sampled for macro-invertebrates the following environmental data was collected: 

 estimated average water depth (cm) 

 estimated water area (m2) 

 composite sample sweep time (minutes) 

 dominant substrate type (e.g. silt, sand, gravel, cobble, bedrock) 

 presence of algae 

 presence of macrophytes 

 presence of detritus 

 presence of branches/logs 

 other notes or observations 

Samples were sent to FRC Environmental laboratory in Brisbane, Queensland under standard chain of custody 
procedures for identification to morphofamily level. 

It should be noted that analysis and presentation of the detailed quantitative vegetation and macro-invertebrate 
results are not within the scope of this report. The quantitative data will be analysed following the completion of 
the 12-month Baseline Monitoring Program. 

The Aquatic Macro-invertebrate laboratory results for each monitored gaining wetland are provided to the 
Operators in the form of an MS Excel spreadsheet. 

3.4.2 Gaining Wetlands - Visual Only Monitoring 

This section provides notes on the methodology for monitoring each of the key metrics defined within the UWIR 
with regard to the Visual Only Monitoring methodology. 

Wetland Discharge 

For the majority of gaining wetlands which have diffuse discharge, any changes in Wetland Discharge are to be 
inferred from changes in Wetland Area and Ecosystem Condition. The methodology for monitoring of these 
UWIR metrics during the second and subsequent monitoring events is outlined below. 
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Wetland Area 

Measurement of Wetland Area was undertaken in the same methodology used at Full Monitoring sites, by 
tracing a polygon of the wetland extent using ArcPad software within a DGPS unit. The wetland extent was 
defined using both hydrogeological and ecological input using a modified version of the Fensham and Fairfax 
(2009) method as follows: 

 Where damp soil or pooled water was visible at the edge of the wetland, the extent of the area of damp soil 
or pooled water associated with the wetland was mapped; or 

 Where the extent of damp soil was not visible due to vegetation cover, the wetland area was defined as 
that which contained greater than 50% cover of perennial wetland plant species as per Fensham and 
Fairfax (2009). 

The Wetland Area measurement for each gaining wetland is provided to the Operators in the form of a single 
polygon ArcGIS shapefile. 

Wetland Water Quality 

No water quality monitoring was undertaken for the Visual Only Monitoring sites. 

Groundwater Pressure/Level as an indicator for Groundwater Flux 

No groundwater pressure or level monitoring was undertaken for the Visual Only Monitoring sites. Any changes 
in groundwater flux for Visual Only Monitoring sites are to be inferred from changes in Wetland Area and 
Ecosystem Condition. 

Ecosystem Condition 

At each site, a general visual condition assessment was undertaken to assess the level of physical 
disturbance/departure from ‘natural’ condition (e.g. stock damage, feral animal damage, anthropogenic 
disturbance). A general description of the wetland and its features was also recorded by the hydrogeologist. 

Flora Survey 

Following the general visual condition assessment, vegetation surveys were undertaken.  

At each wetland, this involved targeted searches for threatened/endemic or invasive species.  The species 
targeted for survey are listed in Table 3-8. For the species listed in Table 3-8, the information collected for 
wetlands targeted for Visual Monitoring was recorded either as "present" or “absent” for each species. 

The Flora Survey results for each monitored gaining wetland are provided to the Operators in the form of an MS 
Excel spreadsheet. 

Photography 

Four photographs of each wetland were taken, with northern, southern, eastern and western facing aspects. 
The location of each photograph was recorded in an electronic database via DGPS survey to allow repeatability 
of the photographic point in future monitoring events with precision. Each photograph position was chosen to 
allow best representation and desktop visual assessment of wetland condition. This will facilitate direct 
comparison of Wetland Condition changes in the future. 

The photos for each monitored gaining wetland are provided to the Operators in the form of JPEG images. The 
photo locations are provided to the Operators in the form of a point ArcGIS shapefile. 
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4. Summary of Program Variations before and after the First 
Monitoring Event 

As outlined in Section 2 and Section 3, there were significant changes instituted to the Baseline Monitoring 
Program after the first monitoring event for each targeted gaining wetland. These changes are summarised 
below, listed according to each UWIR metric. 

4.1 Site Selection & Monitoring Types 

Table 4-1 Site Selection & Monitoring Type Changes 

Monitoring Event Site Selection & Monitoring Type 

First Monitoring Event for any 
particular gaining wetland 

Monitoring of all targeted gaining wetlands (113 in total) and bores (8 in total) as 
listed in Appendix B. 

Sites subjected to full hydrogeological and ecological assessment. 

Second and subsequent 
Monitoring Events for any 
particular gaining wetland 

Classification of all gaining wetlands listed in Appendix B into three categories 
based on a multi-criteria Suitability Assessment using the results from the first 
monitoring event: 

 Full Monitoring – full quantitative hydrogeological and ecological 
assessments for a total of 23 vents 

 Visual Only Monitoring – qualitative hydrogeological and ecological 
assessments for a total of 33 vents 

 No Monitoring – no further monitoring 

Incorporation of several additional bores/wells, and removal of others. 

4.2 Wetland Discharge 

Table 4-2 Wetland Discharge monitoring method changes 

Monitoring Event Wetland Discharge Monitoring 

First Monitoring Event  Visual qualitative assessment 

Second and subsequent 
Monitoring Events 

Quantitative measurement of Wetland Area only for Full Monitoring sites or sites 
having their first monitoring event 

Visual qualitative assessment for Full Monitoring and Visual Only Monitoring 
sites 

4.3 Wetland Area 

Table 4-3 Wetland Area monitoring method changes 

Monitoring Event Wetland Area Monitoring 

First Monitoring Event  Visual qualitative assessment 

Second and subsequent 
Monitoring Events 

Quantitative measurement of Wetland Area using DGPS for Full Monitoring sites 
or sites having their first monitoring event 

No assessment for Visual Only Monitoring sites 
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4.4 Wetland Water Quality 

4.4.1 Gaining Wetlands 

Table 4-4 Wetland Water Quality monitoring method changes – Gaining Wetlands 

Monitoring Event Wetland Water Quality Monitoring 

First Monitoring Event for any 
particular gaining wetland 

Collection of water quality samples for all wetlands where sufficient volumes of 
undisturbed water existed 

Second and subsequent 
Monitoring Events for any 
particular gaining wetland 

Collection of water quality samples for only  Full Monitoring sites where 
sufficient volumes of undisturbed water existed  

No assessment for Visual Only Monitoring sites 

Isotope sampling once in either the second, third or fourth monitoring event 
(pending land access). 

4.4.2 Bores 

Table 4-5 Wetland Water Quality monitoring method changes – Bores 

Monitoring Event Bore Water Quality Monitoring 

First Monitoring Event for any 
particular bore 

Collection of water quality samples for all bores where possible 

Second and subsequent 
Monitoring Events for any 

particular bore 

Collection of water quality samples for only bores associated with Full 
Monitoring gaining wetlands sites. 

Isotope sampling once in either the second or third monitoring event (pending 
land access). 

4.5 Groundwater Pressure/Level as an indicator of potential Groundwater Flux 

Table 4-6 Groundwater Pressure\Level monitoring method changes 

Monitoring Event Groundwater Level\Pressure Monitoring 

First Monitoring Event for any 
particular bore 

Collection of water pressures or levels for all bores where possible 

Second and subsequent 
Monitoring Events for any 

particular bore 

Collection of water pressures or levels for only bores\wells associated with Full 
Monitoring gaining wetlands sites. 
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4.6 Ecosystem Condition 

4.6.1 Flora Survey 

4-7 Flora Survey method changes 

Monitoring Event Flora Monitoring 

First Monitoring Event for any 
particular gaining wetland 

Quantitative vegetation survey using quadrat transects at all sites 

Second and subsequent 
Monitoring Events for any 
particular gaining wetland 

Quantitative vegetation survey, using quadrat transects at identical positions, for 
Full Monitoring sites only 

Qualitative target species presence\absence assessment for Visual Only 
Monitoring sites 

4.6.2 Photography 

4-8 Photography method changes 

Monitoring Event Photography 

First Monitoring Event  

Photography of each wetland aimed at showing key features such as: 

 Landscape setting to inform conceptualisation 

 Specific wetland features such as flow channels 

 Evidence of disturbance 

Second and subsequent 
Monitoring Events  

Four photographs of each wetland taken from identical positions, with northern, 
southern, eastern and western facing aspects. Photograph positions chosen to 
allow best representation and desktop visual assessment of wetland condition. 

4.6.3 Aquatic macro-invertebrates 

4-9 Aquatic Macro-invertebrate monitoring method changes 

Monitoring Event Macro-invertebrate Monitoring 

First Monitoring Event for any 
particular gaining wetland 

Collection of macro-invertebrates for all wetlands where sufficient volumes of 
undisturbed water existed 

Second and subsequent 
Monitoring Events for any 
particular gaining wetland 

Collection of macro-invertebrates for only  Full Monitoring sites where sufficient 
volumes of undisturbed water existed  

No assessment for Visual Only Monitoring sites 

 



Springs Baseline Summary Report  

 

IH037400.700 PAGE 47 

5. Climate throughout the Baseline Monitoring Program 
period 

5.1 Introduction 

The Australian Government Bureau of Meteorology (BoM) records have been interrogated for the period 
covering the Baseline Monitoring Program. Presenting these data in this report achieves two main outcomes: 

1. Satisfies Table H-6 of the UWIR related to the Operators requirements for spring monitoring, where 
records from the closest weather station to each monitoring site are required to describe ambient 
conditions prior to each monitoring event. 

2. Provides context and possible driving mechanisms for a number of qualitative and quantitative 
observations gathered throughout the Baseline Monitoring Program field surveys as described in 
Section 6 of this report. 

5.2 Rainfall 

Six BoM rainfall recording stations have been identified as relevant to the Baseline Monitoring Program; being 
the closest active weather station sites to each spring complex, with a relatively complete record over the 
baseline period, as shown in Table 5-1 below. 

Daily rainfall plots for each of the identified stations are presented in Appendix D.1, and an indicative plot for 
daily rainfall (Taroom Post Office) is presented in Figure 5-1 below.  

 

Figure 5-1 Daily Rainfall plot for Taroom Post Office over the Baseline Monitoring Program 

The rainfall data shows that significant rainfall in the northern Surat Basin and southern Bowen Basin region 
over the baseline monitoring period is limited to a few sporadic events of less than 50 mm between November 
2013 and February 2014, and a single large rainfall event totalling around 100 mm over a four day period in late 
March 2014. No baseline monitoring events occurred during or immediately following significant rainfall events. 
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Table 5-1 BoM Rainfall Stations relevant to the Baseline Monitoring Program 

Rainfall Station Associated Spring Complex  Distance from Spring Complex (km) 

Bauhinia Downs Store (035007) Elgin 2 (594) 15 

Harewood (042078) Wambo (584) 5 

Hornet Bank Homestead (035135) 

Scott’s Creek (260) 20 

Ponies (229) 40 

311 35 

Yebna 2 (534) 30 

Injune Post Office (043015) 

 

Abyss (592) 20 

Lucky Last (230) 20 

Spring Rock Creek (561) 20 

Pine Hills TM (043051) Barton (283) 2 

Taroom Post Office (035070) 

 Boggomoss (5) 30 

Cockatoo Creek (9) 45 

Dawson River (2) 30 

Dawson River (6) 30 

Dawson River (8) 10 

Prices (580) 40 

Figure 5-2 presents a comparison of monthly rainfall over the Baseline Monitoring Program for Taroom Post 
Office with that of the long term average and median, as a means of comparing the climate over the Baseline 
Monitoring Period with that of the long term. As shown, with the exception of the months of November 2013 and 
March 2014 which were wetter than average, and the months of May and August 2014 that were around 
average, the period of the Baseline Monitoring Program was generally relatively dry compared to the long term 
average. Total rainfall over the Baseline Monitoring Program was roughly 70% of the long term average.  

5.3 Evapotranspiration 

Four BoM evapotranspiration (ET) recording stations have been identified as relevant to the Baseline Monitoring 
Program; being the closest active ET measuring sites to each spring complex, with a relatively complete record 
over the baseline period, as shown in Table 5-2 below. 

Daily potential ET plots for each of the identified stations are presented in Appendix D.2, and an indicative plot 
(Roma Airport) is presented in Figure 5-3 below.   
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Figure 5-2 Monthly Rainfall - Taroom Post Office 

 

Figure 5-3 Daily ET plot for Roma Airport over the Baseline Monitoring Program 

The ET data show around a two-thirds reduction in daily potential ET in the northern Surat Basin and southern 
Bowen Basin region between the peak ET during the summer of 2013/14 and the minimum ET during the winter 
of 2014. The first two monitoring events occurred during a period where potential ET averaged around 9 
mm/day, whilst the third and fourth monitoring events occurred during a period where potential ET averaged 
around 4 mm/day. 
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Table 5-2 BoM Evapotranspiration Stations relevant to the Baseline Monitoring Program 

Evapotranspiration Station Associated Spring Complex  Distance from Spring Complex (km) 

Miles Constance Street (042112) 
Cockatoo Creek (9) 105 

Wambo (584) 35 

Rolleston Airport (035129) Elgin 2 (594) 55 

Roma Airport (043091) 

311 100 

Abyss (592) 80 

Barton (283) 55 

Lucky Last (230) 85 

Ponies (229) 85 

Scott’s Creek (260) 90 

Spring Rock Creek (561) 85 

Yebna 2 (534) 95 

Thangool Airport (039089) 

 Boggomoss (5) 120 

Dawson River (2) 125 

Dawson River (6) 120 

Dawson River (8) 140 

Prices (580) 120 

Figure 5-2 presents a comparison of monthly ET over the Baseline Monitoring Program for Roma Airport with 
that of the long term average, as a means of comparing the climate over the Baseline Monitoring Period with 
that of the long term. As shown, monthly potential ET was generally at or just below the long term average over 
the Baseline Monitoring Program. Total potential ET over the Baseline Monitoring Program was roughly 92% of 
the long term average. 
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Figure 5-4 Monthly Potential ET – Roma  
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6. Survey Results Summary 
6.1 Land access 

Throughout the Baseline Monitoring Program, land access negotiations were undertaken by the Operators for 
sites located on their individual tenement, and by Jacobs for monitoring sites located off their respective 
tenements. Jacobs also undertook land access negotiations for the Wambo gaining wetland site, located on 
QGC tenure. For each monitoring event, all efforts were made by the Operators and Jacobs to contact all 
landholders and gain access to monitoring sites. 

Table 6-1 presents a summary of the availability of land access for the targeted monitoring sites in the Baseline 
Monitoring Program. 

Baseline monitoring for the three vents of the Kangaroo Creek complex has not been able to be undertaken 
during the Baseline Monitoring Program due to unavailable land access throughout the Program despite the 
Operators and Jacobs’ best efforts. Baseline monitoring at this complex is proposed to occur as a part of any 
future monitoring programs.  

Table 6-1 Baseline Monitoring Program Land Access Summary 

Complex Vent / Bore Type Round 1 Round 2 Round 3 Round 4 

311 

353 Gaining Wetland n/a n/a n/a 

536 Gaining Wetland     

537 Gaining Wetland     

693 Gaining Wetland     

704 Gaining Wetland   No access  

Abyss (592) 

286 Gaining Wetland     

286.1 Gaining Wetland     

286.2 Gaining Wetland     

286.3 Gaining Wetland     

682 Gaining Wetland     

716 Gaining Wetland     

Barton (283) 

702 Gaining Wetland  No access   

703 Gaining Wetland  n/a n/a n/a 

Barton Well Hand dug well n/a No access   

Boggomoss (5) 

2 Gaining Wetland  n/a n/a n/a 

3 Gaining Wetland  n/a n/a n/a 

7 Gaining Wetland  n/a n/a n/a 

8 Gaining Wetland     

9 Gaining Wetland  n/a n/a n/a 

10 Gaining Wetland  n/a n/a n/a 

11 Gaining Wetland     

12 Gaining Wetland     

13 Gaining Wetland  n/a n/a n/a 
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Complex Vent / Bore Type Round 1 Round 2 Round 3 Round 4 

14 Gaining Wetland  n/a n/a n/a 

15 Gaining Wetland     

29 Gaining Wetland     

33 Gaining Wetland     

37 Gaining Wetland  n/a n/a n/a 

37.1 Gaining Wetland  n/a n/a n/a 

44 Gaining Wetland No access  n/a n/a 

53 Gaining Wetland  n/a n/a n/a 

54 Gaining Wetland  n/a n/a n/a 

55 Gaining Wetland  n/a n/a n/a 

56 Gaining Wetland  n/a n/a n/a 

56.1 Gaining Wetland     

57 Gaining Wetland     

58 Gaining Wetland     

61 Gaining Wetland     

62 Gaining Wetland  n/a n/a n/a 

63 Gaining Wetland  n/a n/a n/a 

68 Gaining Wetland  n/a n/a n/a 

68.1 Gaining Wetland  n/a n/a n/a 

683 Gaining Wetland  n/a n/a n/a 

691 Gaining Wetland No access  n/a n/a 

Cockatoo Creek (9) 

64 Gaining Wetland    No access 

64.1 Gaining Wetland  n/a n/a n/a 

65 Gaining Wetland  n/a n/a n/a 

65.1 Gaining Wetland  n/a n/a n/a 

65.2 Gaining Wetland  n/a n/a n/a 

66 Gaining Wetland  n/a n/a n/a 

319 Gaining Wetland  n/a n/a n/a 

320 Gaining Wetland     

320.1 Gaining Wetland  n/a n/a n/a 

321 Gaining Wetland  n/a n/a n/a 

321.1 Gaining Wetland  n/a n/a n/a 

321.2 Gaining Wetland  n/a n/a n/a 

321.3 Gaining Wetland  n/a n/a n/a 

321.4 Gaining Wetland  n/a n/a n/a 

321.5 Gaining Wetland  n/a n/a n/a 

321.6 Gaining Wetland  n/a n/a n/a 
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Complex Vent / Bore Type Round 1 Round 2 Round 3 Round 4 

321.7 Gaining Wetland  n/a n/a n/a 

321.8 Gaining Wetland  n/a n/a n/a 

684 Gaining Wetland  n/a n/a n/a 

RN 67229 Bore    No access 

RN 11878 Bore n/a n/a n/a 

RN 17197 Bore n/a n/a n/a 

RN 62077 Bore n/a n/a n/a 

Dawson River (2) 
42 Gaining Wetland No access    

RN 89695 Bore No access    

Dawson River (6) 

1 Gaining Wetland     

4 Gaining Wetland  n/a n/a n/a 

5 Gaining Wetland  n/a n/a n/a 

6 Gaining Wetland  n/a n/a n/a 

22 Gaining Wetland  n/a n/a n/a 

23 Gaining Wetland  n/a n/a n/a 

24 Gaining Wetland  n/a n/a n/a 

25 Gaining Wetland  n/a n/a n/a 

27 Gaining Wetland  n/a n/a n/a 

30 Gaining Wetland  n/a n/a n/a 

31 Gaining Wetland  n/a n/a n/a 

32 Gaining Wetland  n/a n/a n/a 

43 Gaining Wetland No access  n/a n/a 

59 Gaining Wetland  n/a n/a n/a 

60 Gaining Wetland  n/a n/a n/a 

681 Gaining Wetland  n/a n/a n/a 

Dawson River (8) 

26 Gaining Wetland  n/a n/a n/a 

28 Gaining Wetland     

38 Gaining Wetland     

Elgin 2 (594) 
540 Gaining Wetland     

RN 67137 Bore n/a    

Kangaroo Creek 

Kangaroo Creek 1 Gaining Wetland No access No access No access No access 

Kangaroo Creek 2 Gaining Wetland No access No access No access No access 

Spring Creek Gaining Wetland No access No access No access No access 

Lucky Last (230) 

287 Gaining Wetland     

340 Gaining Wetland     

686 Gaining Wetland     

687 Gaining Wetland     
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Complex Vent / Bore Type Round 1 Round 2 Round 3 Round 4 

687.1 Gaining Wetland     

687.2 Gaining Wetland     

687.3 Gaining Wetland     

687.4 Gaining Wetland     

687.5 Gaining Wetland     

687.6 Gaining Wetland     

688 Gaining Wetland     

689 Gaining Wetland     

Orana Orana1 Gaining Wetland n/a n/a n/a  

Ponies (229) 
284 Gaining Wetland  n/a n/a n/a 

284.1 Gaining Wetland     

Prices (580) 

40 Gaining Wetland  n/a n/a n/a 

41 Gaining Wetland  n/a n/a n/a 

52 Gaining Wetland     

67 Gaining Wetland     

Scott’s Creek (260) 

189 Gaining Wetland  No access   

190 Gaining Wetland  No access   

191 Gaining Wetland  No access   

192 Gaining Wetland  No access   

192.1 Gaining Wetland  No access n/a n/a 

RN 14881 Bore  No access   

RN 14200 Bore  No access   

RN 14203 Bore  No access   

RN 31097 Bore n/a n/a   

Spring Rock Creek (561) 285 Gaining Wetland     

Wambo (584) 
711 Gaining Wetland No access No access   

711.1 Gaining Wetland No access No access  n/a 

Yebna 2 (591) 534 Gaining Wetland     

SUMMARY 

Targeted Sites 121 65 62 62 

Land Access Achieved 111 50 58 57 

Achievement Rate 92% 77% 94% 92% 

Notes: 1. “n/a” – not applicable: indicates the targeted site not was a part of the monitoring program for that particular survey Round. 

  



Springs Baseline Summary Report  

 

IH037400.700 PAGE 56 

6.2 Wetland Discharge and Wetland Area 

The quantitative measurement of wetland area for each gaining wetland showed that, generally, there was an 
increase in measured wetland area between the second and third monitoring events, followed by stabilisation 
and/or a slight decrease in wetland area size as measured in the fourth monitoring event. This is illustrated in 
Figure 6-1 below, showing that significant changes in wetland area were observed through the Baseline 
Monitoring Program. Maps displaying the measured wetland area for a few key wetlands in selected complexes 
are provided in Appendix E.  

 

Figure 6-1 Median Measured Wetland Area by Complex (note logarithmic y-axis) 

The combined median increase in wetland area across all sites was 116% between February/March and June 
2014 (i.e. more than twice the size overall), whilst there was a 7% decrease between June and September 
2014. The largest percentage increases between the second and third monitoring events were observed in the 
Lucky Last (230), Prices (580), Ponies (229) and Cockatoo Creek (9) complexes. 

There were a few exceptions to the general observed trends, most notably vent 540 in the Elgin 2 (594) 
complex. Located in the southern Bowen Basin a significant distance north of all other gaining wetland sites in 
the Baseline Monitoring Program, this site showed a decrease in wetland area throughout the Program. 

Some of the largest gaining wetlands in the Boggomoss (5), Dawson River (6), Dawson River (8) and Lucky 
Last (230) complexes continued to expand in the wetland area metric following the third monitoring event, 
potentially indicating that the larger wetlands respond slower to external influences as compared to smaller 
wetlands, even when in the same complex and located in close proximity to other vents/wetlands. 

Generally, the gaining wetlands associated with incised bedrock (water course springs) showed significantly 
less variance in wetland area over the Baseline Monitoring Period as compared to those gaining wetlands that 
are associated with regolith landscapes. This can be seen in Figure 6-1 where the Spring Rock Creek (561) 
and 311 complexes, both located within incised bedrock settings, show smaller relative changes than the other 



Springs Baseline Summary Report  

 

IH037400.700 PAGE 57 

complexes. An inference of this is that the regolith may play an important role in gaining wetland discharge 
processes. 

It is noted that, for the most part, the trend in measured wetland area observed over the Baseline Monitoring 
Program appears closely relates to the seasonal changes in ET (Section 5.3), where increases in wetland area 
corresponded to seasonal decreases in ET. 

During the third and fourth monitoring events, it was observed that the wetted soil area at the fringes of many 
gaining wetlands exceeded the area occupied by the wetland vegetation. As such, the application of Jacobs’ 
modification of the Fensham and Fairfax (2009) method to pick up short term changes in wetland area in the 
Baseline Monitoring Program as described in Section 3.4.1 is considered justified. Further modification of the 
method may be warranted in the future, as it was observed that the extent of wetted soil at each wetland 
showed significantly more variation between monitoring events than the extent of the wetland vegetation; 
validating the Fensham and Fairfax (2009) theory that recording the extent of wetland vegetation may be 
suitable for observing long term trends in wetland discharge, whilst shorter term fluctuations may be best 
recorded by surveying the extent of wetted soil. A suitable future method for measuring wetland area may 
include the recording of two separate wetland area extents: (i) the area occupied by wetland vegetation as per 
Fensham and Fairfax (2009) to detect long term changes in wetland discharge, and (ii) the area occupied by 
wetted soil, which may be smaller or larger than (i), to detect shorter term changes. 

6.3 Wetland Water Quality 

6.3.1 Completion Rates 

Table 6-2 presents water quality sampling completion rates during the course of the Baseline Monitoring 
Program. Generally, where gaining wetlands were identified for water quality monitoring but were not sampled, 
this was due to a lack of sufficiently undisturbed free surface water. 

In addition to those sites identified for Full Monitoring in the second and subsequent monitoring events, a 
number of sites in the Abyss, Lucky Last and Spring Rock Creek complexes also had field parameters (EC, pH, 
Temp, DO, and Eh) collected at the request of Santos. These data are provided in the Baseline Monitoring 
Program dataset but are considered additional to the Program and will not be discussed further. 

Table 6-2 Water quality sampling completion  

Complex Vent / Bore Type Round 1 Round 2 Round 3 Round 4 

311 

535 Gaining Wetland n/a n/a n/a 

536 Gaining Wetland  *   

537 Gaining Wetland  n/a n/a n/a 

693 Gaining Wetland  *   

704 Gaining Wetland   No access  

Abyss (592) 

286 Gaining Wetland     

286.1 Gaining Wetland  n/a n/a n/a 

286.2 Gaining Wetland   *  

286.3 Gaining Wetland  n/a n/a n/a 

682 Gaining Wetland  n/a n/a n/a 

716 Gaining Wetland  n/a n/a n/a 

Barton (283) 
702 Gaining Wetland  No access *  

703 Gaining Wetland  n/a n/a n/a 
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Complex Vent / Bore Type Round 1 Round 2 Round 3 Round 4 

Barton Well Hand dug well n/a No access *  

Boggomoss (5) 

2 Gaining Wetland  n/a n/a n/a 

3 Gaining Wetland  n/a n/a n/a 

7 Gaining Wetland  n/a n/a n/a 

8 Gaining Wetland  n/a n/a n/a 

9 Gaining Wetland  n/a n/a n/a 

10 Gaining Wetland  n/a n/a n/a 

11 Gaining Wetland  n/a n/a n/a 

12 Gaining Wetland  n/a n/a n/a 

13 Gaining Wetland  n/a n/a n/a 

14 Gaining Wetland  n/a n/a n/a 

15 Gaining Wetland  n/a n/a n/a 

29 Gaining Wetland  n/a n/a n/a 

33 Gaining Wetland  n/a n/a n/a 

37 Gaining Wetland  n/a n/a n/a 

37.1 Gaining Wetland  n/a n/a n/a 

44 Gaining Wetland No access  n/a n/a 

53 Gaining Wetland  n/a n/a n/a 

54 Gaining Wetland  n/a n/a n/a 

55 Gaining Wetland  n/a n/a n/a 

56 Gaining Wetland  n/a n/a n/a 

56.1 Gaining Wetland  n/a n/a n/a 

57 Gaining Wetland  n/a n/a n/a 

58 Gaining Wetland  n/a n/a n/a 

61 Gaining Wetland  n/a n/a n/a 

62 Gaining Wetland  n/a n/a n/a 

63 Gaining Wetland  n/a n/a n/a 

68 Gaining Wetland  n/a n/a n/a 

68.1 Gaining Wetland  n/a n/a n/a 

683 Gaining Wetland  n/a n/a n/a 

691 Gaining Wetland No access  n/a n/a 

Cockatoo Creek (9) 

64 Gaining Wetland  *  No access 

64.1 Gaining Wetland  n/a n/a n/a 

65 Gaining Wetland  n/a n/a n/a 
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Complex Vent / Bore Type Round 1 Round 2 Round 3 Round 4 

65.1 Gaining Wetland  n/a n/a n/a 

65.2 Gaining Wetland  n/a n/a n/a 

66 Gaining Wetland  n/a n/a n/a 

319 Gaining Wetland  n/a n/a n/a 

320 Gaining Wetland  n/a n/a n/a 

320.1 Gaining Wetland  n/a n/a n/a 

321 Gaining Wetland  n/a n/a n/a 

321.1 Gaining Wetland  n/a n/a n/a 

321.2 Gaining Wetland  n/a n/a n/a 

321.3 Gaining Wetland  n/a n/a n/a 

321.4 Gaining Wetland  n/a n/a n/a 

321.5 Gaining Wetland  n/a n/a n/a 

321.6 Gaining Wetland  n/a n/a n/a 

321.7 Gaining Wetland  n/a n/a n/a 

321.8 Gaining Wetland  n/a n/a n/a 

684 Gaining Wetland  n/a n/a n/a 

RN 67229 Bore  *  No access 

RN 11878 Bore n/a n/a n/a 

RN 17197 Bore n/a n/a n/a 

RN 62077 Bore n/a n/a n/a 

Dawson River (2) 
42 Gaining Wetland No access *   

RN 89695 Bore No access *   

Dawson River (6) 

1 Gaining Wetland   *  

4 Gaining Wetland  n/a n/a n/a 

5 Gaining Wetland  n/a n/a n/a 

6 Gaining Wetland  n/a n/a n/a 

22 Gaining Wetland  n/a n/a n/a 

23 Gaining Wetland  n/a n/a n/a 

24 Gaining Wetland  n/a n/a n/a 

25 Gaining Wetland  n/a n/a n/a 

27 Gaining Wetland  n/a n/a n/a 

30 Gaining Wetland  n/a n/a n/a 

31 Gaining Wetland  n/a n/a n/a 

32 Gaining Wetland  n/a n/a n/a 
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Complex Vent / Bore Type Round 1 Round 2 Round 3 Round 4 

43 Gaining Wetland No access * n/a n/a 

59 Gaining Wetland  n/a n/a n/a 

60 Gaining Wetland  *   

681 Gaining Wetland  n/a n/a n/a 

Dawson River (8) 

26 Gaining Wetland  n/a n/a n/a 

28 Gaining Wetland   *  

38 Gaining Wetland  n/a n/a n/a 

Elgin 2 (594) 
540 Gaining Wetland  *   

RN 67137 Bore n/a *   

Kangaroo Creek 

Kangaroo Creek 1 Gaining Wetland No access No access No access No access 

Kangaroo Creek 2 Gaining Wetland No access No access No access No access 

Spring Creek Gaining Wetland No access No access No access No access 

Lucky Last (230) 

287 Gaining Wetland   *  

340 Gaining Wetland   *  

686 Gaining Wetland  n/a n/a n/a 

687 Gaining Wetland  n/a n/a n/a 

687.1 Gaining Wetland  n/a n/a n/a 

687.2 Gaining Wetland  n/a n/a n/a 

687.3 Gaining Wetland  n/a n/a n/a 

687.4 Gaining Wetland  n/a n/a n/a 

687.5 Gaining Wetland  n/a n/a n/a 

687.6 Gaining Wetland  n/a n/a n/a 

688 Gaining Wetland   *  

689 Gaining Wetland  *   

Orana Orana1 Gaining Wetland n/a n/a n/a * 

Ponies (229) 
284 Gaining Wetland  n/a n/a n/a 

284.1 Gaining Wetland  *   

Prices (580) 

40 Gaining Wetland  n/a n/a n/a 

41 Gaining Wetland  n/a n/a n/a 

52 Gaining Wetland  *   

67 Gaining Wetland  n/a n/a n/a 

Scott’s Creek (260) 

189 Gaining Wetland  No access *  

190 Gaining Wetland  No access *  

191 Gaining Wetland  No access n/a n/a 
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Complex Vent / Bore Type Round 1 Round 2 Round 3 Round 4 

192 Gaining Wetland  No access n/a n/a 

192.1 Gaining Wetland  No access n/a n/a 

RN 14881 Bore  No access *  

RN 14200 Bore  No access *  

RN 14203 Bore  No access No pump  

RN 31097 Bore n/a n/a *  

Spring Rock Creek (561) 285 Gaining Wetland  *   

Wambo (584) 
711 Gaining Wetland No access No access *  

711.1 Gaining Wetland No access No access *  

Yebna 2 (591) 534 Gaining Wetland   *  

SUMMARY 

Targeted Sites 121 40 35 36 

Sampling Achieved 38 15 29 27 

Achievement Rate 31% 38% 83% 75% 

Notes: 1. “n/a” – not applicable: indicates the targeted site not was selected to be a part of the monitoring program for that particular 
survey Round. 
2. “ * ” indicates sampling included isotopes 

6.3.2 Summary of Results 

For the purposes of this report, in depth analysis of water chemistry laboratory results was not undertaken; it is 
the intention of the OGIA-led re-conceptualisation study to undertake such analysis. For the purposes of this 
report, analysis of the Baseline Monitoring Program water quality data will be limited to a high level review of the 
EC and pH results. Full chemistry results from the Baseline Monitoring Program are provided in the dataset 
accompanying this report. 

A plot of the average measured field EC for each gaining wetland complex over the Baseline Monitoring 
Program is presented in Figure 6-2. As shown, flowing vents were shown to have most stable discharge water 
EC over the four monitoring events, consistent with minimal surface residence time for the water to be affected 
by surficial processes. It is considered that water quality sampling from these types of gaining wetlands is likely 
to be the most representative of source aquifer groundwater in terms of water chemistry. 

Watercourse springs with stagnant pools (Barton and Spring Rock Creek complexes) display variable water EC 
over the Baseline Monitoring program; it is considered that this is a result of changes in water quality brought 
about by surficial processes and chemical reactions (e.g. evaporation, soil reactions). 

Diffuse discharge type gaining wetlands show variable trends in water EC over the Baseline Monitoring 
Program; this is consistent with the variable nature of sampling methods required for such wetlands where 
pooled water is more variably present, sampled pools may change between monitoring events for any particular 
wetland, and where push-tube sampling methods were sometimes employed. Additionally, such wetlands are 
also subject to surficial processes and chemical reactions similar to stagnant watercourse type gaining 
wetlands. 

As shown in Figure 6-3, wetland pH measurement results over the Baseline Monitoring Program were generally 
significantly more temporally variable than EC measurements, further suggesting the influence of surficial 
processes on wetland water quality. Such processes may include micro soil processes, precipitation and/or 
mobilisation of minerals, or interactions with vegetation such as root zone nitrification. For most gaining 
wetlands, the lowest pH was recorded during the ‘driest’ monitoring event (March 2014) when wetland areas 
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were at their smallest (Section 0), and the highest pH was recorded in the ‘wettest’ monitoring event (June 
2014). 

 
Figure 6-2 Average Field EC by Complex (note only includes Full Monitoring sites) 

 
Figure 6-3 Average Field pH by Complex (note only includes Full Monitoring sites)  
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Figure 6-4 and Figure 6-5 show the field measurements from bores and wells within gaining wetland 
complexes for EC and pH respectively during the Baseline Monitoring Program. It is assumed, based on 
previous conceptualisation work (e.g. KCB, 2012), that the bores access the same primary source aquifer as 
the adjacent gaining wetlands within the same complex. As shown in the plots, there was significantly less 
temporal variability in these chemical parameters for bores across the four monitoring events, as compared to 
the gaining wetlands. This result again highlights the effect of surficial processes in driving variability in water 
quality within the gaining wetlands themselves. Additionally, the variation in field chemistry results when 
comparing adjacent gaining wetlands and bores may also indicate mixed water sources (i.e. locally derived 
groundwater sources in additional to the regional-scale groundwater source aquifer) for many of the gaining 
wetlands. 
 

 

Figure 6-4 Field EC for Bores and Wells 
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Figure 6-5 Field pH for Bores and Wells 

6.4 Groundwater Pressure/Level as an indicator for Groundwater Flux 

As outlined in Section 2.1.2, Section 3.2.4 and Section 3.4.1, existing groundwater bores and wells allowed 
the measurement of groundwater pressure/level in the Baseline Monitoring Program in relation to the following 
complexes: 

 Barton (283) 

 Cockatoo Creek (9) 

 Dawson River (2) 

 Elgin 2 (594) 

 Scott’s Creek (260). 

The recording of groundwater pressure/level throughout the Baseline Monitoring Program showed that, 
generally, groundwater pressures/levels remained relatively constant throughout the Program, as shown in 
Figure 6-6 below. Maximum observed head change was 2.5 m over the course of the Program associated with 
the Dawson River (2) complex. One bore in the Scott’s Creek complex also showed a 2.1 m change in pressure 
head. Groundwater levels were shown to range from 214 to 338 mAHD, and from 17 m below ground level 
(bore RN11878 in the Cockatoo Creek complex) to 26 m of pressure above ground level (bore RN67137 in the 
Elgin 2 complex). The highest artesian pressures were recorded near the Dawson River 2 and Elgin 2 
complexes, at 25 m and 26 m of pressure head above ground level respectively.  

Generally, due to the sporadic nature of the groundwater pressure/level data collected in the Program, it is not 
considered that meaningful conclusions regarding changes in gaining wetland groundwater flux can be drawn 
from the groundwater pressure/level data at this stage. 
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Figure 6-6 Groundwater levels measured during the Baseline Monitoring Program 
 

6.5 Ecosystem Condition - Flora Monitoring 

6.5.1 Data Analysis Method 

For the purposes of this report, in depth analysis of the plant species data obtained during the Baseline 
Monitoring Program will not be undertaken, as such analysis will form part of a related conceptualisation project 
being undertaken by OGIA. In this report, analysis of flora data is restricted to the calculation of the average 
percentage cover at each gaining wetland subject to Full Monitoring from the 1m2 quadrats for each monitoring 
event, for the following key attributes:  

1) Physical disturbance  

2) Total vegetation abundance 

3) Target species abundance excluding weedy species 

4) Weedy species abundance 

5) Eriocaulon carsonii abundance 

6) Cenchrus purpurascens. abundance 

It should be noted that analysing the average percentage cover values for all quadrats within any particular 
gaining wetland, as in this analysis, may potentially mask any changes that occur in individual wetlands 
associated with zonation. That is, large changes within a single quadrat at any gaining wetland may be masked 
by much smaller changes within other quadrats at that wetland. As described above, more detailed analysis that 
may uncover such issues will form part of a related conceptualisation project being undertaken by OGIA. 
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6.5.2 Summary of Results 

Most sites recorded substantial physical disturbance over the Baseline Monitoring Program (Figure 6-7), which 
was mainly associated with cattle pugging. The average percentage cover of disturbance across all wetlands 
ranged from 11% in June 2014 to 40% in September 2014. The diffuse and flowing gaining wetland types 
showed a reasonably consistent temporal distribution of disturbance across the different monitoring sites, where 
higher values of disturbance were recorded at the November 2013 (dry period) and October 2014 (wet period) 
monitoring events. The Yebna 2 gaining wetland was an exception to the general trends, showing a gradual 
increase of disturbance in each subsequent monitoring event. This appeared to be associated with an observed 
increase in cattle stocking the paddock surrounding this very small wetland during the later monitoring events. 
The watercourse gaining wetland types showed a more variable pattern of disturbance, although overall there 
remained a relatively low level of disturbance in the third (June 2014) monitoring event and a high level of 
disturbance in the fourth (September 2014) monitoring event. Overall, the level of physical disturbance at most 
gaining wetlands is considered to be significant and largely controlled by the level of cattle stocking in the areas 
adjacent the gaining wetlands. 

There was little consistent trend in the changes in total recorded vegetation cover (Figure 6-8) across the 
monitored sites. For the diffuse-type gaining wetlands, there was often a rise in total vegetation cover between 
the first and second monitoring events, and a decrease in total vegetation cover between the third and fourth 

monitoring events; however, some other wetlands were relatively stable with respect to total vegetation cover. 
Watercourse type gaining wetlands show the most variable total vegetation cover between monitoring events. 
However, these changes mask changes associated with the vegetation zonation across individual wetlands. 

The total target species percentage cover across the gaining wetlands again showed little consistent trends 
across the Baseline Monitoring Program (Figure 6-9). With the exception of the Ponies and Prices complexes, 
total target species cover remained relatively consistent throughout the four monitoring events. The Scott’s 
Creek complex was shown to contain the highest percentage cover of target species, confirming the relatively 
high ecological value of that gaining wetland complex.  

The cover of weedy species was lowest for the watercourse and flowing wetland types (Figure 6-10), 
suggesting that the plentiful water at these sites may not favour these species. Weedy cover at the diffuse-type 
gaining wetlands was more variable and often showed an increase in weedy species cover between the first two 
monitoring events followed by a decrease in the third and fourth monitoring events. The relatively high weedy 
cover in the second (February 2014) monitoring event for diffuse wetland types is possibly associated with a 
general lack of water at this time. The results for the flowing and diffuse wetland types suggest that there may 
be correlation between a lack of water and an increase in weedy species at the gaining wetlands. 

Cover data for the selected target species Eriocaulon carsonii and Cenchrus purpurascens is presented in 
Figure 6-11 and Figure 6-12 respectively. These key vegetation species mainly occur on diffuse discharge type 
gaining wetlands; each is recorded from only one flowing wetland type and none are recorded at a watercourse 
type wetland. The average cover of Cenchrus purpurascens was variable over the four monitoring events for the 
five wetland complexes where it was recorded. The average cover across all four complexes where Eriocaulon 
carsonii was recorded was relatively more stable; at the Lucky Last complex the cover of Eriocaulon carsonii 
increased slightly between the third and fourth monitoring events, while at the Prices complex the cover of 
Eriocaulon carsonii decreased from the second to the fourth monitoring events. These changes appeared to be 
often correlated with the total extent of the wetland area at these sites, perhaps with a lag time between a 
change in wetted area and a corresponding change in target species cover. 

Although not presented here, the target species data also indicates that many wetlands have individual target 
species signatures; that is, the relative abundance of different target species varies by wetland and by complex. 
This will be explored further in the OGIA-led re-conceptualisation study. 
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Figure 6-7 Average Recorded Physical Disturbance 

 
Figure 6-8 Average Total Vegetation Cover 
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Figure 6-9 Average Total Target Species (excl weeds) 

 
Figure 6-10 Average Weedy Species 
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Figure 6-11 Average Eriocaulon carsonii Cover 

 
Figure 6-12 Average Cenchrus purpurascens Cover 
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6.5.3 Summary and Interpretation 

It is considered that much of the variation in the recorded flora parameters is associated with the character of 
individual monitoring sites and other local environmental factors. For example, the variation in vegetation cover 
at the very small wetland of vent 28 in the Dawson River (8) complex appeared to be associated with the high 
recorded disturbance by cattle, particularly in the fourth monitoring event when the total vegetation cover was at 
its lowest. It is apparent that vegetation cover is impacted by excessive cattle disturbance which may mask any 
association between vegetation and gaining wetland hydrology. Therefore, the use of vegetation monitoring to 
indicate changes in wetland hydrology may only be useful in the absence of high levels of disturbance. 

The high level analysis presented in this report also may mask variation in vegetation patterning within any 
individual gaining wetland. Changes in vegetation and species type are observed to occur across the edges of 
the wetland vegetation in association with the waxing and waning of the wetted area. These changes include 
variations in the relative abundance of the terrestrial and wetland species that are used to define the wetland 
vegetation boundary.  

The wetland species include target species (such as Eriocaulon carsonii and Cenchrus purpurascens), weeds 
species (such as Ludwigia peploides, Azolla pinnata) and other wetland non-target species (such as Leersia 
hexandra, Phragmites australis). The terrestrial species include non-wetland species such as Cynodon dactylon 
and Chloris gayana which can be observed to migrate into a wetland that is drying. Targeting these wetland 
species groups for monitoring across the vegetation wetland boundary will complement the wetland vegetation 
extent mapping. The boundary monitoring will indicate medium to long term changes in wetland discharge, and 
provide insights into changes in the function of the gaining wetland.  

Further analysis of the detailed transect data in the OGIA-led re-conceptualisation project will be undertaken to 
elucidate these patterns, including a breakdown of vegetation species into wetland and non-wetland categories 
which can be used to precisely define the wetland vegetation area at each wetland and for quadrat based 
species monitoring across the wetland boundary. 

6.6 Ecosystem Condition - Macro-invertebrate Sampling 

6.6.1 Completion Rates 

During the course of the Baseline Monitoring Program, a number of gaining wetlands identified for macro-
invertebrate sampling were not able to be sampled for macro-invertebrate analysis due to a general lack of 
sufficiently undisturbed free surface water. It should be noted that the macro-invertebrate sampling requires a 
significantly larger and deeper area of open pooled water than the water quality sampling, and hence 
completion rates for macro-invertebrate sampling are typically lower than for water quality sampling. 

Table 6-3 details the completion rates for macro-invertebrate sampling in the Baseline Monitoring Program. 

Table 6-3 Macro-invertebrate sampling completion  

Complex Vent Type Round 1 Round 2 Round 3 Round 4 

311 

535 Gaining Wetland n/a n/a n/a 

536 Gaining Wetland     

537 Gaining Wetland  n/a n/a n/a 

693 Gaining Wetland     

704 Gaining Wetland   No access  

Abyss (592) 

286 Gaining Wetland     

286.1 Gaining Wetland  n/a n/a n/a 

286.2 Gaining Wetland     

286.3 Gaining Wetland  n/a n/a n/a 
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Complex Vent Type Round 1 Round 2 Round 3 Round 4 

682 Gaining Wetland  n/a n/a n/a 

716 Gaining Wetland  n/a n/a n/a 

Barton (283) 
702 Gaining Wetland  No access   

703 Gaining Wetland  n/a n/a n/a 

Boggomoss (5) 

2 Gaining Wetland  n/a n/a n/a 

3 Gaining Wetland  n/a n/a n/a 

7 Gaining Wetland  n/a n/a n/a 

8 Gaining Wetland  n/a n/a n/a 

9 Gaining Wetland  n/a n/a n/a 

10 Gaining Wetland  n/a n/a n/a 

11 Gaining Wetland  n/a n/a n/a 

12 Gaining Wetland  n/a n/a n/a 

13 Gaining Wetland  n/a n/a n/a 

14 Gaining Wetland  n/a n/a n/a 

15 Gaining Wetland  n/a n/a n/a 

29 Gaining Wetland  n/a n/a n/a 

33 Gaining Wetland  n/a n/a n/a 

37 Gaining Wetland  n/a n/a n/a 

37.1 Gaining Wetland  n/a n/a n/a 

44 Gaining Wetland No access  n/a n/a 

53 Gaining Wetland  n/a n/a n/a 

54 Gaining Wetland  n/a n/a n/a 

55 Gaining Wetland  n/a n/a n/a 

56 Gaining Wetland  n/a n/a n/a 

56.1 Gaining Wetland  n/a n/a n/a 

57 Gaining Wetland  n/a n/a n/a 

58 Gaining Wetland  n/a n/a n/a 

61 Gaining Wetland  n/a n/a n/a 

62 Gaining Wetland  n/a n/a n/a 

63 Gaining Wetland  n/a n/a n/a 

68 Gaining Wetland  n/a n/a n/a 

68.1 Gaining Wetland  n/a n/a n/a 

683 Gaining Wetland  n/a n/a n/a 

691 Gaining Wetland No access  n/a n/a 
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Complex Vent Type Round 1 Round 2 Round 3 Round 4 

Cockatoo Creek (9) 

64 Gaining Wetland    No access 

64.1 Gaining Wetland  n/a n/a n/a 

65 Gaining Wetland  n/a n/a n/a 

65.1 Gaining Wetland  n/a n/a n/a 

65.2 Gaining Wetland  n/a n/a n/a 

66 Gaining Wetland  n/a n/a n/a 

319 Gaining Wetland  n/a n/a n/a 

320 Gaining Wetland  n/a n/a n/a 

320.1 Gaining Wetland  n/a n/a n/a 

321 Gaining Wetland  n/a n/a n/a 

321.1 Gaining Wetland  n/a n/a n/a 

321.2 Gaining Wetland  n/a n/a n/a 

321.3 Gaining Wetland  n/a n/a n/a 

321.4 Gaining Wetland  n/a n/a n/a 

321.5 Gaining Wetland  n/a n/a n/a 

321.6 Gaining Wetland  n/a n/a n/a 

321.7 Gaining Wetland  n/a n/a n/a 

321.8 Gaining Wetland  n/a n/a n/a 

684 Gaining Wetland  n/a n/a n/a 

Dawson River (2) 42 Gaining Wetland No access    

Dawson River (6) 

1 Gaining Wetland     

4 Gaining Wetland  n/a n/a n/a 

5 Gaining Wetland  n/a n/a n/a 

6 Gaining Wetland  n/a n/a n/a 

22 Gaining Wetland  n/a n/a n/a 

23 Gaining Wetland  n/a n/a n/a 

24 Gaining Wetland  n/a n/a n/a 

25 Gaining Wetland  n/a n/a n/a 

27 Gaining Wetland  n/a n/a n/a 

30 Gaining Wetland  n/a n/a n/a 

31 Gaining Wetland  n/a n/a n/a 

32 Gaining Wetland  n/a n/a n/a 

43 Gaining Wetland No access  n/a n/a 
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Complex Vent Type Round 1 Round 2 Round 3 Round 4 

59 Gaining Wetland  n/a n/a n/a 

60 Gaining Wetland     

681 Gaining Wetland  n/a n/a n/a 

Dawson River (8) 

26 Gaining Wetland  n/a n/a n/a 

28 Gaining Wetland     

38 Gaining Wetland  (n/a) n/a n/a 

Elgin 2 (594) 540 Gaining Wetland     

Kangaroo Creek 

Kangaroo Creek 1 Gaining Wetland No access No access No access No access 

Kangaroo Creek 2 Gaining Wetland No access No access No access No access 

Spring Creek Gaining Wetland No access No access No access No access 

Lucky Last (230) 

287 Gaining Wetland     

340 Gaining Wetland     

686 Gaining Wetland  n/a n/a n/a 

687 Gaining Wetland  n/a n/a n/a 

687.1 Gaining Wetland  n/a n/a n/a 

687.2 Gaining Wetland  n/a n/a n/a 

687.3 Gaining Wetland  n/a n/a n/a 

687.4 Gaining Wetland  n/a n/a n/a 

687.5 Gaining Wetland  n/a n/a n/a 

687.6 Gaining Wetland  n/a n/a n/a 

688 Gaining Wetland     

689 Gaining Wetland     

Orana Orana1 Gaining Wetland n/a n/a n/a  

Ponies (229) 
284 Gaining Wetland  n/a n/a n/a 

284.1 Gaining Wetland     

Prices (580) 

40 Gaining Wetland  n/a n/a n/a 

41 Gaining Wetland  n/a n/a n/a 

52 Gaining Wetland     

67 Gaining Wetland  n/a n/a n/a 

Scott’s Creek (260) 

189 Gaining Wetland  No access   

190 Gaining Wetland  No access   

191 Gaining Wetland  No access n/a n/a 

192 Gaining Wetland  No access n/a n/a 
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Complex Vent Type Round 1 Round 2 Round 3 Round 4 

192.1 Gaining Wetland  No access n/a n/a 

Spring Rock Creek (561) 285 Gaining Wetland     

Wambo (584) 
711 Gaining Wetland No access No access   

711.1 Gaining Wetland No access No access  n/a 

Yebna 2 (591) 534 Gaining Wetland     

SUMMARY 

Targeted Sites 113 34 28 28 

Sampling Achieved 28 14 10 15 

Achievement Rate 25% 41% 36% 54% 

Notes: 1. “n/a” – not applicable: indicates the targeted site not was selected to be a part of the monitoring program for that particular  
survey Round. 

6.6.2 Summary of Results 

Due to the variable nature of the gaining wetlands and specifically pooled water associated with the wetlands, 
only three sites were able to be sampled consecutively across all four monitoring events. Despite this, the 
macro-invertebrate taxonomic richness and diversity parameters for each sampled wetland can still be 
compared in order to show the overall health and condition of the macro-invertebrate assemblage. For this 
report, this has been calculated at the spring complex level, with any temporal changes throughout the 
monitoring period identified.  

A total of 70 different macro-invertebrate families were collected across the duration of the program. The most 
dominant group were insects, with 16 Diptera (true flies), 12 Coleoptera (beetles), 12 Hemiptera (aquatic bugs) 
and 9 Odonata (dragonflies and damselflies) species identified. The diversity of taxa decreased overall at the 
spring complex level at most complexes between the first (Oct 2013) and second (March 2014) monitoring 
events as shown in Figure 6-13. After the second monitoring event there were no early obvious trends, 
although the majority of complexes had a slight increase in diversity level following the second monitoring event 
and showed variability across the four monitoring events. The complex which expressed the highest diversity of 
species was Dawson River (8), although this was only sampled twice.  

Wetlands with the greatest macro-invertebrate taxa diversity tend to have a variety of complex habitats including 
macrophytes, and be subjected to minimal external impacts (DERM, 2010). Observations made at the majority 
of gaining wetlands in the Baseline Monitoring Program indicate that impacts from landuse are present (e.g. 
cattle disturbance), and this may have reduced the overall taxa diversity by excluding the least tolerant macro-
invertebrate species. In addition, sites which had high numbers of invasive fauna present (namely Gambusia 
holbrooki in the Scott’s Creek and Cockatoo Creek complexes and vent 60 in the Dawson River (2) complex) 
may have experienced further depletion of the macro-invertebrate populations as a result.  

Macro-invertebrate taxa abundance had clear temporal trends throughout the Baseline Monitoring Program, as 
shown in Figure 6-14 below. There was a uniform decrease (68% overall) in taxa abundance from the first (Oct 
2013) to second (March 2014) monitoring events. After the March 2014 monitoring event, the overall trend was 
a significant increase (169%) in the population numbers in the third (June 2014) monitoring event, coinciding 
with the observed increases in wetland area at that time (refer Section 0), before a slight decrease (23%) in 
taxa abundance again in the fourth (September 2014) monitoring event. 

One of the main factors that affects macro-invertebrate populations is the amount of surface water expressed 
and length of time it is present. Extended periods of standing water allows for increased colonisation of species, 
further developing the ecosystem complexity (DERM, 2010). The third monitoring event (June 2014) coincided 
with high amounts of standing surface water which allowed the proliferation of species numbers at each site, 
leading to an overall increase in the taxa abundance. Whilst most gaining wetland complexes increased in taxa 
abundance from the second to third monitoring events, the Dawson River (6) and 311 complexes responded to 
the greatest degree. 
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Figure 6-13 Mean Taxa Diversity scores for macro-invertebrate assemblages 

 

Figure 6-14 Mean Taxa Abundance count for macro-invertebrate assemblages 
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It is likely that external factors have affected the macro-invertebrate condition of the monitoring sites throughout 
the Baseline Monitoring Program. The majority of sites were open to stock grazing, and showed evidence of 
trampling and damage by both domestic livestock (cattle) and noxious fauna (wild pigs), and many were fouled 
with faecal contamination. Other impacts such as noxious weeds, chemical use, and over predation by invasive 
fauna (G. holbrooki) may have also impacted the health of the sites.  

Watercourse springs are able to consistently express surface water for the majority of the year, and give an 
ongoing and traceable aquatic fauna health status. For example both the Barton and Spring Rock Creek 
complexes were permanent water sites that did not have complex substrates, habitat, or significant macrophyte 
stands making it unlikely to support a full range of species, with the macro-invertebrate data reflecting this. The 
311 complex was more heterogeneous in habitat type, making it likely to support a more healthy and diverse 
ecosystem. Understanding the long term condition of these permanent pooled water sites (i.e. watercourse 
springs) is valuable when attempting to detect and measure any changes in the gaining wetlands which may 
occur due to the potential impact of CSG-activities.  

In summary, it is apparent that the macro-invertebrate assemblage condition is variable in background nature 
and is likely to be impacted from a variety of external factors as previously mentioned. Further analysis would 
need to be undertaken to assess site specific impacts and directionality. However, it is unclear whether specific 
sources of impact could be determined with precision for gaining wetlands within the diffuse discharge and 
flowing category types, given the wide variability in surface water presence and impacts already present. The 
suitability of using macro-invertebrate sampling as an impact indicator may therefore be limited in effectiveness 
to the watercourse springs, as the diffuse and flowing spring groups do not appear to support permanent water 
capable of maintaining a consistent representative aquatic assemblage.  

6.7 General Observations 

During the course of the Baseline Monitoring Program a number of key general hydrological and ecological 
observations were made, both from visiting the gaining wetlands and making visual observations, and from 
qualitative comparison of the visual observations from the four monitoring events. These key general 
observations are summarised below: 

 The vast majority of gaining wetlands have no real management in place and are damaged by stock and/or 
anthropogenic physical interference. Alteration of wetland area as a direct result of physical damage by 
stock (cattle) was evident at many sites, where expansion of the edge of some wetland areas was 
associated significant pugging in those areas, or the contraction of the edge of some mound structures 
(including wetland vegetation) was associated with soil compaction by stock. However, recovery of wetland 
physical condition was also evident at some sites as a result of the removal of stock between monitoring 
events, suggesting the gaining wetlands physical condition is able to recover relatively quickly from 
physical damage. 

 As supported by the quantitative Wetland Area survey data discussed in Section 0, the majority of gaining 
wetlands showed visibly increased levels of groundwater discharge in the third monitoring event compared 
to the previous two monitoring events, and then similar levels of groundwater discharge in the fourth 
monitoring event as compared to the third monitoring event.  

 In the first and second monitoring events, several gaining wetlands showed evidence of recent shrinking 
such as slight collapsing of mound structures, salt scalding, stressed vegetation and dry cracked mud. This 
was more evident in the second monitoring event with many wetland pools sampled in the first monitoring 
event no-longer being present in the second monitoring event. Evidence of wetland shrinking was generally 
not seen in the third monitoring event but was again observed at several sites in the fourth monitoring 
event.  

 Gaining wetlands associated with watercourses incised into bedrock remained visually relatively consistent 
in size throughout the Baseline Monitoring Program, as compared to gaining wetlands associated with 
regolith overlying bedrock. 

 Wetland vegetation at many sites was observed to appear stressed in the first and second monitoring 
events, especially at the fringes of the gaining wetlands. Conversely, wetland vegetation was observed to 
appear to be in a very healthy condition at most gaining wetlands in the third and fourth monitoring events, 
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although some wetland vegetation appeared to be in a state of seasonal dormancy in the fourth monitoring 
event. 

 The wetted soil area at the fringes of some gaining wetlands exceeded the area occupied by the wetland 
vegetation at those gaining wetlands in the third and fourth monitoring event. 

 Landholder information generally supported visual observations made during the Baseline Monitoring 
Program in regards to the apparent contraction and expansion of many gaining wetlands over the relatively 
short (12-month) duration of the Program. Some landholders commented during the first monitoring event 
that vent discharge at that time was at its lowest level in memory, and had been reducing consistently since 
the 1940’s. 

The general apparent decrease in gaining wetland size and discharge rate over the first part of the Baseline 
Monitoring Program (hot and unusually dry summer months) followed by the increase in gaining wetland size 
and discharge rate over the cooler winter period suggests that many gaining wetlands are responding to recent 
climate conditions (both rainfall and evapotranspiration); an inference of this is that they may be connected to 
localised groundwater flow systems residing in the regolith (in addition to potential connection to 
deeper/regional flow systems) to a greater degree than first thought.  
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7. Validation of Field Practices 
7.1 Water Quality Data QA\QC 

7.1.1 Requirements 

The water quality sampling program during the Baseline Monitoring Program was undertaken in accordance 
with the required QA/QC protocols as outlined in the Springs Quality Plan (SQP), which was prepared by the 
Operators as a complementary document to the Joint Industry Plan (JIP) for springs monitoring: 

 Duplicate Samples – At least one duplicate for every 10 primary samples. Used to cross check primary 
laboratory results for water samples. 

 Equipment Blanks - One per day, or one per every 20 primary samples, whichever is more frequent. Used 
to check cleaning procedures on sampling equipment. 

 Field Blanks – At least one per 20 primary samples. Used to check for contamination from sampling point 
to laboratory.  

 Trip Blanks - Required for every Esky being transported back to the laboratory. Used to check for 
contamination during transport to laboratory (primarily BTEX and/or volatile hydrocarbons). 

QA/QC duplicates and blanks were only applied to water samples delivered to ALS Laboratories; isotope 
samples delivered to CSIRO or UC Davis laboratories were excluded from the process due to the significant 
cost associated with isotope analysis.  

7.1.2 Results 

Table 7-1 presents a summary of the water quality QA/QC results in terms of both achieving the required 
QA/QC sampling frequency protocols and achieving the required QA/QC laboratory results. As shown, the first 
monitoring event showed non-compliance with the SQP in terms of Equipment Blank and Trip Blank sampling 
frequency, and this occurred again for Trip Blank sampling in the second monitoring event. Whilst 
acknowledging these failures in the first and second monitoring events, the QA/QC laboratory results for those 
monitoring events show that confidence in the laboratory data still remains. Full compliance with the SQP was 
achieved for the third and fourth monitoring events 

A relative percentage difference (RPD) analysis for the duplicate samples has been undertaken and is provided 
to the Operators as an excel file in the Baseline Monitoring Program data package.  RPD’s of greater than 10% 
have been highlighted in the analysis. For the majority of RPD’s of greater than 10%, the values are associated 
with differences that are very close to the laboratory limit of reporting (LOR) or represent only small changes in 
the actual reported value (e.g. 3 mg/L compared to 2 mg/L), and are therefore considered to be insignificant.  
Additionally, ALS Laboratories have advised Jacobs that when sample analytical results are less than 10 x the 
LOR, the laboratory considers that no RPD analysis should be applied. 

Equipment blanks and field blanks reported results below the LOR for all parameters, except for Silicon, Silica 
and Chloroform that reported results that whilst low, were above the LOR. Jacobs considers this to be a 
laboratory artefact related to the sample water coming into contact with glass in the case of the Silica & Silicon 
hits, and the sample holding vessels coming into contact with tap water prior to sample collection in the case of 
Chloroform. Discussion with ALS Laboratories has confirmed this. 

The laboratory analysis shows values less than the LOR for the parameters analysed for the trip equipment 
blanks (TPH, TRH and BTEX), indicating that the field program achieved the QA/QC requirements in this 
regard. 
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Table 7-1 Water Quality QA/QC Summary  

Monitoring Event Sample Type No of Samples 
QA/QC frequency 
protocol achieved 

QA/QC lab analysis 
successful 

Round 1 

Primary 38 samples over 9 sampling days transported in 20 Eskies 

Duplicate 4  

Equipment Blank 3  

Field Blank 2   

Trip Blank 12  

Round 2 

Primary 15 samples over 6 sampling days transported in 8 Eskies 

Duplicate 2 

Equipment Blank 6 

Field Blank 1   

Trip Blank 5   

Round 3 

Primary 29 samples over 8 sampling days transported in 16 Eskies 

Duplicate 4 

Equipment Blank 8 

Field Blank 2   

Trip Blank 16   

Round 4 

Primary 27 samples over 8 sampling days transported in 17 Eskies 

Duplicate 4  

Equipment Blank 8  

Field Blank 2   

Trip Blank 17   

7.2 Ecological Data 

7.2.1 Mobile Mapping 

The ecological field component of the Baseline Monitoring Program utilised electronic mobile mapping solutions 
in order to: 

 enable high-accuracy positioning of vegetation survey quadrats to ensure spatial repeatability over the 12-
month project duration; 

 allow fast and efficient data capture; and 

 minimise the requirement for post-survey data transcribing and handling. 

Flora surveys were undertaken by recording data observed within each quadrat into a pre-programmed 
electronic database form within a DGPS unit. Flora species (or water/litter/bare ground) are selected from a 
dropdown menu list at each quadrat location, and assigned a percentage abundance value for each quadrat. Up 
to 12 species types and corresponding relative percentage abundances can be entered for any one quadrat, 
however typically only 4 to 6 individual species are found within a single quadrat. 
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7.2.2 First Monitoring Event 

Consultation with the Queensland Herbarium in the time since the first monitoring event results, presented in 
the Future Baseline Monitoring Recommendations report (SKM, 2013b), has indicated that two flora species 
were mis-identified in the first monitoring event. One of these species, Lidwigia Peploides, is listed as an 
invasive native target species as per Table 2-3. This species identification misnomer was corrected for the 
second and subsequent monitoring events, and the flora database for the first monitoring event has been 
updated to reflect the results of the consultation with the Queensland Herbarium. A total of 13 of the 761 (1.7%) 
quadrat results from the first monitoring event have been affected by this change. 

The site selection ranking methodology uses ecological value as a component of the multi-criteria analysis. 
However, the update of the first monitoring event ecological survey data has not affected the ecological value 
score at any of the gaining wetlands and so the Suitability Assessment (refer to Section 3.3) derived from the 
results of the first monitoring event remains unchanged. 

7.2.3 Second Monitoring Event 

During the second monitoring event, an error in the source code programming of the dropdown menu in the 
electronic flora recording database resulted in the data entered for the second flora species type encountered in 
each quadrat (“SPECIES2”) not being saved by the database. This has resulted in the loss of data collected for 
the second flora species type field at all gaining wetlands visited in the second monitoring event.  

The database error did not affect any other data columns, including the relative percentage abundance for the 
second flora species. Unfortunately, there was no indication to the device operator in the field that this error 
existed, as the data capture device visually functioned as intended. 

Information Recovery 

Jacobs has undertaken an exercise to reverse engineer the missing species type data using a combination of: 

1) Review of the flora quadrat results from the first, second, third and fourth monitoring events; 

2) Photographs; and 

3) Professional judgement of our highly experienced ecological sub-contractor, Bruce Wilson (formerly of the 
Queensland Herbarium). 

The information recovery process is predicated on the fact that: 

 The survey quadrat locations are repeated to a high level of spatial accuracy (DGPS) between survey 
events; and  

 It is considered unlikely that there will be significant changes in flora species type within any particular 
quadrat over the three-month period between each monitoring event. 

Confidence Level 

In the information recovery process, a corresponding confidence value has been assigned to each data entry for 
the second species type within each quadrat at each wetland, and that confidence value is reported in the final 
second monitoring event dataset in addition to the raw ecological data. The output is a revised flora survey 
database for the second monitoring event that incorporates an additional column of data corresponding to the 
confidence level of the SPECIES2 field. 

The confidence level of the SPECIES2 was assigned according the information presented in Table 7-2 below. 
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Table 7-2 SPECIES2 Confidence Level classification system for the second monitoring event flora database 

% Confidence Description 

100 

 Notes from second monitoring event for the specific quadrat 

 Recollection of the site Ecologist for the specific quadrat 

 Consistent with first, third and fourth monitoring event results 

 Considered unequivocal 

95 

 Recollection of the site Ecologist for the specific gaining wetland 

 Consistent with first, third and fourth monitoring event results 

 Considered unequivocal 

90 
 Derived from first, third and fourth monitoring event data 

 Considered unequivocal 

60 
 Derived from first, third and fourth monitoring event data 

 Considered equivocal – assigned to most likely species 

The results of the second monitoring event SPECIES2 data recovery process, in terms of the relative 
confidence levels, are provided in Table 7-3. As shown, at the conclusion of the Baseline Monitoring Program, 
the information recovery process has resulted in 31% of second monitoring event quadrats having a 100% 
confidence in the SPECIES2 field, and a further 18% of quadrats having a 95% confidence. Only 14% of 
quadrats have a confidence rating of less than 90% in the second monitoring event.  

Table 7-3 SPECIES2 Confidence Level results – Second Monitoring Event 

% Confidence Number of Quadrats Percentage of Total Quadrats 

100 76 31% 

95 45 18% 

90 92 37% 

60 36 14% 
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8. Conclusions 
8.1 General Understanding 
The Baseline Monitoring Program is the first time the gaining wetlands (springs) of the northern Surat Basin 
have been seasonally subjected to combined ecological and hydrogeological assessment over the course of 
one year.  

Combining field observations of the geomorphological setting of the gaining wetlands, with the collection of field 
data regarding the water chemistry, flora and aquatic ecosystems during the four quarterly monitoring events 
over one year, has provided several critical insights into the temporal variability of gaining wetland vegetation 
and wetted area. It has also allowed identification of key influences on gaining wetland health and condition in a 
temporal sense.  While these key observations are discussed in Section 6.7, there were several overriding 
observations of gaining wetland dynamics that will likely play a key role in identifying any potential impacts to 
the gaining wetlands caused by CSG-induced changes in source aquifer groundwater pressure: 

 All non-watercourse gaining wetlands change in wetted area size and wetland water quality due to 
seasonal climatic patterns, and appear particularly responsive to seasonal changes in ET in this regard. 

 Watercourse springs (within outcropping hard rock aquifers) appear to be more consistent in terms of 
discharge rate and wetland area compared to gaining wetlands that reside within a weathered regolith 
setting.  

 Non-watercourse gaining wetlands appear to reside within a multiple-source groundwater flow system 
where, in wet periods, a local flow system exists that is superimposed over the regional groundwater flow 
system. 

 The absence and/or presence of stock (cattle) has significant bearing on the overall physical condition of 
gaining wetlands. 

 Wetland water quality is highly temporally variable across the gaining wetlands and likely to be highly 
significantly influenced by natural and landuse-related surficial processes. In support of this conclusion, 
bores adjacent to the gaining wetlands that access the primary source aquifer for the gaining wetlands 
show somewhat limited temporal variability in comparison to the surficial water quality parameters of the 
gaining wetland. 

 A high level analysis of the vegetation monitoring data indicates that there is significant spatial and 
temporal variability in vegetation across the gaining wetlands. Monitoring of wetlands where there is 
excessive disturbance from cattle is of questionable value, as the disturbance can mask vegetation 
changes associated with underlying geohydrology. However, data relationships have been noted to exist 
between the abundance of some target species and the wetland vegetation extent. Further detailed 
analysis of the baseline monitoring data is required to fully understand how to better use vegetation 
monitoring as a potential CSG-impact indicator.  

 The suitability of using macro-invertebrate sampling as a potential CSG-impact indicator may be limited in 
effectiveness to watercourse springs, as the diffuse and flowing gaining wetland groups do not appear to 
support permanent and sufficiently undisturbed pooled water capable of maintaining a consistent 
representative aquatic assemblage. In addition, the usefulness of vegetation mapping to assess change in 
watercourse spring discharge is limited, as watercourse springs don’t usually have distinct flora 
associations, but will have distinct macro-invertebrate assemblages. Therefore, the addition of macro-
invertebrate sampling will offset the limitation of flora sampling with respect to watercourse springs.  

8.2 Implications for meeting State and Federal Conditions 

QWC (now OGIA), the State agency charged with overseeing the Surat CMA on behalf of the Operators, 
identified 33 spring vents within 10 spring complexes to be monitored as part of the 2012 Surat CMA UWIR. 
Additionally the Federal agency SEWPaC, now DotE, identified 94 vents within 12 spring complexes for 
monitoring as part of the EPBC Act approval conditions for the Operators CSG projects. These monitoring sites 
were identified in Table 2-1 of this report. Both the State and Federal agencies required an initial program of 
four quarterly spring baseline monitoring events at each of their respectively identified vents.  
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Particular monitoring requirements of OGIA and DotE included:  

 Ambient climatic conditions (OGIA) 

 Confirmation of the existence, distribution and extent of listed threatened species (DotE) 

 Aquatic plants (DotE) 

 Aquatic macro-invertebrates (DotE) 

 Water quality characteristics (OGIA & DotE) 

 Spring physical parameters including condition, seasonal variation, depth, and flow rate; (OGIA & DotE) 

 Spring area (OGIA) 

 Aquifer source including hydrochemical and isotopic analysis (OGIA & DotE)  

 Comparison of water levels with respect to source aquifer potentiometric surface (DotE). 

The Baseline Monitoring Program occurred over a period of four quarterly monitoring events from November 
2013 to September 2014. In the Baseline Monitoring Program, each of the vents identified by either OGIA or 
DotE were visited at least once, primarily in the first monitoring event except where land access constraints did 
not allow. The vents were then classified for their suitability for ongoing monitoring as described in Section 3.3. 
The results of this process showed that within each spring complex, there were vents more suited to ongoing 
monitoring than others on the basis of ease and safety of access, availability of water for sampling, degree of 
physical disturbance, availability of groundwater pressure monitoring, and ecological value. The vents that were 
classified as the most suitable for monitoring in each complex were then carried forward for monitoring in the 
remainder of the Baseline Monitoring Program.  Additionally, and despite the results of the suitability 
assessment, all vents identified for monitoring by OGIA were included in the ongoing monitoring.  

Monitoring parameters in the Baseline Monitoring Program included: 

 Ambient climatic conditions (see Section 5) 

 Confirmation of the existence, distribution and extent of listed threatened species (see Section 2.2.2) 

 Aquatic plants (see Section 2.2.2) 

 Aquatic macro-invertebrates (see Section 2.2.2) 

 Spring and Bore (aquifer source) water quality including isotopes (see Sections 2.2.1 and 2.2.3) 

 Spring physical condition (See Section 3.2.5) 

 Spring area (See Section 3.2.2) 

 Potentiometric levels from bores where possible/available (See Section 3.2.4) 

Therefore, overall, it is considered that the Baseline Monitoring Program has met the all of the respective 
conditions imposed by the State and Federal agencies. 

8.3 Matters to be resolved 

For ongoing monitoring to maintain integrity it is recommended that a small number of selected wetlands be 
provided some form of protection and/or management regarding stock access, especially where there is an 
increased potential for CSG-related groundwater drawdown impacts. Protection is especially feasible in 
locations where a number of gaining wetland vents are located in close proximity; where only one or two of the 
gaining wetlands need be protected for monitoring integrity and stock access to drinking water is therefore not 
compromised. Selection of suitable wetlands for protection should be based on a number of individual factors 
including:  

 risk of potential CSG induced impact (i.e. where modelling indicates potential for groundwater drawdown in 
the primary source aquifer),  

 degree of permanence,  
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 ecological value, and  

 presence of nearby alternative stock watering points (including other nearby gaining wetlands).  

On this basis, suitable wetlands for protection may include vents 340 and 689 in the Lucky Last complex, and 
vents 189 and 191 in the Scott’s Creek complex (which are already partially protected). Due to a lack of 
predicted CSG-related groundwater impacts at other complexes of high ecological value (based on the 2012 
UWIR and the ecological survey results of the Baseline Monitoring Program), further protection measures 
outside of the Lucky Last and Scott’s Creek complexes are not considered warranted at this time. 

In order to obtain consistent and representative water quality samples year round, gaining wetlands with low 
flow volumes and/or insufficient pooled water to allow sampling (i.e. most diffuse discharge type gaining 
wetlands) should have semi-permanent access tubes /spear points installed within the organic wetland 
substrate to enable water quality sampling. 

Groundwater pressure monitoring should be installed at all gaining wetland sites included in future monitoring 
where current pressure monitoring is not available, so that any potential CSG-induced impacts can be quantified 
more readily, convincingly and consistently, given the apparent complexity associated with hydro-ecological 
monitoring data collected from the gaining wetlands themselves. This is especially the case for those sites 
identified to be potentially at risk from CSG-induced source aquifer pressure declines. Alternatively, for sites 
with existing Sunwater-owned pressure monitoring bores that were not able to be accessed during the Baseline 
Monitoring Program, access to these bores should be considered critical to any future monitoring efforts. 
Groundwater pressure monitoring is considered the most suitable method to relate any changes in gaining 
wetland condition to changes in the underlying source aquifer conditions, or conversely, rule out the effects of 
CSG-induced groundwater drawdown as a cause of changes in gaining wetland condition. Currently, existing 
source aquifer groundwater pressure monitoring bores do not exist for the 311/Yebna 2, Ponies, Wambo, or 
Orana complexes. 

Further revision of the wetland vegetation monitoring methodology is warranted to ensure that the data collected 
can be more easily related to changes in wetland hydrology. For example, lists of “wetland” and “non-wetland” 
vegetation species for each gaining wetland should be compiled to improve the precision of the vegetated 
wetland extent monitoring.  Monitoring of vegetation species at each wetland should focus on the wetland 
edge/boundary (rather than throughout the entire wetland) to compliment the wetland vegetation extent 
mapping and provide insights into changes in the function of the gaining wetland that may be related to changes 
in wetland hydrology induced from changes in groundwater pressure.   

Monitoring should continue at all gaining wetlands that were subject to significant land access restrictions in the 
Baseline Monitoring Program, or that were only identified late in the program, in order to fully quantify the 
temporal nature in gaining wetland attributes at those sites to a similar level as the other sites in the Baseline 
Monitoring Program. This includes gaining wetlands in the Kangaroo Creek, Wambo and Orana complexes. 

8.4 Implications for Future Monitoring 

The Baseline Monitoring Program highlighted the significant change in the wetted area of the gaining wetlands 
between the summer and winter seasons, as the gaining wetlands respond to climatic conditions.  It is 
anticipated that the increase in wetland size during cooler months (after a wet summer) will correspond with an 
increase in the proportion of local and regolith-sourced groundwater discharge compared with the deeper-
sourced groundwater within vent discharge water. The changing nature of the dominant source of discharge 
water (local vs regional) has implications when attempting to monitor for and understand the potential influence 
of groundwater drawdown associated with CSG activities on the gaining wetlands. 

In very dry periods the extent of wetted area is closely matched to the extent of wetland vegetation as per the 
method for defining wetland area developed by Fensham and Fairfax (2009).  It is also anticipated that during 
this time the chemistry of the discharge water will dominantly reflect the underlying regional aquifer source 
(assuming the discharge zone is in good physical condition).  

However, in cooler periods and after large rain events, the extent of gaining wetland wetted area increases in 
response to reduced ET demand and the influence of localised groundwater flow.  During these times the 
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wetted area caused by groundwater discharge is greater than the area of wetland vegetation in many gaining 
wetlands. The discharge chemistry will be a mixture of younger water and the deeper older regional 
groundwater. As such, a more in depth understanding of the variability in the gaining wetlands from the warmer 
(summer) periods to the cooler (winter) periods is required, so that it may become possible to separate any 
potential CSG-induced changes to the groundwater system from the ongoing natural variability. 

In light of the above, future gaining wetland monitoring should therefore occur on a 6-monthly basis 
corresponding to the dominant climatic seasons; during the summer period (January), and again during the 
cooler winter period (June).   

Monitoring methods should take into account the seasonal conditions; in the summer monitoring event, suitable 
methods include: 

 Wetland area DGPS survey based upon Fensham and Fairfax (2009) 

 Wetted area DGPS survey 

 Water chemistry 

 Groundwater pressure/levels from adjacent bores 

 Photography for general condition assessment 

 Floristic quadrats across the wetland boundary to measure “wetland” and “non-wetland” target species for 
each individual wetland  

 Aquatic fauna for watercourse-type gaining wetlands 

In the winter monitoring event, suitable survey methods include: 

 Wetted area DGPS survey 

 Water chemistry  

 Groundwater pressure/levels from adjacent bores 

 Photography for general condition assessment 

 Aquatic fauna for watercourse-type gaining wetlands 

In light of the variable nature of the wetted area of the gaining wetlands, the Fensham and Fairfax (2009) 
approach for measuring wetland area based on vegetation cover is most suited to the summer monitoring 
events, as it is designed to be used to assess long term changes in the gaining wetland ecological assemblage, 
beyond the influence of seasonal changes. Conversely, the measurement of wetted area is suitable for both 
summer and winter surveys, as it provides an indication of the change in localised groundwater contribution to 
wetland discharge. 

Section 9 details the future monitoring recommendations resulting from the above. 
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9. Future Monitoring Recommendations 
The following sections present a summary of the future monitoring recommendations based on the data 
collected and analysed over the Baseline Monitoring Program as presented in this report. 

The overall hypothesis being tested by ongoing monitoring is that: 

 

 
This hypothesis is at the centre of the recommendations presented in below. 

 

9.1 Sites to be monitored 
Future gaining wetland monitoring sites should be selected on a risk/likelihood of CSG-induced pressure 
reduction in the underlying source aquifer, i.e. consistent with those selected in the 2012 UWIR, and updated 
following the 2015 UWIR. It is considered that Table H-4 of the 2012 UWIR provides a comprehensive risk-
based list of sites for ongoing monitoring following the Baseline Monitoring Program, with the following slight 
modifications: 

 Vent 286.3 in the Abyss (592) complex is removed, as it was found to be dormant in the Baseline 
Monitoring Program and there are a number of vents being monitored close by. 

 Vent 703 in the Barton (283) complex is removed, as it was found to be dormant/extinct in the Baseline 
Monitoring Program. 

 Vent 284 in the Ponies (229) complex is replaced with vent 284.1, as vent 284 was found to be dormant/ 
extinct in the Baseline Monitoring Program. 

 Vent 192.1 in the Scott’s Creek (260) complex is removed, as the nearby vent 192 was found to be more 
suitable for ongoing monitoring in the Baseline Monitoring Program and now has been subject to 12-
months of continuous monitoring. 

 Vent Orana1 in the Orana complex is included, which is a new site/complex identified during the Baseline 
Monitoring Program. 

 The inclusion of pressure\level and quality monitoring at the following groundwater bores 

- Barton Well in the Barton complex 

- RN67229 in the Cockatoo Creek complex 

- SunWater bores (x2) in the Dawson River (6) complex. These will also provide data relevant to the 
Boggomoss complex. 

- SunWater bores (x2) in the Dawson River (8) complex 

- OGIA bores (x6) in the Lucky Last complex. These will also provide data relevant to Abyss and Spring 
Rock Creek complexes. 

- RN14881 and RN31097 in the Scott’s Creek complex 

 Installation of new pressure\level and quality monitoring bores at the following locations that do not have 
existing suitable bores 

- One bore targeting the Precipice Sandstone adjacent the 311 complex. This bore will also satisfy 
pressure\level and quality monitoring requirements for the Yebna 2 complex. 

- One bore targeting the Hutton Sandstone adjacent the Ponies complex 

- One shallow bore\push tube targeting the recent alluvium at the Wambo complex 

A change in groundwater pressure related to CSG extraction may lead to a change in wetland discharge and 
wetland extent/wetted area, which leads to a change in wetland ecology. 

A change in groundwater quality related to CSG extraction may lead to a change in the water quality of 
wetland discharge, which leads to a change in wetland ecology. 
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- One shallow bore\push tube targeting the recent alluvium at the Orana complex 

Monitoring of additional sites located outside of the extent of predicted CSG impacts is warranted to provide a 
number of comparison\control sites from which to compare temporal changes in gaining wetland monitoring 
parameters from within and outside the predicted extent of CSG-impacts. This is especially important as a 
means of providing information on the changes in gaining wetlands that are not impacted by CSG-related 
changes in groundwater pressure or quality, and can provide some basis in support of proving or disproving that 
change in gaining wetland monitoring parameters such as flora/fauna abundances, water quality or wetland 
extent can be related to CSG.  

It should be noted that it is not possible to employ true paired gaining wetland sites within and outside of the 
predicted CSG-impact area for comparative analyses. This is due to the inherent uniqueness of each gaining 
wetland complex. For example, using the Boggomoss complex gaining wetlands as a control for the Abyss 
complex is not sensible, as the two complex functions are very different, have different wetland form, and 
respond differently to long term and short term changes in climate and hydrology.    

Two gaining wetlands with existing adjacent bores have been chosen in each of the Cockatoo Creek and 
Dawson River (2) complexes, to act as suitable control sites. Selection of these sites, which are EPBC-listed 
communities and contain EPBC-listed species, also ensures that future monitoring includes a component that is 
likely to address Federal-level concerns outside of those sites identified by the State as potentially impacted, 
whilst still allowing risk-based site selection for the majority of recommended future monitoring sites. 

Table 9-1 below presents the recommended site selection for ongoing monitoring, at least until the 2015 UWIR 
is released and provides new information on the extent of potential CSG-related groundwater pressure declines 
in gaining wetland source aquifers. 

Table 9-1 Recommended Future Monitoring Sites 

Complex Vent / Bore Responsible Tenure 
Holder (UWIR) 

Notes 

311 

535 

Santos 

A single new monitoring bore targeting the 
most likely source aquifer (Precipice 

Sandstone) is required to satisfy pressure 
monitoring requirements. The same bore 
would also satisfy pressure monitoring 

requirements associated with the Yebna 2 
complex 

536 

537 

704 

Abyss (592) 

286 

Santos 
OGIA bores near Lucky Last complex will 

likely satisfy pressure monitoring 
requirements 

286.1 

286.2 

682 

716 
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Complex Vent / Bore Responsible Tenure 
Holder (UWIR) 

Notes 

Barton (283) 
702 

Origin 
 

Barton Well  

Cockatoo Creek (9) 

64 

Off-Tenement 

Control site 

65 Control site 

Bore RN67229 Control site 

Dawson River (2) 

1 

Off-Tenement 

Control site 

60 Control site 

SunWater Bores x2 Control site 

Dawson River (8) 
38 

QGC 
 

SunWater Bores x2  

Lucky Last (230) 

287 

Santos 

 

340  

686  

687  

687.1  

687.2  

687.3  

687.4  

687.5  

687.6  

688  

689  

New OGIA Bores x6  

Orana Orana1 Origin 

A single new monitoring bore\push tube 
targeting the most likely source aquifer 

(surficial alluvial aquifer) is required to satisfy 
pressure monitoring requirements. 

Ponies (229) 284.1 Santos 

A single new monitoring bore targeting the 
most likely source aquifer (Hutton 

Sandstone) is required to satisfy pressure 
monitoring requirements. 

Scott’s Creek (260) 

189 

Origin 

 

191  

192  

Bore RN14881  
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Complex Vent / Bore Responsible Tenure 
Holder (UWIR) 

Notes 

Bore RN31097  

Spring Rock Creek 
(561) 

285 Santos 
OGIA bores near Lucky Last complex will 

likely satisfy pressure monitoring 
requirements 

Wambo (584) 711 QGC 

A single new monitoring bore\push tube 
targeting the most likely source aquifer 

(surficial alluvial aquifer) is required to satisfy 
pressure monitoring requirements. 

Yebna 2 (591) 534 Santos 

A single new monitoring bore targeting the 
most likely source aquifer (Precipice 

Sandstone) is required to satisfy pressure 
monitoring requirements. The same bore 
would also satisfy pressure monitoring 
requirements associated with the 311 

complex 

 

9.2 Methods of Monitoring 

As described throughout this report, the Baseline Monitoring Program has allowed review and refinement of 
appropriate gaining wetland monitoring methods in light of the temporal (seasonal) variability in the gaining 
wetlands monitored components. The recommended monitoring methods are intrinsically linked to one of the 
four physical components of the monitoring hypothesis: (i) groundwater pressure, (ii) wetland discharge, (iii) 
wetland area, and (iv) wetland ecology.  

The key lessons learned during the Baseline Monitoring Program with respect to appropriate monitoring 
methods are summarised below: 

 Direct measurement of vent flow is possible at a select few gaining wetlands with sufficient flow in well-
defined discharge channels. V-notch weirs have already been installed by Santos at most of the 311 sites. 
With respect to non-watercourse gaining wetlands, measurement of vent flow has yet to be fully considered 
and would take careful design and additional investment outside of the scope of the Baseline Monitoring 
Program. 

 Wetland area measurements need to take into account both the extent of wetland vegetation to measure 
the smallest extent of the gaining wetlands (summer months), and the wetted area to measure the largest 
extent of the wetlands (winter months). 

 Water chemistry sampling is made difficult by the lack of free water at many gaining wetlands with diffuse 
discharge, especially in the summer months. Additionally, many wetland pools are disturbed by cattle 
and/or show signs of the effects of surface processes that affect the water chemistry, especially in the 
summer months. Representative wetland water quality samples therefore require installation of small 
shallow spear-point piezometers into the wetland organic substrate at most sites. 

 Several gaining wetland complexes do not have appropriate groundwater pressure/level monitoring in 
place from which to measure potential CSG-induced groundwater drawdown that may affect vent 
discharge. 

 Changes in vegetation and species type are observed to occur on the edges of wetland vegetation in 
associated with the waxing and waning of the wetted area. These changes often involve changes in 
abundance of target and other wetland species that are used to define the wetland vegetation boundary, 
relative to weedy and non-wetland terrestrial species.  
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 Vegetation monitoring to indicate changes in hydrology may only be useful in the absence of high levels of 
disturbance as excessive cattle disturbance may mask any association between vegetation and wetland 
hydrology. 

 Macro-invertebrate sampling is only useful as a tool for monitoring for potential CSG-induced changes for 
watercourse-type gaining wetlands with relatively large/deep, permanent and relatively undisturbed pools. 
At these sites, the macro-invertebrate assemblage should remain relatively consistent over time. 

 Photography and visual descriptive assessments allow rapid and directly comparable qualitative 
assessments of gaining wetland physical condition between monitoring events, without the need to 
undertake rigorous data collection and analysis methods. 

 In all cases, the quality of the monitoring parameter data is impacted by the physical condition of the 
gaining wetlands. When monitoring of poor condition wetlands occurs, the data should be considered of 
reduced quality. 

In light of these principal lessons learned during the Baseline Monitoring Program, Table 9-2 presents revised 
recommended monitoring methods for future gaining wetland monitoring.  

9.3 Frequency 

As described in Section 8.4, the Baseline Monitoring Program highlighted the significant change in the wetted 
area of the gaining wetlands between the summer and winter seasons, as the gaining wetlands respond to 
climatic conditions.  It is anticipated that the increase in wetland size during cooler months (after a wet summer) 
will correspond with an increase in the proportion of local and regolith-sourced groundwater discharge 
compared with the deeper-sourced groundwater within vent discharge water. The changing nature of the 
dominant source of discharge water (local vs regional) has implications when attempting to monitor for and 
understand the potential influence of groundwater drawdown associated with CSG activities on the gaining 
wetlands. At the present time a more in-depth understanding of the variability in the gaining wetlands from the 
warmer (summer) to the cooler (winter) periods is required, so that it may become possible to separate any 
potential CSG-induced changes to the groundwater system from the ongoing natural variability. 

It is therefore recommended that future gaining wetland monitoring occurs on a 6-monthly basis corresponding 
to the dominant climatic seasons; during the summer period (January), and again during the cooler winter 
period (July).  However, as noted in Table 9-2, monitoring parameters related to wetland vegetation are only 
included in the monitoring once per year, during the summer period when the longer term changes in the extent 
of aquatic wetland vegetation reliant on groundwater can be most readily observed. 

9.4 Review of Recommendations 

It is recommended that a thorough review of the revised monitoring recommendations presented above is 
undertaken following a sufficient period of data collection and analysis, in order to determine if further revisions 
are warranted. It is expected that this might occur 3 years following the implementation of the revised monitoring 
methods, i.e. after implementing the revised monitoring program for six monitoring events. 

It should also be noted that as part of the conceptualisation project being undertaken by OGIA, further detailed 
data analysis may result in revised or alternate recommendations to those presented in this report on the basis 
of this more in-depth data analysis. Therefore, the recommendations outlined in this report should be 
considered in parallel to those presented by OGIA. 
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Table 9-2 Recommended Future Monitoring Methods 

Gaining Wetland Attribute Details of Recommended Monitoring 

Flow 
Changes in spring flow to be inferred from changes in wetted area and wetland area. 

V-notch weir measurements only from existing weirs in the 311 complex. 

Area 

DGPS survey of the wetted area in the summer and winter monitoring events. 

DGPS survey of the wetland vegetation area in the summer monitoring events, based on 

the method described in Fensham and Fairfax (2009). 

Water chemistry 

Sampling from new spear-point piezometers installed into organic wetland substrate, or 

from wetland pools and flow channels where permanent pools or flows were recorded in 

the Baseline Monitoring Program. 

Sampling from wetlands only where a representative (sufficiently undisturbed) sample 

can be obtained, consistent with the Surat Spring Baseline Monitoring Program.  

Sampling at adjacent monitoring bores where available. 

Chemistry Suite B of Table H-7 of the UWIR. 

Groundwater pressure 

Pressure/level monitoring at adjacent monitoring bores where available.  

Installation of new bores where no existing bores are present: 

 One bore accessing the Precipice Sandstone in the 311/Yebna 2 complex 

 One bore accessing the Hutton Sandstone in the Ponies complex 

 One bore\push tube accessing the recent alluvium in the Wambo complex 

 One bore\push tube accessing the recent alluvium in the Orana complex 

Ecological condition 

Monitoring for selected target vegetation species for individual gaining wetlands within 

quadrats across the edges of the wetlands (i.e. across the wetland fringe areas subject to 

waxing and waning of the wetted area).  

Vegetation monitoring only to occur in the summer monitoring event when wetland target 

species extent is smallest.  

Monitoring only to occur at sites where disturbance from cattle is not causing excessive 

impact to vegetation spatial and temporal patterns. 

Macro-invertebrate sampling for watercourse-type sites  

(Barton, Spring Rock Creek and 311 complexes). 

Physical condition 

Photography from the four locations defined in the Spring Baseline Monitoring Program.  

Photograph any significant disturbances noted at the spring. 

Description of the general physical condition of the spring. 

Assign one of the following classifications for spring disturbance: 

1. No evidence of animal disturbance. 

2. Less than 10% of the total spring wetland area shows animal disturbance. 

3. 10 – 50% of the total spring wetland area shows animal disturbance. 

4. 10 – 50% of the total spring wetland area shows animal disturbance. 

5. More than 50% of the total spring wetland area shows animal disturbance. 
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Appendix A. Spring Identification in the Baseline Monitoring 
Program 

Spring Complex 
Name 

Spring Complex 
Number 

Vent Number Jacobs UFI 

311 311 

535 TH5350 

536 TH5360 

537 TH5370 

693 TH6930 

704 TH7040 

Abyss 592 

286 AB2860 

286.1 AB2861 

286.2 AB2862 

286.3 AB2863 

682 AB6820 

716 AB7160 

Barton 283 
702 BA7020 

703 BA7030 

Boggomoss 5 

2 BM0020 

3 BM0030 

7 BM0070 

8 BM0080 

9 BM0090 

10 BM0100 

11 BM0110 

12 BM0120 

13 BM0130 

14 BM0140 

15 BM0150 

29 BM0290 

33 BM0330 

37 BM0370 

37.1 BM0371 

44 BM0440 

53 BM0530 

54 BM0540 
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Spring Complex 
Name 

Spring Complex 
Number 

Vent Number Jacobs UFI 

55 BM0550 

56 BM0560 

56.1 BM0561 

57 BM0570 

58 BM0580 

61 BM0610 

62 BM0620 

63 BM0630 

68 BM0680 

68.1 BM0681 

683 BM6830 

691 BM6910 

Cockatoo Creek 9 

64 CC0640 

64.1 CC0641 

65 CC0650 

65.1 CC0651 

65.2 CC0652 

66 CC0660 

319 CC3190 

320 CC3200 

320.1 CC3201 

321 CC3210 

321.1 CC3211 

321.2 CC3212 

321.3 CC3213 

321.4 CC3214 

321.5 CC3215 

321.6 CC3216 

321.7 CC3217 

321.8 CC3218 

684 CC6840 

Dawson River 2 2 42 DR0420 

Dawson River 6 6 1 DR0010 
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Spring Complex 
Name 

Spring Complex 
Number 

Vent Number Jacobs UFI 

4 DR0040 

5 DR0050 

6 DR0060 

22 DR0220 

23 DR0230 

24 DR0240 

25 DR0250 

27 DR0270 

30 DR0300 

31 DR0310 

32 DR0320 

43 DR0430 

59 DR0590 

60 DR0600 

681 DR6810 

Dawson River 8 8 

26 DR0260 

28 DR0280 

38 DR0380 

Elgin 2 594 540 EL5400 

Kangaroo Creek NA 

Kangaroo Creek 1 
(new site identified by APLNG) 

KC0010 

Kangaroo Creek 2 
(new site identified by APLNG) 

KC0020 

Spring Creek 
(new site identified by APLNG) 

KC0030 

Lucky Last 230 

12861 

(new site identified by Santos) 
LL1286 

287 LL2870 

340 LL3400 

340.11 

(new site identified by Santos) 
LL3401 

340.21 

(new site identified by Santos) 
LL3402 

340.31 

(new site identified by Santos) 
LL3403 
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Spring Complex 
Name 

Spring Complex 
Number 

Vent Number Jacobs UFI 

340.51 

(new site identified by Santos) 
LL3405 

340.61 

(new site identified by Santos) 
LL3406 

686 LL6860 

687 LL6870 

687.1 LL6871 

687.2 LL6872 

687.3 LL6873 

687.4 LL6874 

687.5 LL6875 

687.6 LL6876 

687.71 

(new site identified by Santos) 
LL6877 

687.81 

(new site identified by Santos) 
LL6878 

687.91 

(new site identified by Santos) 
LL6879 

688 LL6880 

688.11 

(new site identified by Santos) 
LL6881 

688.21 

(new site identified by Santos) 
LL6882 

688.31 

(new site identified by Santos) 
LL6883 

688.41 

(new site identified by Santos) 
LL6884 

688.51 

(new site identified by Santos) 
LL6885 

688.61 

(new site identified by Santos) 
LL6886 

689 LL6890 

689.11 

(new site identified by Santos) 
LL6891 

Orana NA 
Orana1 

(new site identified by APLNG & 
OR0010 
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Spring Complex 
Name 

Spring Complex 
Number 

Vent Number Jacobs UFI 

Jacobs) 

Ponies 229 

284 PN2840 

284.1  
(new site identified by Jacobs) 

PN2841 

Prices 580 

40 PR0400 

41 PR0410 

52 PR0520 

67 PR0670 

Scott’s Creek 260 

189 SC1890 

190 SC1900 

191 SC1910 

192 SC1920 

192.1 SC1921 

Spring Rock Creek 561 

285 SR2850 

285.11 
(new site identified by Jacobs) SR2851 

285.21 
(new site identified by Jacobs) SR2852 

285.31 
(new site identified by Jacobs) SR2853 

285.41 
(new site identified by Jacobs) SR2854 

285.51 
(new site identified by Jacobs) SR2855 

285.61 
(new site identified by Jacobs) SR2856 

285.71 
(new site identified by Jacobs) SR2857 

285.81 
(new site identified by Jacobs) SR2858 

285.91 
(new site identified by Jacobs) SR2859 

Wambo 584 
711 WA7110 

711.1 WA7111 

Yebna 2 591 534 YE5340 

Notes:  1. Additional site incorporated at the request of the Operators but not considered a Baseline Monitoring Program 
site; subject only to field chemical parameter monitoring. 
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Appendix B. Monitoring Site Selection – First Monitoring Event 
Spring Complex 

Name 
Spring Complex 

Number 
Vent Number Notes 

311 311 

535  

536  

537  

693  

704  

Abyss 592 

286  

286.1  

286.2  

286.3  

682  

716  

Barton 283 
702  

703 Noted to be dormant in Round 1 

Boggomoss 5 

2  

3  

7  

8  

9  

10  

11  

12  

13  

14  

15  

29  

33  

37  

37.1  

44 Visited for the first time in Round 2 

53  

54  

55  
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Spring Complex 
Name 

Spring Complex 
Number 

Vent Number Notes 

56  

56.1  

57  

58  

61  

62  

63  

68  

68.1  

683  

691 Initial baseline visit in Round 2 

Cockatoo Creek 9 

64  

64.1  

65  

65.1  

65.2  

66 Found to be non-existent in Round 1 

319  

320  

320.1  

321  

321.1  

321.2  

321.3  

321.4  

321.5  

321.6  

321.7  

321.8  

684  

Dawson River 2 2 42 Initial baseline visit in Round 2 

Dawson River 6 6 
1  

4  
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Spring Complex 
Name 

Spring Complex 
Number 

Vent Number Notes 

5  

6  

22  

23  

24  

25  

27  

30  

31  

32  

43 Initial baseline visit in Round 2 

59  

60  

681  

Dawson River 8 8 

26  

28  

38  

Elgin 2 594 540  

Kangaroo Creek NA 

Kangaroo Creek 1 New site identified by APLNG 

Kangaroo Creek 2 New site identified by APLNG 

Spring Creek New site identified by APLNG 

Lucky Last 230 

287  

340  

686  

687  

687.1  

687.2  

687.3  

687.4  

687.5  

687.6  

688  

689  
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Spring Complex 
Name 

Spring Complex 
Number 

Vent Number Notes 

Ponies 229 
284 Noted to be extinct in Round 1 

284.1  New site identified by Jacobs in Round 1 

Prices 580 

40  

41  

52  

67  

Scott’s Creek 260 

189  

190  

191  

192  

192.1  

Spring Rock Creek 561 285  

Wambo 584 
711 Initial baseline visit in Round 3 

711.1 Initial baseline visit in Round 3 

Yebna 2 591 534  
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Appendix C. Site Suitability Assessment for the Second, Third 
and Fourth Monitoring Events 

  



Surat Basin Springs Monitoring Program Appendix C - Site Suitability Assessment Update Baseline Summary Report 

Complex Name & No. Site ID Access (ease and safety)

Access Rank            
(1 = poor, 2 
= average, 3 

= good) Suitability for WQ sampling

Sampling 
Rank            

(1 = poor, 2 
= average, 3 

= good) Suitability for flow monitoring

Flow Rank     
(1 = poor, 2 
= average, 3 

= good) Condition

Condition 
Rank           

(1 = poor, 2 
= average, 3 

= good) Nearby groundwater bore

Bore 
availability 

Rank             
(1 = no, 2 = 
maybe, 3 = 

yes) Ecological Uniqueness

Ecology 
Rank              

(1 = low 
value, 2 = 
medium 

value, 3 = 
high value)

Pre-baseline 
desktop 
assessment rank             
(SKM, 2013a)

Desktop Rank    
(1 = no, 2 = 

maybe, 3 = yes)
Site Ranking 

Score
Site Rank within 

Complex

311 536 Good - subject to flooding 3 Good - flowing 3
Good - existing gauging station for 
multiple vents 3 Poor - animals 1 Unknown 2

Disjunct  species occur in high 
abundance, high 
disturbance/invasive species 
abundance 2 Poor 1 31 3

311 537 Good - subject to flooding 3 Good 3 Poor - no spring located 1 Average - animals 2 Unknown 2 No spring present 1 Good 3 32 2

311 693 Good - subject to flooding 3 Good - flowing 3 Good - suitable for V-notch weirs 3 Average 2 Unknown 2
Disjunct  species occur in high 
abundance 2 Poor 1 33 1

311 704
Poor - difficult after rain, subject 
to flooding 1 Good 3 Good - suitable for V-notch weirs 3 Average - animals 2 Unknown 2 Wetland species present 1 Average 2 30 4

Abyss (592) 286 Good, Santos Land 3 None - no free water 1 Poor - low flow 1 Poor - animals 1 Unknown 2
Wetland species present, high 
levels of disturbance 1 Average 2 22 1

Abyss (592) 286.1 Good 3 Poor - small pool of standing water 1 Poor - low flow 1 Poor - animals 1 Unknown 2
Wetland species present, high 
levels of disturbance 1 Average 2 22 1

Abyss (592) 286.2 Good, Santos Land 3 None - no free water 1 Poor - low flow 1 Poor - animals 1 Unknown 2
Wetland species present, high 
levels of disturbance 1 Average 2 22 1

Abyss (592) 286.3 Good, Santos Land 3 None - no free water 1 Poor - low flow 1 Poor - animals 1 Unknown 2
Wetland species present, high 
levels of disturbance 1 Poor 1 20 4

Abyss (592) 682 Poor - rocky track (800m) 1 None - no free water 1 Poor - low flow 1 Poor - animals 1 Unknown 2
Wetland species present, high 
levels of disturbance 1 Poor 1 18 5

Abyss (592) 716 Poor - rocky track (800m) 1 None - no free water 1 Poor - low flow 1 Poor - animals 1 Unknown 2
Wetland species present, high 
levels of disturbance 1 Poor 1 18 5

Barton (283) 702 Good - subject to flooding 3 Average - ponding water 2 Poor - low flow 1 Good - minor animals 3
Yes - nearby windmill hand dug 
well suitable for level montioring 3

Wetland species present with low 
abundance 1 Good 3 34 1

Barton (283) 703
Poor - covered by sediment, 
subject to flooding, long walk 1 None - no free water 1 Poor - low flow 1

Poor - no wetland present, 
covered in alluvium 1 No 1 No species present 1 Poor 1 15 2

Boggomoss (5) 2 Good - subject to flooding 3 Average - ponding water 2 Poor - low flow 1 Average - animals 2
Yes - new/renewed SunWater near 
complex 3

Disjunct  species occur in high 
abundance, high 
disturbance/invasive species 
abundance 2 Poor 1 31 8

Boggomoss (5) 3 Good - subject to flooding 3 Average - ponding water 2 Poor - low flow 1 Good - animals 3
Yes - new/renewed SunWater near 
complex 3

Disjunct  species occur in high 
abundance 2 Poor 1 33 3

Boggomoss (5) 7 Good 3 Poor - minor flow, cattle impacted 1 Poor - low flow, cattle impacted 1 Average - cattle disturbance 2
Yes - new/renewed SunWater near 
complex 3

R&T listed and disjunct species 
present 3 Poor 1 31 8

Boggomoss (5) 8 Good 3 Good - standing water 3 Poor - low flow 1 Good - minor animal disturbance 3
Yes - new/renewed SunWater near 
complex 3

Disjunct  species occur in high 
abundance 2 Poor 1 36 1

Boggomoss (5) 9 Good 3 Poor - seeping 1 Poor - low flow 1 Good - very little disturbance 3
Yes - new/renewed SunWater near 
complex 3 Disjunct  species present 2 Poor 1 30 13

Boggomoss (5) 10 Good 3 Poor - stagnant water 1 Poor - low flow 1
Poor - animals (broken fence has 
allowed animals access) 1

Yes - new/renewed SunWater near 
complex 3 Wetland species present 1 Poor 1 23 28

Boggomoss (5) 11 Good 3 Average - seeping 2 Poor - low flow 1
Poor - animals (main vent in good 
condition) 1

Yes - new/renewed SunWater near 
complex 3

Disjunct  species occur in high 
abundance 2 Poor 1 29 14

Boggomoss (5) 12
Poor - cross 2 small creeks, subject 
to flooding 1 Average - ponding water 2 Poor - low flow 1 Poor - animal disturbance 1

Yes - new/renewed SunWater near 
complex 3

Wetland species present, high 
cover of invasive species and 
disturbance 1 Poor 1 24 26

Boggomoss (5) 13
Poor - cross 2 small creeks, subject 
to flooding 1 Average - ponding water 2 Poor - low flow 1 Poor - animal disturbance 1

Yes - new/renewed SunWater near 
complex 3

Wetland species present, high 
cover of invasive species 1 Poor 1 24 26

Boggomoss (5) 14 Good - subject to flooding 3 Average - seeping 2 Poor - low flow 1 Poor - unknown, animals 1
Yes - new/renewed SunWater near 
complex 3 Wetland species present 1 Poor 1 26 20

Boggomoss (5) 15 Good 3 Good - water flow 3 Poor - low flow 1 Poor - animals 1
Yes - new/renewed SunWater near 
complex 3

Disjunct  species occur in high 
abundance, high 
disturbance/invasive species 
abundance 2 Poor 1 32 5

Boggomoss (5) 29 Good - subject to flooding 3 Good - ponding water 3 Poor - low flow 1
Average - minor disturbance as 
fenced off 2

Yes - new/renewed SunWater near 
complex 3

Wetland species present, high 
invasive species (Urochloa mutica) 
abundance 1 Poor 1 31 8

Boggomoss (5) 33 Good - subject to flooding 3 Good - ponding water 3 Poor - low flow 1 Poor - some cattle disturbance 1
Yes - new/renewed SunWater near 
complex 3

Disjunct  species occur in high 
abundance 2 Poor 1 32 5

Boggomoss (5) 37 Good - subject to flooding 3 Average - Seeping 2 Poor - low flow 1 Poor - very cattle damaged 1
Yes - new/renewed SunWater near 
complex 3

Wetland species present with low 
abundance 1 Poor 1 26 20

Boggomoss (5) 37.1 Good - subject to flooding 3 Average - Seeping 2 Poor - low flow 1 Poor - very cattle damaged 1
Yes - new/renewed SunWater near 
complex 3

Wetland species present with low 
abundance 1 Poor 1 26 20

Boggomoss (5) 44

Poor - long walk, steep slopes, 
subject to flooding in main 
Dawson River channel 1 Poor - seeping 1 Poor - low flow 1 Good - very little disturbance 3

Yes - renewed SunWater near 
complex 3

Disjunct  species occur in high 
abundance 2 Poor 1 28 19

Boggomoss (5) 53 Good - subject to flooding 3 Average - ponding water 2 Poor - low flow 1 Average -cattle disturbance 2
Yes - new/renewed SunWater near 
complex 3

Disjunct  species occur in high 
abundance, high 
disturbance/invasive species 
abundance 2 Poor 1 31 8

Boggomoss (5) 54 Good 3
Average - unknown, standing 
water 2 Poor - low flow 1 Poor - cattle, human modifications 1

Yes - new/renewed SunWater near 
complex 3 Disjunct  species present 2 Poor 1 29 14

Boggomoss (5) 55 Good - would be difficult if wet 3
Average - unknown, standing 
water 2 Poor - low flow 1

Poor - heavily disturbed by 
animals (livestock) 1

Yes - new/renewed SunWater near 
complex 3 Disjunct  species present 2 Poor 1 29 14

Boggomoss (5) 56 Good - would be difficult if wet 3 Average - stagnant 2 Poor - low flow 1 Poor - unknown, animals 1
Yes - new/renewed SunWater near 
complex 3 Wetland species present 1 Poor 1 26 20

Boggomoss (5) 56.1 Good - would be difficult if wet 3 Average - ponding water 2 Poor - low flow 1 Poor - unknown, animals 1
Yes - new/renewed SunWater near 
complex 3 Wetland species present 1 Poor 1 26 20

Boggomoss (5) 57 Good 3 Good - water flow 3 Poor - low flow 1 Poor - animals (cattle) 1
Yes - new/renewed SunWater near 
complex 3 Wetland species present 1 Poor 1 29 14

Boggomoss (5) 58 Good 3 Good 3 Poor - low flow 1 Poor - unknown, animals 1
Yes - new/renewed SunWater near 
complex 3

Disjunct  species occur in high 
abundance, high 
disturbance/invasive species 
abundance 2 Poor 1 32 5

Boggomoss (5) 61 Good - subject to flooding 3 Good - ponding water 3 Poor - low flow 1
Poor - cattle disturbance and 
anthropogenic modifications 1

Yes - new/renewed SunWater near 
complex 3 Wetland species present 1 Poor 1 29 14

Boggomoss (5) 62 Good 3 Average 2 Poor - low flow 1 Average - Cattle 2
Yes - new/renewed SunWater near 
complex 3 Disjunct  species present 2 Poor 1 31 8

Site Info Site RankingPrevious Desktop AssessmentAccess (ease and safety) WQ Sampling Flow Monitoring Overall Condition Existing Pressure Monitoring Ecological Value
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Complex Name & No. Site ID Access (ease and safety)
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= good) Suitability for flow monitoring
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Boggomoss (5) 63 Good 3 Average - seeping 2 Poor - low flow 1 Poor - unknown, animals 1
Yes - new/renewed SunWater near 
complex 3

Wetland species present, high 
cover of invasive species and 
disturbance 1 Poor 1 26 20

Boggomoss (5) 68 Good 3 Poor - unknown 1 Poor - low flow 1 Good 3
Yes - new/renewed SunWater near 
complex 3

R&T listed and disjunct species 
present 3 Poor 1 33 3

Boggomoss (5) 68.1 Good 3 Average - seeping 2 Poor - low flow 1 Good - some minor cattle damage 3
Yes - new/renewed SunWater near 
complex 3

R&T listed and disjunct species 
present 3 Poor 1 36 1

Boggomoss (5) 683 Good - subject to flooding 3 Poor - some ponding water 1 Poor - low flow 1
Poor - animals (dead cattle stuck in 
spring) 1

Yes - new/renewed SunWater near 
complex 3 Wetland species present 1 Poor 1 23 28

Boggomoss (5) 691
Poor - difficult to find, poor 
condition access track 1 Poor - low flow 1 Poor - low flow 1 Poor - heavy animal damage 1

Yes - renewed SunWater near 
complex 3 Wetland species present 1 Poor 1 21 30

Cockatoo Creek (9) 64 Average - subject to flooding 2
Average - standing water in 
excavated pool 2

Poor - flow from vent through 
grass 1

Average - dynamited pool, some 
minor cattle disturbance 2

Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Good 3 37 2

Cockatoo Creek (9) 64.1 Average - subject to flooding 2 Poor - seeping 1 Poor - low flow 1 Poor - cattle damage 1
Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 28 16

Cockatoo Creek (9) 65 Average - subject to flooding 2 Good - water flow 3 Poor - low flow 1
average - flow impacted by GW 
extraction and cattle 2

Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Average 2 38 1

Cockatoo Creek (9) 65.1 Good - subject to flooding 3 Poor - seeping 1 Poor - low flow 1
Average - flow impacted by GW 
extraction 2

Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 31 3

Cockatoo Creek (9) 65.2 Good - subject to flooding 3 Poor - seeping 1 Poor - low flow 1
Average - flow impacted by GW 
extraction 2

Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 31 3

Cockatoo Creek (9) 66
Poor - historically unable to be 
found 1 Poor - seeping 1 Poor - low flow 1 Poor - erosion 1

Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3 Does not exist 1 Poor 1 21 18

Cockatoo Creek (9) 319 Good - subject to flooding 3 Poor - flow has ceased flow totally 1 Poor - flow has ceased flow totally 1 Poor - flow has ceased flow totally 1
Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3 Wetland species present 1 Good 3 27 17

Cockatoo Creek (9) 320 Good - difficult 3 Poor - low flow 1 Poor - low flow 1 Poor - eroded, bare soil exposed 1
Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 29 7

Cockatoo Creek (9) 320.1 Good - subject to flooding 3 Poor - low flow 1 Poor - low flow 1 Poor - eroded, bare soil exposed 1
Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 29 7

Cockatoo Creek (9) 321 Good - subject to flooding 3 Poor - low flow 1 Poor - low flow 1 Poor - eroded, bare soil exposed 1
Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Average 2 31 3

Cockatoo Creek (9) 321.1 Good - subject to flooding 3 Poor - low flow 1 Poor - low flow 1 Poor - eroded, bare soil exposed 1
Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Average 2 31 3

Cockatoo Creek (9) 321.2 Good - subject to flooding 3 Poor - low flow 1 Poor - low flow 1 Poor - eroded, bare soil exposed 1
Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 29 7

Cockatoo Creek (9) 321.3 Good - subject to flooding 3 Poor - low flow 1 Poor - low flow 1 Poor - eroded, bare soil exposed 1
Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 29 7

Cockatoo Creek (9) 321.4 Good - subject to flooding 3 Poor - low flow 1 Poor - low flow 1 Poor - eroded, bare soil exposed 1
Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 29 7

Cockatoo Creek (9) 321.5 Good - subject to flooding 3 Poor - low flow 1 Poor - low flow 1 Poor - eroded, bare soil exposed 1
Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 29 7

Cockatoo Creek (9) 321.6 Good - subject to flooding 3 Poor - low flow 1 Poor - low flow 1 Poor - eroded, bare soil exposed 1
Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 29 7
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Cockatoo Creek (9) 321.7 Good - subject to flooding 3 Poor - low flow 1 Poor - low flow 1 Poor - eroded, bare soil exposed 1
Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 29 7

Cockatoo Creek (9) 321.8 Good - subject to flooding 3 Poor - low flow 1 Poor - low flow 1 Poor - eroded, bare soil exposed 1
Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 29 7

Cockatoo Creek (9) 684 Poor - difficult to find 1 None - ceased flowing 1 Poor - ceased flowing 1 Poor - animals, de-vegetated 1
Yes - 3 bores near complex (1 is a 
new/renewed bore by Sunwater) 3 Wetland species present 1 Poor 1 21 18

Dawson River (2) 42 Good - easy access 3 Good - flowing and ponded water 3 Poor - low flow 1 Good - slight cattle disturbance 3
Yes - new/renewed SunWater near 
complex 3

Disjunt species occur in high 
abundance 2 Good 3 40 1

Dawson River (6) 1 Good 3 Poor 1 Poor - low flow 1 Good - slight cattle disturbance 3
Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Average 2 35 3

Dawson River (6) 4 Poor - very difficult to access 1 Average 2 Poor - low flow 1 Good - very minor disturbance 3
Yes - 1 bore near complex, 
new/renewed bore by SunWater 3 Disjunct  species present 2 Poor 1 31 11

Dawson River (6) 5 Good - some walking required 3 Average - ponding water 2 Poor - low flow 1 Poor - pig tracks 1
Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

R&T listed and disjunct species 
present 3 Poor 1 32 8

Dawson River (6) 6 Good 3 Average - seeping 2 Poor - low flow 1 Poor - cattle disturbance 1
Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

R&T listed and disjunct species 
present 3 Poor 1 32 8

Dawson River (6) 22 Good 3 Average - seeping 2 Poor - low flow 1 Average - cattle/pig tracks 2
Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

Disjunct  species occur in high 
abundance, high 
disturbance/invasive species 
abundance 2 Poor 1 31 11

Dawson River (6) 23
Poor - short hike through dense 
grass 1 Poor - unknown 1 Poor - low flow 1 Average - minor pig tracks 2

Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

R&T listed and disjunct species 
present 3 Poor 1 29 14

Dawson River (6) 24 Average 2 Good - water flow 3 Poor - low flow 1 Good - largely undisturbed 3
Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

R&T listed and disjunct species 
present 3 Poor 1 38 2

Dawson River (6) 25 Good 3 Average - ponding water 2 Poor - low flow 1 Average - minor cattle disturbance 2
Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 34 5

Dawson River (6) 27 Good 3 Poor - low flow 1 Poor - low flow 1 Poor - animals 1
Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

Disjunct  species occur in high 
abundance 2 Poor 1 26 15

Dawson River (6) 30 Good 3 Average - seeping 2 Poor - low flow 1
Average - some human and cattle 
disturbance 2

Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

R&T listed and disjunct species 
present 3 Poor 1 34 5

Dawson River (6) 31 Good 3 Good - seeping 3 Poor - low flow 1 Good - minor disturbance 3
Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

R&T listed and disjunct species 
present 3 Poor 1 39 1

Dawson River (6) 32 Poor - unknown 1 Good - ponding water 3 Poor - low flow 1 Poor - unknown, animals 1
Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 33 7

Dawson River (6) 43 Good - easy access 3 Average - shallow ponding 2 Poor - low flow 1
Poor - excavated, animals, 
adjacent irrigated paddock 1

Yes - new/renewed SunWater near 
complex 3 Wetland species present 1 Poor 1 26 15

Dawson River (6) 59
Poor - unknown, subject to 
flooding 1 Average - ponding water 2 Poor - low flow 1 Average - minor disturbance 2

Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

R&T listed and disjunct species 
present 3 Poor 1 32 8

Dawson River (6) 60 Average 2 Good - seeping 3
Good - suitable to install surface 
gauge 1

Poor - covered in sediment, 
animals 1

Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

Disjunct  species occur in high 
abundance, high 
disturbance/invasive species 
abundance 2 Poor 1 31 11

Dawson River (6) 681 Average - creek crossing 2 Average - ponding water 2 Poor - low flow 1 Good - minor stock disturbance 3
Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

R&T listed and disjunct species 
present 3 Poor 1 35 3

Dawson River (8) 26 Good - existing track 3 Poor - seeping 1 Poor - low flow 1
Poor - heavily disturbed by 
animals (livestock) 1

Yes - new/renewed SunWater bore 
near vent 3 Wetland species present 1 Poor 1 23 2

Dawson River (8) 28 Good - existing track 3 Poor - seeping 1 Poor - low flow 1
Poor - heavily disturbed by 
animals (livestock) 1

Yes - new/renewed SunWater bore 
near vent 3 Wetland species present 1 Poor 1 23 2

Dawson River (8) 38 Good - existing track 3
Average - standing mixed source 
water 2

Poor - spring excavated into dam 
for cattle 1 Poor - excavation, windmill 1

Yes - new/renewed SunWater bore 
near complex, other bore next to 
vent 3 Wetland species present 1 Poor 1 26 1

Elgin 2 (594) 540 Good - subject to flooding 3 Average - standing water 2
Good - suitable to install surface 
gauge 3

Poor - excavation, fire, pump 
equipment 1 Unknown 2

Disjunct  species occur in high 
abundance, high 
disturbance/invasive species 
abundance 1 Poor 1 25 1

Lucky Last (230) 287
Poor - cross Injune Creek to access 
(difficult in wet) 1 Average - standing water 2 Poor - low flow 1 Poor - animals 1 Unknown 2 Disjunct  species present 2 Average 2 26 2

Lucky Last (230) 340 Good, Santos Land 3 Poor - small area standing water 1 Poor - low flow 1 Poor - animals 1 Unknown 2

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 26 2

Lucky Last (230) 686 Good, Santos Land 3 None - no free water 1 Poor - low flow 1 Poor - animals 1 Unknown 2

Disjunct  species occur in high 
abundance, high 
disturbance/invasive species 
abundance 2 Poor 1 23 11

Lucky Last (230) 687 Good, Santos Land 3 Poor - small area standing water 1 Poor - low flow 1 Poor - animals 1 Unknown 2

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 26 2
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Lucky Last (230) 687.1 Good, Santos Land 3 Poor - small area standing water 1 Poor - low flow 1 Poor - animals, car tracks 1 Unknown 2

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 26 2

Lucky Last (230) 687.2 Good, Santos Land 3 Poor - small area standing water 1 Poor - low flow 1 Poor - animals 1 Unknown 2

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 26 2

Lucky Last (230) 687.3 Good, Santos Land 3 Poor - small area standing water 1 Poor - low flow 1 Poor - animals 1 Unknown 2

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 26 2

Lucky Last (230) 687.4 Good, Santos Land 3 Poor - small area standing water 1 Poor - low flow 1 Poor - animals 1 Unknown 2

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 26 2

Lucky Last (230) 687.5 Good, Santos Land 3 Poor - small area standing water 1 Poor - low flow 1 Poor - animals 1 Unknown 2

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 26 2

Lucky Last (230) 687.6 Good, Santos Land 3 Poor - small area standing water 1 Poor - low flow 1 Poor - animals 1 Unknown 2

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 26 2

Lucky Last (230) 688 Good, Santos Land 3 Poor - small area standing water 1 Poor - low flow 1 Poor - animals 1 Unknown 2 Wetland species present 1 Poor 1 20 12

Lucky Last (230) 689 Good 3 Average - standing water 2 Poor - low flow 1 Average - animals 2 Unknown 2

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Average 2 33 1

Orana Orana 1 Good - subject to flooding 3 Good - ponding water 3 Average 2 Good - slight cattle disturbance 3
No - adjacent bore likely sources 
deeper aquifer 1

Wetland species present, high 
levels of disturbance 1 None 0 26 1

Ponies (229) 284 Good - visible from Road 3 None - dry 1 Poor - low flow 1 Average - animals 2 Unknown 2 Disjunct  species present 2 Average 2 27 1

Prices (580) 40
Poor - 10m from rough paddock 
track 1 Average - seeping 2 Poor - low flow 1 Poor - animals 1

Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 30 2

Prices (580) 41 Poor 1 Average - seeping 2 Poor - low flow 1 Poor - animals 1
Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 30 2

Prices (580) 52
Average - across paddock from 
gate on main station track 2 Average - seeping 2 Poor - low flow 1

Poor - cattle damage and 
excavation 1

Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 31 1

Prices (580) 67
Average - across paddock from 
station track 2 Average - seeping 2 Poor - low flow 1 Poor - cattle damage 1

Yes - 1 bore near complex, 
new/renewed bore by SunWater 3

Disjunct  species occur in high 
abundance, high 
disturbance/invasive species 
abundance 2 Average 2 30 2

Scott's Creek (260) 189 Average - subject to flooding 2 Average - seeping 2
Poor - mixed vent flow through 
grass 1

Average - animals, vegetation 
changes 2 Yes - 3 bores close to complex 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Average 2 35 1

Scott's Creek (260) 190
Average - subject to flooding, no 
access track 1 Poor - no free water 1 Poor - low flow 1 Poor - animals 1 Yes - 3 bores close to complex 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 27 5

Scott's Creek (260) 191 Average - subject to flooding 2 Poor - mixed vent water 1
Poor - mixed vent flow through 
grass 1

Average - animals, vegetation 
changes 2 Yes - 3 bores close to complex 3

R&T listed species in relatively 
high abundance and disjunct 
species present 3 Poor 1 30 4

Scott's Creek (260) 192 Average - subject to flooding 2 Good - ponding water 3 Poor - mixed source flow 1 Poor - erosion, animals 1 Yes - 3 bores close to complex 3
R&T listed and disjunct species 
present 3 Poor 1 34 2

Scott's Creek (260) 192.1 Average - subject to flooding 2 Average - seeping 2 Poor - mixed source flow 1 Average - erosion, animals 2 Yes - 3 bores close to complex 3
R&T listed and disjunct species 
present 3 Poor 1 33 3

Spring Rock Creek (561) 285
Average - short distance across 
paddock and along creek 2 Good - ponding water 3 Poor - not directly from vent 1 Average - animals, erosion 2 Unknown 2 Wetland species present 1 Average 2 29 1

Wambo (584) 711 Good - subject to flooding 3 Good 3 Poor - visual only 1 Good - minor stock disturbance 3 None 1 Wetland species present 1 Good 3 31 1

Wambo (584) 711.1 Good - subject to flooding 3 Average - seeping 2 Poor - low flow 1 Good 3 None 1 Wetland species present 1 Poor 1 24 2

Yebna 2 (591) 534 Good 3 Poor - small area standing water 1 Poor - low flow 1 Poor - animals, erosion 1 Unknown 2 Wetland species present 1 Poor 1 20 1
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Appendix D. Climate Data 

Appendix D1. Rainfall 
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Appendix D2. Evapotranspiration 
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Appendix E. Selected Wetland Area Maps 

Appendix E1. Boggomoss 
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Appendix E2. Cockatoo Creek 
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Appendix E3. Dawson River (2) 
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Appendix E4. Elgin 2 
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Appendix E5. Lucky Last 
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Appendix E6. Prices 
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Appendix E7. Scott’s Creek 
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