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Executive summary
Background
The Queensland Government, through the Department of Natural Resources, Mines and Energy,
is reviewing the Water Plan (Condamine and Balonne) 2004 (herein referred to as the plan). The
water planning process is prescribed in the Water Act 2000. This report presents the final stage of
the environmental assessment process. Its objectives are to:


assess the risk to the capacity to meet the environmental watering requirements of ecological
assets within the plan area due to current water allocation and water management
arrangements;



review the effectiveness of the environmental strategies of the existing plan;



assess the outcomes and effectiveness of the existing plan;



provide recommendations on potential mitigation strategies to minimise the identified
environmental risks for consideration in the new plan; and



provide recommendations and priorities on areas requiring future research including
identification of existing knowledge/data gaps.

The assessment has been conducted within the frame of ecological sustainable development as
defined in the Water Act 2000, and draws on the outputs of an ecological risk assessment and
environmental monitoring information, in a multiple levels and lines of evidence approach. The
approach is also consistent with the Murray-Darling Basin Plan requirements.

Summary of results
Environmental risks
Seven surface water assets and four groundwater assets were assessed in terms of the impact of
water development scenarios on their viability and long term persistence. These assets were
chosen based on their potential sensitivity to water management, and to represent the ecological
outcomes of the plan.
Risk was assessed at a range of spatial scales relevant to the asset (assessment node, floodplain
assessment reach, and assessment area). Risks were identified across all surface water
hydrological classes, but varied between indicators and across the plan area (Table i). The
exception was the Maranoa, where modelling suggests a low risk across all indicators. The largest
concentration of high and medium risks are in the Lower Balonne. Six of the seven indicators,
covering all hydrological classes, showed medium and high risk impacts from the current water
management arrangements as compared to pre-development.
Risk to groundwater dependent ecosystems (GDEs) were assessed at the Sustainable Diversion
Limit (SDL) resource unit scale to be consistent with the Basin Plan. The risk profile varied across
the 13 SDL areas assessed. Medium risks to baseflow to streams and medium and high risks to
springs were identified in the Upper Condamine basalts; medium to high risk to baseflow to
streams and medium risks to terrestrial vegetation were identified in the Upper Condamine
alluviums (tributaries); and medium risks to terrestrial vegetation and non-riverine wetlands in the
Upper Condamine alluviums (Central Condamine Alluvium).
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Table i Summary of ecological risks

Ecological asset indicator

Hydrological class

Plan ecological
outcomes, and general
outcomes with an
ecological intent

Summary of risk status
Upper
Condamine

Mid
Condamine

Lower Balonne

Maranoa

Medium

Medium

High

Low

Surface water indicators
Refuge waterholes

Stable flow spawning fish

No and low flow

Low flows

9(g), 9(h) i, ii, iii, 9(o),
9(m)

9(g), 9(h) ii, iii, vii, 9(o)

Risk to persistent waterholes varied throughout the plan area; medium
and high risks were associated with extended no-flow spell durations
which resulted in loss of waterhole habitat during critical periods.
Low

Low

Low

Low

Risk to stable flow spawning fish was low throughout the plan area.
Golden perch

9(g), 9(h) ii, iii, vii, 9(m),
9(o)

Fluvial geomorphology and
river forming processes

High flows

Floodplain wetlands

High and overbank
flows

9(g), 9(h) iii, v, 9(o)

No and overbank
flows

9(g), 9(h) ii, iii, v, vii, 9(o)

Eastern snake-necked
turtle

ii

Medium flows

9(g), 9(h) ii, iv, 9(o)

Low

Low

Low

Low

Risk to Golden perch was low throughout the plan area. However,
overall population abundance was reduced across all assessment
areas under the full entitlement scenario.
Medium

Low

High

Low

Risk to fluvial geomorphology and river forming processes varied
throughout the plan area. The frequency and duration of bankfull flows
associated with mobilisation of instream sediment has been reduced,
particularly in the Upper Condamine and Lower Balonne.
Medium

Low

Medium

Low

Risk to floodplain wetlands was medium in the Upper Condamine and
Lower Balonne due to an increase in the return frequency of overbank
flows which inundate riverine floodplains.
Medium

Low

High

n/a
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Risk to the eastern snake-necked turtles in the Upper Condamine and
Lower Balonne is due to an increase in the return frequency of
overbank flows which inundate riverine floodplains.
Narran Lakes

High flows

9g, 9(h) ii, vii, viii, ix, 9(i),
9(o)

n/a

n/a

Medium

n/a

The risk to bird breeding at Narran Lakes is medium due to a reduction
in the number of bird breeding opportunity flows and strong recruitment
flows, and an increase in the spells between bird breeding
opportunities and flows to maintain vegetation vigour.

Groundwater indicators*
Springs
Baseflow to streams

Groundwater–depth to
water table

9(r)

Medium and high risks in the Upper Condamine basalts
Medium and high risks in the Upper Condamine basalts, Upper
Condamine alluviums (tributaries and Central Condamine Alluvium)

Terrestrial vegetation

Medium risks in the Upper Condamine basalts, Upper Condamine
alluviums (tributaries and Central Condamine Alluvium)

Non-riverine wetlands

Medium risks in the Upper Condamine alluviums (Central Condamine
Alluvium)

* medium and high risks only
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Environmental management rules
Environmental management rules of the Condamine and Balonne Resource Operations Plan
(ROP) align with strategies of the Condamine and Balonne Water Plan and are implemented to
assist in achieving ecological outcomes stated in the plan. Data from various sources were
analysed to provide an assessment of the effectiveness of the existing environmental management
rules in aligning with the intent of plan strategies.
Use of waterholes
The intention of this rule is to provide protection to waterholes by ensuring waterholes contained
within the water supply schemes are replenished by released water in a timely manner. The
current rule is likely to be sufficient to support the ongoing provision of waterhole habitat within the
water supply schemes, given that waterholes are quickly replenished and drawdown is only 0.5
metres below cease-to-flow. However, waterholes require protection outside water supply scheme
areas.
Storage operating levels
The intent of this rule is to provide refuge for biota during extended dry periods. Persistent habitat
exists within a number of artificial impoundments throughout the plan area, notably Chinchilla and
Jack Taylor Weirs, and Beardmore Dam. However, little information exists on the equivalence of
this artificial habitat, in terms of its refuge habitat quality, as compared to natural waterholes.
Further research is required to quantify the ecological role of storages in terms of providing quality
refuge habitat.
Change in rate of release
The intent of this rule is to ensure release rates from infrastructure associated with water supply
schemes do not adversely impact downstream aquatic ecosystems. There were no reported
instances of scouring, bank erosion or bank slumping at any of the listed storages in the plan area
over the reporting period. Issues such as fish kills and the risk of thermal alteration suggest that the
operation of infrastructure in the plan area may be potentially impacting downstream riverine
environments.
Passing and storing water for environmental, stock and domestic (ESD) purposes
This rule relates to “Releasing water for ESD purposes” which has significant environmental and
ecological significance. Together, these rules aim to deliver through flows which provide habitat
connectivity throughout the Lower Balonne system to the New South Wales border to sustain a
network of refuge waterholes throughout the system. A review of the ESD release/store protocols
should be undertaken to ensure that they are up-to-date and relevant.
Releasing water for environmental, stock and domestic purposes
Combined with the rule pertaining to passing and storing water for ESD purposes, this rule aims to
deliver through flows to provide habitat connectivity throughout the Lower Balonne system. No
specific monitoring occurred during the reporting period while the rule was triggered so it is not
possible to quantify potential ecological effectiveness.
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Flow event management rules – managing low flows
The purpose of this rule is to provide longitudinal connectivity to maximise environmental benefits
and to ensure the reliability of supply of water for stock and domestic purposes. The rule is
implemented if a “flow through” event has not occurred for more than 12 months and a flow of
significant volume occurs to instigate water harvesting. Take is then reduced accordingly. During
the reporting period, the low flow reduction rule was triggered and implemented from the 2014 to
2017 water year for a total of 24.5 days, across two flow events in January and February 2015. No
monitoring was undertaken during the reporting period while the rule was invoked to assess its
ecological effectiveness.
Flow event management rules – managing medium flows
This rule is intended to provide for the maintenance of flows that mimic the natural variability of the
river system, especially low and medium flows that provide connectivity of the river system and
overbank flows for the floodplain. During the reporting period, the medium flow reduction rule was
triggered and implemented on four occasions. Although the intent of the medium flow is to provide
some overbank flows, the rule was not triggered when larger flows were occurring that may have
provided the ecological benefit. No monitoring was undertaken during the reporting period while
the rule was invoked to assess its ecological effectiveness.
Managing Narran Lakes filling flow events
This rule is associated with the availability of water to support bird breeding in the Narran Lakes
Ramsar site. A large natural flow event occurred in 2012 in which a bird assessment was
conducted. An assessment of this event showed significant bird breeding occurred throughout the
Narran Lakes. The importance of follow up flows was also highlighted. Monitoring during a 2008
bird breeding event showed nest abandonment occurred during the ‘chick stage’ when water levels
dropped by 30 cm over 40 days. A change to the existing ROP rule to incorporate the whole year
would be advantageous to bird breeding in the Narran Lakes Ramsar site.
Thuraggi Watercourse – reporting requirement
For Water Supply Schemes covered by the ROP, provision is made to protect aquatic ecosystems
downstream of infrastructure by implementing rules pertaining to rates of water release. There
were no data available to assess whether water released as part of the Thuraggi Watercourse
Scheme is having a detrimental effect on the aquatic ecosystems downstream of associated
infrastructure.
Ecological outcomes
Water has been allocated and managed in a way that recognises that the ecosystems have
changed from their natural state. The plan seeks to achieve a balance between socio-economic
and ecological outcomes. The current plan has 18 outcomes which specify the aspects of the
environment the plan aims to support through sustainably managing water and the taking of water.
Collectively, the outcomes represent the environmental values of the plan area and their
dependencies across the full range of hydrological classes. Drawing on the combined outputs of
the ecological risk assessment and environmental monitoring information, the plan was evaluated
in terms of meeting these ecological outcomes under the current settings. Three outcomes were
met, eight partially met, two were not met, and five had insufficient information to be assessed.
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Recommendations
A range of recommendations are included in the report concerning potential mitigation strategies,
monitoring requirements, and improved specification of outcomes for consideration in the new
plan. These are summarised here and further discussed in Chapter 8.


Review flow event management arrangements to optimise flows following extended periods of
no-flow in areas where this period exceeds the persistence time of modelled waterholes.
Releases for stock and domestic may also reduce risk under these circumstances.



Review storage operations which minimise alteration of natural flow events and top up
waterholes. This may result in improved outcomes for fish communities which require stable
flow conditions to breed and recruit, reduce bank slumping and prevent the risk of potential fish
stranding events.



Review flow event management rules in the Lower Balonne and establish flow event
management rules in the Upper Condamine to preserve flow events at bankfull thresholds to
promote sediment movement throughout the system waterholes. This may reduce
sedimentation of riverine habitats, including refuge waterholes.



Review flow event management rules in the Lower Balonne to preserve flow events at
overbank thresholds to promote floodplain inundation waterholes. This may reduce the risk to
floodplain wetlands and dependent biota, particularly in high value areas such as the Culgoa
Floodplain.



Review flow event management strategies and redefine flows which support bird breeding and
associated wetland vegetation outcomes in Narran Lakes based on new science.



New science has been collected over the life of the plan which can be used to refine the
outcomes in the new plan. It is recommended that plan ecological outcomes be revised to
ensure that they are specific, measurable, and relate to the environmental values of the plan
area which are likely to be influenced by the plan.



Recommendations are provided on the current environmental management provisions in the
ROP. These include revised storage operations to improve water quality outcomes, mitigation
of impacts to downstream receiving systems, and improved monitoring and reporting
requirements to provide for quantitative evaluation of strategies over time.



Longitudinal connectivity throughout the system supports fish populations by providing access
to suitable habitat for refuge during no flow periods, optimal foraging, and reproductive activity.
The greatest impediment to connectivity is the network of instream barriers, such as dams and
weirs, particularly in the Lower Balonne. The efficiency of existing fish passage devices in
allowing the movement of fish under a range of flow conditions is unknown. It is recommended
that research is conducted to determine the range of headwater and tailwater levels under
which each specific fishway operates most effectively. These investigations should consider:
– adjustment of storage nominal operating levels to provide operation of fishways,
– stipulations that flows are released preferentially through the fishway,
– applying rules only to months when fish movement is critical for ecological reasons, and
– applying rules when release rates are likely to provide a cue for movement.
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New science has been undertaken throughout the life of the plan to inform this assessment and
inform water management decisions; however knowledge of the flow- and groundwater
dependent ecosystems of the plan area is still developing. A number of recommendations are
made on key areas which should be prioritised to improve the evidence base on which future
water management decisions will be based. Prioritisation of these knowledge gaps should be
undertaken on an annual basis, based on the Water Planning Science Plan (2014–2019).
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1 Introduction
1.1 Background
The Queensland Government, through the Department of Natural Resources, Mines and Energy,
is reviewing the Water Plan (Condamine and Balonne) 2004 (herein referred to as the plan). The
water planning process is prescribed in the Water Act 2000.
A water plan is a framework for sustainable management of water. It defines water availability,
priorities of water use, management strategies, performance indicators and monitoring and
reporting requirements that apply over its life.
The key objective of the planning process is to find an acceptable balance between existing water
users, the environment, and potential future water users by providing for ecologically sustainable
water extraction. The plan’s strategies for managing and allocating water are designed to maintain
ecosystem health, and to help provide water necessary for sustaining the aquatic environment,
including both surface water and groundwater dependent ecosystems.

1.2 Purpose of the environmental assessment
This report presents the second stage of the environmental assessment of the plan. The objectives
of the environmental assessment are to:


review the effectiveness of the environmental strategies of the existing plan;



assess the outcomes and effectiveness of the existing plan; and



provide recommendations for the new plan.

The assessment results presented in this summary report is a synthesis of the information in the
Ecological Risk Assessment Report (DES 2018), and the Summary of Monitoring Report (DNRME
2018), and makes recommendations on mitigation strategies to minimise identified risks to inform
the development of a new water plan.

1.3 Murray-Darling Basin Plan requirements
The Basin Plan is an adaptive management framework that has been drafted by the MurrayDarling Basin Authority (MDBA) to provide a coordinated approach to managing water resources
across the four member states and territory in the Murray-Darling Basin (MDB).
The Basin Plan sets out the requirements for the Basin States to prepare a water resource plan for
each of its plan areas. The water resource plan sets out the rules and arrangements relating to
issues such as annual limits on water take, environmental water, managing water during extreme
events and strategies to achieve water quality standards and manage risks. A risk assessment is
the first step in the development of a water resource plan.
Chapter 10, Part 9 of the Basin Plan (Approaches to addressing risk to water resources) outlines
how Basin States must undertake risk assessments as well as the MDBA’s associated
accreditation requirements. Risk assessments must:


Be prepared having regard to current and future risks to the condition and continued availability
of the water resources of the water plan area;
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Risks to the capacity to meet environmental watering requirements;



Risks arising from potential interception activities; and



Risks arising from elevated levels of salinity or other types of water quality degradation.

Further, section 10.41 requires that the risk assessment:


Lists and assesses each identified risk;



Defines the risk level of each risk (low, medium or high); and



Describes any quantified uncertainties in the level of risk attributed to each risk.

When identifying risks, Queensland is obligated under section 10.41(3) of the Basin Plan to have
regard to the risks to the condition, or continued availability, of Basin water resources listed in
section 4.02 of the Basin Plan. These are:


Insufficient water available for the environment;



Water being of a quality that is unsuitable for use; and



Poor health of water dependent ecosystems.

The Ecological Risk Assessment Report (DES 2018) considers all relevant environmental risks
prescribed by the Basin Plan and used a methodology consistent with its requirements, including
defining the level of risk and documenting uncertainties (section 10.41). This report provides a
higher level summary of these environmental risks in the context of an evaluation of the current
plans implementation and outcomes (DNRME 2018). The report also provides an amalgamation of
some risk scores so they can be presented at the sub catchment scale. This is to be consistent
with the spatial scale used in the assessment of other non-environmental risks in the plan area
(identified as per section 10.41 of the Bain Plan)
Recommendations for potential mitigation strategies for any medium and high environmental risks
are included in section 8 of this report. These recommendations meet both the requirements of the
Queensland process to review its statutory water plan as well as meeting the section 10.42 and
10.43 requirements in the Basin Plan.

1.4 Methodology
The environmental assessment has been conducted by the Department of Natural Resources,
Mines and Energy (DNRME) and Department of Environment and Science (DES). The assessment
draws on the results of monitoring and research conducted by the Queensland Government in the
plan area during the life of the plan, studies undertaken by other research intuitions, and input from
relevant experts. The Queensland Government’s Environmental Flows Assessment Program
(EFAP) (https://www.dnrm.qld.gov.au/water/catchments-planning/planning-process/supporting) is a
key source of information on ecological assets and their critical flow requirements.

1.5 Environmental assessment report outline
This report is structured as follows:
Chapter 1—overview of environmental assessment purpose and scope
Chapter 2—outlines the hydrology and water resource development of the Condamine-Balonne
catchment.
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Chapter 3—outlines the general water requirements for the surface water dependent ecosystem
components of the Condamine-Balonne catchment, and discusses the critical water requirements
of selected ecological assets.
Chapter 4—outlines the general water requirements for the groundwater dependent ecosystem
components of the Condamine-Balonne catchment, and discusses the critical water requirements
of selected ecological assets.
Chapters 5 and 6—assesses the effectiveness of the water resource plan based on selected
ecological assets.
Chapter 7—assesses the current environmental provisions contained within the plan and ROP.
Chapter 8—provides conclusions and recommendations for environmental provisions in the new
draft water plan.

2 Hydrology and water resource development of the
plan area
2.1 Surface water
The Condamine-Balonne catchment headwaters rise in the Warrego region near the Great Dividing
Range in southern Queensland and extend to the alluvial plains of the lower Balonne River, in
south-west Queensland and northern New South Wales. The catchment covers approximately
150,101 km2 across Queensland and New South Wales. Eighty six per cent of the catchment is in
Queensland, with the remaining 16 per cent in New South Wales (CEWO 2013; MDBA 2016). The
Condamine and Balonne water plan area is contained within the Queensland portion of the
catchment.
The Maranoa River is the main tributary of the Condamine-Balonne system (DEE 2016). The
headwaters of the Maranoa River lie in the Carnarvon Range in the north-west of the catchment.
The river flows south and meets the Condamine-Balonne River north of St George. The Balonne
River continues south-west through St George after which it breaks into a braided network of
channels, waterholes and floodplains that form the Narran, Bokhara, Ballandool and Culgoa
Rivers, and Briarie Creek. During high flows, the Bokhara and Culgoa Rivers flow into the Barwon–
Darling River downstream of Brewarrina (NSW). The Narran River flows into a series of terminal
lakes and wetlands which make up Narran Lakes; a Ramsar-listed wetland (Ramsar 2011). In the
west of the catchment, Nebine Creek flows in a southerly direction before adjoining the Culgoa
River in New South Wales.
The diverse landscape of the Condamine-Balonne catchment is dominated by semi-arid plains in
the south-west with approximately two-thirds of the region being relatively flat (CEWO 2013).
Tablelands and sloping topography typify the eastern section along the Great Dividing Range and
steep gorges are located in the north-west, forming the headwaters of the Maranoa River in the
Carnarvon Range. Elevation of the catchment varies from ~1400 metres above sea level in the
east to ~100 to 200 metres above sea level in the south-west (MDBA 2016). Annual average
rainfall is variable across the catchment, ranging from 1200 mm on the eastern ranges to 400 mm
in the west (Australian Government, National Water Commission, 2014). The Maranoa Valley
receives an average of 500 to 600 mm per annum. Most rainfall is received in summer months
(Australian Government, National Water Commission 2014). Evaporation rates in the south-west of
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the catchment are very high (MDBA 2016). River systems are ephemeral and as a consequence of
the semi-arid climate, river flows are driven by the natural drought and flood regime of the region.
River flows in this catchment are typically highly variable.
Land use in the catchment is mainly grazing (cattle and sheep), followed by other dryland
agriculture and some irrigated agriculture including grains and cotton (DSITI 2015a; MDBA 2016).
Water supply for urban use is managed from the major water storages in the catchment. Natural
gas production, in particular coal seam gas, is also a significant industry (Australian Government,
National Water Commission 2014).
Water is utilised via both supplemented and unsupplemented means in addition to harvesting of
overland and floodplain flows (Australian Government, National Water Commission 2014). The
main water storages include the Leslie Dam on the Condamine River west of Warwick, and
Beardmore Dam north/north-east of St George (MDBA 2016).
To assist in the management of unsupplemented water, the plan area is divided in to Water
Management Areas (WMA). Each WMA has its own specific rules for sharing water and for dealing
with changes to water allocations. The take of unsupplemented water under a water allocation is
regulated by conditions relating to flow in the watercourse, the volumetric limit, the maximum rate
of take, and by conditions such as preventing the storage of water.
There are five Water Management Areas within the plan area. These are: the Upper Condamine
WMA, the Condamine and Balonne WMA, the Lower Balonne WMA, the Condamine and Balonne
Tributaries WMA, and the Gowrie and Oakey Creek WMA.
For the take of supplemented water, SunWater operates the four Water Supply Schemes (WSS) in
the Plan area:


Upper Condamine WSS provides irrigation water and urban water for Warwick and Cecil
Plains. Water for this scheme is stored in Leslie Dam (106 GL) (CSIRO 2008).



Chinchilla WSS provides irrigation water and augments Chinchilla’s town water supply. Water
for this scheme is stored in Chinchilla Weir (10 GL) (CSIRO 2008).



Maranoa River WSS provides water via the Neil Turner Weir.



St George WSS provides irrigation and town water for St George from Beardmore Dam (82 GL)
via Jack Taylor Weir (10 GL) (Balonne River) and via Moolabah Weir and Buckinbah Weir
(Thuraggi Watercourse).

In addition to these dams and weirs, there are numerous significant private off-stream water
storages in the lower parts of the Condamine-Balonne system, having an estimated combined
storage volume of 1582 GL. According to CSIRO (2008), this constitutes more than 90 per cent of
the total storage capacity within the Condamine-Balonne catchment. Overall, water resource
development has significantly reduced end-of-system flows (CSIRO 2008) and is likely to pose a
considerable risk to flow-dependent species and ecosystems in the plan area.

2.2 Groundwater
The Condamine and Balonne catchment encompasses a number of groundwater management
areas and contributes to three MDB groundwater Sustainable Diversion Limit (SDL) areas. These
include:
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Central Condamine Alluvium



Upper Condamine Alluvium
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Upper Condamine Basalts.

The Central Condamine Alluvium (CCA) is a formation of alluvial deposits associated with the
Upper Condamine River. The alluvial aquifer system within the CCA consists of sand, clay and
gravel zones. The depth of alluvium ranges from less than 10 metres in upstream headwater areas
and along the floodplain edges to a maximum of 140 metres through the deeper palaeochannel
sections of the CCA. The CCA extends from Warra-Jandowae in the north-west, upstream to
Pratten in the south east, covering an area of approximately 445,257 hectares. It has the highest
levels of groundwater entitlement and use within the broader Condamine River and tributary
alluvium.
The CCA is managed under a groundwater management area known as the Central Condamine
Alluvium Groundwater Management Area. The groundwater management area extends in a northwesterly direction from Pratten at the upper extent, to Warra at the lower end. It is currently
managed within the plan area in accordance with the Water Act 2000, Water Regulation 2002. The
Water Regulation 2002 also provides the rules for seasonal water assignment and water licence
transfer and water sharing.
The Upper Condamine Alluvium (UCA) is bound by the formations of the Main Range Volcanics of
the Great Dividing Range in the east, formations of the Great Artesian Basin in the north and west,
and by metamorphics and intrusives to the south. Covering an area of approximately 1003 km2, it
extends across the Southern Downs Regional Council, Toowoomba Regional Council, Western
Downs Regional Council, South Burnett Regional Council and Maranoa Regional Council.
The UCA consists of two key system types: those which are highly utilised and have historically
required active management, and those which are not. The highly utilised systems consist of a
number of trunk and tributary systems that are generally narrow and confined by valley margins in
the south and west. The highly utilised tributaries are managed as the:


Oakey Creek Groundwater Management Area;



Dalrymple Creek Alluvium Groundwater Management Area;



Glengallan Creek Alluvium; and



Myall and Moola Creek Alluvium.

Upper Condamine Basalts (UCB) is located in the Darling Downs Region stretching from Killarney
to Jandowae, covering an area of approximately 5800 km2. This unit is located within a basaltic
plateau supporting highly weathered bedrock and soil on bedrock surfaces. The plateau is
composed of volcanic rock deposits known as the Main Range Volcanics Formation these
comprise basalt, agglomerates, shales and dolomites. The aquifers of the UCB typically consist of
an upper unconfined weathered and fractured zone and a lower fractured zone that is semiconfined and of limited extent that may not be hydraulically connected. The UCB overlies
formations of the Great Artesian Basin, including Walloon Coal Measures (Clarence Moreton
Basins) and Marburg Sandstone.
Groundwater in the upper UCB is currently managed under the State’s Water Act 2000, Water
Regulation 2002 and the plan. It is divided into six GMAs: Toowoomba North Basalts, Toowoomba
South Basalts, Toowoomba City Basalts, Upper Hodgson Creek, Warwick Basalts and Nobby
Restricted Area Basalts. Groundwater take in the Toowoomba City Basalts and the Upper
Hodgson Creek GMAs is managed under water sharing rules and/or seasonal water assignment
rules prescribed under the regulation.
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Figure 1 Condamine and Balonne plan area showing the location of environmental assessment
nodes (as stream gauge locations), floodplain assessment reaches and assessment areas

6

Review of Water Plan (Condamine and Balonne) 2004. Environmental Assessment Report

3 Surface water dependent ecosystems of the plan area
3.1 Ecosystem components
Floodplain wetlands
Floodplains are complex landscapes that are highly spatially and temporally variable. The
combination of topography, soil type and land use leads to variability in both the frequency with
which different parts of the floodplain receive water and the duration that surface water persists.
Because of this, floodplains are a mosaic of ecosystems that utilise the hydrologic regime at
relatively small scales. Flow regime changes resulting from water resource development,
particularly alterations in medium and high flows, have potentially significant implications for
riparian and floodplain plant communities (Mackay & Thompson 2000). Flood harvesting may
reduce the magnitude of individual floods and thus increase the duration of spells between flooding
for some habitats and, over longer periods, may influence the distribution of floodplain species
(Bren 1992; Kingsford & Thomas 1995; Bowen et al. 2003; Thoms & Parsons 2003).
Large river floodplains support vegetation communities that are amongst the most productive and
diverse in the world (Capon 2004). The structure and floristic composition of floodplain plant
communities are influenced by environmental gradients related to fluvial dynamics, floods and soil
moisture availability (Naiman & Décamps 1997). Flood flows provide moisture, disperse seed,
deposit sediments that provide a growth medium for colonising vegetation and stimulate the
recruitment of riparian and floodplain species (Petitt et al. 2001; Woods et al. 2012). Soil moisture
conditions are influenced by stream flow, along with rainfall and shallow groundwater. The
interactions between these sources of water are complex, often making it difficult to determine the
effect of stream flow changes on the availability of water to riparian zone and floodplain plants
(Eamus et al. 2006).
Floodplain wetlands sustain diverse ecological communities that are adapted to take advantage of
the resources that are periodically available (Westlake & Pratt 2012). In dryland river landscapes,
floodplain wetlands play an important role in the exchange of carbon and nutrients, provide
ecosystem services such as water quality buffering, act as refuges during dry spells and provide
habitat to a diverse community of plants and animals (Thoms & Parsons 2003; DSEWPC 2012).
Patterns of hydrological connectivity and subsequent wetland wetting and drying cycles are
important drivers regulating species diversity and richness (Boulton & Brock 1999). The sequence
of drying and rewetting in temporary floodplain wetlands makes them highly productive. As the
wetlands dry, decaying aquatic organisms create a rich substrate for the growth of dryland grasses
and herbs and upon rewetting, breakdown of these provide substantial resources for aquatic
invertebrates, algae and plants (Scott 1997). The rapid development of these food sources make
inundated wetlands excellent breeding habitats for consumers such as waterbirds, fish and turtles.
Within the plan area, the Balonne River Floodplain and The Gums Lagoon are Nationally Important
Wetlands (DEH 2007); the plan also has an outcome associated with Narran Lake Nature Reserve,
a Ramsar listed Internationally Important Wetland known for large, diverse bird breeding events
(Brandis & Bino 2016). There are also a number of other wetlands that are considered important
for water bird breeding. These include Bungil Creek Lagoon, Dry Lake, Kanowna West Swamp,
Roma Golf Course Lagoon, Warrambah Creek Lagoon, Warrambah East Claypan, Yuleba Creek
Waterholes, Pelican Lake, Dry Corner Swamp, Waterloo Lake and three unnamed wetlands
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(Brandis & Bino 2016). Floodplain wetlands also provide habitat for the eastern snake-necked
turtle, a species that will use a variety of wetlands, the river channel and the floodplain (a wetland
complex) for foraging, breeding and taking refuge over its life time (Roe & Georges 2007). This
species has been noted using Belah Waterhole, Beardie Lagoon, Whyenbah Lagoon, Clyde
Lagoon and Woolerbilla Lagoon (Benson 2004), but is widespread throughout the plan area.
Lagoons in the Balonne River floodplain are also known to support Eucalyptus coolabah open
woodland, Eleocharis spp. sedgelands, Eucalyptus camaldulensis wooded swamp and lignum
vegetation communities and to provide habitat for fish species including Macquaria ambigua,
Nematolosa erebi, Leiopotherapon unicolor, Retropinna semoni, Hypseleotris spp., Melanotaenia
fluviatilis, Ambassis agassizii, Neosilurus hyrtlii and Porochilis argenteus (Benson 2004).
Culgoa National Park occupies 22,430 hectares within the Balonne River floodplain on the New
South Wales side of the state border. It protects several rare vegetation communities including
inland riverine woodlands and open grasslands. These ecosystems are important habitat for a
number of species threatened in New South Wales, including the Australian bustard, grey falcon,
painted honeyeater, pink cockatoo, brolga, koala, striped-faced dunnart and little pied bat (NPWS
2003).
Vertebrates
Fish
Flows play a key role in providing habitat for fish, via hydraulic habitat and connectivity,
maintenance of channel morphology and substrate and influences on water quality and aquatic
vegetation. Flows provide cues for the life history processes of a number of fish species, including
migration, spawning, recruitment and dispersal (e.g. Humphries & Lake 2000). Many Australian
species require seasonal flooding, with changes in water temperature and day length contributing
to the spawning cue. In contrast, other species require elevated spring temperatures and low,
stable flows for spawning, and successful larval development and upstream dispersal movements
of juveniles of many species often occur during low flow periods (Pusey et al. 2004). Low flows
provide the opportunity for larvae to encounter high prey densities. Still or slow flowing water also
ensure that eggs and larvae are not flushed downstream which will in turn increase stock for
juvenile recruitment (Pusey et al. 2004).
Eighteen species of native fish have been recorded in the plan area, including the popular angling
fish Yellowbelly, Murray Cod, listed as vulnerable under the EPBC Act, and eel-tailed catfish which
has suffered population declines in southern parts of the Murray-Darling Basin (Rourke & Gilligan
2010). Fish of the region tend to be generalists, tolerant of the harsh conditions during dry spells,
and possessing life history strategies to take advantage of the intermittent periods of flow
(Balcombe et al. 2006). Three exotic fish species, European Carp, Goldfish and Gambusia are also
present in the plan area.
Birds
Many species of birds are associated to some degree with riverine and non-riverine wetlands
during their life cycle, including waterbirds and species that inhabit riparian zones. Overbank
flooding may trigger mass breeding events for some waterbird species. Maintenance of water
levels within these wetlands is critical during the fledgling period to support nesting habitat and
reduce predator access.
Many species breed in response to flooding, and utilise the inundated wetlands and lakes of the
region for foraging, nesting and rearing young. In wet years, sites such as the Ramsar-listed
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Narran Lakes can provide breeding habitat for thousands of colonial-nesting waterbirds such as
ibis, egrets and pelicans. Migratory species listed under international conventions, including many
of the shore birds, do not breed in Australia but utilise the wetlands and lakes of the plan area as
an overwintering habitat where they feed and build body condition prior to migrating north for the
breeding season.
Reptiles and amphibians
Many amphibians and reptiles are associated with aquatic habitats and have specific instream
habitat requirements to support critical life history stages. For example, freshwater turtles access
areas of exposed sand bars, gravel benches or structures such as large fallen trees to bask.
Hence, the flow requirements of these species include flows for the maintenance of hydraulic
habitat, water quality and the physical structure of instream habitats. Other amphibians and reptiles
are associated with habitat provided by riparian zones, and hence their requirements include a flow
regime that maintains the integrity of these areas.
Invertebrates
Aquatic macroinvertebrates encompass a diverse range of biota including obligate aquatic
organisms such as shrimp, crayfish, bivalves and snails, and insects with aquatic larval and
juvenile stages such as dragonflies, mayflies, caddis flies, beetles, and true bugs. Collectively they
play a critical role in the processing of nutrients and organic energy in aquatic ecosystems, and are
a major constituent of the food for higher trophic levels (Arthington & Pearson 2007).
Most macroinvertebrates have specific habitat preferences related to flow and substrate, and are
strongly influenced by the nature and extent of instream microhabitats. The interaction of water
depth and velocity with the substrate profile determines the range of potential microhabitats
available to benthic macroinvertebrates (Statzner et al. 1988; James et al. 2008).
Macroinvertebrate dispersal is facilitated by flow (Bilton et al. 2001). Species with flying adult
stages often follow river channels along riparian flight paths. The larval and juvenile stages of
many macroinvertebrates use drift as a dispersal strategy. Although this is a globally recognised
phenomenon, several studies have shown that it is not a significant strategy in Australian
macroinvertebrate populations (Kerby et al. 1995; Hughes et al. 1998).
The macroinvertebrate fauna of the plan area is typical of western Queensland arid and semi-arid
rivers and as such is numerically dominated by tolerant insect taxa of the orders diptera,
coleoptera, odonata, ephemeroptera and hemiptera, bivalve molluscs and crustacean taxa
(Marshall et al. 2006a, 2006b). The shrimp Macrobrachium australiense is a conspicuous
component of the fauna and important as a source of food for predatory fish (Sternberg et al. 2008;
Woods et al. 2012).
Instream vegetation
Instream vegetation includes both microphytic and macrophytic communities. Microphytic
vegetation comprises benthic, epiphytic and metaphytic communities of single-celled, colonial and
filamentous microalgae, macroalgae, and cyanobacteria. Carbon produced by these communities
is a major contributor to food webs in sub-tropical river systems (Bunn et al. 1999; Hadwen et al.
2010). Their composition, distribution and productivity are influenced by environmental factors
regulating biomass accrual and loss (Francoeur et al. 1999; Segura et al. 2010).
Otherwise known as macrophytes, aquatic plants are the most conspicuous instream vegetation
and include both submerged (i.e. foliage below or at the water surface) and emergent (foliage
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above the water surface) forms. Flow regime changes have been associated with changes in the
species diversity and abundance of riverine macrophyte assemblages. Flow regime changes are
often conducive to macrophyte growth, especially where flow variations or flood magnitudes are
reduced. Reductions in flow variability due to water resource development (flow supplementation)
often lead to an increase in macrophyte biomass (e.g. Mackay 2006; Mackay & Thompson 2000).
In the rivers of the plan area, macrophytes are relatively rare. Those that are present, such as
Ludwigia peploides, Azolla pinnata and Persicaria spp. are either floating or emergent, allowing
them to survive the often high turbidity and fluctuating water levels. A range of planktonic
microphytes inhabit the rivers and again the most common taxa, cryptophytes, chloropytes and
euglenophytes, are those that are able to maintain their position near the water surface using
buoyancy or motility in order to stay within the shallow photic zone (McGregor et al. 2006).

3.2 Ecosystem processes
Waterholes as refugia
Waterholes are sparse but characteristic geomorphic features of low-gradient, muddy,
anastomosing, dryland rivers. They have been defined as self-scouring features of channels and
floodplains that maintain water during periods without flow in otherwise temporary rivers (Nanson
et al. 2002). Many published accounts of their morphology, formation and ecology are from studies
conducted in Cooper Creek in Lake Eyre Basin.
Waterholes commonly exhibit contemporary splays of mud and sand deposited at their
downstream ends as a result of scour from the waterhole and channels may consequently
bifurcate at their downstream ends (Knighton & Nanson 2000). They occur in a variety of settings
including in rocky gorges, in flood outs and as isolated features on floodplains away from main
river channels, but those best known are relatively deep and wide sections of river channels.
Waterholes are too irregularly distributed to be considered deepened pools in an orderly bed
sequence (Knighton & Nanson 2000). They tend to remain in fixed channel positions at locations of
flow convergence and these attributes indicate a recent origin with their dimensions in equilibrium
with the contemporary flow regime of the river.
Four mechanisms of waterhole formation and maintenance have been proposed, all based on
settings that provide sufficient shear stress associated with flood events to provide scour (Nanson
et al. 2002; Knighton & Nanson 2000):


channels constricted on both banks by Aeolian dunes form short, wide and shallow waterholes;



channels flanked on one bank by a single dune, valley margin or similar form longer and
deeper waterholes;



the confluence of multiple anastomosing channels draining inundated floodplains, which
generate scour without channel constriction; and



deeply penetrative bands of relatively high velocity can occur in waterholes during high-flow
events, suggesting that localised values of bed shear could be quite large even when crosssectional average velocities are usually less than 1 m/sec.

By focusing erosional energy when the floodplain is broad, waterholes play a significant role in
maintaining existing river channel morphology (Knighton & Nanson 1994).
It is generally expected that flow velocity at a site increases with discharge, with a major
discontinuity in this trend occurring at bankfull discharge because of water spilling onto the
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floodplain at this stage, after which discharge maximum velocity remains constant and mean
velocity decreases (Knighton & Nanson 2000, 2002). However, this was not the case at two of
three waterholes investigated in Cooper Creek, where velocity continued to increase with
discharge before levelling off at discharges greater than bankfull. These anomalies were probably
associated with local variability in the discharge stages at which flood width increased, possibly
due to errors in establishing bankfull discharge at waterholes where channels were relatively
confined, or possibly because of unstable velocity discharge relationships (Knighton & Nanson
2000).
Waterholes, where water persists during often prolonged spells without river flow, provide the
primary drought refuges for the biota of dryland rivers and are therefore critical to their aquatic
ecosystems. The types of aquatic biota utilising refuges varies spatially between waterholes and
temporally at individual waterholes. Typically there is more variability in assemblage composition
through time in a single waterhole than there is variability between waterholes at a single time
(Marshall et al. 2006; McGregor et al. 2006; Arthington et al. 2005). This indicates that a mosaic of
waterholes through space and time is needed to maintain viable populations of all dependent
aquatic species (Sheldon et al. 2010). This variability is driven by occasional, but critical
connectivity between refuges, with population viability also depending upon rates of dispersal and
recolonisation during occasional flow events which punctuate periods of waterhole isolation. There
are three general dispersal modes evident in the life histories of dryland river biota (Sheldon et al.
2010): ‘movers’, which are not truly aquatic and can disperse by air or overland and not fully
beholden to hydrology to provide connectivity; ‘networkers’ which are aquatic species restricted to
refugia during isolation phases and which disperse and recolonise rapidly via hydrological
connections when they occur; and ‘refugals’ which remain in refuge waterholes even when there is
connectivity between them. Examples of each class are common in Queensland dryland rivers.
The quality of waterhole refuges is also critical to their function. In general, the longer isolation
continues, the harsher conditions in refuges become, yet aquatic populations must remain viable
throughout these periods for species to persist (Sheldon et al. 2010). Quality is supported by
energy subsidies from floodplain production during flood events, but in situ benthic algal production
is vital during isolation phases. In turbid systems, light limitation acting in concert with the
morphology of individual waterholes determines production potential, but at any given time the
influence of hydrology on water depth controls this interaction (DERM 2010). Thus, changes to
connectivity between waterholes, their persistence during dry phases, or their connections to
adjacent floodplains will impact their functioning as refuges and impact upon the diversity and
resilience of entire dryland river ecosystems (Sheldon et al. 2010).
Many aquatic species found in the plan area, including fish and invertebrates such as freshwater
mussels, snails, yabbies and prawns, use waterholes as their primary habitat (DSITIA 2013). Other
fauna such as freshwater turtles and waterbirds move to waterholes when their preferred wetland
habitats dry, relying on them to survive extended dry spells.
Fluvial geomorphology and river forming processes
The primary drivers of channel morphology are hydrology, the underlying geology of the river
channel and sediment availability (Clifford & Richards 1992). Geology determines the extent to
which flows can alter channel characteristics such as stream bed, bed slope and meander,
whereas sediment availability and entrainment processes can determine the development and
maintenance of pools and bars. Biota can also influence geomorphological processes–burrowing
animals can mobilise sediments, riparian vegetation protects surfaces from erosion and instream
vegetation affects stream power by altering hydraulic roughness.
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Stream channels are generally comprised of an alternating series of shallow bars and deeper pools
(Newbury & Gaboury 1994). During no-flow periods, pools become a series of isolated waterholes
separated by bars and those waterholes become important refugial habitats for biota. The creation
and maintenance of channel bars and deeper pools is known to be dependent on flow driven
sediment entrainment and deposition processes (Wilkinson et al. 2003; Haschenburger & Wilcock
2003). Sediment transport occurs when shear stress, the force acting upon the substrate resulting
from flow, is sufficient to entrain substrate sediments. The location of maximum shear stress
moves up and down stream with changes in the magnitude of flow (Sear 1995; Wilkinson et al.
2003). High flows exert the greatest shear stress, scouring fine sediments from pools and
depositing them on bars, while low flows tend to shift bar substrates and deposit them in pools
(Wilkinson et al. 2003). In this way, changes in flow regime can influence the arrangement and
persistence of waterholes.
The Queensland portions of the Murray-Darling Basin have generally shallow relief and low stream
segment slopes resulting in low disturbance intensity from flow events (DEHP 2012). Much of the
area is depositional valley bottom flat, with silt/clay streambed substrates and development of
extensive floodplains (DEHP 2012). Some waterholes in the region have experienced fine
sediment accumulation (DSITIA, unpublished data).

4 Groundwater dependent ecosystems of the plan area
Groundwater dependent ecosystems (GDEs) are ecosystems which require access to groundwater
on a permanent or intermittent basis to meet all or some of their water requirements so as to
maintain their communities of plants and animals, ecological processes and ecosystem services
(Richardson et al. 2011). In many cases groundwater dependence is either subtle or cryptic, and
varies widely both temporally and spatially (Hatton & Evans 1998). There are three classes of
groundwater dependent ecological assets (GDEs) commonly recognised in the literature (after
Eamus et al. 2006):
1. ecosystems dependent on the surface expression of groundwater (stream baseflow, nonriverine wetlands, springs);
2. ecosystems dependent on the sub-surface expression of groundwater, often accessible via the
capillary fringe when roots penetrate this zone (terrestrial vegetation); and
3. cave and aquifer systems (karstic, fractured rock, alluvial aquifers, hyporheic zone).
Surface expression GDEs are formed by topographic or structural landscape features directing
groundwater above the ground surface. Water can present either as a point source such as a
spring vent or a seep/soak, diffusing as baseflow into rivers and streams or as a window into the
water table, such as non-riverine wetlands. This also includes groundwater flowing through the
hyporheic and parafluvial zones (the regions beneath, and lateral to, a stream bed respectively,
where there is mixing of shallow groundwater and surface water).
Ephemeral or persistent palustrine and lacustrine wetland GDEs such as lakes, swamps,
sedgelands and bogs can have a continuous or seasonal dependence on groundwater. They
support dependent biota including fringing and aquatic plant communities, subsurface refuges as
well as biota which depend on the surface expression of groundwater such as fish,
macroinvertebrates, and algae.
Surface expression GDEs are vulnerable to drawdown of the water table below the ground surface.
Drawdown beyond this threshold disconnects groundwater inputs from surface ecosystems,
essentially removing their presence. Changing the groundwater dynamics can have significant
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impacts on receiving ecosystems changing persistent systems to ephemeral, and in extreme cases
removing the ecosystem altogether (Boulton & Hancock 2006).
Ecosystems dependent on the sub-surface expression of groundwater include terrestrial vegetation
that utilise groundwater in either an obligate or facultative way. Access to groundwater can
maintain the health of vegetation communities during drought periods. This can provide landscape
scale benefits such as maintaining vegetation refuges for terrestrial fauna during high stress
drought periods, reduced erosion and geomorphological degradation, and enhancing ecosystem
recovery after drought breaking rainfall.
Groundwater dependent vegetation access groundwater through their root systems extending into
the capillary fringe or directly into the water table. The depth to which a root systems can reach
groundwater varies within and between species. Some vegetation communities have been shown
to extend beyond perceived maximum rooting depths in response to falling groundwater levels.
The capacity for physiological changes in rooting depth is possible if the rate of groundwater
regime change is within adaptive limits of the species present (Canham et al. 2012). The limits of
such physiological adaptions are as yet to be established.
Cave and aquifer systems with subterranean ecosystems are present throughout the plan area and
have the potential to support groundwater fauna, (referred to as ‘stygofauna’) communities within
them. They include ecosystems existing in aquifers or the zone of interaction between river water
and the groundwater present in banks and beds of rivers. Aquifer sampling for stygofauna in the
Condamine-Balonne and Border Rivers region (Schulz et al. 2013) has been undertaken
confirming their presence, however at present the understanding of how these ecosystems
function is insufficient to support the risk assessment process.
In recent years there has been significant advancements in the mapping of GDE locations. The
GDE mapping for the Condamine Balonne has been updated (DSITI V 1.5, March 2017). The
Condamine Balonne is a large catchment, and experiences high spatial and temporal climatic
variability, ranging from sub-tropical in the east to semi-arid in the west, with significant seasonality
and inter-annual variability. The region often experiences periods of prolonged drought followed by
extreme flooding. The eastern portion of the catchment is topographically dynamic and
experiences greater rainfall, providing regular groundwater recharge and landscape features to
direct groundwater back above the ground surface. This is observed in the number of identified
springs in the region, and the quantity of stream and river reaches identified as receiving base flow
contribution from local groundwater systems.
The western semi-arid areas receive lower rainfall and are characterised by large, low profile
alluvial plains. The limited local recharge and the absence of topographic features directing
groundwater towards the ground surface results in large alluvial systems and a lower number of
surface expression GDEs. The groundwater present is often within the rooting depth of remnant
vegetation communities supporting a mosaic of GDE terrestrial vegetation communities across the
broader landscape and along ephemeral drainage lines.
Potential GDE wetlands have been identified as part of the following Directory of Important
Wetlands in Australia:


Balonne River Floodplain (QLD084), St George Alluvium–Shallow



Dalrymple and Blackfellow Creek headwaters (QLD193), Condamine River Headwater Basalts



Lake Broadwater (QLD015), Upper Condamine Alluvium–Central Condamine Alluvium, and



The Gums Lagoon (QLD020), not within an SDL unit.
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5 Methods for assessing the effectiveness of the water
plan
5.1 Ecological risk assessment process
The ecological risk assessment aims to identify and quantify risks from water resource
development in the plan area. The assessment uses an ecohydrological modelling approach,
based on the principles of ecological risk assessment. The approach draws on existing information
and knowledge of the ecological values of the plan area as well as relevant flow-ecology
information in the broader scientific domain (McGregor et al. 2017). A summary of the process is
illustrated in Figure 2, and a detailed explanation of the risk assessment methodology and results
provided in the Ecological Risk Assessment Report (DES 2018).

Figure 2 Summary of the risk-based ecohydrological modelling approach (after McGregor et al. 2017)
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The approach partitions the critical flow/water requirements of ecosystem components, processes
and services, and considers how these requirements have been altered over time under the water
management scenarios representing the current plan settings. These ecosystem components,
processes and services are used as indicators sensitive to flow or groundwater modification, and
are therefore broadly representative of the ecosystem response under the current water
management regime. Referred to as ecological assets, they may be a species, group of species,
an ecological or process function, or a place of value.
5.1.1

Surface water risks

The risk to surface water ecological assets within the plan area were assessed at all locations
where hydrological simulations were available within known asset distributions. Two surface water
development scenarios were assessed:
1. pre-development: assumes no water resource development across the plan area, but with
existing infrastructure in place.
2. full entitlement: full use of existing entitlements with current ROP operating rules and existing
infrastructure–this scenario does not reflect current utilisation of water entitlements.
Risk was assessed at a range of spatial scales relevant to the asset (i.e. assessment node,
floodplain assessment reach, and assessment area) (Figure 1). As such, the approach utilises the
spatio-temporal sequence of risk generated by the hydrological scenario across multiple locations.
Where possible, it incorporates aspects of population structure and dispersal characteristics of
assets to define patterns of risk across the catchment (Hughes et al. 2012). This ensures that risk
is evaluated at the spatial and temporal scale over which assets function (Arthington 2015).
Assessment nodes
Assessment nodes are hydrological model nodes which correspond to the location of stream
gauge sites for which stream cross sectional, and flow ratings information were available.
Floodplain assessment reaches
The relatively sparse distribution of gauging stations coupled with the extensive areas of floodplain
in the assessment area and the complex hydrology of floodplains means that it is unlikely that
available gauge data is representative of the entire floodplain. The catchments were mapped by
including the location of environmental assessment nodes and the areas identified as floodplains
by the Queensland floodplain assessment overlay mapping (QRA 2010). Queensland government
hydrologists and hydrographers used their local expert knowledge and an assessment of the
location of tributaries and constrictions in the stream network to identify the relevant areas of
floodplain associated with each environmental assessment node. Where the floodplains of multiple
parallel channels merge, aerial and satellite images were used to identify intersecting ridges or
other indications of predominant flow direction, and delineate areas of flood origin accordingly.
These are termed floodplain assessment reaches (FARs). All floodplain asset assessments were
confined to these reaches as they are parts of the floodplain that are represented by hydrology at
the environmental assessment nodes.
Assessment areas
For the purposes of the assessment, the plan area was divided into four assessment areas
reflecting river reaches with comparable hydrological and ecological attributes. Risk to ecological
assets was assessed at both the individual node and assessment area scales.
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5.1.2

Groundwater risks

Although the current plan manages all surface and groundwater in the Condamine and Balonne
catchment, there are currently no ecological outcomes in the plan that specifically relate to GDEs.
However the plan does aim to protect the productive base of groundwater (general outcome 9(r)).
Groundwater models are not available across the entire assessment area to provide predictions of
altered groundwater regimes in response to current management arrangements. Subsequently,
risk to GDEs was assessed using a semi-quantitative risk ranking process. To assess the
consequence of an impact, an understanding of GDE functioning and the sensitivity of an
ecosystem to changes in the groundwater regime was considered based on conceptual models of
system behaviour and benchmarking with published information on ecosystems that have
experienced similar groundwater management impacts from comparable biophysical settings.
GDEs were assessed at the SDL resource unit scale (MDBA 2012a). SDL resource unit
boundaries were determined according to the types of aquifers present and the management
boundaries used by the Basin States.

5.2 Environmental monitoring
Environmental monitoring, research, and a number of science reviews have been undertaken
across the plan area by several organisations over the life of the plan including:


Department of Natural Resources, Mines and Energy



Department of Environment and Science



Department of Agriculture and Fisheries



Resource Operations Licence Holders



Murray-Darling Basin Authority



Commonwealth Environmental Water Holder



Condamine Alliance



Several universities, research institutes and other science providers.

A collation and synthesis of this information and new scientific knowledge has been undertaken to
assist in evaluating the plan’s performance in meeting its ecological outcomes (DNRME 2018).
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6 Results
6.1 Ecological risk assessment
6.1.1

Ecological assets

A total of 4045 potential ecological assets including species of flora and fauna, vegetation
communities, wetlands, instream and floodplain habitat and ecological processes were identified
across the plan area (Ecological Asset Report, DNRM 2017c). Using available information about
each asset’s requirements for surface water, the primary list was reduced to a subset of 103
ecological assets that were considered to be critically linked to flow or to the groundwater regime.
These assets were considered as candidates for the ecological risk assessment. Of these
candidate assets, sufficient knowledge of their flow or groundwater requirements were available for
seven surface water assets and four groundwater dependent assets to enable analysis of the
impact of water development scenarios on their viability and long term persistence to be
quantitatively modelled (Table 1).
Table 1 Ecological asset indicators used in the ecological risk assessment, their link to hydrology
and plan outcomes

Ecological asset indicator

Indicator measurement
endpoint

Hydrological class

Plan ecological
outcomes, and
general outcomes
with an ecological
intent

Surface water indicators
Refuge waterholes

Frequency of waterhole
failures

No and low flow

9(g), 9(h) i, ii, iii, 9(o),
9(m)

Stable flow spawning fish

Spawning and recruitment
success of each species

Low flows

9(g), 9(h) ii, iii, vii,
9(o)

Golden Perch

Annual and long-term
population abundance

Medium flows

9(g), 9(h) ii, iii, vii,
9(m), 9(o)

Fluvial geomorphology and
river forming processes

Frequency and duration of
bankfull flow events

High flows

9(g), 9(h) ii, iv, 9(o)

Floodplain wetlands

Frequency and duration of
wetland inundation events

High and overbank
flows

9(g), 9(h) iii, v, 9(o)

Eastern snake-necked turtle

Frequency of high stress
events

No and overbank
flows

9(g), 9(h) ii, iii, v, vii,
9(o)

Narran Lakes

Frequency of successful
bird breeding

High flows

9g, 9(h) ii, vii, viii, ix,
9(i), 9(o)

Potential interaction
between GDEs and
groundwater take (as
altered depth to
groundwater)

Groundwater–depth
to water table

9(r)

Groundwater indicators
Springs
Baseflow to streams
Terrestrial vegetation
Non-riverine wetlands
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6.1.2

Surface water indicators

Refuge waterholes
Australia’s dryland rivers are characterised by long periods without significant inflows of water,
during which time they dry into a series of waterholes. These waterholes provide an important
source of water for a range of consumptive uses, as well as serving as important refuge habitat for
aquatic organisms during no flow periods. There are three key attributes of a waterhole that
contribute to its ability to function as a drought refuge:


persistence time: the length of time that waterholes are able to hold water without inflows;



connectivity: the spatial distribution of waterholes is important; they must be numerous enough
and distributed such that, when they are connected during flow, resident biota are able to move
throughout the system and recolonise the river (Sheldon et al. 2010); and



refuge quality: attributes such as water quality, habitat availability and availability and quality of
food deteriorate as waterholes become shallower (Waltham et al. 2013; Wallace et al. 2016).

The impact of water resource development on the pattern of waterhole persistence across the plan
area was modelled using two methods:


individual waterhole scale: 24 representative waterholes were mapped to create a depth profile,
and water loss was measured through a drying phase to create a quantitative water loss model
for a site; and



plan area scale: remote sensing time series analysis was used along with hydrological
information to determine where persistent surface water is located after various no flow spells
across a large section of river channel.

A threshold of concern (ToC) of 0.5 metres minimum waterhole depth was used for individual
waterholes to identify periods of limited habitat availability and poor habitat quality, termed here
waterhole failure. While refuge waterholes often experience changes in water depth, and waterhole
biota are adapted to cope with these conditions, periods of very shallow water depths represent a
high risk. The risk to refuge waterholes varied across the plan area (Table 2) and is discussed here
by assessment area.

18

Review of Water Plan (Condamine and Balonne) 2004. Environmental Assessment Report

Table 2 Persistence statistics for the 24 modelled waterholes
Upper
Condamine

Mid
Condamine

Maranoa

Lower
Balonne

Individual modelled persistent waterholes results
Number of waterhole models

12

8

0

4

Pre-development maximum no flow spell (days)

278

295

635

1397

Full entitlement maximum no flow spell (days)

753

702

727

2799

Number of individual waterhole ToC failures
under full entitlement

236

65

n/a

31

Maximum and count of simultaneous waterhole
failures under full entitlement

7; 1

3; 5

n/a

4; 3

Remote sensing persistent refuge waterhole habitat results
Number of persistent waterholes

99

301

206

61

Maximum no flow spell (days)

510

330

250

370

Maximum area of persistent waterholes (km2)

14.5

30.3

16.9

34.1

Area of persistent waterhole habitat (km2)

3.6

4.1

2.4

6.9

Upper Condamine
The proportion of no-flow days in the full entitlement scenario increased from pre-development by
between 121 and 236 per cent across the assessment area. There were 236 incidences of
modelled waterhole ToC exceedance over the full entitlement scenario, while there were none
under pre-development. The maximum number of modelled waterholes which simultaneously
exceeded the ToC was seven (50 per cent). Six of the seven waterholes experiencing ToC
exceedances were associated with flows at Condamine River at Loudons Bridge where the
maximum no flow spell duration has increased from 169 days under pre-development to 639 days
under full entitlement. The maximum persistence of modelled waterholes across this FAR ranges
between 170 and 248 days, well below the maximum experienced under full entitlement.
The remote sensing analysis identified 99 waterhole habitat patches covering an area of 14.5 km 2
across the Upper Condamine assessment area. Spatially there was one large aggregation
dominated by the Chinchilla Weir impoundment. Of this waterhole habitat, an area of 3.6 km2
remained persistent throughout the period 1988–2015, corresponding to a maximum no flow spell
duration of 510 days. Relative to the other assessment areas, the waterhole habitat in this
assessment area is contained within fewer waterholes suggesting only larger waterbodies are
more persistent over time.
Although the modelled waterholes in the Upper Condamine experienced some simultaneous failure
events under the full entitlement case, the remote sensing analysis identified a number of
potentially functional refuges remaining within the assessment area; this included Lake Leslie and
the Chinchilla Weir impoundment.
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Mid Condamine
The proportion of no-flow days in the full entitlement scenario increased from pre-development at
both assessment nodes in this assessment area by 156 and 66 per cent respectively. There were
65 incidences of modelled waterhole ToC exceedance under the full entitlement scenario, while
there were none under pre-development. The maximum number of modelled waterholes which
simultaneously exceeded the ToC was three; this occurred five times over the simulation period,
and was associated with no-flow spells at both Condamine River at Cotswold and Balonne River at
Weirbone. The three waterholes which experienced ToC exceedance within this FAR have
maximum persistence times between 223 and 259 days. Under pre-development conditions, these
waterholes remained persistent, however increases in the maximum no-flow spell length from 258
days to 702 days at Condamine River at Cotswold has led to these simultaneous failures.
The remote sensing analysis identified 301 waterhole habitat patches covering an area of 30.5 km2
across the Mid Condamine assessment area. Spatially, there were three main aggregations,
including the Beardmore Dam impoundment. Waterhole habitat was distributed along the entire
assessment area, including associated tributaries, with 4.1 km2 remaining persistent throughout
the period 1988–2015, corresponding to a maximum no flow spell duration of 330 days.
In the Mid Condamine, the satellite imagery represents conditions after the longest expected noflow period under pre-development conditions. However, as the longest no-flow spell under the full
entitlement scenario has more than doubled, the confidence of the spatial analysis product,
distributed across 300 water bodies, to represent persistent refuge habitat is low.
Maranoa
The proportion of no-flow days in the full entitlement scenario is relatively unchanged from predevelopment. Although no waterhole models have been developed for the Maranoa assessment
reach, the relatively small change in the maximum no flow spell suggests a low risk to waterhole
dependent biota.
The Landsat imagery available for the Maranoa only captures a no-flow spell approximately one
third the length of spells modelled under pre-development and full entitlement cases, meaning
there is little confidence in making predictions about habitat availability for spells of this length.
Even so, the small area of persistent waterhole habitat (2.4 km2) present after 250 days suggest
that this assessment area is susceptible to significant stress from long no-flow spells.
Lower Balonne
Changes in the proportion of no-flow spell days in the full entitlement scenario varied across the
assessment area. In the upper region of the assessment area including the Balonne River at St
George and Balonne-minor River at Hastings, the proportion of no flow days increased by 36 and
58 per cent respectively. Maximum no flow spell durations increased by approximately 100 days at
St George, and 350 days at Hastings. In contrast, no flow days either remained relatively
unchanged or slightly decreased through the Briarie Creek, and Bokhara and Ballandool Rivers
downstream of Dirranbandi due to diversions from the Culgoa downstream to these reaches.
The largest increases in no-flow days occurred along the Culgoa River represented by sites at
Whyenbah, Woolerbilla, and Brenda, which increased by 106, 81, and 75 per cent respectively.
This is also the area where the four modelled waterholes are located. Consequently, there were 31
incidences of modelled waterhole ToC exceedance under the full entitlement scenario, while none
occurred under pre-development. The maximum number of modelled waterholes which
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simultaneously exceeded the ToC was four; this occurred three times over the simulation period. In
this reach, the maximum waterhole persistence ranges between 384 and 513 days; whereas the
maximum no-flow spell duration under full entitlement now ranges between 721 and 737 days.
The remote sensing analysis identified 61 waterhole habitat patches covering an area of 34.1 km2
across the Lower Balonne assessment area. Spatially there were six main aggregations, including
the impoundments of Jack Taylor and Dirranbandi Weirs. Persistent waterhole habitat was not
evenly distributed across the entire assessment area; the Culgoa River downstream of Whyenbah,
and Ballandool and Bokhara Rivers downstream of Dirranbandi had relatively small areas of
persistent waterhole habitat compared to further upstream. Across the assessment area, 6.9 km 2
remained persistent throughout the period 1988–2015, corresponding to a maximum no flow spell
duration of 370 days.
In the Lower Balonne, the satellite imagery was not representative of conditions after the longest
no-flow period under pre-development conditions. The no-flow spell durations across the
assessment area further increased under the full entitlement scenario, therefore confidence of the
spatial analysis product, distributed across 61 water bodies, to represent persistent refuge habitat
is low.
Stable flow spawning fish
Four small-bodied fish species which have aspects of their reproductive development, migration,
spawning and recruitment, linked to stable flow conditions at specific times of the year were
assessed:


Agassiz's glassfish (Ambassis agassizii)



Purple-spotted gudgeon (Mogurnda adspersa)



Murray River rainbowfish (Melanoteania fluviatilis)



Carp gudgeons (Hypseleotris spp.)

Spawning and recruitment opportunities were assumed to have occurred for those species if daily
flows were low (< median daily flow), and those flows coincided with suitable water temperatures
(above the minimum known, species specific, spawning temperature) and occurred within the
species specific spawning season and water levels remained stable for the duration of egg and
larval development.
Opportunities for successful recruitment of stable flow spawning fish species are likely to be at
greatest risk from rapid changes in water level due to flow management. Water levels that are too
high or too low may result in a loss of spawning and nursery habitat, and water levels that fall too
rapidly may result in the exposure and desiccation of eggs as well as greater rates of predation on
eggs and larvae due to exposure (Pusey et al. 2004). In managed river networks rapid water level
changes may result from either water extraction or flow supplementation. At the population scale,
any reduction in the number of recruitment opportunities over may influence the long term
resilience and subsequent viability of the species. This represents high risk conditions for the
population. Risk thresholds were established for each of these species based on the number of
recruitment opportunities required to maintain long term population viability.
Risk to populations of stable low flow spawning fish species were modelled at nine assessment
nodes in the Condamine-Balonne catchment area; five assessment nodes were located in the
Upper Condamine assessment area, and two assessment nodes were located in both the MidCondamine and Lower Balonne assessment areas. Each of the four species being assessed has
different distributions within the catchment area therefore not all species were modelled at each of
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the nine assessment nodes. The risk to stable flow spawning fish varied across the plan area
(Table 3) and are discussed here by assessment area.
Upper Condamine
Of the four species modelled across five nodes in the Upper Condamine assessment area, the
glassfish showed the greatest change in risk profile under the full entitlement scenario. Based on
the ecohydrological assumptions for this species, the Condamine River at Talgai tailwater is a
marginal site for recruitment, with over half the years in the simulation exceeding the ToC under
the pre-development case. This was largely unchanged under the full entitlement scenario. There
was also an increase in ToC exceedances under full entitlement for the glassfish at Condamine
River at Loudons Bridge due to changes in the flow velocity. There were 12 additional years of ToC
exceedance at that site under full entitlement compared to pre-development case. During those 12
years there was an additional 111 days where flow exceeded the low flow threshold at the
corresponding recruitment period of the year.
All four species showed a small increase in the average annual recruitment opportunities; however
both the rainbowfish and purple-spotted gudgeon experienced an increase in high risk years at
Condamine River at Warwick due to water depth. Rainbowfish experienced seven additional years
of ToC exceedance full entitlement compared to under the pre-development case. During those
seven years there was an additional 29 days where water depth exceeded the model threshold.
Purple-spotted gudgeon experienced 14 additional years of ToC exceedance at that site under full
entitlement compared to under the pre-development case. During those 14 years there was an
additional 29 days where water depth exceeded the low flow model threshold.
Mid Condamine
Three species were modelled across two nodes in the Mid Condamine assessment area; the
glassfish, rainbowfish, and carp gudgeon. All experienced an increase in annual recruitment
opportunities under full entitlement due to an increase in water level stability across the simulation
period under full entitlement. On average, there were 625 more days of stable flow for all three
species at both nodes. There was no change in the frequency of high risk years between water use
scenarios at either of the two nodes assessed in the Mid Condamine.
Lower Balonne
Two species were modelled across two nodes in the Lower Balonne assessment area; the
rainbowfish, and carp gudgeon. Both species experienced an increase in the annual recruitment
opportunities under full entitlement due to an increase in water level stability over the simulation
period under the full entitlement case. On average, there was an additional 2011 days of stable
flow for the two species across both nodes. There no change in the frequency of high risk years
between water use scenarios at either of the two nodes assessed in the Lower Balonne.
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Table 3 Average annual recruitment opportunities and number of high risk years for stable flow spawning fish (pre-development=PD, full
entitlement=FE; grey cells indicates species not present at this location)
Ambassis agassizii
Environmental assessment nodes

PD

FE

Melanotaenia fluviatilis
PD

FE

Mogurnda adspersa
PD

FE

Hypseleotris spp.
PD

FE

Upper Condamine
Condamine River at Warwick (422310C)
Condamine River at Talgai Tailwater (422355A)

1; 64.7

5; 66.4

Condamine River at Cecil Weir (422316A)

69; 0

75; 5.9

23; 4.2

25; 16.0

69; 0

77; 0

27; 0

27; 0

5; 10.1

8; 4.2

34; 0

25; 0

47; 0

96; 0

46; 0

101; 0

Condamine River at Loudons Bridge (422333A)

11; 0

42; 10.1

60; 0

100; 0

16; 0.8

32; 0

63; 0

106; 0

Condamine River at Bedarra (422344A)

22; 5.9

32; 0.8

60; 0

82; 0

13; 0.8

25; 0.8

74; 0

85; 0

26; 0.8

41; 0.8

69; 0

89; 0

76; 0

91; 0

44; 0

59; 0

57; 0

63; 0

44; 0

56; 0

61; 0

65; 0

113; 0

127; 0

Mid Condamine
Condamine River at Cotswold (422325A)
Balonne River at Weribone (422213A)
Lower Balonne
Balonne River at St George (422201E)
Narran River at Wilby Wilby (422016)
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Golden perch
Several flow spawning fish were identified as ecological assets in the plan areas (DNRM 2017a).
These species have flexible spawning strategies cued by elevated river flow, with recruitment that
is responsive to floodplain inundation. Golden perch (Macquaria ambigua) was selected as an
indicator of this group of flow-spawning fish on the basis that scientific understanding of its flow
requirements for spawning and migration is superior to other species. Risk was assessed using a
spatially and temporally explicit meta-population model which generates annual time-series of
golden perch population abundance for 161 sub-populations across the plan area (DES 2018). The
model represents the spatial pattern of ephemeral fish habitat and flow-spawning fish behaviour
over time. It integrates flow-related habitat measures and conditions including first post-winter flow
thresholds, waterhole persistence and size, connectivity between waterholes and between
channels, and refuge waterhole pumping.
Risk was assessed against three ToCs:


Minimum Viable Population size (MVP) – minimum population density threshold to support the
long-term viability of golden perch within the plan area.



Minimum Pre-development Population size (MPP) – minimum population abundance
experienced under pre-development conditions within an assessment area, which represents
the lowest abundance the population is simulated to fall to over the simulation period without
water use.



Reach-Length Persistence (RLP) – the likelihood of golden perch populations being absent
from river reaches following local extinction events. It is a measure of the probability of
encountering golden perch in a given river reach over the simulation period.

Minimum viable population size
Golden perch abundance was reduced across the assessment areas under the full entitlement
scenario in comparison to pre-development (Table 4). The overall abundance varied across the
plan area, with the highest values in the Lower Balonne under pre-development, and the lowest
values in the Maranoa. There were no instances in the simulation where the modelled abundance
of golden perch fell below the MVP ToC of 5000 adults with the exception of the Maranoa.
Table 4 Average annual golden perch population abundance
Average population abundance1
Assessment areas

Pre-development

Full entitlement2

Upper Condamine

58,610

40,114 (-31.6%)

Mid Condamine

46,455

40,507 (-12.8%)

4774

4216 (-11.7%)

118,943

38,940 (-67.3%)

Maranoa
Lower Balonne

1 average abundance of adults in the population for the period 1895–2015
2 number in brackets equals per cent change from pre-development
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Minimum pre-development population size
The MPP ToC was exceeded in all assessment areas, with the exception of the Maranoa (Table
5). The largest changes were in the Upper Condamine and Lower Balonne, where the population
density fell below the MPP for 27.3 and 78.5 per cent of years respectively. In the Lower Balonne,
the population stayed below the MPP on average for 8.6 years, with a maximum duration of 38
years.
Table 5 Frequency and maximum duration of MPP ToC exceedance under full entitlement
MPP ToC exceedance
Assessment areas

MPP ToC

Average duration
(years)

years1

Number of

Maximum duration
(years)

Upper Condamine

33,789

33 (27.3)

5.5

10

Mid Condamine

19,927

3 (2.5)

1

1

Maranoa

2164

0

0

0

Lower Balonne

52,049

95 (78.5)

8.6

38

1 number in brackets equals the percentage of the simulation period

Reach-length persistence
The frequency of reach-length extinctions increased under full entitlement, and the ToC relating to
increased reach-length extinction events was breached in the Maranoa and Lower Balonne (Table
6). This represents the absence of golden perch from these assessment reaches, and can be
interpreted as a reduced probability of observing or catching golden perch in 40 km or longer
assessment reaches for any day in more than 1 in 20 years.
Table 6 Proportion of years in the simulation with reach-length extinction events
Reach length persistence1

Assessment areas

Number of
assessment reaches

Upper Condamine

1

100

100 (0%)

Mid Condamine

1

100

100 (0%)

Maranoa

1

97

88 (-9.1%)

Lower Balonne

5

100

95 (-5%)

Pre-development

Full entitlement1

1 number in brackets = per cent change from pre-development
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Fluvial geomorphology and river forming processes
River forming flows provide for processes such as sediment movement through erosion, transport
and deposition. Disruption to the frequency and duration of river forming flows by water resource
development can affect these processes and lead to long-term changes in the physical attributes of
the stream network and concurrent influences on the function of riverine ecosystems. For the
purposes of this assessment, bankfull discharge volume was used as the hydrological threshold at
which the maximum shear stress and peak scouring of the stream bed occurs. Bankfull discharge
is typically the discharge at which the product of average cross-sectional flow velocity and water
surface slope is at a maximum (Newbury & Gaboury 1994).
The influence of the full entitlement scenario on bankfull discharge, incorporating measures of their
frequency, magnitude, and duration, were assessed at 20 environmental assessment nodes in the
plan area, across all four assessment areas. A ToC could not be established for this indicator as
the relationship between the frequency of bankfull flows and their role in influencing river forming
processes has not been adequately characterised.
Upper Condamine
All nodes within the Upper Condamine assessment area experienced reductions of bankfull flow
event days from pre-development between 1.5 and 40 per cent. River reaches in this assessment
area include both source and transport valley functional process zones (Alluvium 2010). Reduction
in bankfull flows may lead to increased occurrences of local pool habitat sedimentation and a
reduction of organic material transport further downstream. The other seven sites conform to the
transport valley functional process zone. Reductions in number of bankfull flow days varied from
1.5 to 40 per cent under full entitlement, with the largest reductions at Oakey Creek at Fairview,
and Condamine River at Loudons Bridge and Chinchilla, where there were reductions of 40, 36.3
and 31.7 per cent respectively. Reduction in bankfull flows in this zone may lead to increased
localised sediment and organic material deposition over time, and loss of habitat heterogeneity in
these reaches.
Mid Condamine
Both nodes in this assessment area showed reductions in the number of bankfull flow days under
full entitlement of between 15.2 and 21.9 per cent from pre-development. The process zone
mapping indicates a shift from transport to deposition in this assessment area, mid-way between
Condamine River at Cotswold, and Balonne River at Weribone. Loss of sediment movement
through transport zones may lead to increased deposition in waterholes and impacts on instream
habitat.
Maranoa
Both nodes in the Maranoa assessment area show no or little reduction in the number of bankfull
flow days under full entitlement. This suggests a low risk to the sediment movement regime in this
area. This assessment area comprises source and transport zones upstream of the Maranoa River
at Mitchell, and transport and depositional areas further downstream to the confluence with the
Balonne River.
Lower Balonne
Nine sites were assessed against this indicator in the Lower Balonne. With the exception of the
Culgoa River at Whyenbah, all experienced significant reductions in the number of bankfull flow
days under full entitlement, ranging from 12.8 to 66.6 per cent. All sites within this assessment
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area confirm to the deposition valley functional process zone (Alluvium 2010). As discussed above,
sediment, nutrients and organic matter is deposited in this zone and stored on benches, in
anabranches and on the associated floodplain; there is generally a net loss of sediment movement
downstream from this zone (Alluvium 2010). This loss of high energy stream flows may lead to
infilling of waterhole habitat and interstitial spaces with fine spaces representing loss of habitat for
aquatic biota.
Floodplain wetlands
Floodplain wetlands cover more than three million hectares of the plan area, including the Maranoa
River floodplain, comprised of riverine (1430), palustrine (1163) and lacustrine (39) wetlands. In
upland regions, where floodplains are narrow and slope is significant, floodplain wetlands take on a
narrow linear form. As slope decreases and floodplains become more expansive, floodplain
wetlands become shallower and broader, finally being expressed as terminal lake systems such as
Narran Lakes (Bino et al. 2015).
Flow thresholds representing filling of floodplain wetlands were derived from evaluation of a timeseries of satellite imagery using the following three step process (DES 2018): (i) selection of
floodplain wetlands, (ii), time series analysis of satellite image scenes, and (iii) interpretation of
wetting patterns in relation to gauged river flow data.
This process yielded either a single, or multiple, floodplain wetland inundation threshold(s) per FAR
(DES 2018). Wetlands which had infrequent interaction with water from floodplain inundation (i.e. >
10 year average return interval), were deemed not to be strongly dependent on river flow to sustain
their associated environmental values, and therefore not a sensitive indicator. These wetlands and
associated inundation thresholds were subsequently excluded from the analyses. Floodplain
wetlands were not assessed in the Maranoa as the high/overbank flow regime is largely
unchanged under the full entitlement scenario.
There is insufficient information to set ToC relating to floodplain wetlands, however an assessment
of hazard was made by comparing hydrological deviation from the benchmark of the predevelopment hydrological scenario.
Upper Condamine
Floodplain wetlands were assessed across three FARs at six flow thresholds. Floodplain wetlands
in this assessment area are highly ephemeral with persistence values of between 176 and 224
days. Both the number and duration of floodplain wetland inundation days were reduced under full
entitlement across all three FARs. Spells between inundation events were also generally
increased. Wetlands associated with Condamine River at Talgai Tailwater are likely to have only
infrequent interaction with river flooding at the modelled flow threshold, with an average return
frequency of approximately five years under pre-development. This has been increased to 7.5
years under full entitlement.
All three thresholds at Condamine River at Loudons Bridge show increases in the average return
frequency under full entitlement of approximately one year, with maximum return frequencies at the
highest flow threshold extended by up to 42 years. This effect was less pronounced at Condamine
River at Chinchilla where the average return frequency has been extended by approximately six
months. The largest changes in the maximum return frequencies occurred at the lower flow
threshold (23,000 ML/day) which was extended by nine years.
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Mid Condamine
Floodplain wetlands were assessed across two FARs at six flow thresholds. Floodplain wetlands in
this assessment area are highly ephemeral with persistence values of between 128 and 240 days.
Condamine River at Cotswold shows the largest reduction in both the number and duration of
floodplain wetland inundation days from full entitlement within this assessment area. The average
return frequency for flood events of this magnitude have been increased by almost one year, with
the maximum spell between events increased by eight years. At Balonne River at Weribone, the
frequency and duration of the lower three inundation thresholds are largely unchanged from predevelopment. Whereas the average return frequency of the higher two inundation thresholds have
been increased by approximately six months; maximum return frequencies have been increased
by up to 10 years.
Lower Balonne
The Lower Balonne assessment area contains the largest area of assessable floodplain wetlands,
totalling 1717 km2. There are two main clusters in this area, one south of St George to Dirranbandi
which contains the Balonne River floodplain, and south of Dirranbandi to Hebel, which contain a
network of wetlands which sit between the Ballandool, Bokhara, and Narran Rivers. Floodplain
wetlands were assessed across six FARs at 11 flow thresholds. Floodplain wetlands in this
assessment area vary from ephemeral to highly persistent, with persistence values of between 96
and 929 days.
The two flow thresholds examined for Culgoa River at Whyenbah yielded similar results. Although
the number of wetland inundation events have increased by 66 per cent under full entitlement, the
number of wetland connection days have been reduced by 27.5 per cent. This suggests that the
events are more frequent but shorter in duration; therefore contributing less in terms of the total
water budget of dependent wetlands. The average return frequency for both thresholds has been
increased by 1.5 years, while the maximum duration between events has been increased by
approximately 23 years. This FAR contains wetlands which persist for up to 2.5 years.
The other five FARs all showed reductions in both the number of wetland inundation events and
number of wetland connection days under full entitlement with, on average, the smaller event
thresholds less effected. The Culgoa River at Woolerbilla and Bokhara River at Hebel show the
largest reductions in both these statistics. The average return frequency of inundation events for
the Culgoa River at Woolerbilla has increased by seven months, while the maximum return
frequency has increased by 4.2 years. The average return frequency of inundation events for the
Bokhara River at Hebel has doubled from 9.8 to 20.6 years, while the maximum return frequency
has increased from 15.6 years to 60.1 years. Pre-development return frequencies of this
magnitude would suggest a low dependency on riverine inundation for these wetlands.
Eastern snake-necked turtle
The eastern snake-necked turtle (Chelodina longicolis) is an iconic species which is found
throughout the Queensland Murray-Darling Basin. It is an active species with great propensity for
overland migration, capable of travelling up to 2.5 km when floodplain waterbodies start to fill
(Kennett & Georges 1990). It has direct links to three aspects of the flow regime: (i) overbank
flows, (ii) the duration of no-flow spells, and (iii) the persistence of refuge waterholes. It aestivates
on inundated floodplains for up to seven months after which time, if off-stream conditions remain
unfavourable, individuals must return to the refuge of permanent in-channel waterholes. Individuals
are known to lose body condition when restricted to these waterholes. Subsequently these
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represent high stress periods and high risk events for populations of this species. The level of risk
increases with an increase in the time between the availability of off-stream habitat (DES 2018).
A ToC was defined which represents the maximum length of high stress events the eastern snakenecked turtle population can tolerate. A population in the Jervis Bay area (NSW) took ten years to
recover body condition sufficient for them to reproduce following a four year drought (A. Georges,
pers. comm.). Based on this information a ToC of 4 years was used for the assessment. Spells
between floodplain wetland inundation events at an environmental assessment node ≥ 4 years
represent a threat to the long term persistence of the local population. For each assessment node,
the flow threshold representing the floodplain wetland inundation event for the ToC was
determined based on available remote sensed imagery for the region covering the assessment
period (DES 2018). The risk to the eastern snake-necked turtle varied across the plan area (Table
7) and is discussed below by assessment area.
Upper Condamine
Four of the five nodes assessed experienced an increase in the average duration of stress periods
from the pre-development scenario compared to the full entitlement scenario. Those four
assessment nodes also experienced an increase in the longest stress period duration from predevelopment compared to full entitlement. The largest increases were at Condamine River at Cecil
Weir, and Condamine River at Talgai Tailwater, where the longest durations were 116.2 years and
48.4 years respectively. The ToC was exceeded at all five Upper Condamine assessment nodes
under the full entitlement scenario and at four of the five assessment nodes under the predevelopment scenario. There was no change in risk between the pre-development and the full
entitlement scenario at two of the five assessment nodes. Risk increased under the full entitlement
scenario compared to pre-development at the three remaining assessment nodes.
Mid Condamine
Both of the nodes assessed experienced an increase in the average duration of stress periods
from the pre-development scenario compared to the full entitlement scenario. One of those
assessment nodes, Condamine River at Cotswold, also experienced an increase in the longest
stress period duration from pre-development compared to full entitlement, 6.7 years to 14.9 years
respectively. The most noteworthy increase was at Balonne River at Weribone where the longest
average duration of stress increased from 546 days under the pre-development scenario
compared to the results under the full entitlement scenario where the whole time series resulted in
a single high stress period of 44,036 days. The ToC was exceeded at both of the assessment
nodes in the Mid Condamine under the pre-development and the full entitlement scenarios. There
was no change in the percentage of years in the high risk category at Balonne River at Weribone,
with both scenarios resulting in three per cent of high risk years. There was an increase in the
proportion of high risk years at Condamine River at Cotswold under the full entitlement scenario
compared to the pre-development scenario. Results for that node indicate that 13 per cent of years
are in the high risk category under the full entitlement scenario compared with 6 per cent of years
under the pre-development scenario.
Lower Balonne
Three of the four nodes assessed experienced an increase in the average duration of stress
periods from the pre-development scenario compared to the full entitlement scenario. These three
assessment nodes also experienced an increase in the longest stress period duration from predevelopment compared to full entitlement. The most noteworthy increases were at two assessment
nodes, Narran River at Dirranbandi-Hebel Road, and Bokara River at Hebel, where the longest
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durations were 39.5 years and 54.8 years respectively. The ToC was exceeded at all four Lower
Balonne assessment nodes. There was no change in the percentage of high risk years between
scenarios at Balonne River at St George with 92 per cent of years in the high risk category. The
percentage of high risk years increased at the remaining three assessment nodes under the full
entitlement scenario compared to the pre-development scenario. Results indicate that Narran River
at Dirranbandi-Hebel Road, and Bokara River at Hebel experienced 32 per cent and 46 per cent of
years in the high risk category respectively under the full entitlement scenario.
Table 7 Stress periods for the eastern long-necked turtle
Number and average duration of
stress periods (days)
Environmental assessment
nodes

Predevelopment

Longest duration of high stress
periods (years > 4 year ToC)

Full entitlement1

Predevelopment

Full entitlement2

Upper Condamine
Condamine River at
Warwick

7; 6065

7; 6065 (0)

68.3

68.3 (0)

Condamine River at Cecil
Weir

15; 2304

1; 43,856 (-93.3)

50.1

116.2 (131.8)

Condamine River at
Loudons Bridge

33; 382

31; 747 (-6.0)

0

5.7

Condamine River at
Bedarra

41; 725

29; 1173 (-29.2)

7.1

7.2 (2.4)

Condamine River at Talgai
Tailwater

19; 1925

13; 2999 (-31.6)

21.5

48.4 (125.2)

Condamine River at
Cotswold

22; 1364

19; 1729 (-13.6)

6.7

14.9 (121.1)

Balonne River at Weribone

34; 577

32; 674 (-5.8)

2.6

2.6 (0)

Balonne River at St George

2; 21,260

2; 21,260 (0)

109.7

109.7 (0)

Narran River at
Dirranbandi-Hebel Road

34; 718

22; 1499 (-35.3)

2.7

6.5 (136.9)

Ballandool River at Hebel
Bollon Road

11; 3503

8; 5018 (-27.3)

34.3

39.5 (15.2)

Bokara River at Hebel

9; 4337

3; 14,133 (-66.7)

39.2

54.8 (39.9)

Mid Condamine

Lower Balonne

1 number in brackets indicate per cent change in the number of periods from pre-development
2 numbers in brackets indicated per cent change in longest duration from pre-development

Narran Lakes
The Narran Lakes are a large wetland complex forming a terminal system in the northern MurrayDarling Basin, 75 km north-west of Walgett (Merritt et al. 2016). They are considered as six main
areas: Clear Lake, Back Lake, Long Arm (together comprising the Narran Lakes Nature Reserve),
Narran Lake, the lignum swamp and the outer floodplain (Sims & Thoms 2003). They receive
inflows from the Narran River, an eastern distributary of the Balonne River.
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The area of Clear Lake, Back Lake and Long Arm (26,840 ha) was gazetted in the Narran Lake
Nature Reserve in 1988 (NSW NPWS 2000) and the Narran Lakes Ramsar Site (5343 ha) was
declared in 1999 and later extended to 8447 ha in 2011, based largely on the significance of the
site for bird breeding (Merritt et al. 2016). However, these sites also support near natural wetland
types, refuge habitat within the semi-arid landscape and physical habitat for threatened species
(Butcher et al. 2011).
The ecological values of the site have been relatively well preserved even though recent water
resource development has altered the hydrology of the site (Butcher et al. 2011). The threatened
species supported at the site include Australasian bittern, Murray cod, winged peppercress and
several state listed species (Butcher et al. 2011). The site is also listed as an Important Bird Area
by Birds Australia (http://www.birdata.com.au/iba.vm) and is on the Register of the National Estate
(NSW NPWS 2000). Bird breeding in Narran Lakes is associated with several ecological outcomes
of the current plan.
Straw necked-ibis (Threskiornis spinicollis) have ecohydrologic requirements for breeding which
are generally within the range of other bird species known from Narran Lakes (Brandis & Bino
2016a). Therefore they are used here as an indicator of a larger guild of bird species to assess the
risk of water management. Floodplain vegetation condition was also modelled to account for its
role in successful bird breeding events.
Flow conditions representing opportunities for straw-necked ibis breeding in Narran Lakes were
determined using the analyses from Merritt et al. (2016) and Brandis & Bino (2016). For the
purposes of this assessment, an “ibis breeding opportunity” is defined as:


total volume at Wilby Wilby gauge > 20 GL in the first 10 days of an event or



total volume at Wilby Wilby gauge > 154 GL in the first 90 days of an event

This composite threshold applies only within flow events that could provide conditions needed for
initiation and maintenance of ibis breeding at the main colony site in the Northern Lakes, defined
by Merritt et al. (2016) as beginning when flows at Wilby Wilby (422016) exceed 100 ML/d and
ending when the water level at the Back Lake gauge drops below 120.746 m AHD.
To recognise that the largest flood events are most likely to lead to survival of juvenile birds, the
frequency of “ibis recruitment events” defined as:


times when both the 20 GL and 154 GL conditions above are met was also modelled (Merrett
et al. 2016).

The frequency of floodplain vegetation condition events were modelled using the site-specific flow
indicator (SFI) thresholds for the Narran Lakes umbrella environmental asset (MDBA 2016) using
daily flow simulations from Narran River at Wilby Wilby. Each threshold relates to areas of
inundation of vegetation communities including lignum shrubland, river red gum, river cooba, and
sedges. ToCs were developed for both flow indicators:


Frequency of bird breeding opportunities – two breeding opportunities are required within eight
years (the approximate reproductive longevity of the ibis) (Merritt et al. 2016). This would
maintain current ibis population size, while additional reproductive opportunities at other
wetlands would rebuild population size following historical declines.



Frequency of floodplain vegetation condition events – a return frequency of 1.7 years (620
days) is required for flows which maintain lignum shrubland vigour in the northern lakes zone
(25,000 ML/day), an area associated with the largest colonies of straw‐necked Ibis, and
considered to be the core rookery habitat (Thomas et al. 2016).
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Bird breeding and recruitment opportunities
The number of bird breeding opportunity flows and strong recruitment flows have reduced by 54
and 61 per cent respectively under full entitlement. The mean spells between bird breeding
opportunities under full entitlement has increased by 212 per cent, leading to seven ToC
exceedances under full entitlement, none of which were experienced under pre-development.
Vegetation vigour
The number of vegetation vigour inundation flows across all three thresholds are reduced under full
entitlement. Although the number of dry spells have decreased for all three thresholds, the mean
and maximum periods between spells has increased; indicative of longer periods between
vegetation inundation events.
Collectively these results show that both the frequency of bird breeding opportunity and vegetation
conditions flows have been significantly decreased under full entitlement. The duration between
flow conditions which support these outcomes has increased, on average, between 100 and 200
per cent, for both indicators. Both ToCs assessed were based on the flow return frequency
required to maintain the intent of the ecological outcome, and support the values associated with
the Ramsar status of Narran Lakes Nature Reserve. Based on the results presented here, it is
unlikely that the full entitlement flow regime would support sufficient breeding opportunities to
maintain the current ibis population size. Therefore the plan is not likely to be achieving the
outcomes associated with this environmental value.
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6.1.3

Groundwater indicators

Queensland GDE mapping for the eastern Murray-Darling Basin catchments (V 1.5, March 2017)
(wetlandinfo.ehp.qld.gov.au) was used as the basis for the risk assessment. The Queensland GDE
mapping process employs a consultative process that integrates local, expert knowledge of
landscapes (and the ecosystems within them) with detailed spatial data in order to map GDEs
across catchments. The Queensland GDE Mapping Method capitalises on pre-existing ecosystem
mapping data (e.g. regional ecosystem and wetlands mapping) available state wide for
Queensland at 1:100,000 scale or better (DSITI 2015b). The Queensland GDE Mapping consists
of five spatial data sets:
1. Surface expression GDEs (point features)
2. Surface expression GDEs (line features)
3. Surface expression GDEs (area features)
4. Terrestrial GDEs (area features)
5. Subterranean GDEs–caves (area features)
Each ecosystem identified as potentially groundwater dependent is assigned a confidence rating to
indicate the level of confidence associated with the prediction that the ecosystem is groundwater
dependent. Confidence is rated according to the level of confidence local experts had in the
mapping rule-set that identified the specific ecosystem as potentially groundwater dependent
(DSITI 2015b).
Groundwater models are not available across the assessment area to provide predictions of
altered groundwater regime in response to current management arrangements. Subsequently, risk
to GDEs was assessed using a semi-quantitative risk ranking process (AS/NZS ISO 31000:2009;
AS/NZS 4360:2004). Likelihood scores were based on probability of an impact occurring, and
consequence scores were based on the potential impact using a simplified heuristic approach
supported by existing ecological information and expert judgement (after Suter 2006). Rankings
were derived for three risk categories as a product of the likelihood and consequence scores for
each GDE asset.
Depth to groundwater is the principal attribute considered using this approach. It is recognised that
aspects of groundwater quality and its interaction with surface water features is equally important;
however knowledge limitations currently restrict our ability to define acceptable limits of change for
these groundwater attributes.
Spatial scale
GDEs were assessed at the Sustainable Diversion Limit (SDL) resource unit scale (MDBA 2012b).
SDL resource unit boundaries were determined according to the types of aquifers present and the
management boundaries used by the Basin States. A number of the SDL resource units have also
been vertically separated, to reflect that water is, or can be, extracted from different aquifers within
the same resource unit. The QMDB includes 13 SDL areas, four fall within the Condamine-Balonne
plan area. SDL resource units were further divided into sub-units based on groundwater system
attributes such as flow direction and connectivity (Table 8). The delineation of sub-area boundaries
was conducted in consultation with Queensland Government scientists and groundwater resource
managers/planners. The finer scale assessment allows for the separation of areas of low
ecological risk from areas of higher concern within the context of management boundaries.
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Table 8 SDL areas and subareas within the plan area
SDL area

Sub-areas

Upper Condamine basalts

Bunya Mt basalts, Oakey Creek basalts, Toowoomba basalts, Kings and
Dalrymple Creek basalts, Condamine River headwaters basalts

Upper Condamine alluvium

Lower Condamine tributaries, Myall and Moola Creek tributaries, Oakey
Creek tributaries, Hodgson, Kings and Dalrymple Creeks tributaries,
Upper Condamine headwater tributaries, Upper Condamine western
tributaries, Central Condamine alluvium

St George alluvium

Condamine-Balonne (deep)

Condamine fractured rock

Granites, Texas beds

The groundwater resource that is considered as part of the Water (Great Artesian Bain) Plan 2006
is excluded by the Water Act 2007 (Cth) from the Basin Plan process and thus was not part of this
assessment. A summary of the medium and high risks identified by the assessment is provided in
Table 9. Full details of risk ranking are provided in DES (2017).
Table 9 Summary of medium and high risks to GDEs
SDL area / sub-areas

GDE type

Risk ranking

Oakey Ck basalts

Baseflow to streams

Medium

Toowoomba basalts

Baseflow to streams

Medium

Springs

Medium

Baseflow to streams

Medium

Springs

High

Myall and Moola Cks tributaries

Baseflow to streams

Medium

Oakey Ck tributaries

Baseflow to streams

High

Terrestrial vegetation

Medium

Baseflow to streams

Medium

Terrestrial vegetation

Medium

Non-riverine wetlands

Medium

Upper Condamine basalts

Kings and Dalrymple Cks basalts

Upper Condamine alluviums (tributaries)

Upper Condamine headwaters tributaries
Upper Condamine alluviums (Central
Condamine alluvium)
Central Condamine alluvium
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6.2 Environmental monitoring
6.2.1

Water resource plan/resource operations plan monitoring

The Queensland Government’s Environmental Flows Assessment Program (EFAP) undertakes
ecological monitoring to assess the ecological performance of each plan in meeting its ecological
outcomes. Ecological assets with critical links to flow that represent the plan ecological outcomes
and the various aspects of the flow regime were selected as indicators of the broader ecosystem
for monitoring. Monitoring and information has been collated on a range of assets in the plan area
over the past 10 years. Projects have been designed to identify critical flow requirements of assets
and address identified knowledge gaps in the scientific literature. These projects have
concentrated on understanding flow-ecology relationships relating to:


waterhole persistence during spells without flow and the function of waterholes as drought
refugia (DNRM 2017; DSITI 2015)



the distribution and drown-out values of instream barriers and the extent to which individual
barriers might influence fish movement (DNRM 2017)



watering requirements of floodplain vegetation communities which support maintenance and
recruitment (DSITI 2017; Harding & Prior 2017; DNRM 2016)



habitat and flow requirements of stable flow spawning fish guild which support recruitment
(DNRM 2017)



determining the inundation thresholds, and persistence of floodplain wetlands (DNRM 2017a)



the response of populations of floodplain vegetation communities, fish and aquatic food-webs
to floods (Woods et al. 2012).

6.2.2

Water quality monitoring

Surface water
The Department of Natural Resources and Mines operates and maintains approximately 44 stream
gauging stations across the Condamine-Balonne catchment. The stream gauging station network
is operated by trained hydrographic staff within a quality management environment under
International Organisation for Standardisation ISO 9001:2008 accreditation. Streamflow
measurements are an integral part of producing volumetric data at gauging stations. Stream
gaugings are undertaken throughout a full range of low and high flow conditions to enable
derivation of streamflow volumes.
The frequency of data collection varies across the plan area. It occurs across a range of flow
conditions to build long term datasets which represent water quality at various flow stages.
Continuous water quality time series indicators include electrical conductivity, pH, and temperature.
In-situ spot measurements may include any or all of these indicators (DEHP 2013).
Turbidity is generally high throughout the Queensland Murray-Darling sampling area, electrical
conductivity is relatively high upstream in the Condamine sub catchment but declines downstream
as the rock types become sandier. Water quality indicators are generally within guidelines in the
upper Condamine section, although there is some uncertainty, and nutrient data is deficient in
many areas. The uncertainty increases downstream due to limited availability of data. Possible
electrical conductivity rises accompanied by falling turbidity in the Border–Moonie sub-catchment
and in the western section of the sampling area appeared to be reversed in the Balonne and
Condamine sub catchments. Most of the trends in electrical conductivity were most likely
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influenced by climatic factors, although there is no apparent link between these and turbidity
(DERM 2010).
Groundwater
The Department of Natural Resources and Mines operates and maintains a network of
groundwater monitoring bores across Queensland. There are 448 bores located within the
Condamine and Balonne sub-basins. Groundwater levels are measured an average of three to four
times each year. Groundwater levels generally respond to surface water conditions (floods and
droughts) combined with water resource use. Bores located closer to water courses may be
influenced more heavily by fluctuations in stream flow.
The Groundwater Water Quality Network consists of a subset of bores from the Groundwater
Water Level Network. Water samples are taken manually at each site, as required. Samples were
analysed for major ions, total nutrients (TP, TN), filtered nutrients (FRP, NOx and NH4), electrical
conductivity, pH, temperature and turbidity. A small number of sites have continuous water quality
monitoring. Water quality information is stored for individual bores by DNRME. Trends in water
level or water quality on a basin scale are not geologically relevant as there is no significant
interaction between the geological units and local events have a greater impact on bores than
regional water management activity.
6.2.3

Riverine condition and trend

Sustainable Rivers Audit
The Queensland Government has undertaken assessments of the ecological condition of
waterways in the plan area for the MDBA Sustainable Rivers Audit (SRA). The SRA commenced in
2004 and has progressed through two stages: SRA1 and SRA2. SRA1 focussed on three
assessment themes: fish, hydrology, and macroinvertebrates, from 2004 to 2008. SRA2 assessed
five themes: hydrology, fish, macroinvertebrates, vegetation, physical form, from 2009 to 2014. In
2015, the MDB Fish Survey commenced, using methodology and sampling sites of the SRA
program, but with a focus solely on fish. The SRA is reported at valley scale and monitoring was
conducted across sites within several zones in each valley; there were 23 valleys monitored across
the Murray-Darling Basin (Davies et al. 2012). Condition assessments are scored on a five staged
scale relative to reference condition (good to moderate, poor and very poor to extremely poor)
(Davies et al. 2012).
Overall, the program reported the ecosystem health of the Condamine Valley (including both New
South Wales and Queensland portions) as:


Moderate (SRA1 data collected 2004–2007) (Davies et al. 2008).



Poor (SRA2 data collected 2008–2010) (MDBA 2012a).

The Murray-Darling Basin Fish Survey commenced in 2015 to monitor the fish condition at the
Basin scale. This data will be used to address fish targets set out in the Murray-Darling Basin Plan
(Schedule 7) and the Basin-wide Environmental Watering Strategy. No results from this program
are currently available and it is due to report in 2018.
Q-catchments Program
A threat prioritisation undertaken as part of the Queensland Government’s Q-catchment Program
identified priority threats of the eastern portion of the Queensland Murray-Darling Basin which
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incorporates the plan area (Negus et al. 2015). Of these threats, five were ranked as high risks to
the condition of riverine ecosystems of the region:


Instream pest fauna



Hydrology–reduction of floodplain inundation (Lower Balonne)



Hydrology–reduction of in-channel flow variability (Lower Balonne)



Climate change



Deposited sediment

Loss of instream connectivity due to the presence of instream barriers was identified as a
moderate threat in parts of the plan area. Other hydrological facets, including waterhole
persistence, water level fluctuation, high flow change, seasonality and longitudinal connectivity,
were identified as low risks.
6.2.4

Resource operations licence holder monitoring

The Condamine and Balonne Resource Operations Plan 2008 (revision 4) requires resource
operations licence (ROL) holders to monitor the impact of infrastructure operations on aquatic
ecosystems (Chapter 14, Part 2). Monitoring is conducted by SunWater, the resource operations
licence holder, under the requirements of the plan. This monitoring include the following storages:
Leslie Dam, Chinchilla Weir, Beardmore Dam, Jack Taylor Weir and Cecil Plains Weir. This
monitoring has been undertaken with a focus on:


water quality (thermal and chemical stratification in each storage, contribution of the storage
and its management to the quality of water released, and cumulative effect of successive
storages on water quality), and cyanobacterial (blue-green algae) blooms;



bank condition (following rapid change in water level, large flows through storages and/or on
other occasions when bank collapse is likely); and



fish stranding (reports of instances in watercourses or ponded areas associated with the
infrastructure must be recorded and assessed).

Water quality
SunWater follows the Water Monitoring Data Collection Standard (DNRM 2007) which takes a risk
management approach to water quality monitoring, based around storage stratification patterns.
Sampling occurs in the area immediately downstream of the storage if safe to do so. Parameters
sampled include temperature, dissolved oxygen, pH, electrical conductivity, total nitrogen, total
phosphorus and total sulphide. Cyanobacteria (blue-green algae) are also monitored within
storages. Temperature and dissolved oxygen profiles within storages may also be measured to
better characterise stratification patterns.
Water quality monitoring was conducted from 2009 to 2015 in accordance with the departmental
standard. Water quality monitoring within storages was conducted on a monthly basis from 2009 to
June 2012 in order to determine the storage stratification pattern. An appropriate monitoring
program was designed and implemented by SunWater following the Water Monitoring Data
Collection Standard (DEHP 2009a). Water quality was assessed against the Queensland Water
Quality Guidelines, Version 3 (DEHP 2009b). Thermal and chemical stratification was reported as
either ‘strong’ (> 5°C difference between top and bottom waters) or ‘weak’ (< 5°C difference) (after
Chudek et al. 1998). The information provided by this monitoring may be used for plan review or
potentially to inform complementary/toolbox measures.
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Water quality parameters such as pH, nitrogen and phosphorus exceeded trigger values for all
storages in most years. Electrical conductivity was within acceptable limits for all storages, except
Chinchilla Weir, for most years. All storages have ‘strong’ thermal stratification patterns at some
point in the reporting period. Chemical stratification was ‘weak’ at Beardmore Dam and Jack Taylor
Weir for all years, whilst Leslie Dam was ‘strongly’ stratified in all years. Cyanobacteria levels were
low or not reported for all years for: Beardmore Dam, Jack Taylor Weir and Chinchilla Weir. Levels
for Leslie Dam were moderate or high for periods in 2008/09, 2009/10, 2010/11 and 2016/17.
Results for other years were not provided.
Bank condition
According to SunWater’s annual reports, there were no instances of bank slumping downstream of
Beardmore Dam, Jack Taylor Weir, Chinchilla Weir, Cecil Plains Weir or Leslie Dam. However, for
some years this information was not provided.
Fish stranding
ROL holders relevant to the Condamine and Balonne ROP are required to report and assess
instances of fish stranding in watercourses or ponded areas associated with the infrastructure.
Where there have been instances of bank slumping or fish stranding, details of the event,
mitigating actions taken and the result of these actions are provided by the ROL holder through a
special report as soon as possible after the event.
An Operational Report was submitted in 2011 regarding a fish kill at Jack Taylor Weir. This report
indicated that local SunWater operational staff observed the fish deaths of several thousand fish
immediately downstream of Jack Taylor Weir. Fish species included golden perch, silver perch,
bony bream, and Murray cod. The fish kills were reported to occur over a period of time and there
were no signs of decay on the dead fish. There were prolonged periods of non-flow conditions.
New storage operation protocols have been proposed by the ROL holder to prevent future
strandings and a fish rescue plan has been designed.
Another incident of fish death was observed in the tailwater of Chinchilla Weir. The weir ceased to
overflow on the 5 April 2010 and downstream natural flows stopped on the 21 April 2010. An
incident investigation was undertaken by SunWater including water quality sampling and the
inspection of the carcasses. Approximately 70 to 80 bony bream fish carcasses were observed in
an advanced state of decay. On 29 April 2010 the fish carcasses were removed from the
watercourse and disposed in accordance with SunWater’s waste management procedure.
6.2.5

Summary of other monitoring activities

A complete list of relevant environmental monitoring activities conducted within the plan area over
the life of the plan is presented in the Summary of Monitoring Report (DNRME 2018).
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7 Assessment of existing Resource Operations Plan
management rules
Environmental management rules of the Condamine and Balonne Resource Operations Plan
(ROP) align with strategies of the Condamine and Balonne Water Plan and are implemented to
assist in achieving ecological outcomes stated in the plan. This chapter provides an assessment of
the ROP environmental management rules, and other relevant rules, in terms of their ecological
effectiveness. The environmental management rules relate to matters such as the release of water
and stream flow requirements, operation of infrastructure, maintenance of water storage levels,
and waterhole management within the Water Supply Schemes of the catchment and within the
Lower Balonne Water Management Area.
The Condamine and Balonne ROP covers four Water Supply Schemes: Upper Condamine
(UCWSS), Chinchilla Weir (CWWSS), Maranoa River (MWSS), and St George (SGWSS). There
are five Water Management Areas within the plan area: Upper Condamine (UCWMA), Gowrie and
Oakey Creek (GOKWMA), Condamine and Balonne Tributaries (CBTWMA), Condamine and
Balonne (CBWMA) and the Lower Balonne (LBWMA). The only Water Management Area to
contain environmental management rules is the LBWMA.
The following sections include an assessment of compliance and ecological efficacy of rules
relating to environmental management in the ROP. Recommendations have been made to refine
particular existing management rules or to establish new rules where considered appropriate. As
the ROP was implemented in December 2008, the period of assessment covers 2009–2017 where
data was available. Further details are provided in the Summary of Monitoring Report (DNRME
2018).

7.1 Use of waterholes s162
A waterhole may be drawn down to 0.5 metres below its natural cease-to-flow level to allow water
to be taken under a water allocation if the water released by the resource operations licence holder
will replace the water drawn down in the waterhole and is released prior to the time of waterhole
draw down.
This ROP rule applies to all WSS management areas of the Condamine-Balonne Basin.
Ecological effectiveness
The intention of this rule is to provide protection to waterholes by ensuring waterholes contained
within the water supply schemes are replenished by released water in a timely manner.
Entitlement holders are able to draw down a waterhole by 0.5 metres only after ordered water has
been released by the resource operations licence holder.
Waterhole depths in the plan area vary from 2–5 metres. As the rule only allows draw down of 0.5
metres below cease-to-flow, it is likely that where this occurs, waterholes will still provide refuge
habitat of a sufficient quality to support biota. Furthermore, drawdown times below cease-to-flow
are typically short, given that they can only be pumped for agricultural purposes after the resource
operations licence holder has released water to replace the extracted water.
Currently waterholes outside the water supply scheme reaches are not covered under this rule and
as such may be pumped to empty by ex-area based water allocation holders (that do not include a
special condition to manage waterhole draw down) without the need to have a filling event on the
way. Stock and domestic pumping is also not covered by this rule, especially outside of the water
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supply scheme reaches. Therefore, there is nothing to prevent the pumping of a waterhole to
below 0.5 metres from cease-to-flow to water stock.
Recommendations
The current rule is likely to be sufficient to support the ongoing provision of waterhole habitat within
the water supply schemes, given that waterholes are quickly replenished and drawdown is only 0.5
metres below cease-to-flow. However, waterholes require protection outside water supply scheme
areas. Strategies to mitigate risk may involve implementation of event management following
extended periods of no-flow for a particular area, where this period exceeds the persistence time of
modelled waterholes. Releases for stock and domestic may also alleviate risk under these
circumstances.
Resource operations licence holders are required to report instances of the take of water below the
rule threshold. There were no reported instances of this occurring and it is unlikely the ROL holder
is aware of such instances. In terms of compliance, water level measurement where this has
occurred may assist.
Waterholes are also at risk from sedimentation due in part to a reduction in bank full flow days.
Strategies to mitigate risk may involve the implementation of event management to protect larger
flows.
The current trade rule associated with a change to the location of a water allocation with a nil
passing flow condition provides for a condition involving the inclusion of a 0.5 metre pumping
threshold. This trade rule applies to waterholes within the Charleys Creek Zone Group (Condamine
and Balonne Water Management Area) and the Gowrie Oakey Creek Water Management Area.
This rule could be extended to other Water Management Areas. Furthermore, the 0.5 metre
threshold could be replaced with a ‘visible pass flow’ threshold.

7.2 Storage operating levels s163
The resource operations licence holder must not release or supply water from a storage if the
water level in that storage is at or below its minimum operating level.
This ROP rule applies to all WSS infrastructure managed within the Condamine-Balonne Plan
area.
Ecological effectiveness
The intent of this rule is to provide refuge for biota during extended dry periods. Whilst storages
were monitored and levels maintained above the minimum operating levels across the reporting
period, the refuge value of these storages is still unclear. For many of the impoundments the total
nitrogen and total phosphorus levels exceeded guidelines for the majority of the reporting period.
Nutrient values are generally lower in outflows compared to the values measured in the storage.
These increased levels of nitrogen and phosphorus along with many records of elevated pH and
electrical conductivity show that the water quality in the monitored storages may reduce the refuge
value of these artificial habitats.
Recommendations
Persistent aquatic habitat exists within a number of artificial impoundments throughout the plan
area, notably Chinchilla and Jack Taylor Weirs, and Beardmore Dam. However little information
exists on the equivalence of this artificial habitat, in terms of its refuge habitat quality, as compared
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to natural waterholes. Further research is required to quantify the ecological role of storages, in
terms of providing quality refuge habitat.
This rule applies to all storages of all water supply schemes in the plan area, as per Section
163(1)) and associated ROP attachments. However, the reporting requirements of Chapter 14 list
only eight of the 13 storages as requiring storage height monitoring. Furthermore, data has been
provided for only half of the eight storages listed in Chapter 14. This discrepancy needs to be
rectified in the revised ROP, and ROL holders advised of which storages need to be monitored
under this rule.

7.3 Change in rate of release s164
The resource operations licence holder must minimise the occurrence of adverse environmental
impacts by ensuring that any change in the rate of release of water occurs incrementally.
This ROP rule applies to all WSS infrastructure managed within the Condamine and Balonne Plan
area.
Ecological effectiveness
The intent of this rule is to ensure release rates from infrastructure associated with water supply
schemes do not adversely impact downstream aquatic ecosystems. This rule is supported by ROP
reporting requirements in Chapter 14 which refer to monitoring and/or recording, and reporting on:
release rates, changes in release rates, reason for releases, and inlet levels used to make
releases (where applicable). Monitoring of storage water quality, downstream bank condition, and
instances of fish kills are also required to be reported on by resource operations licence holders.
There were no reported instances of scouring, bank erosion or bank slumping at any of the listed
storages in the plan area over the reporting period. While this suggests that rate of release
procedures have not been causing adverse impacts on the geomorphology of the river channel,
there is currently a lack of agreed methodology to quantifying such impacts.
Issues such as fish kills and the risk of thermal alteration suggest that the operation of
infrastructure in the plan area may be potentially impacting downstream riverine environments. Not
all monitoring data has been supplied by the resource operations licence holder for the reporting
period.
Recommendations
It is recommended that the rate at which water is released from storages should be incrementally
reduced over a number of days to mimic natural flows. It is further recommended that the
department work with SunWater to establish improved practices and an agreed pattern of
infrastructure releases.
The resource operations licence holder has frequently reported that there have been no impacts on
the aquatic environment as a result of infrastructure operations. However, there is no supporting
evidence, monitoring data, or detailed discussion around how these conclusions were drawn. It is
recommended that the department work with resource operations licence holders to:


establish geomorphological baseline conditions in reaches downstream of listed storages, and



develop a monitoring program suitable for reporting on bank slumping, scouring, channel
erosion and fish kills.
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Quarterly reports from resource operations licence holders include statements such as: “All
releases complied with the operating rules as defined under the Condamine and Balonne ROP.”
While this may be correct, these reports do not supply a sufficient level of detail to support an
independent assessment to be undertaken. It is recommended that resource operations licence
holders report on compliance with each operating rule.
Compliance around reporting by resource operations licence holders needs to be addressed so
that the appropriate data is supplied in a timely manner. This is important for assessing ROP rules
and risk to the environment. It is further recommended that the department review and update its
monitoring and reporting guidelines to better reflect data requirements.

7.4 Passing and storing water for environmental, stock and domestic
purposes s275
1. The resource operations licence holder must pass inflow into E J Beardmore Dam up to 730
megalitres per day for environmental, stock and domestic purposes unless directed by the chief
executive to store this water under subsection (2).
2. The chief executive may direct the resource operations licence holder to store inflows up to 730
megalitres per day if:
(a) the water level in E J Beardmore Dam is—
(i) less than the full supply; and
(ii) greater than the minimum operating level; and
(b) the chief executive determines that passing the water will not maximise the likelihood of a
flow through event.
Ecological effectiveness
This rule relates to “Releasing water for ESD purposes” which has significant environmental and
ecological significance. Together, these rules aim to deliver through flows which provide habitat
connectivity throughout the Lower Balonne system to sustain a network of refuge waterholes.
The storage of ESD water under this rule is critical in order to deliver the water for the purposes of
the ESD release rule. The default position is to release Beardmore Dam inflows, as per part (1) of
the rule, and existing departmental protocols assist in determining when flows should be stored for
later release.
Recommendations
A review of the ESD release/store protocols should be undertaken to ensure that they are up-todate and relevant.
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7.5 Releasing water for environmental, stock and domestic purposes
s276
The chief executive must direct the resource operations licence holder to release water stored
under section 275(2) if –
a. An inflow occurs into E J Beardmore Dam; and
b. More than 12 months has passed since the last flow through event has finished; and
c. The chief executive determines that the release will maximise the likelihood of a flow
through event.
Ecological effectiveness
Combined with the rule pertaining to passing and storing water for ESD purposes, this rule aims to
deliver through flows to provide habitat connectivity throughout the Lower Balonne system. This
provides fish movement opportunities and sustains refuge waterholes. No specific monitoring
occurred during the reporting period while the rule was triggered so it is not possible to quantify
potential ecological effectiveness.
ESD releases were made across the reporting period. Available flow update reports indicate three
instances when flows (not ESD flows alone) resulted in a flow through event (a flow through event
is defined in the ROP as flows that pass all five points listed in Section 269 within a three month
period). A fourth event in 2009 almost resulted in a flow through event however failed to pass flows
through the fifth flow through point at Narran Park.
Flow update reports indicate it is unlikely a flow through event would occur from ESD releases
alone. ESD releases which resulted in a flow through event were always associated with other
flows or rain assist downstream of St George. In terms of the ecological effectiveness of this rule, it
is important to note that smaller flow events may have the capacity to provide a flow through event
and ESD flows may be a significant contributor to ensuring this occurs.
Waterholes in the Lower Balonne generally persist for than 12 months. According to available
information, it appears that flow through events do not occur, consistent with the recommended 12
months stated in the ROP. This may present a threat to these waterholes. However, it is possible,
that many of these waterholes are receiving inflows at a frequency less than 12 months,
particularly those in the upper part of the catchment. This may be mitigating the risk to these
waterholes. This needs to be confirmed by further analyses.
Recommendations
Data collected over the reporting period provides some capacity to assess when flows reached a
number of known refuge waterholes and if the flows were likely to have been supplemented by
ESD releases. However, ability to assess effectiveness of the rule is limited in the absence of
modelled data. Modelled data is required to fully assess the contribution of ESD flows to
maintenance of waterholes in the Lower Balonne system.
It is recommended that an assessment of all Lower Balonne event management flow rules (low
flow; medium flow; managing Narran lakes filling flows; and environmental, stock and domestic
flows) be undertaken to fully understand their effectiveness in providing for waterhole
management, fish connectivity, floodplain maintenance, and breeding opportunities for high risk
assets. If appropriate, the implementation of alternative rules should be explored in this
assessment.
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Ecological monitoring and research is currently being undertaken in the Lower Balonne. This
involves waterhole level monitoring and fish movement studies to understand flow ecology
relationships. It is recommended that these studies continue, and results to date be used to assist
in conducting an assessment of all Lower Balonne flow event management rules.

7.6 Flow event management rules – managing low flows s277
(1) This section applies if –
(a) the chief executive has determined an announced period for water harvesting
entitlements under section 70; and
(b) the chief executive has determined that any water released for environmental, stock and
domestic purposes in accordance with section 276 is not likely to result in a flow through
event; and
(c) more than 12 months has passed since the last flow through event has finished.
(2) The chief executive must –
(a) notify holders of water harvesting entitlements of a reduction to the daily rate of take for
the entitlements to 90 per cent of the daily rate of take stated on the entitlements –
(i) for each threshold for water harvesting stated on the entitlement; and
(ii) for the period of the flow event up to a maximum of five days.
Ecological effectiveness
The purpose of this rule is to provide longitudinal connectivity to maximise environmental benefits
and to ensure the reliability of supply of water for stock and domestic purposes. The rule is
implemented if a “flow through” event has not occurred for more than 12 months and a flow of
significant volume occurs to instigate water harvesting. Low flows are important for the
maintenance of waterholes, providing connectivity for fish movement, and to support natural
ecosystems.
During the reporting period, the low flow reduction rule was triggered and implemented from 2014
to 2017 water year for a total of 24.5 days, across two flow events in January and February 2015.
No specific monitoring occurred during the reporting period while the rule was invoked so it is not
possible to assess the potential ecological benefits provided via this rule. However, research
undertaken on waterholes and fish movement in the Lower Balonne provides some context.
Recommendations
It is recommended that an assessment of all Lower Balonne event management flow rules (low
flow; medium flow; managing Narran lakes filling flows; and environmental, stock and domestic
flows) be undertaken to fully understand their effectiveness in providing for waterhole
management, fish connectivity, floodplain maintenance, and breeding opportunities for high risk
assets. If appropriate, the implementation of alternative rules should be explored in this
assessment.
Ecological monitoring and research is currently being undertaken in the Lower Balonne. This
involves waterhole level monitoring and fish movement studies to understand flow-ecology
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relationships. It is recommended that these studies continue, and results to date be used to assist
in conducting an assessment of all Lower Balonne flow event management rules.

7.7 Flow event management rules – managing medium flows s279
(1) This section applies if the chief executive has determined an announced period for water
harvesting entitlements under section 70 and either –
(a) more than two years have passed since a flow event with a peak flow of greater than or
equal to 60 000 megalitres per day at Jack Taylor Weir; or
(b) more than three years have passed since a flow event with a peak flow of greater than
or equal to 100 000 megalitres per day at Jack Taylor Weir.
Ecological effectiveness
This rule is intended to provide for the maintenance of flows that mimic the natural variability of the
river system, especially low and medium flows that provide connectivity of the river system and
overbank flows for the floodplain.
During the reporting period, the medium flow reduction rule was triggered and implemented from
2014 to 2017 water year for a total of 11 days, across three flow events in May 2015 and February
and September 2016. Although the intent of the medium flow is to provide some overbank flows,
the rule was not triggered when larger flows were occurring that may have provided the ecological
benefit intended.
No specific monitoring occurred during the reporting period while the rule was triggered so it is not
possible to quantify the potential ecological benefits provided via this rule. However, research
undertaken on waterholes, fish movement, and wetlands in the Lower Balonne provides some
context.
Recommendations
It is recommended that an assessment of all Lower Balonne event management flow rules (low
flow; medium flow; managing Narran lakes filling flows; and environmental, stock and domestic
flows) be undertaken to fully understand their effectiveness in providing for waterhole
management, fish connectivity, floodplain maintenance, and breeding opportunities for high risk
assets. If appropriate, the implementation of alternative rules should be explored in this
assessment.
Ecological monitoring and research is currently being undertaken in the Lower Balonne. This
involves waterhole level monitoring and fish movement studies to understand flow-ecology
relationships. It is recommended that these studies continue, and results be used to assist in
conducting an assessment of all Lower Balonne flow event management rules.

7.8 Managing Narran Lakes filling flow events s281
(1) This section applies if the chief executive has determined an announced period for water
harvesting entitlements under section 70.
(2) Subsection (3) applies where –
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(a) a flow event of a volume sufficient to fill the Narran Lakes Ramsar site under the predevelopment flow pattern occurs during the period 1 April to 31 August; or
(b) both of the following occur –
(i) the Narran Lakes Ramsar site has filled during the period 1 April to 31 August; and
(ii) within four months after the Narran Lakes Ramsar site has filled, a flow event that would
refill the Narran Lakes Ramsar site under the pre-development flow pattern occurs.
Ecological effectiveness
This rule is associated with the availability of water to support bird breeding in the Narran Lakes
Ramsar site. No specific monitoring occurred during the reporting period when the rule was
triggered so it is not possible to quantify the potential ecological benefits provided.
The rules outlined above were initiated only once during the reporting period, between 6 and 15
April 2017 in which the flow reached the Narran Lakes Ramsar site. Large flows were recorded
during the reporting period which filled the Narran Lakes Ramsar site, however the flows were
outside the rule trigger dates (i.e. the stated winter months). There were three flow events
identified which could have triggered the rule, however the rule was not triggered.
Recommendations
The current ROP rule is operationally difficult to implement as it requires the determination that a
flow event has sufficient volume to fill the Narran Lakes Ramsar site under the pre-development
flow pattern. There is a requirement to instigate the rule based on an actual flow passing St
George so a reduction to the daily rate of take for the entitlements to 90 per cent of the daily rate of
take stated on the entitlements can be implemented.
An alternative rule for predicting bird-breeding events in the Narran Lakes may include the
following characteristics:


ability to predict the recorded bird-breeding events;



simple, based on the flows used to make the water harvesting announcements;



easy to implement and should not increase the administrative burden of the operator;



performance of the new rule should be comparable with the original plan rule; and



have minimal impact on the water harvesting allocations.

It is recommended that an assessment of all Lower Balonne event management flow rules (low
flow; medium flow; managing Narran lakes filling flows; and environmental, stock and domestic
flows) be undertaken to fully understand their effectiveness in providing for waterhole
management, fish connectivity, floodplain maintenance, and breeding opportunities for high risk
assets. If appropriate, the implementation of alternative rules should be explored in this
assessment.

7.9 Thuraggi Watercourse – reporting requirement s349A
The distribution operations licence holder must measure and record data about bank condition,
erosion and fish stranding in the Thuraggi Watercourse during delivery of unsupplemented water
allocations.
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Ecological effectiveness
For Water Supply Schemes covered by the ROP, provision is made to protect aquatic ecosystems
downstream of infrastructure by implementing rules pertaining to rates of water release. The
resource operations licence holders are required to minimise the occurrence of adverse
environmental impacts by ensuring changes in rates of release occur incrementally. Whilst the
ROP requires the Thuraggi distribution operations licence holder to report on these issues, there is
no corresponding ROP rule. There was no data available to assess whether water released as part
of the Thuraggi Watercourse Scheme is having a detrimental effect on the aquatic ecosystems
downstream of associated infrastructure.
Recommendations
It is recommended that a rule pertaining to the rate of water release for the Thuraggi Watercourse
be included in the revised ROP. Monitoring requirements should be consistent with resource
operations licence holders i.e. the requirement to report on water quality associated with
infrastructure (as well as bank condition, erosion and fish stranding already stated in the current
ROP for Thuraggi). Rates of release should also be recorded and reported on, as per required for
resource operations licence holders. Compliance for reporting by distribution operations licence
holders needs to be addressed so that the appropriate data is supplied in a timely manner. This is
important for assessing rules and risk to the environment.
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8 Assessment of plan outcomes and recommendations
for the new plan
The purpose of the environmental assessment is to evaluate the effectiveness of the plan, in terms
of meeting its outcomes via the various water management strategies in the plan and associated
ROP, and make recommendations for the new plan. The assessment has been conducted within
the frame of ecological sustainable development defined in the Water Act 2000. It uses the outputs
of the ecological risk assessment and ecological monitoring information, in a multiple levels and
lines of evidence approach (after Norris et al. 2005).
The assessment process is consistent with an adaptive management framework that implements a
regulatory process (the water plan and ROP), monitors critical receptors (environmental monitoring
programs), regularly reviews performance (ecological risk assessment and plan review),
incorporates new knowledge as it becomes available, and adjusts policy settings as required (new
draft plan development). The results of the assessment are summarised in Table 10 and
recommendations are provided for consideration in the new plan.
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Table 10 Assessment of plan outcomes and recommendations for the new water plan
Plan ecological outcome

Evidence base

Evaluation

9(g) to make water from
the basin available to be
stored and used while
retaining water for the
riverine and associated
environment

Summary of monitoring in sections
below.

This outcome has been achieved through the water plan framework that provides for
the use of existing storage works whilst setting a cap on the amount of water that can
be taken from the plan area.
 The chief executive must not make a decision that would increase the average
volume of water available to be taken in the plan area (Water Plan section 17).
This ensures that water can continue to be taken whilst retaining some water for
the environment.
 The plan allows for existing overland flow works to continue to take water, and
provides a process for licensing take of overland flow water
 The Water Plan (s27) sets limits on storage of unsupplemented water – this
ensures that entitlement holders can continue to store water on property but are
limited by their current storage size.
 As mentioned under outcome 9a, unallocated water was also made available in
the Water Plan to provide for economic activity, but no entitlement has been
issued from this reserve.

Recommendations

This outcome lacks adequate specificity and its inclusion in the new plan is not recommended.

9h (i) pool habitats, and
native plants and
animals associated with
the habitats, in
watercourses

Modelling of 24 refuge waterholes,
remote sensing analysis of persistent
waterholes across the plan area

Recommendations

Strategies to mitigate risk may involve implementation of event management following extended periods of no-flow for a
particular reach, where this period exceeds the persistence time of the modelled waterholes. Releases for stock and domestic
may also alleviate risk under these circumstances, however there is no explicit recognition of this potential environmental
benefit in the current plan.
Waterholes in the Barwon-Darling are persistent under current water management arrangements as the river is generally deep
(up to 8 metres) and no flow spells are short, due to flows from several major tributaries and changed hydrology resulting from
weirs (DSITI 2015a). Ensuring connectivity to these waterholes through to the Lower Balonne following extended dry periods,
is recommended to provide additional resilience to populations of biota which depend on persistent refuge habitat.
Inclusion of this ecological outcome in the new plan is strongly supported.
Clear measures and strategies can be associated with a plan outcome which relates to waterholes, and it will provide a sound
base from which to assess the success of the Water Plan in future review processes.

Results from monitoring over the life of the plan, and from the quantitative risk
assessment, indicate that there are areas where waterholes are at risk of changing
from persistent to intermittent; this risk varies across the catchment. It is likely that this
outcome has only been partially met.
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Key knowledge gaps
relating to this outcome

Persistent “waterhole habitat” exists within a number of artificial impoundments throughout the plan area, notably Chinchilla
and Jack Taylor Weirs, and Beardmore Dam. Little information exists on the equivalence of this artificial habitat, in terms of its
refuge habitat quality, as compared to natural waterholes. This knowledge is required to calibrate the thresholds used in the
risk assessment as it pertains to the proportion of residual persistent habitat area remaining in the plan area at any time.
In some areas, the satellite imagery available over the Landsat era was not representative of the longest no-flow period
observed under pre-development conditions. Therefore the representativeness of the derived remote sensing persistence
product is in these areas remains uncertain.
Alteration to the high flow regime across the plan area has resulted in a net reduction in bankfull flow days, a threshold
associated with mobilisation and transport of instream sediments. Over time, this may result in reduced waterhole depth due to
sediment deposition, and subsequent reduction in persistence. Improved knowledge on the sedimentation of refuge
waterholes across the plan area is required to further assess this risk.

9h (ii) natural riverine
habitats that sustain
native plants and
animals

Modelling of 24 refuge waterholes,
remote sensing analysis of persistent
waterholes across the plan area

See outcome 9h (i) above

9h (iii) the natural
abundance and species
richness of native
plants and animals
associated with habitats
within watercourses,
riparian zones,
floodplains and
wetlands

Sustainable Rivers Audit (SRA1,
SRA2), Q-catchments threats
assessment, risk modelling of stable
flow spawning fish, and golden
perch, operation of fishways.

Overall ecosystem health, based on an assessment of fish, hydrology, macroinvertebrates, terrestrial vegetation and physical form, has been assessed as
moderate to poor across the plan area (SRA2).
The risk to the four stable flow spawning fish species varied across the plan area, but
was generally low throughout.
Golden perch abundance was reduced across the plan area under the full entitlement
scenario in comparison to pre-development, with the highest values in the Lower
Balonne under pre-development, and the lowest values in the Maranoa. The minimum
pre-development population risk threshold was exceeded in all assessment areas,
with the exception of the Maranoa. The largest changes were in the Upper Condamine
and Lower Balonne, where the population density fell below this threshold for 27 and
78 per cent of years respectively. In the Lower Balonne, the population stayed below
the MPP on average for 8.6 years, with a maximum duration of 38 years.
There are no rules relating to the operation of fishways in the current ROP, although
several fishways currently exist within the water supply scheme areas. A proposed
Basin Plan amendment arising from the Northern Basin Review advocates the use of
“toolkit measures” to provide ecological benefits. One of these measures is fishways.
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Collectively the information from these four indicators suggest that this ecological
outcome has only partially been met.
Recommendations

Stable flow spawning fish
This indicator is particularly vulnerable to abrupt changes in water depth, particularly during the breeding season. Therefore,
water management actions such as storage operations for irrigation releases, and water harvesting are likely to have the
greatest impacts. Flow supplementation, and water harvesting which reduces flow variability is also likely to reduce the risk
profile for this indicator.

Golden perch
Risk mitigation strategies for golden perch can be considered in two of the most sensitive aspects of the golden perch risk
model.
Habitat area: Population persistence during no flow periods is strongly dependent on the presence of refuge waterholes at the
scale at which the population functions. This includes aspects of habitat quality and minimum waterhole depth (strongly linked
to carrying capacity) and habitat distribution (strongly linked to fish movement and patterns of connectivity). Risk is highest
when refuge waterhole habitat is lost along large reaches of the system (at distances > 40 km).
Strategies to mitigate risk to waterholes may involve implementation of event management following extended periods of noflow for a particular area, where this period exceeds the persistence time of the modelled waterholes. Releases for stock and
domestic may also alleviate risk under these circumstances, however there is no explicit recognition of this potential
environmental benefit in the current plan. Waterholes in the Barwon-Darling are persistent under current water management
arrangements as the river is generally deep (up to 8 metres) and no flow spells are short, due to flows from several major
tributaries and changed hydrology resulting from weirs (DSITIa 2015). Connectivity to these waterholes through to the Lower
Balonne following extended dry periods, may provide additional resilience to golden perch populations.
The golden perch metapopulation model can be used to identify and prioritise networks of waterhole habitat requiring
protection to reduce the risk to golden perch populations during extended dry periods.
Connectivity: Longitudinal connectivity throughout the system supports golden perch populations by providing access to
suitable habitat for refuge during no flow periods, optimal foraging, and reproductive activity. The greatest impediment to
connectivity is the network of instream barriers, such as dams and weirs throughout the system, particularly in the Lower
Balonne assessment area. Effective connection is a function of both a flow magnitude to overtop the barrier, and a minimum
duration to provide opportunity for individual fish to traverse the barrier from adjacent habitat. This needs to occur at a
frequency less than the persistence time of waterhole habitat between networks of barriers to avoid reach-length extinction
events (see operation of fishways).
The golden perch metapopulation model can be used to identify and prioritise instream barriers, which are currently an
impediment to connectivity due to their infrequent overtopping, to reduce the risk to golden perch populations, especially
following extended dry periods (see operation of fishways).
This ecological outcome lacks the necessary specificity, and its inclusion in the new plan is not supported. It is recommended
that assets covered by the broad scope of this ecological outcome should be represented individually. This will enable a clear
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delineation of exactly which assets are to be assessed across the catchment and allows for the development of specific
measures and strategies for the new plan.
Operation of fishways
The efficiency of existing fish passage devices in allowing the movement of fish under a range of flow conditions is unknown. It
is recommended that research is conducted to determine the range of headwater and tailwater levels under which each
specific fishway operates most effectively. These investigations should consider:
 adjustment of storage nominal operating levels to provide operation of fishways,
 stipulations that flows are released preferentially through the fishway,
 applying rules only to months when fish movement is critical for ecological reasons, and
 applying rules when release rates are likely to provide a cue for movement.
Key knowledge gaps
relating to this outcome
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Stable flow spawning fish
Kerr et al. (2016) has summarised the key knowledge gaps relating to this indicator and its application in the Queensland
Murray-Darling including:
 upper and lower gauge height thresholds for each assessment node which define the flow band required for the inundation
of edge habitat used as nesting sites
 specific local population parameters such as the proportion of female that spawn with each spawning event and the
proportion of eggs that survive to sexual maturity, to replace estimated values used to determine the ToC
 for stream reaches with clear water supporting aquatic vegetation as the preferred spawning substratum, stable flow
height and velocity based upon the requirements of these plants
 stream cross-sections to improve the translation of local water height and flow velocity to gauge height and discharge as
measured at upstream or downstream gauging stations
Golden perch
This is the first meta-population assessment where stocking has been taken into account quantitatively, based on previous fish
stocking monitoring. Stocking management and how it affects survival of fingerlings has changed over recent decades,
therefore important remaining questions are regarding fingerling survival, habitat zonation and carrying capacity of large weirs,
and how this scales to smaller and more common weirs.
The Condamine-Balonne golden perch population has been treated as a single population. Unpublished work (Moffat et al.)
indicates that fish growth rates vary from east to west, subject to habitat quality. If confirmed, this may require regionalising the
meta-population model parameters.
The persistent depletion or partial disappearance and especially the slow recovery from a reach-length extinction of golden
perch from heavily developed regions as modelled is a consequence of movement parameters studied in less-developed
streams like the Moonie. It is important to know whether golden perch movement behaviour is sufficiently plastic to enable
recolonizing extinct reaches more rapidly than predictable with the current movement parameters.
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The waterhole and connectivity aspects of the habitat in most severely affected extinction reaches may need to be surveyed
and monitored more rigorously to understand the severity of temporal habitat loss as well as prevent/alert of further loss of
waterhole habitat and connectivity.
Current estimates of habitat provided by weir pools may over represent their carrying capacity due to anoxic hypolimnetic
water, or other characteristics.
9h (iv) active riverforming processes,
including sediment
transport

Modelling of fluvial geomorphology
and river forming processes at 20
locations in the plan area.
ROL Holder monitoring, Sustainable
Rivers Audit (SRA1, SRA2).

Recommendations

Event management strategies which preserve flow events at bankfull thresholds are required to mitigate the risks identified
here. However there is currently a lack of knowledge to set a target return frequency for such flows to maintain a sediment
movement regime throughout the system which supports the dependent environmental values discussed above.
Due to the relationship between waterhole persistence and pool scouring (i.e. river forming processes) it is recommended that
these two outcomes be maintained and combined. It has strong flow-ecology links with a potential for measures and strategies
to support implementation and assessment.

Key knowledge gaps
relating to this outcome

Rates of net sediment export and accumulation–proximal land use activities may alter sediment transfer to streams including
the volume and distribution of sediment within the system.
Improved bankfull flow data for gauges in the plan area–river channel cross-sectional data for stream reaches around gauging
stations will improve current estimates of flow thresholds which represent maximum transport velocities.
Sediment sourcing properties of different flow events–rates of sediment scouring and transport at a range of flow event sizes
would improve estimates of sediment load and potential deposition.

9h (v) existing flow
paths across the
floodplains to allow
ecological processes to
take place

Results from the quantitative risk assessment, indicate that river-forming processes
are at risk in the Condamine-Balonne plan area, with risk varying across the
catchment. The SRA ranked physical form to be in moderate condition for the Upper
and Mid Condamine, and the Lower Balonne, however there was evidence of channel
widening, and bed degradation throughout the study area; increased sediment loads
were also reported.
It is likely that this outcome has only been partially met.

See outcome 9h (vi), and 9h (vii)

Recommendations

This outcome lacks the necessary specificity. Additionally, no clear measures or strategies can be associated with this
outcome. It is recommended that this outcome be included in the revised “floodplain ecosystems” outcome as below.

9h (vi) the condition and
diversity of native
vegetation on the

Sustainable Rivers Audit (SRA1,
SRA2), Q-catchments threats
assessment, risk modelling of the

The riparian and floodplain vegetation in the Upper and Mid Condamine regions is in
moderate condition (SRA1) and in good condition in the Lower Balonne. The threat of
altered floodplain inundation, which is considered to be important in supporting the
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floodplains and related
streams

frequency of floodplain wetland
inundation

Recommendations

Event management strategies which preserve events at flow thresholds identified here are required to mitigate risks to these
dependent wetlands. Although many of the wetlands analysed here are ephemeral, with most persisting for less than one year,
the importance of riverine inundation events in terms of contribution to their water budget, their role in promoting recruitment of
wetland biota, and productivity subsidies to riverine food webs is widely acknowledged.
An important role for these wetlands is the provision of breeding grounds for fish, and providing energy subsidies to river food
webs. These values are represented by rewetting events within the same season, i.e. a return frequency of less than one year.
In most cases the 25th percentile values for inundation return frequencies across the flow thresholds considered are
unchanged. This suggests that this function is still occurring across the studied FARs.
Given the return frequency of floodplain wetland inundation flows, even under pre-development, it is likely that many are not
highly dependent; water budgets for wetlands will include contributions from local rainfall and runoff, as well as potential
shallow groundwater fluxes.
Currently there is a lack of knowledge to set a target return frequency for these wetlands to support the range of dependent
environmental values discussed above. The data generated by the time series analysis of the hydrological and Landsat
imagery provides a foundation for establishing these requirements over time.

Key knowledge gaps
relating to this outcome

A number of ecological assets and associated environmental values have either a direct or indirect dependency on periodic
floodplain inundation. Reliable digital elevation models linked to gauges; wetland persistence times based on bathymetry and
rates and sources of water loss, are critical to progress future quantitative comparative analysis of water management
scenarios which account for landscape changes and antecedent conditions.
Water balance models which quantify the relative contribution of various water sources (i.e. rainwater, local overland flow,
floodplain inundation from the river, groundwater flux, etc.) to the overall budget of a given wetland are required for key
complexes which support high value assets, and are currently at threat from water management.
Critical thresholds relating to the return frequency for floodplain inundation events is a knowledge gap for most dependent
ecological assets, such as wetland vegetation, fish, birds, and turtles.

condition of floodplain vegetation, across the plan area is considered to be low (Qcatchments).
However, recent research in the Lower Balonne suggests that populations of
floodplain species such as river red gum and coolabah may not be dependent upon
flooding flows for maintaining the condition of adults (Watering Requirements of
Floodplain Vegetation project). Furthermore, flowering and fruiting in river red gum
and coolabah show no consistent relationship with river flows to date (DNRM 2016).
Both the number and duration of floodplain wetland inundation days were reduced
under full entitlement across much of the plan area. Spells between inundation events
were also generally increased. The assessment areas experiencing the greatest risk
are the Upper Condamine and Lower Balonne.
Collectively these results suggest that this ecological outcome is only being partially
met under the current plan settings
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9h (vii) the diversity and
abundance of native
animals within the
floodplains and related
streams

Modelling of the eastern snakenecked turtle

Recommendations

Event management strategies which preserve wetland inundation events at the flow thresholds modelled are required to
mitigate risks to the eastern snake-necked turtle. Although many of the wetlands analysed here are ephemeral, with most
persisting for less than one year, riverine inundation events may represent a substantial contribution to their total water budget;
return frequencies < 4 years are critical to reduce stress periods for this asset.
This ecological outcome is considered to lack specificity and its inclusion in the new Water Plan is not supported. It is
recommended that assets covered by the broad scope of this ecological outcome should be represented individually, as per
recommendations made for h (iii).

Key knowledge gaps
relating to this outcome

The time series analysis of wetland inundation and persistence behaviour using historical Landsat imagery has greatly
improved the confidence in the thresholds used in the eastern snake-necked turtle model. However, the assumptions
regarding which wetlands are the most critical in terms of providing optimal foraging habitat across the plan area need to be
validated.
The current ToC for the eastern snake-necked turtle is based on observations from eastern New South Wales. The
assumptions which underpin this ToC needs to be tested on populations from the plan area.

9h (viii) the success of
bird-breeding in the
Narran Lakes and on
floodplains

Modelling of straw necked ibis
breeding and recruitment
opportunities and floodplain
vegetation condition

Recommendations

Event management strategies which preserve flows at the thresholds used for the modelling are required to mitigate risks to
bird breeding and associated wetland vegetation outcomes in Narran Lakes.
Although the Narran Lakes are not in Queensland, the ecological importance and dependence on flows, of which a proportion
originate in Queensland, are recognised. Therefore, inclusion of this ecological outcome in the new Water Plan is supported.
It is recommended that this outcome be reworded to include “provision of flows to support bird breeding” to more accurately
reflect what can be measured.

The risk to the eastern snake-necked turtle varied across the plan area, with medium
risks identified in the Upper Condamine, and high risks identified in the Lower
Balonne. The increased risk identified by this analysis is largely due to the loss of
wetland inundation events from river flow. This has been reduced across the plan area
by 26–70 per cent in terms of the number of wetland connection days under full
entitlement.
Based on the risk profile for this indicator, it is unlikely that the ecological outcome is
being met across the plan area.

Collectively the results show that both the frequency of bird breeding opportunities and
vegetation conditions flows have been significantly decreased under full entitlement.
Both risk thresholds tested were based on the flow return frequency required to
maintain the intent of the ecological outcome, and support the values associated with
the Ramsar status of Narran Lakes Nature Reserve. It is unlikely that the full
entitlement flow regime is supporting sufficient breeding opportunities to maintain the
current ibis population size; therefore this outcome has not been met.
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Key knowledge gaps
relating to this outcome

There are a relatively small number of bird breeding observations from Narran Lakes which to develop flow thresholds, and
limited information about some of these events. This small sample size contributes to uncertainty in associations developed
between flow thresholds and breeding response.
Vegetation condition, particularly of lignum, plays an important role in determining suitable conditions for breeding. Antecedent
hydrological and climate conditions, as well as the duration since the last bird-breeding event (which has a short-term
detrimental effect on lignum habitat) affect lignum condition but aren’t explicitly accounted for by the bird breeding thresholds.
The scale of ibis populations may be vast, likely to exceed the scale of the Basin. Unlike obligate aquatic species, bird
movement between habitats is potentially unlimited. A recent review (Brandis & Bino 2016) identified that breeding events at
Narran Lakes nearly always coincide with breeding at the Gwydir Wetlands and Macquarie Marshes, and often breeding
occurs at the other two locations, not at Narran. A better understanding of population genetics and site fidelity are required to
understand the consequence of changed opportunities at individual locations. This information is essential to understand the
relative importance of bird breeding at Narran Lakes to support ibis recruitment at the population scale.

9h (ix) the condition of
the Narran Lakes and
the national parks of the
Culgoa floodplain

Modelling of straw necked ibis
breeding and recruitment
opportunities and floodplain
vegetation condition

See outcomes 9h (vi) and 9h (viii) above

9i to contribute to the
maintaining or
improving the
ecological condition of
the Darling River
upstream of Bourke

Nil

There is insufficient information to assess whether this outcome has been met.

Recommendations

Due to the confounding issue of multiple tributary inflows to the Darling River upstream of Bourke, the evaluation of water
management rules in the Lower Balonne (e.g. real time flow management of the individual outcome, waterhole drawdown,
pass flow) can only be weakly linked to the flow-dependent ecological condition of this reach of the Darling River. Therefore,
inclusion of this ecological outcome in the new plan is not recommended.

9l to reduce the impact
of the operation of water
infrastructure on natural
flow regimes

ROL Holder monitoring, modelling of
waterholes.

Recommendations

Inclusion of this outcome in its current form is not recommended.

9m to maintain water
quality at levels
acceptable for water use

Surface Water Ambient Network
(SWAN)

There is insufficient information to assess this outcome.

Monitoring conducted over the life of the plan indicates that most water quality
parameters measured were within guideline limits, except for turbidity, which is
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and to support natural
ecological processes

elevated throughout the catchment. Therefore, this outcome is likely to have been
met.

Recommendations

It is recommended that ecological outcome 9m be amended in the new plan to reflect its intent to cover water quality impacts
associated with the implementation of the plan, not from other non-water resource development stressors present in the
catchment.

Key knowledge gaps
relating to this outcome

While flow creates the hydraulic conditions that support ecological assets and values; hydrology also influences their physical
and chemical environmental in terms of a range of water quality conditions and processes. The interacting effects of flow and
water quality may be important for facilitating ecosystem processes and may mediate biogeochemical processes such as
instream productivity, and nutrient and carbon cycling. There is currently insufficient information to develop models which
predict the interaction of key water quality parameters and the managed flow regime, particularly in unregulated systems.
Some specific information needs to address this knowledge gap include:
 key water quality processes and/or indicators that are sensitive to a managed flow regime and may be used as an
indicator
 approaches to model water quality processes and/or indicators
 approaches to isolate the effect of the flow regime on water quality processes from the range of other anthropogenic
stressors present in the plan area

9o to promote improved
understanding of the
matters affecting the
health of riverine and
associated systems in
the basin

Monitoring and research activities
undertaken in the plan area. See
Summary of Monitoring Report
(DNRME 2018).

Recommendations

This ecological outcome is an important mechanism to highlight the need for ongoing monitoring and research to improve the
knowledge base which underpins the plan. It is recommended that this be retained as a general plan outcome.

Key knowledge gaps
relating to this outcome

Key knowledge gaps relating to each water plan are collated and prioritised on an annual basis by DNRME based on the
Water Planning Science Plan 2014–2019 (DSITI/DNRM 2014).

Environmental monitoring, research, and science reviews has been undertaken across
the plan area by a number of organisations including:
 Department of Natural Resources, Mines and Energy
 Department of Environment and Science
 Department of Agriculture and Fisheries
 Resource Operations Licence Holders
 Murray-Darling Basin Authority
 Commonwealth Environmental Water Holder
 Condamine Alliance
 Several universities, research institutes, and science providers
A collation and synthesis of this information and new scientific knowledge has been
undertaken to assist in evaluating the plan’s performance in meeting its ecological
outcomes
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9p consistency with the
Basin Plan 2012 (Cwlth)

Recommendations

This outcome has been achieved through the new Plan which will provide a framework
that is consistent with the requirements of the Basin Plan.
 The current plan is taken to be a transitional water resource plan under the Water
Act 2007 (Cwlth).
 The new Plan will be developed to be consistent with the requirements of the
Murray-Darling Basin Plan 2012.
This outcome is important in highlighting the significance of operating in a manner that is consistent with the Basin Plan, and
its inclusion in the new plan is recommended.

9q consistency with
water sharing
agreements and
commitments between
the State and New
South Wales

58

This outcome has been achieved through the plan providing a framework that is
consistent with the NSW-QLD Intergovernmental Agreement.
 A provision in the Plan requires that the resource operations plan give effect to
any agreement made between Queensland and New South Wales. The relevant
agreement is the New South Wales–Queensland Border Rivers Intergovernmental
Agreement 2008.
 Under the New South Wales-Queensland Border Rivers Act 1946, the Border
Rivers Commission directs the distribution of water which is made available to
Queensland and New South Wales and undertakes operational and maintenance
activities of jointly “owned” water infrastructure.
 The plan requires that the chief executive provide information to the Border Rivers
Commission on flows in the Lower Balonne so that the bifurcation weirs can be
managed to maximise the likelihood of achieving a flow through event.

Recommendations

This outcome is important in highlighting the significance of operating in a manner that is consistent with NSW water sharing
agreements, and its inclusion in the new plan is supported.

9r to protect the
productive base of
groundwater

Semi-quantitative risk ranking of
GDEs across the plan area.

Risk to GDEs were identified in seven of the SDL sub-areas.
This outcome has been achieved through amendment of water licences, and no
issuing of new licences.
 Amendments to the Plan in 2014 brought groundwater into the water planning
framework.
 Take of groundwater without a water entitlement was permitted only for stock and
domestic use and prescribed activities. No new licences that would increase take
were to be granted.
 Where no limit was stated on the licence, inactive or sleeper licences were
adjusted to state an annual volumetric limit of zero megalitres. This preserved the
resource for active users.
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Recommendations

Although outside of the plan itself, management arrangements have also been
established for accessing and using groundwater in the Central Condamine
Alluvium groundwater management area. These provide water users with a stable
water use accounting regime and rules for trading.
To further protect the resource, it may be beneficial to consider introducing
limitations on stock and domestic take.

It is recommended that an ecological outcome relating to GDEs be included in the new Water Plan which reflects the need to
maintain a groundwater regime which supports these dependent ecosystems.
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Term

Definition

aestivate

a state of animal dormancy, similar to hibernation, characterized by
inactivity and a lowered metabolic rate, that is entered in response to high
temperatures and arid conditions

baseflow

stream flow sustained by shallow groundwater sources between rainfall
events (sometimes called low flow or groundwater recession flow)

ecological outcome

As defined in the Water Act 2000, i.e. “means a consequence for an
ecosystem in its component parts specified for aquifers, drainage basins,
catchments, sub catchments and watercourses.” Comparable to
“management goal” in the WQM process.

ecological values

Taken in its broadest sense, it includes not only the aquatic biota (fish,
invertebrates, macrophytes) but also the biota of the riparian or foreshore
zone, the river habitats and geomorphology. It is also taken to include the
river processes, both physical and biological, and the roles a river may play
in sustaining other systems such as, karst, estuary, floodplains and
wetlands. The concept of an ‘ecological value’ relates particularly to the
‘aquatic ecosystems’ environmental value.

ecosystem attributes

Selected biological, chemical and physical components comprising an
aquatic ecosystem e.g. fish community, geomorphology, water chemistry
etc.

ecosystem component

Abiotic and biotic components of ecosystems, e.g. hydrology,
geomorphology, riparian vegetation, aquatic vegetation, aquatic
macroinvertebrates, fish, other vertebrates.

endemic species

Species found only within the specified range

environmental values

Formerly referred to as “beneficial uses”. Particular values or uses of the
environment that are important for a healthy ecosystem or for public
benefit, welfare, safety or health, and which require protection from the
effects of threatening processes including pollution, waste discharges and
deposits. They reflect the ecological, social and economic values and uses
of the waterway.

ephemeral

transitory or brief

floodplain

flat or nearly flat land adjacent a stream or river that stretches from the
banks of its channel to the base of the enclosing valley walls and
experiences flooding during periods of high discharge

GIS

Geographic Information Systems

geomorphology

landforms and the processes that shape them

guideline

Numerical concentration limit or narrative statement (water quality)
recommended to support and maintain a particular objective (NWQMS
1994; Bennett 2008).

indicators

A property that is able to be measured or decided in a quantitative way
(Environmental Protection Policy for Water 1997, section 8)

macroinvertebrate

invertebrate that is large enough to be seen without the use of a
microscope; invertebrate is an animal without a backbone

macrophyte

aquatic plant, large enough to be seen by the naked eye

Review of Water Plan (Condamine and Balonne) 2004. Environmental Assessment Report

obligate aquatic species

aquatic biota that cannot live in the absence of water, i.e. fish, shrimp, etc.

periphyton

complex mixture of algae, cyanobacteria, heterotrophic microbes, and
detritus that are attached to submerged surfaces in aquatic ecosystems

Regional Ecosystem (RE)
types

Refers to the groundwater dependent ecosystem types as determined by
Queensland Regional Ecosystem (RE) mapping (see Appendix A –
Sections 4.2.4 and 5.3)

Resource Operation Plan
(ROP)

A plan approved under s103(2), (Water Act 2000, Schedule 4)

refugial

acting as a refuge

riparian

habitat situated on the bank of a water body

stygofauna

fauna that live within groundwater systems, such as caves and aquifers

values /assets

The perceived value of the environmental, economic, social attributes of an
ecosystem.

water quality

The status of an aquatic ecosystem (including surface, soil and
groundwater), including physical, chemical, biological and aesthetic
characteristics. (after NWQMS 1994; Bennett 2008)

water quality parameter

A measurable or quantifiable characteristic or feature of water quality e.g.
pH, conductivity, nutrient concentration, etc.

Water Plan

A plan approved under s50(2), (Water Act 2000, Schedule 4)
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