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Foreword
The Water Act 2007 established the Murray‐Darling Basin Authority (MDBA) and has tasked it with
the preparation of a Basin Plan to provide for the integrated management of the Basin’s water
resources. Central to the Basin Plan is the need to determine the Environmentally Sustainable Level
of Take (ESLT). This report describes the method used by the Authority to determine the ESLT for
surface water resources and describes the environmental objectives, ecological targets and
environmental outcomes that can be achieved under the proposed ESLT.
This report consists of:






An executive summary providing an overview of the report;
A description of the background and methods used to determine the ESLT and hence the
Sustainable Diversion Limits (SDLs) (Sections 1‐8);
An assessment of the environmental flow outcomes that may be achieved (Section 9);
An assessment of the uncertainties and limitations in the method (Section 10); and
A discussion of the adaptive management processes proposed from here to 2019
(Section 11).

This is just one of the supporting documents associated with the proposed Basin Plan. Other
documents provide further detail in key areas including:









The report focusing on the process used to determine the ESLT and SDL for groundwater is
The Groundwater SDL methodology for the Murray‐Darling Basin Plan (CSIRO and SKM
2010);
A more detailed socio‐economic assessment can be found in the report titled Social and
economic analyses and the draft Murray–Darling Basin Plan;
A detailed description of the Environmental Watering Plan, which will guide actual decisions
on environmental flow events, can be found at the MDBA website titled “Environmental
Watering Plan: What’s in it and how it works”;
a detailed modelling report (in preparation);
environmental water requirement descriptions for indicator sites (in preparation); and
a review of the science underpinning the ESLT (to be released during the 20 week
consultation period).
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Executive summary
The Murray‐Darling Basin Authority (MDBA) has a vision of a healthy working Basin that has vibrant
communities, productive and resilient industries, and healthy and diverse ecosystems. One of the
key actions to achieving a healthy working Basin is the need to ensure that there is balance between
the water needs of communities, industries and the environment, while at the same time protecting
and restoring the ecological and other values of water‐dependent ecosystems so they remain
healthy.
The Basin Plan aims to do this through the establishment of Long‐Term Average Sustainable
Diversion Limits (SDLs), which come into effect in 2019, along with a range of other measures that
will improve the management of water in the Basin. The SDLs are limits on the volumes of water that
can be taken for human uses (including domestic, urban and agricultural use) and are set at both a
catchment and Basin scale. The Water Act requires that these new limits are determined on the
basis of an assessment of the Environmentally Sustainable Level of Take, or ESLT.
This report provides a summary of the method used by MDBA to determine the ESLT for surface
water resources and describes the environmental objectives, ecological targets and environmental
outcomes that can be achieved under the proposed ESLT.

The need for change
For more than a hundred years, the infrastructure and management of the Murray‐Darling Basin has
been developed to secure social and economic outcomes. Many rivers have been modified and
become highly managed systems to supply drinking water to towns and cities, support agriculture,
mitigate floods and droughts, and allow for irrigation.
This development has supported one of the most productive food and fibre regions in Australia.
However, there have been substantial environmental impacts that now undermine the very
agricultural and community values that the Basin supports.
These environmental impacts have long been recognised and the recent drought exposed the limits
and weakness of how water is currently managed in the Basin. The Murray Mouth was only kept
open by constant dredging. Wetlands and floodplains across the Basin from Queensland to South
Australia all experienced widespread environmental degradation. Some irrigators received no water
in some years, while towns and cities experienced harsh water restrictions.

History of water reform
The history of water reform in the Murray‐Darling Basin, in response to declining environmental
health, is long and ongoing. The first steps are perhaps hard to single out, but it is clear that the
decline in environmental condition contributed to the establishment of the Murray‐Darling Basin
Initiative and Murray‐Darling Basin Commission in the 1980s.
In 1994, the Council of Australian Governments adopted a strategic water reform framework. The
main objectives were to establish an efficient and sustainable water industry, and to stop
widespread natural resource degradation partly caused by consumptive water use. The Council of

Page iii

Australian Governments reinforced and extended these strategic water reforms in 2004 through the
Intergovernmental Agreement on a National Water Initiative.
As the reforms have been implemented, a growing body of evidence has accumulated indicating that
the water resources of the Basin are being overextended, while the ecological health of the Basin is
under increasing stress and is degrading. This includes the decline of wetlands with associated loss of
vegetation and collapse of waterbird breeding. Initial steps to limit extractions were taken in 1995
with the Commonwealth and Basin states agreeing to cap surface‐water extractions in the Basin
generally at 1993–94 levels of use (the Cap).
In 2002, in response to evidence showing the declining health of the River Murray system,
governments established The Living Murray initiative. Supported by scientific assessment of
environmental water requirements, the governments agreed to recover an average of 500 GL per
year as a ‘first step’ towards securing the long‐term ecological health of six icon sites, and agreed
to concurrently invest in infrastructure to make the best use of the water available to the
environment and achieve other ecological outcomes, including fish passage.
In response to extreme drought, exacerbated environmental stress across the Basin, and growing
evidence that further action was needed to address environmental decline, the Australian
Parliament passed the Water Act 2007 (Cwlth). The Water Act established the MDBA with the
powers necessary to develop and implement new Basin‐wide water planning and management
arrangements, including legally enforceable limits on the amount of water that can be taken for
consumptive use.

Requirements of the Water Act
A key component of the Basin Plan is to provide for the establishment and enforcement of
environmentally sustainable limits on the quantities of surface water and groundwater that can be
taken from Basin water resources. The Act provides objects, context, definitions and other
directions to guide the determination of these limits.
Whilst the Water Act provides overarching objects and requirements, it does not prescribe specific
environmental targets or outcomes (such as a level of protection or restoration for the Basin’s
water‐dependent ecosystems or ecosystem services), and this is therefore a key decision point for
MDBA in setting an ESLT.
The Convention on Wetlands of International Importance (the Ramsar Convention) is one of the key
international agreements given effect to by the Water Act and the Basin Plan. The Ramsar
Convention is founded on the ‘wise use’ concept. The wise use of wetlands is defined as “the
maintenance of their ecological character, achieved through the implementation of ecosystem
approaches, within the context of sustainable development”. “Wise use” therefore has at its heart
the conservation and sustainable use of wetlands and their resources.

Page iv

Summarising across the requirements of the Act, supported by an understanding of the obligations
under international agreements, and the objectives of water reform processes such as the National
Water Initiative, the task for MDBA in setting an ESLT includes taking into account:


the water required to provide for the ecological values (e.g. biodiversity) and ecosystem services
of the Basin (e.g. human values like the provision of ‘fit for purpose’ water quality, and
aesthetically appealing environment for recreation and tourism); and



the socio‐economic benefits of water resource use, and the impacts of any reduction in take.

In recognition of this, MDBA has adopted the overall management objective of achieving a healthy
working Murray‐Darling Basin, including a healthy environment, strong communities and a
productive economy.

Changes since the Guide
The October 2010 Guide proposed a reduction in diversions of between 3000 and 4000 GL/y. This
proposal was on the basis of a relatively simple ‘end of system’ flow analysis to identify
environmental water requirements, and consideration of socio‐economic impacts – which led MDBA
to select the low end of the identified environmental water requirements range.
The ESLT and SDLs in the proposed Basin Plan have been informed by detailed hydrologic modelling
of the environmental water requirements of indicator sites. The development and implementation
of this method commenced in 2009 and it had been intended to use this work to inform the Guide,
but the work could not be completed in the required timeframe for the Guide. The indicator site
method is a much more robust method to determine an ESLT, as it takes into account the specific
ecological targets and flow requirements for indicator sites, and opportunities and constraints for
environmental water delivery. The models also allow thorough assessment of different water
availability conditions, water sharing arrangements and environmental flows over the last 114 years
of climate records and variability. The indicator site method and its components has been the
subject of a number of peer review steps in the period 2009‐2011, including the CSIRO lead science
review which commenced in June 2011.
MDBA used the indicator site method to test the ability of three Basin wide ESLT options
(representing reductions of 2400, 2800 and 3200 GL) to achieve the specified ecological targets and
flow indicators at the indicator sites. This options assessment focussed predominantly on the
southern basin. The assessment showed that 2400 GL was insufficient to achieve a number of key
environmental objectives for the River Murray downstream of the Murrumbidgee junction (including
the Coorong, Lower Lakes and Murray Mouth), whilst 3200 GL delivered few additional benefits
relative to the 2800 GL option.
Subsequent to this the MDBA has also undertaken some specific options assessment in the
Condamine‐Balonne region, looking at the ability of alternative SDL options and water recovery
strategies to achieve environmental objectives.
The method provides a confident basis on which to propose an ESLT. The method gives MDBA
confidence that the selected environmental objectives can be achieved and the proposed ESLT
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meets the requirements of the Water Act, in terms of not compromising key environmental assets,
key ecosystem functions, the productive base and key environmental outcomes.

Method to determine the ESLT
The method used by MDBA to determining an ESLT is presented in Figure E.1. The method:


Establishes a comprehensive set of local environmental objectives and ecological targets
that reflect the Basin‐wide environmental objectives and targets of the Basin Plan and the
hydrological ‐ ecological relationships required to sustain the Basin’s water‐dependent
ecosystems and ecosystem services;



Incorporates the assessment of the social and economic benefits and costs to changes in
water use;



To optimise environmental, social and economic outcomes, it provides for the integration of
environmental, social and economic considerations at several key decision points: defining
basin wide objectives; choosing a series of ESLT options to test; and selecting approaches
and policies to source and use water efficiently;



Allows for simulation of ESLT options using the best contemporary hydrologic modelling
approach available at the Basin scale;



Allows for the assessment of the performance of ESLT options against ecological targets to
describe the likely environmental outcomes; and



Outlines current uncertainties and opportunities to overcome these.

On the basis of the environmental objectives and targets set, environmental water requirements
were described at key locations along the rivers. These sites are called hydrologic indicator sites.
The hydrologic indicator sites and the flows described at those sites represent the broader
environmental flow needs of river valleys or reaches. The selection of sites and flows focus on those
areas and issues with greatest sensitivity to the ESLT, that is, it focuses on the parts of the flow
regime and the parts of the Basin which were most likely to affect the estimation of the ESLT. The
assessment of environmental flow needs at each location utilises the best available science and
considers local water management arrangements, opportunities and constraints.
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Figure E.1: Outline of method used to determine the Environmentally Sustainable Level of Take
Hydrologic modelling undertaken in applying the method utilises the river system modelling
platforms and models developed by the State water agencies to test environmental water
requirements and flow regimes.

ESLT and environmental outcomes expected
Using the method described in this report, the MDBA’s is proposing an ESLT of 10,873 GL/y which
optimises environmental, economic and social outcomes to achieve a healthy working Basin. This
represents a Basin wide reduction in take of 2,750 GL/y compared to a June 2009 baseline.
As at 30 September 2011, 1,068 GL/y of water has been recovered (or is contracted to be recovered)
for the environment, which is not included in the 2009 baseline. This includes water recovered
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through the Australian Government’s Water for the Future program, the New South Wales
RiverBank program and stage one of the Northern Victoria Irrigation Renewal Project. In addition, it
is estimated that a further 214 GL/y will be recovered from recently announced initiatives in Victoria,
associated with Stage 2 of the Northern Victoria Irrigation Renewal Project. This leaves 1,468 GL/y to
be found between now and when the SDLs come into effect in 2019 to achieve this ESLT.
Combined with the 823 GL/y of water already recovered for environmental outcomes in the Murray‐
Darling Basin before 2009, this will mean that 3,573 GL/y in total would be returned to the Basin’s
environment by 2019 relative to a 2009 baseline.
MDBA has undertaken a detailed assessment of the environmental flow outcomes that could be
achieved with this ESLT. This shows a broad array of benefits across the Basin for a range of flows,
which are briefly summarised at a whole‐of‐Basin level in Table E.1. Outcomes will vary region by
region, and more detailed regional level descriptions are provided in Section 9 of this report.
Table E.1: Summary of environmental outcomes at whole‐of‐Basin level
Habitat areas
General outcome across the Basin
Instream habitats
The ability to reinstate freshes and low flows where required to maintain
water quantity and quality in drought refuge pools, and support instream
process such as fish migration and spawning, inundation of instream
habitats and carbon/nutrient cycling.
Riparian or
The ability to reinstate more frequent and variable ‘bankfull’ events which
‘streamside’ habitats
will maintain healthy streamside vegetation such as river red gums and
river cooba.
The ability to reinstate more frequent and variable flow regimes to provide
Permanent and semi‐
healthy wetland habitats and support the role that these systems play in
permanent wetland
the productivity of the river system more broadly ‐ for example providing
habitats close to the
breeding and feeding habitats for birds and fish, and carbon/nutrient
major rivers
inputs to support instream productivity.
Low level floodplain
The ability to reinstate more frequent and variable flow regimes to water
habitats
low level floodplain vegetation communities such as red gum forests and
woodlands, to maintain the health of these communities and the
important role they play in the broader productivity of the Basin’s rivers.
Mid and high level
Inundation of these habitats requires medium to large unregulated flow
floodplain habitats
events that are generally outside the ability for river operators to influence
and manage with current river operating constraints (such as the flooding
of private land). Flows for these habitats will continue to occur in
response to large rainfall events in relatively wet years (such as 2010/11).
In some parts of the Basin these habitats are in declining health and
transitioning to more flood tolerant vegetation communities (as compared
to flood dependent vegetation). There may be opportunities for works
and measures to overcome delivery constraints, and provide other
outcomes that improve the ability to manage these areas in the future.
These actions could deliver substantial benefits to these habitats, but
further cost benefit analysis and consultation with stakeholders and
communities is required.
Achieving enhanced flows across the range of habitats will lead to improved environmental
outcomes across the Basin. This includes beneficial outcomes for native fish abundance, increased
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numbers of waterbirds and improved condition of water‐dependent vegetation communities such as
river red gums.
The ESLT method and associated ESLT that are described in this report do not specify a detailed
environmental flow regime that must be delivered. Rather, it is a method that estimates the
minimum amount of water that will enable the achievement of an ESLT and Basin‐wide
environmental objectives. Ultimately the environmental outcomes achieved through the Basin Plan
will also be dependent on the environmental flow decisions made at a regional and local scale, in
response to future climatic conditions and ecological responses.

Adaptive management approach
The ESLT is evidence based. MDBA has used the best available science, but knows there are gaps
and uncertainties. MDBA also knows that local communities may have options to achieve
environmental outcomes with less water. It’s expected much of this new information may take
considerable time to assess.
In recognition of these issues, an adaptive management process is proposed to systematically
improve our scientific understanding and to enhance local input into decision making. This includes a
review of the proposed SDLs in 2015 before they are implemented in 2019. In addition, a science
and knowledge strategy is being developed by MDBA to tackle key knowledge gaps. Therefore, the
proposed ESLT and SDLs should be viewed as a starting point in the collective journey of the MDBA,
Basin States, and communities in achieving a healthy working Basin. This adaptive management
process is outlined in Figure E.2.
This report on the determination of the ESLT describes a key process that has informed the proposed
Basin Plan, released in November 2011. The release will be followed by a 20 week consultation
period, feedback from which will assist MDBA finalise the plan in 2012. It is possible that feedback
and information provided through this consultation period may lead to an adjustment to the ESLT
and SDLs in the final Basin Plan.

Page ix

Figure E.2: Outline of the Basin Plan process
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1 Introduction
The Water Act 2007 (Cwlth) established the Murray‐Darling Basin Authority (MDBA) and has tasked
it with the preparation of a Basin Plan to provide for the integrated management of the Basin’s
water resources. One of the key requirements of the Basin Plan is to establish environmentally
sustainable limits on the quantities of surface water and ground water that may be taken from Basin
water resources for consumptive use.
This is to be achieved by incorporating Sustainable Diversion Limits (SDLs) into the Basin Plan. SDLs
are the maximum long‐term annual average quantities of water that can be taken on a sustainable
basis from Basin water resources. Importantly, the SDL must reflect an Environmentally Sustainable
Level of Take (ESLT). The Water Act defines an ESLT to mean the level at which water can be taken
from a water resource which, if exceeded, would compromise:


key environmental assets of the water resource; or



key ecosystem functions of the water resource; or



the productive base of the water resource; or



key environmental outcomes for the water resource.

The Basin Plan must also provide for the use and management of water in way that optimises
economic, social and environmental outcomes. This requirement has the effect of ensuring that the
determination of an ESLT gives due consideration to social and economic consequences, for example
by ensuring that the environmental water requirements are specified in a way that has the least
economic costs.
The setting of SDLs is one of many mechanisms by which the Australian government is responding to
the decline in the Murray‐Darling Basin’s environmental health. It also comes from a need to
establish a more sustainable water resource management footing for enduring communities and
ecosystems. This has been a core focus for governments for many years, with the National Water
Initiative striving to build resilience into the environmental, social and economic fabrics of the
nation. The considerable achievements already made will be further enhanced by the Basin Plan,
including elements such as the Water Quality and Salinity Management Plan, Environmental
Watering Plan, water resource plan requirements and water trading rules.
To determine the ESLT, MDBA has established a framework for assessing the ESLT options. This
framework, described more fully in Section 2, integrates the best and most contemporary
information and knowledge available, while still giving recognition to the limitations in our capacity
to understand the complex nature of flow‐ecology relationships and model river systems and water
sharing arrangements.
Using the best available information and the framework outlined herein, MDBA has defined what it
deems to be level of take that will be environmentally sustainable and, together with efficient and
effective environmental water planning and implementation, lead to a healthy working Basin.
Notwithstanding, we expect our information base to grow and improve in the years to come, as we
learn. The Basin Plan is the first step in an ongoing adaptive management process whereby
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communities, governments and researchers can begin to further advance our knowledge of the
system. Cognisant of this process, the Australian Government and the MDBA have constructed a
staged implementation process for the policies and structural adjustment components in this major
water reform.
The purpose of this report is to describe the elements, processes and framework used by MDBA to
determine the ESLT for surface water resources and describe the environmental objectives,
ecological targets and environmental outcomes that can be achieved under the proposed ESLT.

1.1 Background
1.1.1 Requirements of the Water Act
A key component of the Basin Plan is to provide for the establishment and enforcement of
environmentally sustainable limits on the quantities of surface water and groundwater that can be
taken from Basin water resources. The Act provides objects, context, definitions and other
directions to guide the determination of these limits (see relevant extracts in Text Box 1‐1).
Whilst the Water Act provides overarching objects and requirements, it does not prescribe specific
environmental targets or outcomes (such as a level of protection or restoration for the Basin’s
water‐dependent ecosystems or ecosystem services), and this is therefore a key decision point for
MDBA in setting an ESLT.
The Convention on Wetlands of International Importance (the Ramsar Convention) is one of the key
international agreements given effect to by the Water Act and the Basin Plan. The Ramsar
Convention is founded on the ‘wise use’ concept. The wise use of wetlands is defined as “the
maintenance of their ecological character, achieved through the implementation of ecosystem
approaches, within the context of sustainable development”. “Wise use” therefore has at its heart
the conservation and sustainable use of wetlands and their resources. These concepts are
consistent with the concept of a healthy working Basin.
Summarising across the objects, definitions and other requirements of the Act, supported by an
understanding of the obligations under international agreements, and the objectives of water
reform processes such as the National Water Initiative, the task for MDBA in setting an ESLT includes
taking into account:


the water required to provide for the ecological values (e.g. biodiversity) and ecosystem services
of the Basin (e.g. human values like the provision of an aesthetically appealing environment for
recreation and tourism); and



the socio‐economic benefits of water resource use, and the impacts of any reduction in take.

MDBA has adopted the overall management objective of achieving a healthy working Murray‐
Darling Basin, including a healthy environment, strong communities and a productive economy.
The task for determining an ESLT is therefore to determine the level of take that aligns with this
objective and is consistent with the legal definition of the ESLT provided in the Water Act. To do this
MDBA has approached implementing the concept of compromise in the definition of the ESLT (see
Text Box 1‐1) having regard to the objects of the Water Act, the purpose of the Basin Plan, the
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objective of a healthy working Basin and the wise use concept, and the need to optimise economic,
social and environmental outcomes ‐ in this sense taking into account a triple bottom line approach.
This optimisation must also occur within the limitations and constraints of our current system. This
is illustrated conceptually in Figure 1.1.
On the basis that the water resources of the Basin (at an aggregate level) are over used, the ESLT will
inform the amount that consumptive use needs to be reduced to provide sufficient water for the
environment. This volume of water to be returned to the environment will then be used, in
conjunction with existing environmental water, to achieve the objective of a healthy working Basin.
It is important to note that the ESLT is not an operational or implementation plan for recovery or
delivery of environmental water. There are other parts of the Basin Plan that will address
implementation issues such as the Environmental Watering Plan and requirements for the
development of water resource plans by states.

Figure 1.1: Influencing elements used to inform the ESLT
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Text Box 1‐1: Parts of the Water Act relevant to the ESLT.
Objects (Section 3)
The objects of this Act are:
a) to enable the Commonwealth, in conjunction with the Basin States, to manage the Basin water
resources in the national interest; and
b) to give effect to relevant international agreements (to the extent to which those agreements are
relevant to the use and management of the Basin water resources) and, in particular, to provide for
special measures, in accordance with those agreements, to address the threats to the Basin water
resources; and
c) in giving effect to those agreements, to promote the use and management of the Basin water
resources in a way that optimises economic, social and environmental outcomes; and
d) without limiting paragraph (b) or (c):
i.
to ensure the return to environmentally sustainable levels of extraction for water resources
that are overallocated or overused; and
ii.
to protect, restore and provide for the ecological values and ecosystem services of the
Murray‐Darling Basin (taking into account, in particular, the impact that the taking of water
has on the watercourses, lakes, wetlands, ground water and water‐dependent ecosystems
that are part of the Basin water resources and on associated biodiversity); and
iii.
subject to subparagraphs (i) and (ii)—to maximise the net economic returns to the Australian
community from the use and management of the Basin water resources; and
e) to improve water security for all uses of Basin water resources; and
f) to ensure that the management of the Basin water resources takes into account the broader
management of natural resources in the Murray‐Darling Basin; and
g) to achieve efficient and cost effective water management and
h) administrative practices in relation to Basin water resources; and to provide for the collection,
collation, analysis and dissemination of information about:
i.
Australia’s water resources; and
ii.
the use and management of water in Australia.
Definitions (Section 4)
Environmentally sustainable level of take for a water resource means the level at which water can be taken
from that water resource which, if exceeded, would compromise:
(a) key environmental assets of the water resource; or
(b) key ecosystem functions of the water resource; or
(c) the productive base of the water resource; or
(d) key environmental outcomes for the water resource.
Purpose of the Basin Plan (Section 20)
The purpose of the Basin Plan is to provide for the integrated management of the Basin water resources in a
way that promotes the objectives of the Act, in particular providing for:
(a) giving effect to relevant international agreements (to the extent to which those agreements are
relevant to the use and management of the Basin water resources); and
(b) the establishment and enforcement of environmentally sustainable limits on the quantities of surface
water and ground water that may be taken from the Basin water resources (including by interception
activities); and
(c) Basin‐wide environmental objectives for water‐dependent ecosystems of the Murray‐Darling Basin
and water quality and salinity objectives; and
(d) the use and management of the Basin water resources in a way that optimises economic, social and
environmental outcomes; and
(e) water to reach its most productive use through the development of an efficient water trading regime
across the Murray‐Darling Basin; and
(f) requirements that a water resource plan for a water resource plan area must meet if it is to be
accredited or adopted under Division 2; and
(g) improved water security for all uses of Basin water resources.
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Continuation of Text Box 1‐1: Parts of the Water Act relevant to the ESLT.
Content of the Plan (Section 22)
The Basin Plan must include the matters set out in the following table: (for details on other items in the table
see Section 22 of the Water Act 2007)
Mandatory content of Basin Plan:
Item 6 Matter to be included
The maximum long‐term annual average quantities of water that can be taken, on a sustainable basis, from:
(a) the Basin water resources as a whole; and
(b) the water resources, or particular parts of the water resources, of each water resource plan area.
The averages are the long‐term average sustainable diversion limits for the Basin water resources, and the
water resources, or particular parts of the water resources, of the water resource plan area.
Long‐term average sustainable diversion limits (Section 23)
1. A long‐term average sustainable diversion limit for the Basin water resources, for the water resources
of a particular water resource plan area or for a particular part of those water resources must reflect
an environmentally sustainable level of take.
2. A long‐term average sustainable diversion limit for the Basin water resources, for the water resources
of a particular water resource plan area or for a particular part of those water resources may be
specified:
a. as a particular quantity of water per year; or
b. as a formula or other method that may be used to calculate a quantity of water per year; or
c. in any other way that MDBA determines to be appropriate.

1.1.2 History of water reform
The history of water reform in the Murray‐Darling Basin, in response to declining environmental
health, is long and ongoing. The first steps are perhaps hard to single out, but it’s clear that the
decline in environmental condition contributed to the establishment of the Murray‐Darling Basin
Initiative and Murray‐Darling Basin Commission in the 1980s.
In 1994, the Council of Australian Governments adopted a strategic water reform framework, which
was incorporated into the National Competition Policy agreements. The main objectives of the
strategic framework were to establish an efficient and sustainable water industry, and to arrest
widespread natural resource degradation partly caused by consumptive water use. The strategic
framework covered pricing, the appraisal of investment in rural water schemes, the specification of,
and trading in, water entitlements, resource management (including recognising the environment as
a user of water through formal allocations), institutional reform, and improved public consultation.
The Council of Australian Governments reinforced and extended these strategic water reforms in
2004 through the Intergovernmental Agreement on a National Water Initiative.
In particular the initiative includes specific commitments to:


return overallocated and overused systems to environmentally sustainable levels of
extraction;



the creation of perpetual share‐based water access entitlements;



a risk assignment framework that provides for a sharing of the responsibility for reduced
water allocations once overallocation and overuse are dealt with;



removal of barriers to trade; and



improved water accounting.
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As the reforms have been implemented, a growing body of evidence has accumulated indicating that
the water resources of the Basin are being overextended, while the ecological health of the Basin is
under increasing stress and degrading. This includes the decline of wetlands with associated loss of
vegetation and collapse of waterbird breeding. Initial steps were taken in 1995 with the
Commonwealth and Basin states agreeing to cap the bulk of surface‐water diversions in the Basin at
1993–94 levels (the Cap).
In 2002, in response to evidence showing the declining health of the River Murray system, the
Commonwealth, New South Wales, Victorian, South Australian and ACT governments established
The Living Murray initiative. Supported by scientific assessment of environmental water
requirements, the governments agreed to recover a long term annual average of 500 GL/y as a
‘first step’ towards securing the long‐term ecological health of six icon sites. They also agreed to
invest concurrently in infrastructure to make the best use of the water available to the
environment and achieve other ecological outcomes, including fish passage.
In response to extreme drought, exacerbated environmental stress across the Basin, and growing
evidence that further action was needed to address environmental decline (supported in part by the
Sustainable Rivers Audit and CSIRO Sustainable Yields Project) the Australian Parliament passed the
Water Act 2007 (Cwlth). The Water Act established the MDBA with the powers necessary to develop
and implement new Basin‐wide water planning and management arrangements, including legally
enforceable limits on the extraction of water.
1.1.3 The need for change
The decline in environmental condition of parts of the Murray‐Darling Basin has been long reported.
Jones et al. (2002) stated that it is likely that during the 1960s or 1970s, ecological condition
deteriorated to a point where the River Murray could no longer be considered as healthy.
Many studies have assessed and reported on the decline in ecological condition, either at the local
(for a particular wetlands or ecosystem) or Basin‐wide scale (Lloyd 2003, Bunn and Arthington 2006,
Norris et al. 2001, Thoms and Sheldon 2002, and Ladson et al. 1999, Kingsford 2000, Humphries and
Winemiller 2009, MDFRC 2011). The Sustainable Rivers Audit (Davies et al. 2008) is the most
comprehensive assessment of ecosystem health at the Basin‐wide scale. It found that 20 out of 23
river valleys across the Basin were in poor to very poor health. The Sustainable Rivers Audit
considered fish, macro‐invertebrate and hydrology in its assessment of ecosystem health using
observed data from 2004 to 2007. Although much of the data was collected during drought
conditions, the conclusions are consistent with studies prior to the drought, such as the snapshot of
the Murray‐Darling Basin River Condition which was part of The Assessment of River Condition,
undertaken through the National Land and Water Resource Audit (Norris et al. 2001).
A variety of factors have affected the health of the Basin’s rivers, wetlands and floodplains. These
include:


“catchment influences” such as vegetation clearance and impacts associated with
productive land use; and



“hydrologic influences” associated with river regulation and water extractions. Hydrologic
influences are also sometimes called “flow stress”.
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These influences affect the physio‐chemical character of water in our rivers and wetlands, as well as
the condition and extent of physical habitat character (MDFRC 2011). In turn these changes in
character affect ecological communities and processes. The extent to which these influences affect
the character of the rivers and wetlands is governed (in part at least) by the geomorphology at
catchment, reach and local scales.
The Basin Plan is seeking to address water stress (hydrologic influences). At a Basin scale, water
stress is understood to be a primary reason for the decline in the health of the Basin’s rivers,
wetlands and floodplains (Roberts and Marston 2011, Kingsford 2000). At local scales the health of
the rivers, wetlands and floodplains varies significantly, as does the inter‐relationship between
catchment influences and flow stress.
The focus of the Basin Plan on addressing water stress is in recognition of the impact that this has
had on the health of the Basin, largely due to river regulation and unsustainable levels of water
extraction. This is not to ignore the range of other significance of influences, particularly related to
catchment processes, the influence of invasive species and over‐exploitation of native species.
These other threats to ecosystem health also need to be managed. However, these influences are
best managed through other instruments and programs, rather than the Basin Plan which is about
integrated water resources management.

1.2 Description of the Basin’s landscape and its ecosystems
1.2.1 The Murray‐Darling Basin river system
River basins are characterised by their size, their shape and topography, their geology and
associated soils, and their climate. The Murray‐Darling Basin is an unusual river system with respect
to these features. Draining an area of 1.056 million km2 and comprising approximately 440,000 km
of rivers, of which 40,000 km are major (Bureau of Meteorology 2011), the Murray‐Darling Basin is
one of the largest and driest catchments in the world. The geology is old – the underlying rock is 350
million years old, resulting in a low topographical relief and flat rivers. The climate is not consistent
across the Basin and varies between the humid climate in the east to semi‐arid and arid in the west.
The entire Basin is also characterised by highly variable rainfall from year to year, with associated
rainfall patterns shifting from wet winters in the south to wet summers in the north. Across the
Basin the catchments experience varying periods of flood and drought, and in general, the much
more arid nature of the Darling portion of the Basin means that the impact of these climate
variations on river flows and groundwater is greater in percentage terms than it is in the Murray.
This unique Basin contains highly regulated rivers, semi‐arid ephemeral streams and numerous
unregulated tributaries. The circulation and distribution of water in the Basin, or its hydrology, is
influenced by its highly varied climate, topography, geology and soils. These primary drivers
determine the flow regime, river forms and ecological attributes of the Basin. Other influences on
Basin hydrology include the development of dams and other water control structures and the
expansion of irrigation and other forms of water use.
Rainfall generates surface flow across the Basin. Average annual rainfall over the Basin is 467 mm
but can exceed 1000 mm along much of its southern and eastern boundary (Bureau of Meteorology
website 2011). There is large natural variability of flows in rivers throughout the Murray‐Darling
Basin, with variability generally being greatest for rivers in the Darling section (Walker et al. 1995,
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Puckridge et al. 1998). Evaporation rates are high with average annual evaporation exceeding
average annual rainfalls across the majority of the Basin. In some locations average annual
evaporation is approximately five times greater than the average annual rainfall. This diverse climate
results in differences in the volume and seasonality of Basin river flows.
The estimated average annual inflows into all rivers in the Murray‐Darling Basin is 31,599 GL
(excluding inter‐Basin transfers which provide a further 954 GL, giving total inflows of 32553 GL,
MDBA 2011a). The River Murray drains the south of the Basin and has its origins in the high ridges of
the Australian Alps and, while the Murray Basin is less than half the size of the Darling Basin, its
runoff makes up the majority of the total runoff (MDBA 2010a). The Darling River drains the north of
the Basin and has its origins in the Great Dividing Range close to the border of New South Wales and
Queensland. Total discharge in the Darling River at Wilcannia in NSW is approximately 3,300 GL
(NSW Water Information website 2011).
As the water moves through the Basin’s network of river catchments, the complexities of the
connectivity between the rivers are influenced by its diverse climate, landscape and the presence of
artificial structures. These complexities are reflected by catchments such as the Lachlan in New
South Wales where the majority of flow does not connect to downstream rivers. Much of the flow
from several major New South Wales tributaries of the Darling is also lost in terminal wetland
systems (e.g. the Macquarie Marshes, the Narran Lake wetlands and the Paroo Overflow) and then
further reduced through evaporation or seepage before it makes it through the Darling and across
the border to South Australia.
The Murray‐Darling Basin is underlain by a complex geology which influences the physical form of
the rivers and tributaries, and the sedimentation processes in the rivers and subsequent transport of
nutrients through ecosystems. Geology and the soils influence the channel bed load and channel
morphology (Ife and Skelt 2004). The flow regime and sediment load together determine the
channel form, channel size and shape, and the shape of the river bed.
The rate of sediment eroded from landscapes is determined by geology, slope and vegetation cover
(Young et al. 2001a). Once sediment enters an aquatic system the key processes of transport,
erosion and deposition are controlled by flow and its interaction with geomorphology and
vegetation. High flow events are particularly important for scouring sediment and modifying habitat
through either small scale changes in sediment composition and structure, or larger scale changes in
geomorphology. Drying events can also be important as they provide an opportunity for
consolidation of sediments. Natural processes associated with the action of rivers and wind have
deposited thin layers of sediment over these geological assemblages. These deposits are relatively
extensive in the broader flat areas, and are deepest in the broad alluvial valleys, but restricted in the
highlands areas. The associated soils tend to be low in nutrients and carbon.
From their headwaters, rivers of the Basin traverse a number of riverine landscapes. These include
gorge areas with single well‐defined channels, large flat floodplains which support shallow,
branching channels, and terminal lakes and wetlands. The extent of geomorphic processes such as
erosion, transport and deposition vary significantly between geomorphic river types. These
processes are important to river health as they largely determine hydraulic conditions and habitat.
Habitat features within the Basin occur at a range of spatial scales, including backwaters, benches
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and deep pools, providing a wide range of habitat‐types for aquatic biota such as algae,
macroinvertebrates, waterbirds and fish.
The upper reaches of the Murray‐Darling Basin are characterised by the Great Dividing Range, which
drains to westerly flowing rivers including the Condamine, Lachlan, Macintyre and Namoi. Rivers
that flow north into the Murray Basin from Victoria include the Goulburn, Mitta Mitta, Kiewa, Ovens,
Loddon and Campaspe rivers. These rivers are fed by numerous creeks, often originating in alpine
areas, where precipitation is greater and more reliable than elsewhere in the Basin. These upland
streams are also important contributors of carbon and sediment to the Basin’s lowland rivers.
The lower Murray and Darling rivers flow through broadening plains and, by the time the rivers join,
the elevation is just 50 metres above sea level though 800 kilometres from the sea. The low land‐
slopes that characterise much of the Basin mean that the Murray and Darling rivers and most of
their major tributaries are very low gradient rivers. This has led to the formation of complex systems
of effluent creeks in the lower reaches of many rivers in the Murray‐Darling Basin. In the case of the
Darling Basin, the combination of very variable rainfall and runoff and low gradients, has meant that
most of the Darling’s tributaries have formed “inland deltas” in their lower reaches prior to their
junction with the Darling (Webb, McKeown 2007, Thoms et al. 2004).
The distribution of water resulting from these low gradients has created some major wetland areas.
The large wetlands on the lower reaches of the Condamine–Balonne, Gwydir, Macquarie, Lachlan
and Murrumbidgee rivers are among the most important sites of their type in Australia, supporting
an array of water‐dependent species such as river red gums, water couch and colonial waterbirds.
1.2.2 Groundwater
A number of rivers within the Basin are understood to receive flow from significant groundwater
sources and the extent of connectivity between surface water and groundwater in some areas of the
Basin means that groundwater discharge can make up a large part of the flow in these streams
during dry times (CSIRO and SKM 2011). The level of this contribution varies throughout the Basin
and is reflected by the distribution of groundwater dependent ecosystems (GDE). Groundwater
dependent ecosystems, which are ecosystems that use groundwater as part of their survival
strategies, are an important component of biological diversity in the Basin. These ecosystems may
completely rely on groundwater, particularly during drought, and it is the degree of this dependency
which influences the extent to which they are affected by changes to the groundwater system. The
ESLT for groundwater is outlined is the companion document Groundwater SDL methodology (CSIRO
and SKM 2011).
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1.3 The importance of flow
1.3.1 Links between river flow and ecology
Stream flow varies in response to climate, season, landform and land use. For environmental flow
assessment purposes the flow regime of rivers and streams is often categorised into a number of
discrete components (e.g. Arthington et al. 2006; Kennard et al. 2009; Poff et al. 2010). These are
sometimes referred to as the “ecologically significant components of the flow regime” and typically
comprise:
 Cease to flow periods;
 Baseflows (or low flows);
 Freshes;
 Bankfull flows; and
 Overbank flows.
All of these aspects of the flow regime and associated attributes of seasonality, depth and duration
are viewed as the driving variables that influence the ecological character of riverine ecosystems,
with water providing the key to the development of riverine landforms and water‐dependent
ecosystems (Arthington and Bunn 2002). As flow is a major determinant of riverine habitats, the
alteration of flow regimes is considered as a major threat to ecological sustainability and integrity of
rivers and their associated habitats, and this occurs over a variety of scales including catchment,
reach and micro‐habitat (Poff et al. 1997; Bunn & Arthington 2002).
Along with the importance of flow in determining habitats, there are a number of key ecosystem
functions associated with flow regime which are considered critical to maintaining the ecological
health of rivers and their floodplains (see Figure 1.2). These functions support fish, birds and
invertebrates through habitat maintenance, energy transfer and facilitating connections between
rivers and floodplains. Overbank flows supply the floodplains with nutrients and sediments from the
river, accelerate the breakdown of organic matter and supply water to disconnected wetlands,
billabongs and oxbow lakes. As the floodwaters recede, the floodplains provide the main river
channel with organic matter.
The hydrological connection between watercourses and their associated floodplain provides for the
exchange of carbon and nutrients (Thoms 2003). The connections are considered essential for the
functioning and integrity of floodplain‐river ecosystems as, for example, flooding often results in the
elevation of floodplain soil nutrient concentrations with commensurate increases in plant growth
(Thoms 2003).
Most inland ephemeral rivers and floodplains are extensive and can cover large areas, especially
relative to the main river channel. During flood events the export of dissolved organic carbon from
the floodplain can be substantial and plays a key role in the overall productivity of the catchment
(Thoms 2003).
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Figure 1.2: Summaries the flow regime and its connection to ecological functions, processes and
river ecology.
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The frequency and extent of flood inundation on floodplains and wetlands is a major influence on
the vegetation found there. The distribution of vegetation types, growth rates, reproduction,
regeneration and population structure of vegetation on floodplains and wetlands are influenced by
the frequency of flood event (Young et al. 2001b). Figure 1.3 is an illustration of how different
inundation frequencies influence the variety of vegetation types that occur in the Edward‐Wakool
system, a major anabranch and floodplain of the Murray River. These relationships between flow
and vegetation communities occur across the Basin and are understood well enough to be
predictable. The tight relationship between flow patterns and the ecological communities they
support provides the conceptual basis of the hydrologic indicator site method (see Section 5).

Figure 1.3: An example illustration of how different inundation frequencies influence the variety of
vegetation types that occur in the Edward‐Wakool system.
Flow patterns are a major influence on the life history patterns of aquatic species and changes from
the natural flow regime can lead to a loss of biodiversity. The maintenance of natural patterns of
longitudinal and lateral connectivity is essential to the viability of populations of many riverine
species (Bunn and Arthington 2002). A wide range of hydrologic conditions, including no or low flow
periods and overbank flows which connect floodplains, are required to support the health and
resilience of water‐dependent ecosystems. For example, river red gums require inundation for more
than four months every two to five years (Roberts and Marston 2000).
The ability of native fish to access floodplains is important as ephemeral wetlands are known to
support fish recruitment and productive and diverse native fish communities (Beesley et al. 2010).
Flow triggers the movement of many fish species into and out of wetlands and changes to the nature
of the lateral connection through levees or regulators are known to affect diversity within the
wetland (Sheldon et al. 2002, Jones et al. 2002).
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1.3.2 Impacts of water resource development
Water resource development in the Basin, which has included the extensive modification of the
natural flow regime, has resulted in major declines in the health of water‐dependent ecosystems
(MDFRC 2011). Generally, the reduction in the frequency and magnitude of floods underpins the loss
of diversity and resilience in riverine ecosystems (Arthington and Pusey 2003). This relates to the
importance of flow variability and flooding, as a key component of the habitat requirements for
many aquatic and floodplain organisms (Roberts and Marston 2000, Rogers and Ralph 2011).
Flow is affected by the capture of water in major dams, the pattern of release of water from these
dams, and by the extraction of water throughout the Basin. These factors combine to produce
changes in flow that differs across the Basin in both scale and type. The Basin’s major dams modify
flow patterns by storing inflows, and then releasing stored water when downstream water needs
exceed downstream inflows, or on the relatively few occasions when they overflow during flood
periods. The overall effect of this is to dampen out flow variability downstream of the dam with the
proportion of time the river spends in flood and low flow reduced. While the increased frequency of
moderate in‐channel flows that can be provided by regulation with dam releases provides more
reliable river flows for human use, it removes the ‘boom/bust’ signals that many native plants and
animals require to breed, and overall will led to a less diverse ecology.
This decline in condition has been highlighted in a recent MDFRC (2011) report which found the
Basin’s water‐dependent ecosystems are naturally characterised by a high degree of both natural
disturbances and anthropogenic (human) pressures. These tend to interact to increase pressure on
the system and decrease resilience. The report suggested that, given these disturbances and
pressures, significant management change is required to prevent further degradation of water‐
dependent ecosystems in the Basin. Crucial to these changes will be the restoration of a more
natural flow regime.
There is evidence of the detrimental impacts of flow regime changes on native fish populations.
Studies of native fish movement indicate that some species can travel hundreds or even thousands
of kilometres (Crook et al. 2001, Koehn et al. 2009, O'Connor et al. 2005). The implications for
populations if fish are not able to make these excursions include interrupted spawning , restrictions
in accessing preferred habitat and food resources, an increased chance of predation and disease,
and the reduction in genetic diversity as populations become fragmented.
There are major environmental benefits to restoring a more natural watering regime. Healthy
riverine systems provide areas of biodiversity, nursery areas for native fish and crustaceans, nutrient
sources for the rivers, and natural flood buffers. Wetlands can also provide extra water storage,
tourism, recreational opportunities and are culturally significant.
1.3.3 Why ecosystems need river flows
The scientific study of the response of water dependent ecosystems to changes in the flow regime
confirms that variability in stream flow and flooding is critical for maintaining or improving ecological
health in the Basin. Essentially, certain features of the flow regime support specific flora, fauna,
functions and processes in the rivers and across the floodplains. The flow regimes can be low flows,
freshes (or fresh flows), and bankfull flows or overbank flows. These flows drive species recruitment,
trigger seed establishment and germination, allow for nutrient cycling, contribute to channel
formation and improve hydrologic connectivity.
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If relevant aspects of the flow regime are known to be significant for ecological functions and
process, it follows that if they are present, then the ecological systems will respond. Although land
management and development will influence the outcome, it is accepted that if the significant
aspects of flow regimes are not present, the ecosystems will change. In the Basin the changed
ecosystem is often characterised by increased presence of weeds, feral animals, degraded water
quality and poor resilience (Davies et al. 2008). Currently, 20 out of 23 river valley’s across the Basin
are in poor to very poor health (Davies et al. 2008).
1.3.4 Conceptualisation underpinning the ESLT
Recent research has confirmed the inter‐connectedness of flow regime, aquatic biodiversity and
overall ecological condition (e.g. Rogers and Ralph 2011, Roberts and Marston 2011). It is the
presence or absence of water that defines much of the habitat of semi‐arid and arid landscapes,
with rivers and their flows influencing most of the ecological variability (Young and Kingsford 2006).
It is apparent that the science of eco‐hydrology, that links flow to ecological condition, is the basis
for determining the flows needed to achieve a healthy working Basin. The current eco‐hydrological
science on large river systems such as those in the Murray‐Darling Basin points to three major
factors which need to be addressed to maintain or improve ecological integrity and therefore Basin
environmental health:


A natural flow pattern drives key ecological processes, function and attributes in a
healthy and working Basin. The greater the departure from the natural flow pattern, the
greater the likelihood that the river will not be ecologically sustainable;



Flow is a major determinant of riverine ecology, and associated habitats, and this occurs
over a variety of scales including catchment, reach and micro‐habitat (Poff et al. 1997;
Bunn & Arthington 2002). Generally, the reduction in the frequency and magnitude of
floods along with changes to the flow regime underpins the loss of diversity and
resilience in riverine ecosystems (Arthington and Pusey 2003); and



Lateral and longitudinal connectivity between sections of the same river, and with
connected rivers, are being fragmented from one another by highly disturbed or
unhealthy sections, and modified flow regimes. Therefore, improving the overall lateral
and longitudinal connectivity of the system is required.

These factors provide the scientific understanding used by MDBA to set objectives, targets and flow
indicators which then support the determination of the ESLT. Figure 1.4 is an illustration of how
these concepts form an holistic view of the different flow needs of a river system.
From the small confined upland tributaries to the wide lowland rivers and associated large wetlands,
all these places are connected by flow which supports and provides habitat for the ecological
communities that live in those aquatic ecosystems. This conceptualisation enables the use of flow
assessment processes and hydrologic models that quantitatively assess the ability to achieve desired
ecological outcomes. This provides the basis for the determination of the ESLT.
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Figure 1.4: Conceptualisation of the processes that drive Basin health
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2 Framework for determining an ESLT
2.1 Overview
The determination of an ESLT has followed a number of sequential and iterative steps, as set out in
the conceptual framework shown in Figure 2.1. Each of these steps is described in further detail
through the rest of this document. The framework has been developed to enable MDBA to evaluate
ESLT options, and consider the balance between environmental outcomes and socio‐economic
impacts under these different options. The framework:
1. Establishes a comprehensive set of local environmental objectives and ecological targets
that reflect the Basin‐wide environmental objectives and targets of the Basin Plan and the
hydrological ‐ ecological relationships required to sustain the Basin’s water‐dependent
ecosystems and ecosystem services;
2. Incorporates the assessment of the social and economic benefits and costs to changes in
water use;
3. To optimise environmental, social and economic outcomes, it provides for the integration of
environmental, social and economic considerations at key decision points;
4. Allows for simulation of ESLT options using the best contemporary hydrologic modelling
approach available at the Basin scale;
5. Allows for the assessment of the performance of ESLT options against ecological targets to
describe the likely environmental outcomes; and
6. Outlines current uncertainties and opportunities to overcome these.
Further to item 3, some examples of ways that method takes into account the need to optimise
economic, social and environmental outcomes are:








Selecting a healthy working basin as an overarching objective for the Basin (rather than the
restoration of rivers to a pristine state);
The plan aims to protect and restore key environmental assets and key ecosystem functions,
not all assets and functions;
The desired watering frequencies for key environmental assets and key ecosystem functions
are selected to operate within the tolerances of associated plant and animal species, but are
not the natural frequency of flows;
Selecting ESLT options for testing that give consideration to economic, social and
environmental outcomes;
The process has been bounded by current water delivery constraints, a key social and
economic consideration; and
Selecting approaches and policies to source and use water efficiently.
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Figure 2.1: Overarching framework for determining an Environmentally Sustainable Level of Take

2.2 Use of hydrologic modelling in the framework
MDBA commenced a process of environmental assessments and hydrologic modelling in 2009. In
establishing the method for this work MDBA had the following objectives:


The approach should provide an estimate of the long‐term average reduction in diversions
required to achieve specified environmental objectives and targets, related to an ESLT;



The approach should be scientifically robust, transparent and able to be understood by a
wide audience;
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The approach should take into account the spatial and temporal variability in flows and
environmental water needs across the Basin;



The approach should be compatible with contemporary water management in the Murray‐
Darling Basin; and



To reduce uncertainty the approach should give greatest attention to those issues with the
greatest sensitivity to the ESLT.

The hydrologic modelling adopted by MDBA utilises the river system modelling platforms and
models developed by the State water agencies (all rivers except the River Murray) and the Murray‐
Darling Basin Authority/former Commission (for the River Murray) to represent environmental water
requirements and flow regimes. These models have been used to inform the development of State
water resource plans and were also used for CSIRO’s Murray‐Darling Basin Sustainable Yields Project
(CSIRO 2008). They are the best available tools for representation of long term flow sequences in
the Basin under current water sharing arrangements (baseline modelling platform) and without
development conditions. MDBA engaged CSIRO to conduct a fitness‐for‐purpose assessment for the
without‐development and baseline models (Podger et al. 2010a). This study found that the baseline
models reliably represent the Basin at its current level of development.
On the basis of specified environmental objectives and targets, environmental water requirements
or environmental demands are described at key locations along the rivers. These sites are called
hydrologic indicator sites. The hydrologic indicator sites and flows described at those sites are
intended to represent the broader environmental flow needs of river valleys or reaches. The
selection of sites and flows described focus on those areas and issues with greatest sensitivity to the
ESLT. That is, focussed on the parts of the flow regime and the parts of the Basin which were most
likely to affect the estimation of the ESLT. The assessment of environmental flow needs utilises the
best available science at each location, and considers local water management arrangements,
opportunities and constraints.
Environmental water requirements can be modelled using two fundamental approaches:
1. Estimate the environmental flow outcomes that can be achieved from a specified reduction
in diversions; or
2. Estimate the reduction in diversions required to achieve the specified environmental water
requirements.
The models can also be used to explore outcomes associated with different policy and river
management options – for example different water recovery options, or different environmental
water delivery approaches.
MDBA has used both modelling approaches to inform the ESLT. Initially, more modelling relied on
the second method but the more recent work by MDBA has focussed on the first approach whereby
modelling is used to estimate and describe the environmental outcomes for a scenario representing
a particular reduction in diversions. This is because this method allowed the simulation of use
against an environmental water account (of entitlements acquired under the Commonwealth
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commitment to bridge the gap). It is also simpler to represent in the models and provides greatest
confidence in output.
Some earlier model runs undertaken by MDBA, which attempted to estimate the reduction in
diversions required to achieve the specified environmental water requirements, have been used as a
range finding exercise as indicative of the likely scale of change required to achieve desired
environmental objectives. Knowledge gained from these model scenarios in combination with other
information as outlined in this document, helped select diversion reduction scenarios which were
then tested using the first approach.
The method for representing environmental water requirements in the models was described in
Podger et al. (2010b), noting that MDBA has made some refinements to this method in 2011. Both
these CSIRO published documents were peer reviewed in the peer review process initiated by the
MDBA (MDBA 2010b).
There are forms of take, such as diversions from some tributary streams and interception by runoff
dams and commercial plantations, which are not represented in hydrologic models but are included
in the estimate of the ESLT. Because they are not in models, the methodology for determining the
ESLT does not apply any of the reductions in use to these forms of take.

2.3 Implementation within an adaptive management process
The Basin Plan and its implementation is intended to be an adaptive management process. This
adaptive management process is important in relation to MDBA’s determination of an ESLT. The
process developed by MDBA enables new information to be taken into account at a number of key
steps, and for ongoing “learning through doing” (see Figure 2.2).
MDBA’s determination of an ESLT has taken into account a whole range of past actions, including the
Cap, The Living Murray Initiative, Water for Rivers and State initiatives that have returned water to
the environment. These initiatives have achieved a great deal, but there is more to do to achieve a
healthy working Basin.
The determination of an ESLT has been made on the basis of the requirements of the Water Act
2007. It has also been made with consideration of feedback provided by stakeholders on the Guide
to the proposed Basin Plan. This feedback has assisted MDBA refine its assessment of
environmental water requirements and modelling approach. The approach has also been refined in
response to recommendations from peer reviews.
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Figure 2.2: Outline of the Basin Plan process
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The ESLT has been based on existing information. MDBA has used the best available science, but
knows there are gaps and uncertainties in this science. MDBA also knows that local communities
may have options to achieve some environmental outcomes with less water. It’s expected much of
this new information may take considerable time to assess. For these reasons MDBA is proposing a
review of the Basin Plan in 2015, to enable a robust consideration of these issues and inputs over the
next 3 years. It is possible, indeed likely, that the ESLT and associated SDLs will be amended at that
time.
After this review, sustainable diversion limits will come into force in 2019. The Basin Plan will be
implemented through the Environmental Watering Plan and Water Resource Plans. Monitoring and
evaluation will assess the effectiveness of the plan into the future, and 10 year review cycles will
enable adjustment of the Plan, where necessary.
The objectives and targets developed to estimate the ESLT will not bind the future use of
environmental water. MDBA expects that the body of work undertaken to establish the ESLT will
provide valuable input to environmental watering but this watering will be a flexible and adaptive
process guided by the framework of the Environmental Watering Plan.
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3 Basin‐wide environmental objectives and ecological targets
This section describes the Basin‐wide environmental objectives and ecological targets that have
been set by MDBA, which have been used to assist in determining an ESLT.
The hierarchy of Basin‐wide objectives and targets is illustrated in Figure 3.1 while details on site‐
specific environmental objectives and ecological targets are provided in Section 5.2.

3.1 Environmental objectives
To fulfil its responsibilities under the Water Act, MDBA has developed a hierarchy of environmental
objectives for the Basin Plan, including a set of objectives to achieve specified environmental
outcomes.
The management objective for the Basin Plan as a whole is to achieve a healthy working Murray‐
Darling Basin, including a healthy environment, strong communities and a productive economy,
through the integrated and cost effective management of Basin water resources.
Given MDBA’s overarching objective has been framed in the context of a healthy working Basin, it is
important to understand what is meant by this term.
Most of the rivers of the Murray–Darling Basin can be considered ‘working rivers’, reflecting the fact
that for several decades, a significant proportion of the water has been extracted to support towns,
agriculture and other industries. A few rivers, like the Paroo, are in a relatively natural state,
reflecting the current low level of productive use, low populations, low level of regulation and high
conservation values.
The environment of working rivers is often highly modified. Extensive clearing of the floodplain
vegetation has commonly occurred and the presence of large dams has altered the flow regime to
mitigate flooding and assist in agricultural production. The changed flow regimes and a reduction in
the volume of water that spills onto the floodplain have meant that the remaining floodplain and
wetland vegetation, and the fauna that depends on it, is often in a degraded state.
For most working rivers it is not practically possible, nor desirable from a social or economic
perspective, to return them to a pristine or pre‐development condition. It is however necessary to
protect and restore the functioning of water‐dependent ecosystems of the Basin and to ensure they
are resilient to the risks and threats that exist now or may emerge in the coming years. A healthy
working Basin is therefore one in which an appropriate balance is struck between the water
available to the environment and the water regime needed to support economic development and
broader social needs. The expected outcome is a healthy, resilient and sustainable environment,
strong and vibrant communities and an efficient and productive economy.
The balance between consumptive use and provision of water to the environment will differ across
the Basin, reflecting different environmental and socio‐economic values. Parts of the Basin may be
managed in relatively natural or pristine state, reflecting the current low level of productive use and
high conservation values. Other parts of the Basin will be managed in a more modified state,
reflecting the greater level of water resource regulation, and more modified environmental
condition.
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In the context of a healthy working Basin, the Basin Plan contains four high‐level environmental
objectives:
1.

To protect and restore water‐dependent ecosystems of the Basin;

2.

To protect and restore the ecosystem functions of water‐dependent ecosystems;

3.

To ensure that water‐dependent ecosystems are resilient to risks and threats; and

4.

To ensure that environmental watering is co‐ordinated between managers of planned
environmental water, owners and managers of environmental assets, and holders of held
environmental water.

Importantly, the ability to achieve these objectives has been qualified in a note in the Basin Plan
which states “The fact that water storages and property (including floodplains) are under the control
of various persons will restrict the capacity to actively manage all water‐dependent ecosystems”.
At a finer scale, the Basin Plan’s Environmental Watering Plan sets out 22 subsidiary environmental
objectives that further define the first three high‐level objectives. MDBA used these detailed
objectives to determine ecological targets, environmental water requirements, and ultimately the
ESLT. The detailed objectives are outlined in Table 3.1
Table 3.1: Environmental objectives used to determine ecological targets and environmental
water requirements to inform the ESLT
 to protect and restore a subset of all water‐dependent ecosystems of the Murray‐Darling Basin,
including by ensuring that:
(a) declared Ramsar wetlands that depend on Basin water resources maintain their ecological
character; and
(b) water‐dependent ecosystems that depend on Basin water resources and support the
lifecycles of species listed under the Bonn Convention, CAMBA, JAMBA or ROKAMBA
continue to support those species; and
(c) water‐dependent ecosystems are able to support episodically high ecological productivity
and its ecological dispersal.
 to protect and restore biodiversity that is dependent on Basin water resources, including by
ensuring that:
(a) water‐dependent ecosystems that:
(i) depend on Basin water resources; and
(ii) support the lifecycles of a listed threatened species or listed threatened ecological
community, or species treated as threatened or endangered (however described) in
State or Territory law;
are protected and, if necessary, restored so that they continue to support those life cycles;
and
(b) representative populations and communities of native biota are protected and, if
necessary, restored.
 that the water quality of Basin water resources does not adversely affect water‐dependent
ecosystems and is consistent with the water quality and salinity management plan.
 to protect and restore connectivity within and between water‐dependent ecosystems, including
by ensuring that:
(a) the diversity and dynamics of geomorphic structures, habitats, species and genes are
protected and restored; and
(b) ecological processes dependent on hydrologic connectivity longitudinally along rivers, and
laterally, between rivers and their floodplains (and associated wetlands) are protected and
restored; and
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(c) the Murray Mouth remains open at frequencies, for durations, and with passing flows,
sufficient to enable the conveyance of salt, nutrients and sediment from the Murray‐
Darling Basin to the ocean; and
(d) the Murray Mouth remains open at frequencies, and for durations, sufficient to ensure
that the tidal exchanges maintain the Coorong’s water quality (in particular salinity levels)
within the tolerance of the Coorong ecosystem’s resilience; and
(e) barriers to the passage of biological resources (including biota, carbon and nutrients)
through the Murray‐Darling Basin are overcome or minimised.






that natural processes that shape landforms (for example, the formation and maintenance of
soils) are protected and restored;
to provide habitat diversity for biota at a range of scales (including, for example, the Murray‐
Darling Basin, riverine landscape, river reach and asset class).
to protect and restore food webs that sustain water‐dependent ecosystems, including by
ensuring that energy, carbon and nutrient dynamics (including primary production and
respiration) are protected and restored;
to protect and restore ecosystem functions of water‐dependent ecosystems that maintain
populations (for example recruitment, regeneration, dispersal, immigration and emigration)
including by ensuring that:
(a) flow sequences, and inundation and recession events, meet ecological requirements (for
example, cues for migration, germination and breeding); and
(b) habitat diversity that supports the life cycles of biota of water‐dependent ecosystems (for
example, habitats that protect juveniles from predation) is maintained.









to protect and restore ecological community structure and species interactions.
that water‐dependent ecosystems are resilient to climate change, climate variability and
disturbances (for example, drought and fire);
to protect refugia in order to support the long‐term survival and resilience of water‐dependent
populations of native flora and fauna, including during drought to allow for subsequent re‐
colonisation beyond the refugia;
to provide wetting and drying cycles and inundation intervals that do not exceed the tolerance
of ecosystem resilience or the threshold of irreversible changes.
to mitigate human‐induced threats (for example, the impact of alien species, water
management activities and degraded water quality); and
to minimise habitat fragmentation.

3.2 Ecological targets
The Environmental Watering Plan contains Basin‐wide ecological targets to measure progress
towards the environmental objectives set out above. These consist of intermediate targets (up to 30
June 2019) which relate to there being no loss or degradation in a range of characteristics of water‐
dependent ecosystems, and longer term targets (after 30 June 2019) which relate to improvements
in those characteristics.
For the purposes of determining environmental water requirements and an ESLT, MDBA has
adapted the Environmental Watering Plan targets to recognise that it is not practically possible to
return the rivers to a pristine or pre‐development condition. The Basin‐wide ecological targets are:

Page 24



Within the constraint of being deliverable in a working river system that contains public and
private storages and developed floodplains, the Basin‐wide ecological targets are that there are
improvements in:
o flow regimes including the following flow components; cease‐to‐flow events, low‐flow‐
season base flows, high‐flow‐season base flows, low‐flow‐season freshes, high‐flow‐season
freshes, bank‐full flows, over‐bank flows;
o hydrologic connectivity between the river and floodplain and between hydrologically
connected valleys;
o floodplain and wetland types including the condition of priority environmental assets and
priority ecosystem functions;
o condition of the Coorong and Lower Lakes ecosystems and Murray Mouth opening regime;
o condition and diversity of native water‐dependent vegetation;
o recruitment and populations of native water‐dependent species, including vegetation,
birds, fish and macro‐invertebrates; and
o the community structure of water‐dependent ecosystems.
Note: Priority environmental assets and priority ecosystem functions are environmental
assets and ecosystem functions that can be managed with environmental water.

These Basin‐wide targets provide part of the basis for setting ecological targets at a local scale. At
the local scale the targets are expressed more specifically in relation to the ecological values at the
site or reach. The determination of targets for individual hydrologic indicator sites is described in
Section 5.2.
The Basin‐wide objectives and targets give particular regard to Australian Government commitments
under relevant international agreements, as well as the need to protect species listed under
Commonwealth and State legislation. Conservationally‐significant fauna therefore includes species
listed under the Ramsar Convention, Bonn Convention, CAMBA, JAMBA, ROKAMBA, the
Environment Protection and Biodiversity Conservation Act, and equivalent State Acts such as the
NSW Threatened Species Conservation Act. However, the term ‘conservationally‐significant’ is also
intended to encompass the more general requirement of maintaining viable populations of species
in natural surroundings as per Article 8 of the Biodiversity Convention.

Page 25

Figure 3.1: Hierarchy of environmental objectives and ecological targets for the determination of
environmental water requirements. Note: HIS method refers to the hydrologic indicator site
method and EWP refers to the Basin Plan Environmental Watering Plan (MDBA 2011a).
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4 Identifying key environmental assets, key ecosystem functions, the
productive base and key environmental outcomes
The Water Act defines the ESLT as the level at which water can be taken from a water resource
which, if exceeded, would compromise:





key environmental assets of the water resource; or
key ecosystem functions of the water resource; or
the productive base of the water resource; or
key environmental outcomes for the water resource.

In determining an ESLT, an important step has been for MDBA to decide on definitions for each of
these elements (note the Water Act further defines environmental assets and environmental
outcomes ‐ it does not define which of these should be considered key ‐ and it does not provide
definitions of ecosystem functions or productive base). The processes developed by MDBA to do
this are described below and in Section 5, with further detail in Appendix A.

4.1 Key environmental assets
The Water Act defines environmental assets as including water‐dependent ecosystems, ecosystem
services, and sites with ecological significance.
MDBA selected five criteria (with accompanying achievement indicators) to assess environmental
assets within the Basin, and determine which of these would be considered key (see further details
in Appendix A). The criteria were developed based on international obligations and in broad
alignment with the National Framework and Guidance for Describing the Ecological Character of
Australian Ramsar Wetlands (Department of the Environment, Water, Heritage and the Arts 2008)
and the draft criteria for identifying High Conservation Value Aquatic Ecosystems (SKM 2007)
Criterion 1:

The water‐dependent ecosystem is formally recognised in, and/or is capable of
supporting species listed in, international agreements; and/or

Criterion 2:

The water‐dependent ecosystem is natural or near‐natural, rare or unique; and/or

Criterion 3:

The water‐dependent ecosystem provides vital habitat; and/or

Criterion 4:

The water‐dependent ecosystem supports Commonwealth, State or Territory listed
threatened species and/or ecological communities; and/or

Criterion 5:

The water‐dependent ecosystem supports or is capable of supporting significant
biodiversity.

MDBA also considered the ability to manage and deliver water to assets, in determining which would
be considered key. Some assets are not connected to the main rivers and water resources of the
Basin, and obtain water from local runoff or other processes. These assets are outside of the
MDBA’s ability to manage or influence, and are not considered key. There are also floodplain and
wetland assets that require very high flows to inundate. These flows occur as unregulated events in
response to extensive rainfall. Assets that require unregulated flows that cannot be managed are

Page 27

also not considered key. In these two situations, flows that sustain these assets will not be affected
by the Basin Plan and will continue to occur through existing processes.
In addition to determining criteria for key environmental assets (including delivery constraints),
MDBA has also undertaken some preliminary work to commence the development of a key
environmental asset inventory. This process will be further developed in the future through the
implementation of the Environmental Watering Plan, as set out in the Legislative Instrument, in
partnership with State agencies, the Commonwealth Environmental Water Holder, and other
stakeholders.
There are estimated to be in the order of 30,000 wetlands and many thousands of kilometres of
rivers and streams in the Basin. There is not currently a comprehensive list or inventory of these
environmental assets across the Basin for use in the determination of key environmental assets.
Therefore, identifying all environmental assets in the Basin as a ‘pool’ from which key environmental
assets can be assessed and selected is not currently feasible. Further work would be required to
enable this to occur.
For the purpose of developing the preliminary asset inventory, environmental assets with known
values were compiled as potential key environmental assets. This list of potential key environmental
assets was compiled using existing international, Commonwealth and State/Territory sources
including (but not limited to):







Declared Ramsar Wetlands;
Wetlands listed on the Directory of Important Wetlands of Australia;
High Conservation Value Aquatic Ecosystem sites;
Icon Sites established under The Living Murray Initiative;
Published and unpublished literature e.g. jurisdiction management plans; and
Spatial databases e.g. the EPBC Act 1999 threatened species spatial layer.

Each of the potential key environmental assets identified was then assessed against the criteria.
Thousands of environmental assets were initially listed. However for many of these, only limited
information was available to assess against the criteria. A basic assessment of these assets was
undertaken and, if an asset met the achievement indicators for at least one of the five criteria, it was
selected as a key environmental asset.
One major challenge faced by MDBA was determining which assets can be actively managed, and
which assets are either disconnected from the main water resources or require large unregulated
flows. Conceptually there is good understanding of these issues, but currently there is no detailed
mapping to define the zone of potential environmental water management in the Basin. This means
it is currently not feasible to ‘filter’ the assets to determine those that can be actively managed. This
would require further investment in floodplain inundation mapping, hydrologic modelling and
understanding of the flow delivery constraints, including the combined effects of multiple
constraints in upstream tributaries on downstream flows.
Notwithstanding these issues, it is clear that the Basin contains a large number (potentially
thousands) of key environmental assets. The preliminary inventory identified more than 2400
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named key environmental assets and up to twice as many more unnamed assets. MDBA
acknowledges the uncertainties associated with this work and does not consider this work provides
a robust inventory of key environmental assets in the Basin. Considerable further research and
knowledge gathering is required, coordinated through the Environmental Watering Plan process, to
resolve the issues identified above.
It is also clear from the assessments that the current level of knowledge and information is
insufficient to enable the environmental water requirements for many key environmental assets to
be determined. Consequently MDBA has developed and applied the indicator site approach,
described in Section 5.

4.2 Key ecosystem functions
The Water Act does not define ecosystem functions, so MDBA has utilised the following definition:
Processes that occur between organisms and their environment, within and between populations
and communities, and within river systems ‐ including interactions between the living and non‐
living environment which lead onto dynamics and change in the ecosystem (adapted from Gigney
et al. 2010).
There is good understanding within the scientific literature and community regarding the
importance of ecosystem functions in achieving environmental objectives and outcomes. There is
also a good conceptual understanding of the interplay between ecosystem functions and the health
of key environmental assets and populations of plants and animals. There are different approaches
to describing ecosystem functions (ecological and geomorphic approaches) and the current
knowledge base does not enable ecosystem functions to be explicitly mapped or quantified across
the Basin.
With the limited knowledge base (and associated uncertainties) in mind, MDBA developed an
interim list of key ecosystem functions to inform the ESLT. These were identified from a review of
available scientific literature. Three criteria were applied to determine which of these functions
were considered to be key (see Appendix A). This resulted in an identification of the following 14,
Basin‐wide, key ecosystem functions (Alluvium, 2010):















Disturbance through cease‐to‐flow periods;
Disturbance and wetting through bankfull and overbank flows;
Provide wetted habitat diversity in pool environments;
Provide wetted habitat in riffle and run environments;
Provide appropriate wetted habitat heterogeneity within a reach ;
Provide in‐channel habitat features within a reach;
Organic and inorganic sediment delivery to downstream reaches;
Sediment delivery to and from floodplains;
Dilute carbon and nutrients from litter and soil on receding flows from floodplains;
Dispersal of aquatic communities;
Recolonisation of aquatic fauna and flora communities;
Migration to fulfil requirements of life‐ history stages;
Instream primary production by periphyton, phytoplankton and biofilms; and
Foraging of aquatic species.
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MDBA also considered how to determine the environmental water requirements for each of these
key ecosystem functions. This followed the process of first identifying the flow regime components
required to support each key ecosystem function, and then developing ways (metrics or indicators)
to measure and set target values for those flows. This process is set out in Alluvium (2010).

4.3 The productive base
The Water Act does not define the productive base, so the MDBA has used advice drawn from Reid‐
Piko et al. (2010) which found that productive base is not widely employed or well‐supported
concept in the literature. Taken broadly it equates to ensuring that ecosystem services are
supported. Ecosystem services are the benefits that humans obtain from ecosystems. They can be
divided into provisioning, regulating, supporting and cultural services. Ecosystem services are
influenced by ecosystem conditions and ecosystem processes. In determining the ESLT, Reid‐Pike et
al. (2010) conclude that there would be little to be gained by separately distinguish ecosystem
services from the productive base and they should be treated synonymously.
Ecosystem services as a concept is still in development, and current empirical evidence on
environmental water quantities needed to support ecosystem services is relatively immature. The
relationship between biodiversity and ecosystem services is not sufficiently understood; scale
inconsistencies remain unresolved and establishing robust measures for calculating human value
and then disaggregating it to the ecosystem service level is a developing field Reid‐Pike et al. (2010).
In determining the surface water ESLT, MDBA considers that by providing environmental water for
key ecosystem functions and key environmental assets, productive base water requirements will
also be supported (see Appendix A for further details). Further research and experience in the
management of environmental water through adaptive management processes will continue to
inform the establishment of environmental water for ecosystem services and thus productive base.

4.4 Key environmental outcomes
The Water Act defines environmental outcomes to include ecosystem function, biodiversity, water
quality and water resource health. Key environmental outcomes expected from the ESLT for
ecosystem functions and biodiversity are set out in Section 9. Key environmental outcomes for water
quality and water resource health are incorporated in the Basin Plan Water Quality and Salinity
Management Plan.

4.5 Key issues and way forward
Through the processes outlined above, MDBA made determinations on the definitions for key
environmental assets, key ecosystem functions, the productive base and key environmental
outcomes, and gathered a considerable knowledge base surrounding these features. Very early in
this process it became apparent that, due to the knowledge gaps identified above, and the very large
number of potential key environmental assets, it would not be possible to determine the
environmental water needs for each of these components in turn, and then combine them to inform
an ESLT.
Consequently another approach was required to determine the ESLT, based on the currently
available information. This approach would also need to be applicable with the existing river system
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modelling platform. The approach chosen by MDBA to inform the ESLT is often referred to as the
hydrologic indicator site (or indicator site) method. This method is described in the next section of
the report.
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5 Determining environmental water requirements
This section describes the method for determining the environmental water requirements needed to
achieve an ESLT. The approach chosen by MDBA uses hydrologic indicator sites and an assessment
of their environmental water requirements to inform the ESLT. The fundamental principle of this
approach is the reinstatement of ecologically significant components of the flow regime to a level
that provides broad outcomes required to support key environmental assets, key ecosystem
functions, the productive base, and key environmental outcomes. This has been undertaken in a
modelling framework that allows the explicit consideration of flow delivery constraints and
opportunities for environmental flow delivery in a highly regulated Basin.

5.1 The hydrologic indicator site method
Section 4 describes MDBA’s work to identify key environmental assets of the Basin. Whilst elements
of this work are ongoing, the process to date has identified thousands of key environmental assets.
It was clear in the early stages of this work that it would not be possible to identify environmental
water requirements for each of these assets. Many of the assets do not have names, let alone any
information defining their environmental water needs, so the information base is simply not
available.
But it also is well known that many of these assets are hydrologically connected – at a reach or
catchment scale many key environmental assets are watered by the same flow events (the long term
characteristics and variability of these flow events is called a flow regime). With this knowledge
MDBA developed the hydrologic indicator site approach as a mechanism to describe an appropriate
flow regime. The approach uses relatively well studied sites to describe flow regimes for those sites
that will also provide reach or catchment scale outcomes for key environmental assets and key
ecosystem functions.
5.1.1 Basis for the method
MDBA’s hydrologic indicator site approach is based on 2 key principles:



Water dependent ecosystems require a flow regime (threshold/volume, duration,
frequency, timing) which sustains their ecological values and functions; and
Many water dependent ecosystems are hydrologically connected.

The first principle underpinning the hydrologic indicator site approach was that a functioning and
healthy river requires a variable flow regime which sustains key ecological values and functions (e.g.
Arthington et al. 2006; Kennard et al. 2009; Poff et al. 2010). This flow regime is made up of periods
of low flow (no flow in ephemeral watercourses), in‐stream flow pulses (or freshes), and larger but
less frequent bankfull and overbank flows.
The second principle underpinning the hydrologic indicator site approach is that from a surface‐
water perspective, many of the ecosystems in the Murray–Darling Basin are hydrologically
connected and interdependent — if flows are provided for one wetland, floodplain or section of
river flows will be provided for many others, both upstream and downstream. As a result of this
hydrological connectivity, we can use carefully selected sites to provide indicators of flow regimes
required for broader reaches or parts of the Basin.
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The use of indicator sites underpins many of the environmental flow assessment techniques used
worldwide and in Australia (e.g. Victorian FLOWS method, SKM 2002). Not only is the approach
scientifically valid but it also enables use of the best sources of information and is practical in terms
of level of resources required to undertake the assessment. It is simply not possible to assess the
environmental water needs of every individual environmental asset in an area as large as the
Murray‐Darling Basin. The information is not available and would be impossible to collect in any
reasonable timeframe. Moreover, the relationships between hydrology and ecology mean that it is
not necessary.
A key assumption of the hydrologic indicator site approach and its underpinning principles is that
provision of an adequate flow regime at indicator sites is representative of the environmental water
requirements of the broader suite of key environmental assets and key ecosystem functions across
the Basin. MDBA has undertaken some preliminary analysis to validate this assumption e.g. River
Murray floodplain inundation mapping, however this remains an area of uncertainty and future work
(refer to Section 10).
5.1.2 Application of the method
The indicator site approach enables:
 specific parts and patterns in the flow regime to be targeted;
 additional water to be provided for specific ecological communities;
 specific flow events to be determined as performance indicators against ecological targets;
 an assessment of environmental watering opportunities and constraints to be assessed at a
regional scale; and
 a greater level of confidence that ecologically relevant environmental flow requirements
have been used to inform an ESLT and SDL.
MDBA has applied the indicator site approach in a strategic way, focussing effort on those areas and
issues of greatest sensitivity in relation to establishing an ESLT. This focuses effort on those areas
and issues with greatest impact on water volume i.e. focus effort on regions and parts of the flow
regime that informs the scale of reduction in diversions necessary to achieve environmental
objectives, an ESLT and a healthy working Basin. This gives a different focus compared to the work
required to inform environmental water delivery and river operations, where all elements of the
flow regime may be of potentially equal importance.
The strategic approach applied to hydrologic indicator sites means that not all hydrologic indicator
sites have equal importance in informing an ESLT. Accordingly, hydrologic indicator sites can be
divided into two broad categories. The first broad category being hydrologic indicator sites that have
directly been used to assess the ESLT. These sites are further categorised according to their level of
environmental water requirement (EWR) assessment ‐ sites with detailed eco‐hydrologic assessment
of EWRs for bankfull, overbank flows, and fresh flows, and sites with a hydrologic assessment of
EWRs for baseflows.
The second category of hydrologic indicator sites have not directly influenced the ESLT but have
been used to provide supporting information. This category represents sites where flow data has
been assessed, but no change in diversions is required and/or other information more directly
informed regional SDLs.
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The following sections discuss the rationale for MDBA’s prioritisation of certain components of the
flow regime and the prioritisation of certain regions as part of the hydrologic indicator site approach.
5.1.3 Priority components of the flow regime
For environmental flow assessment purposes, the flow regime of rivers is often categorised into a
number of discrete components (e.g. Arthington et al. 2006; Kennard et al. 2009; Poff et al. 2010).
These are sometimes referred to as the “ecologically significant components of the flow regime” and
typically comprise:






Cease to flow periods;
Baseflows (or low flows);
Freshes;
Bankfull flows; and
Overbank flows.

An illustration of flow components and the area of influence in regard to a river channel and its
floodplain is provided in Figure 5.1.

Figure 5.1: Conceptual illustration of flow components and their influence on different parts of the
river channel and its floodplain.
The nature of these flow components varies across the Basin and between rivers depending on local
hydrology. For example, some permanently flowing rivers do not experience cease to flow periods,
whilst other rivers in the northern parts of the Basin experience long periods of no flow.
Whilst each of these flow components has ecological significance, in the context of setting an ESLT,
their contribution to a potential change in the balance between environmental and consumptive use
is of greater significance to this assessment. That is, MDBA has used this understanding of
volumetric contribution to focus on those components of the flow regime with greatest sensitivity to
the ESLT.
Analysis of modelled flow to South Australia can be used to further illustrate this issue. Under
modelled without development conditions, low flows less than 10,000 ML/d contribute only 3% of
the long‐term average flow volume. MDBA could invest significant time and resources in assessing
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low flow needs with very little improvement in confidence in the ESLT. On the other hand, flows
above 50,000 ML/d (approximate bankfull flow for lower River Murray downstream of Darling River
junction) contributed 52% of the long‐term average flow volume. Any uncertainty in flow
assessments in this part of the flow range will have a greater impact on confidence in the ESLT, and
understanding flow needs in this range is therefore a high priority.
On this basis MDBA has invested greatest effort in understanding high flow (freshes, bankfull flows
and overbank flows) requirements and less effort understanding low flow requirements. Owing to
the emphasis on flows with a larger volumetric contribution, the approach used to assess low flows
considered an assessment of hydrologic information but not ecological information.
5.1.4 Prioritisation and selection of hydrologic indicator sites
Environmental flow assessments using the indicator sites approach have been undertaken where it
was considered that they could best inform an ESLT.
5.1.4.1 Selecting priority regions
MDBA took the view that, where current flow regimes are sustainable, these flow regimes should be
protected to preserve existing ecological values within the region and protect the contribution that
these flows provide to downstream regions, either in terms of water for consumptive use or water
for the environment.
Figure 5.2 shows modelled end of system flows under current arrangements, as a proportion of
without development flows, for each region of the Basin. Regions where current end of system
flows are above 80% of without development flows were considered to have a flow regime which
sustains water‐dependent ecosystems. The Paroo, Ovens, Eastern Mount Lofty Ranges and Warrego
regions all met this 80 percent benchmark. In these regions it was not considered necessary to
assess environmental water requirements in any further detail. MDBA recognises that there may be
some flow stress issues in these regions, however it is considered that they are not volumetric issues
requiring a reduction in diversions, but require better river management and management of
existing diversions (e.g. to avoid low flow stress). Such matters are considered in elements of the
Basin Plan other than those related to SDLs.
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Figure 5.2: Modelled end of system flows under current arrangements, as a proportion of without
development flows, for each region of the Basin
The second regional scale prioritisation step was to consider the volume of the regional water
resource in the broader context of the Basin (Figure 5.3). It was considered appropriate to give
greatest attention to those regions with the largest water resources and the greatest change in
natural flow regime, as any proposed change in these regions is likely to provide the greatest
contribution to environmental outcomes and have the greatest potential for socio‐economic
impacts. It is therefore important that assessments in these regions have the greatest confidence to
best inform MDBA decisions. As an outcome of this prioritisation step, no detailed assessments of
environmental water requirements were undertaken in the Moonie region as it has the lowest
contribution to the Basin’s water availability (Figure 5.3) and has close to 80% of its natural flow
(Figure 5.2). Figure 5.3 shows that in terms of the volume of the water resources of the Basin the
greatest effort is required in the Murray, Murrumbidgee and Goulburn regions.
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Figure 5.3: Total current surface water availability. (adapted from CSIRO 2008)
Note 1. This figure presents modelled flows at the point of maximum flow in the respective river
under without development conditions. It is different to inflows, which are measured at
upstream gauges on tributaries etc.
2. For the Barwon‐Darling and Murray regions only the fraction of the water availability
generated within the region is shown.

5.1.4.2 Selecting sites within priority regions
Hydrologic indicator sites were selected in each of the remaining priority regions for a more detailed
assessment of environmental water requirements to inform the ESLT. Sites were selected on the
basis of:




The ability of a site to be representative of the water requirements of a broader reach of
river at the macro scale. Hydrologic indicator sites should be able to inform water sharing
across the region as a whole, with a preference toward large, water dependent ecosystems
near the end of river valleys where water requirements are an expression of valley‐wide flow
processes (note these ecosystems are also often of key ecological importance at the Basin
scale);
The spatial distribution of sites across the Basin to represent coarse scale changes in physical
and hydrological characteristics. Changes in flow interact with the habitat characteristics of
ecosystems and the environmental water requirements for ecological communities and the
processes that support them. Consequently, where the flow regime changes dramatically
along rivers, hydrologic indicator sites have been selected to represent these change points.
For the Murray in particular (and to a lesser extent the Barwon‐Darling and Murrumbidgee)
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hydrologic indicator sites have been distributed along the river to capture key changes in
flows associated with hydrology (predominantly tributary inflows);
The ability of a site to provide assessments of priority parts of the flow regime, from a
volumetric perspective (see Section 5.1.3); and
The quality of information available to support a detailed assessment of environmental
water requirements.

In some regions, existing detailed environmental flow studies have been utilised to inform the
selection of hydrologic indicator sites and also assist in prioritising regions to focus effort for detailed
assessments of environmental water requirements. This has particularly applied to Victorian
tributaries to the River Murray where detailed assessment of environmental water requirements
through the FLOWS method has been used to inform water recovery targets specified within the
Northern Region Sustainable Water Strategy (Victorian Department of Sustainability and
Environment 2009).
In total 122 hydrologic indicator sites were located throughout the Basin (Figure 5.4). Categories
assigned to hydrologic indicator sites as described in Section 5.1.2 are also shown. A complete list of
hydrologic indicator sites is provided in Appendix C.

Figure 5.4: Map showing the location of hydrologic indicator sites within the Murray‐Darling Basin.
Hydrologic indicator sites are categorised according to level of environmental water requirement
assessment and relative importance in informing the ESLT.

Page 38

5.2 Developing location specific objectives and targets
Once a set of indicator sites had been selected, the next step was to develop site‐specific
environmental objectives and associated ecological targets for each indicator site, against which
detailed flow requirements could be determined. The process for determining the site‐specific
objectives and targets is described in the following subsections. Appendix D presents the objectives
and targets for each of the hydrologic indicator sites where a detailed assessment of environmental
water requirements was undertaken.
5.2.1 Environmental objectives
Consistent with an indicator site‐based approach, specific objectives are necessary to specify an
ecologically‐significant flow regime. The hierarchy of environmental objectives in the Basin Plan are
described in Section 3 of the report. The hierarchy includes a set of detailed Environmental
Watering Plan objectives which have been applied as relevant at the hydrologic indicator site scale.
The objectives selected for each site were dependent on the particular ecological values of the site,
noting that many of the objectives applied to multiple sites. The ecological values of the site were
those identified in the process of determining key environmental assets (see Section 4).
5.2.2 Site‐scale ecological targets
In order to link the site‐scale objectives with MDBA’s approach of determining a sustainable flow
regime, it was necessary to specify a number of flow‐related ecological targets for each site. These
site‐scale targets were informed by the site‐scale environmental objectives and the Basin‐wide
ecological targets (see Section 3) and reflected the ecological values of the site. The ecological
targets were framed around the following key ecosystem components.
5.2.2.1 Ecological targets for wetland and floodplain vegetation communities
There has been extensive clearing, alienation and loss of wetland and floodplain vegetation
communities in preceding decades, resulting in the remaining areas being of high value particularly
in maintaining threatened or vulnerable flora and fauna. For this reason, MDBA views further
decline as undesirable and has focused on maintaining the current extent of flood dependant
habitats and communities in a healthy and resilient state, where possible. MDBA recognises that in
some locations, there are existing physical and operational constraints which mean that maintaining
all existing communities may not be feasible. These constraints, and options for overcoming them,
are discussed later in the report.
For declared Ramsar wetlands, current extent was taken as meaning the extent of vegetation
communities at the time of Convention listing. In several cases, an ecological character description
was available to define the extent of the vegetation communities, however where none was
available, the best available information on the extent of vegetation communities at the time of
listing was used. The quality of available information was quite variable between the sites.
For wetlands not listed under the Ramsar convention, current extent was defined by the best
available information. The age of this information varied among the sites and was drawn from many
sources including CSIRO, State and Commonwealth government agencies, and universities.
The targets for these communities recognise that the condition of many floodplain and wetland
communities has been adversely affected by altered flow regimes and the targets have been framed
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to reverse these declines by requiring that, where possible, wetland and floodplain vegetation
communities are maintained in, or returned to, a healthy, dynamic and resilient state.
It is important to recognise that the targets specified do not seek to restore the sites and river
reaches to their natural condition as in many cases this is no longer physically possible nor socially or
economically desirable. Declared Ramsar wetlands with ecological character descriptions that have
detailed limits of acceptable change were used as a basis for determining target conditions,
however, the ecological character descriptions often do not define in detail the condition at time of
listing.
The health of sites and river reaches will vary in response to the prevailing climate such that during
periods of prolonged drought, declines in condition of vegetation communities would not be
unexpected. The targets therefore recognise that the condition of communities will be dynamic but
also need to be resilient through periods of prolonged drought. In practice, this means that
vegetation communities have sufficient resilience to survive extended drought (with possible
declines in condition) and, at the end of that drought, have the ability to successfully recover their
productive and reproductive capacity.
The hydrologic indicator sites for key environmental assets contain 335,000 ha of wetlands covered
by the Ramsar Convention, and are associated with 1,300,000 ha of wetlands listed in A Directory of
Important Wetlands in Australia (Environment Australia 2001). A large number of the indicator sites
contain habitat components essential to one or more conservationally significant species. By
maintaining the current extent of flood dependent habitats and vegetation communities in a
healthy, dynamic and resilient state where feasible within existing physical and operating
constraints, a range of ecological objectives will be supported. Particular objectives include those
relating to the protection and enhancement of habitat vital for species listed under Commonwealth
and State legislation as well as those relating to the conservation of Ramsar wetlands. In addition,
achievement of these objectives would also support the following ecosystem processes and in doing
so contribute to related objectives:



Connection of riverine, floodplain and wetland ecosystems, allowing the exchange of
nutrients and sediment between the river channel and the floodplain; and
Formation of channels (in rivers within and outside the indicator sites) which create key
habitat elements such as pools, bars and benches.

5.2.2.2 Ecological targets for conservationally significant waterbirds
There are 81 waterbird species found in the Murray‐Darling Basin (Kingsford and Lee 2007, as cited
in Cale 2009). The habitat and flow regime requirements for waterbirds can be divided into those
for colonial nesting waterbirds (e.g. cormorants, herons, ibis, spoonbills) and those for non‐colonial
nesting waterbirds (e.g. ducks, cranes, geese, waders, swans). While both groups require healthy
and productive habitats for non‐breeding activities (e.g. foraging), there are differences between the
two groups in terms of requirements for successful breeding.
Colonial nesting waterbirds typically require relatively long duration flooding events for successful
breeding and fledging of chicks. For example, the yellow‐billed spoonbill requires about 5 months
for successful breeding and another 2 months from the commencement of flooding to prepare for
breeding (Cale 2009). On the other hand, non‐colonial nesting waterbirds typically require
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somewhat shorter duration flooding events to successfully breed (e.g. a total of 4‐5 months for the
white‐faced heron), although a few species do have equivalent requirements as the colonial nesting
waterbirds (e.g. 6‐7 months for the musk duck).
For floodplain and terminal wetland sites known to support breeding populations of colonial nesting
waterbirds, a specific ecological target relating to colonial nesting waterbird breeding was specified.
The target was usually expressed in general terms, to provide a flow regime which supports the
habitat requirements of waterbirds and is conducive to successful breeding of colonial nesting
waterbirds. The generally longer duration breeding requirement of the colonial nesting waterbirds
meant that this target would also satisfy the breeding requirements of other waterbirds. This target
is expected to protect and restore ecosystems supporting waterbird species listed under
international agreements as well as Commonwealth, State or territory listed threatened species.
For sites dominated by waterbirds other than colonial‐nesting waterbirds, the target was adjusted to
reflect the ecological requirements of that particular group of species.
5.2.2.3 Ecological targets for other conservationally‐significant species
The network of rivers and streams that dissect the individual valleys of the Basin and their
interaction with floodplains provide a range of habitat components and support a range of water
dependent ecosystems and values. As an example the Basin river systems support more than 60 fish
species, including 10 alien and 7 marine or estuarine species and some 124 families of macro‐
invertebrates, such as shrimps, snails and insects (Davies et. al 2008).
While it is clear that a range of biotic groups other than plants and waterbirds are water dependent
(e.g. amphibians, reptiles, invertebrates), knowledge of their particular flow requirements is, by
comparison, limited. However investigations undertaken at various locations in the Basin indicate
that flow patterns and variability are important for native fish and flows are linked to parts of the life
cycle of native fish. For example:






Beesley et al 2011 found that:
o Fish communities inhabiting floodplain wetlands are spatially and temporally diverse
both in terms of their community composition, but also in their response to watering;
o Environmental watering increases the abundance of the total fish community (all
species considered together) within wetlands, by increasing the abundance of fish in
their first year of life (larval and recruit fish); and
o Watering attributes are critical to optimising fish abundance in wetlands; this appears
to be because they affect the colonising potential of fish (method of water delivery,
source water) and their ability to successfully spawn and recruit (timing).
A number of fish species, such as Golden perch (Macquaria ambigua)and Silver perch
(Bidyanus bidyanus), require flow pulses or floods for spawning (Humphries et al. 1999);
Monitoring has shown that flows are an important factor in the larval survivorship and
subsequent recruitment of Murray cod (Maccullochella peelii) (Cheshire and Ye 2008); and
Connectivity between the main river and adjacent wetlands, anabranches and still water
habitats provided by increased flows are essential for larvae and juveniles of species such as
Flathead gudgeons (Philypnodon grandiceps) and Australian smelt (Retropinna semoni), that
require high concentrations of small prey to feed on and develop (Humphries et al. 1999).
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From this it can be seen that provision of flows that connect the river channel to the floodplain as
well as in‐channel flow variability are important to sustaining fish populations throughout the Basin.
Site specific ecological targets relating to fish have been expressed in general terms and have been
focused on providing key fish species with greater availability to key feeding and foraging habitats by
wetting benches, banks in‐stream habitat as well as facilitating migration and recruitment of native
fish species. This range of targets is expected to protect and restore ecosystems supporting species
listed under Commonwealth, state or territory listed threatened species and well as protect and
restore carbon, nutrient and sediment dynamics.
5.2.2.4 Targets for key ecosystem functions
As well as providing habitat to maintain populations for a range of biota, rivers and streams support
other water dependent ecosystems by providing connectivity within and between ecosystems as
well as supporting food webs that sustain these ecosystems. In addition, in‐stream environments
also sustain fundamental physical and chemical processes, for example, the transportation of
nutrients and sediment.
There are a range of values and supporting process provided by in‐stream environments that are
distinct from those outlined in the previous section and as such, a range of site specific ecological
targets have been specified. These targets typically focus on:




maintaining connectivity within and between water‐dependent ecosystems;
protecting and restoring carbon and nutrient dynamics; and
protecting refuges to support long‐term survival and resilience of the populations
dependent on them during drought and allow for their subsequent recolonisation.

This range of targets is expected to protect and restore a range of objectives related to key
ecosystem functions.

5.3 Determining environmental water requirements for hydrologic
indicator sites
This section describes the methods for determining the various components of the flow regime that
are needed in order the meet the targets and objectives for the hydrologic indicator sites. The sum
of these environmental flow events for a site makes up the environmental water requirements of
the site.
5.3.1 Bank full and overbank flows
For the purposes of determining bankfull and overbank flow events for indicator sites, the following
hydrological metrics were used:





either a flow discharge threshold and/or a total flow volume;
the required duration for that flow threshold, or duration over which the volume should be
delivered;
the required timing (seasonality) of the event (if important); and
the required frequency of events.

Determination of the environmental flow events was based on identifying flow or volume thresholds
relating to the specific targets (e.g. the flow required to inundate a certain vegetation community).
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The metrics were determined from known inundation and flow relationships (either documented or
based on expert opinion). Figure 5.5 is an illustration of an inundation and flow relationship for the
Edward‐Wakool hydrologic indicator site. Appendix D provides the flow indicators used across the
Basin.
The duration, frequency and timing of the environmental flow events were then determined, based
on the requirements of the plants and animal species represented in the targets, and using all
available detailed site‐specific information. Where site‐specific information was unavailable,
observed patterns or relationships from other sites, together with hydrologic analysis, were used to
estimate appropriate values.
As would be expected, there is some uncertainty associated with the estimates assigned to the
various metrics which were used to define the environmental water requirements of plant and
animal populations, and particularly uncertainty around the required frequency of flows.
Recognising this, ‘low‐uncertainty’ and ‘high‐uncertainty’ frequency of flow events were specified.
For the low‐uncertainty frequency, there is a high likelihood that the environmental objectives and
targets will be achieved. It is likely that there are thresholds for many plants and animals beyond
which their survival or ability to reproduce is lost, but the precise details of those thresholds are
mostly unknown. The high‐uncertainty frequencies attempt to define these thresholds. The high‐
uncertainty frequency is considered to represent a boundary beyond which there is a high likelihood
that the objectives and targets will not be achieved.
Once the specific environmental flow events and frequencies were established for each indicator
site, they were scrutinised by assessing them against the modelled without‐development (conditions
prior to significant human development) flow patterns and the flow patterns under current
arrangements. The period analysed was from 1895 to 2009. This process ensured that the flow
events specified were sensible in comparison to without development conditions and conditions
under current arrangements.
As mentioned above, the condition of the water dependent ecosystems is expected to vary in
response to climatic conditions. In particular, the frequency of flow events (and therefore ecological
condition) will respond to weather patterns and decline during periods of prolonged drought, even
under natural or pre development conditions. For this reason, the frequency of events specified to
meet indicator site targets are presented as long‐term averages, with events occurring more often in
wetter times and less often in drier times. Provision of more frequent inundation in wetter times
will increase the resilience of communities, aiding survival during dry times.
It is recognised that during extended drought larger overbank flow events recommended for the
hydrologic indicator sites will not occur. Without large rainfall events these flows simply do not
happen. Habitat types associated with those flow events are typically the most drought tolerant, but
they are also likely to suffer a temporary decline in condition during extended dry periods. Analysis
of modelled without‐development flows suggests this would also have been the case under without‐
development conditions.
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Figure 5.5 : Illustrating the inundation frequencies required to protect a number of water‐
dependent communities in the Edward‐Wakool hydrologic indicator site.
The smaller overbank flow events specified can be delivered during dry times, albeit at frequencies
less than the long‐term targets. These events are aimed at supporting the most water‐dependent
habitat types and drought refuges such as permanent and semi‐permanent wetlands and closely
fringing woodland communities like river red gums.
Providing these smaller overbank flow events will sustain these sensitive communities to a greater
extent than under current arrangements, but some temporary decline in condition will still be likely.
Where works are proposed or are found to be feasible in the future, the environmental outcomes of
these smaller flow events can be enhanced to deliver more significant outcomes during drought.
5.3.2 Fresh Flows
Freshes required to support in‐stream processes and biota were described in the same way as
bankfull and overbank flows – that is, in terms of a required flow magnitude, duration, timing and
frequency. Frequency targets were also expressed in terms of high and low uncertainty, as for
bankfull and overbank flows.
Assessing requirements for in‐stream freshes has been based on scientific studies with a particular
focus on:
 Inundation of key habitat features such as in‐channel benches, woody structural habitat and
anabranches that connect at flows less than bankfull to provide greater availability to key
habitats and enhance nutrient cycling processes;
 Longitudinal connection of habitats allowing aquatic species to move through the river
system;
 Maintenance of drought refuges; and
 Provision of flows to support fish movement, recruitment and spawning.
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In addition to the scientific information a statistical tool developed by MDBA allowed an event‐by‐
event comparison of changes to the in‐channel fresh element of the flow regime under without
development and current conditions. This hydrological analysis was used to prioritise regions and
sites to focus efforts on in‐channel water requirements and was also used to support development
of environmental water requirements by targeting those flows that have been particularly affected
by consumptive diversions.
5.3.3 Baseflow (low flows)
Base flows are those flows that are confined to the low flow part of the channel. These flows would
typically inundate geomorphic units such as pools and riffle areas between pools. By contrast,
freshes are larger flows which inundate the sides of the banks and any in‐channel benches that may
be present.
Base flows are important to fish communities by:


Providing a diversity of habitats for sheltering, feeding and spawning. They create riffle and
flowing water habitats which do not exist when no flow conditions prevail;



Establishing connectivity and enabling longitudinal movement of fish between pools. Large
bodied fish may not move during base flows due to inadequate water depth within riffles
but small bodied fish may move if conditions are suitable; and



Constantly diluting and refreshing water in pools and thereby maintaining reasonable water
quality.

In determining flow regimes to sustain low flows at hydrologic indicator sites, MDBA has used a
hydrologic analysis based on a standardised flow metric. For purposes of analysing low flows the
metric was defined as the ratio of the 80th percentile current flow to the 80th percentile flow (Q80)
under without‐development conditions. With the aim being to ensure that 60% of the 80th
percentile without‐development (WD) flow (Q80 WD) was maintained at each site. Essentially, this is
an application of the Baseflow Index (BFI) representing the proportion of the flow at a given site that
can be attributed to low or baseflows. For the proposed Basin Plan the BFI has been defined as 0.6 x
Q80 WD/Qav, where Qav is the long‐term average flow. Furthermore, the BFI was calculated on a
seasonal basis, with variation between the low‐ and high‐flow seasons. The baseflow requirements
were then calculated on a daily time‐step by multiplying the without‐development flow by the BFI
for each month of each season.
A more complete description of this method is provided in the MDBA Modelling Report (in
preparation).

5.4 Flow delivery constraints
Site scale environmental water requirements which are driven by overbank flows have been
developed based on an assessment of the inundation regimes required to maintain flood dependent
vegetation communities and provide other environmental outcomes (as described above). Flows
required to inundate vegetation communities that are situated on high parts of the floodplain are
largely dependent on unregulated flow events in wet years. Constraints, such as dam outlet
capacities and requirements not to flood private land and infrastructure, limit the ability to deliver
these flows through active environmental water management.
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The targets and supporting flow regimes expressed for the indicator sites are intended to be within
the scope of management within existing constraints, and where clear evidence exists defining this
scope, this was taken into account when the targets and flow regimes were initially framed.
However it is not always possible to quantify the level of delivery constraints, particularly at sites
where the constraints are poorly defined, sites that are distant from the delivery constraints or sites
that are affected by multiple constraints such as floodplains of the lower River Murray, which are
affected by many constraints across the upper reaches of the river and its tributaries. These
constraints can also vary from event to event.
To address this issue, MDBA has undertaken a second step to assess constraints. This involves the
use of the hydrologic models to check the assumptions made when specifying flow events and
limiting the delivery of flows outside constraints. The hydrologic models include major water
delivery constraints, and provide a mechanism to include the effects of those constraints as they
relate to individual flow events. They also enable the combined effect of multiple constraints in
downstream reaches of the major rivers to be evaluated.
This two‐step process has enabled the MDBA to gain further understanding of the influence of
constraints on achieving certain environmental outcomes. This understanding has informed the
description of environmental outcomes in Section 9.
In some parts of the Basin, in response to a reduction in watering frequency, vegetation
communities and habitats situated on the mid and high level parts of the floodplain are in declining
health and transitioning from flood dependent to flood tolerant vegetation communities. There may
be opportunities for works and measures to overcome delivery constraints, and provide other
outcomes that improve the ability to manage these areas in the future. These actions could deliver
substantial benefits to these vegetation communities, habitats and dependant species, but further
cost benefit analysis and consultation with stakeholders and communities is required. With further
assessment this issue may be considered as part of the 2015 review.
The modelling approach as outlined in Section 7 represents delivery constraints in two different
ways:
1. As constraints in the hydrologic models; and
2. As constraints in the development of environmental watering demand time series (a key
input to the hydrologic models).
Table 5.1 and Table 5.2 describe the flow delivery constraints included in the modelling.
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Table 5.1: Known flow delivery constraints in the Southern Basin
Current representation of key constraints

Impact on Site Specific Flow Indicators

Murrumbidgee System
The NSW Water Sharing Plan places the following operational constraints on
maximum flows:
o
o
o

o

9,000 ML/day in the Tumut River at Oddys Bridge
9,300 ML/day in the Tumut River at Tumut
Releases from Burrinjuck and Blowering reservoirs are limited to a
combined flow of 32,000 ML/day at Gundagai (this is based on the risk of
flooding Gundagai and Mundarlo Bridge)
1,400 ML/day in Yanco Creek at the Offtake.

Consistent with the baseline model orders for environmental flows from Burrinjuck and Blowering have
been constrained to 30,000 ML/d at Gundagai this limits the delivery of regulated flows to the Mid
Murrumbidgee Wetlands. It is likely that site specific flow indicators with thresholds greater than
25,000 – 30,000 ML/d at Narrandera will be difficult to support with only regulated releases. To
achieve these thresholds, regulated releases will need to supplement unregulated tributary inflows
which may limit the duration that environmental flows can be supplied for.

To accurately reflect channel constraints and minimise the risk of flooding
infrastructure a maximum flow constraint of 30,000 ML/d at Gundagai has been
included in the baseline model for the Murrumbidgee system.
Valve capacities as specified in the Baseline model are 27,000 ML/d for Burrinjuck
Dam and 9,250 ML/d for Blowering Dam. Flows downstream of Blowering Dam are
limited to 9,000 ML/d to minimise bed and bank erosion
The Murrumbidgee River decreases in channel capacity in a downstream direction,
from 35,000 ML/d at Hay to 20,000 ML/d at Maude Weir and 11,000 ML/d at
Redbank Weir (Kingsford & Thomas 2004).

To reflect operation and delivery constraints and recognising that significant inundation of the Lower
Murrumbidgee floodplain can be achieved using regulated diversions from Maude and Redbank
Weirs, site specific flow indicators for the Lower Murrumbidgee floodplain have been based on total inflow volumes (delivered over a period of time). Deliveries of environmental flows to the Lower
Murrumbidgee Floodplain are defined in the model as a demand time series at Maude Weir. To reflect
channel capacity, the demand time series has been constrained to a maximum flow of 20,000 ML/d at
Maude Weir. It is envisaged that site specific flow indicators and associated frequencies can generally
be achieved with a combination of regulated releases and unregulated events.
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Current representation of key constraints

Impact on Site Specific Flow Indicators

The Murrumbidgee River’s channel capacity between Redbank Weir and Balranald
is generally between 8,000 and 12,000 ML/d (Page et al. 2005). Due to significant
evaporation and seepage to the floodplain around Chapton’s Cutting, and in the
areas around Redbank and Balranald a flow of 9,000 ML/d at Balranald Weir is
appropriate for regulated water deliveries.

Delivery of environmental flows from the Murrumbidgee to the Murray (to contribute to outcomes at
downstream sites such as Hattah, Chowilla etc) have been defined as an end of system demand at
Balranald. These demands are limited to 9000 ML/d representing channel capacity. It may be
possible to exceed this capacity, but further analysis and discussions with river operators is needed.

Murray System
Flow downstream of Hume Dam are typically limited to 25,000 ML/d under regulated
flow conditions to minimise overbank flows. Overbank flows at this location result in
the inundation of agricultural land. This constraint prevents the release of flows, or
adding water to top up or enhance natural flows, above 25,000 ML/d to achieve
environmental outcomes that require higher flow volumes. Unless passing flood
flows from Hume, flows below Hume are not commonly enhanced above channel
capacity owing to third party impacts associated with inundating agricultural land.

Constraining flows to 25,000 ML/d at Doctors Point significantly limits the delivery of regulated flows to
all floodplain indicator assets along the Murray. It is likely that environmental flow events with
thresholds equal to or greater than the following will rely on supplementing tributary inflows with a
regulated release from storage and their duration will be limited to the duration of the tributary in-flow.






40,000 ML/d downstream of Yarrawonga
40,000 ML/d downstream of Torrumbarry
18,000 ML/d on the Edward river at Deniliquin
50,000 ML/d at Euston Weir
60,000 ML/d at Flows to South Australia

Without addressing a range of constraints, it is likely that environmental flow events with thresholds
equal to or greater than the following will not be deliverable:





50,000 ML/d downstream of Yarrawonga
30,000 ML/d on the Edward river at Deniliquin
120,000 ML/d at Euston Weir
100,000 ML/d at Flows to South Australia
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Current representation of key constraints
The Barmah Choke is a natural narrowing of the Murray River below Yarrawonga
caused by the Cadell Fault. This section of the river has a channel capacity of
approximately 8,000 - 10,000 ML/d.
Also, as there is relatively little storage downstream of the Barmah Choke, releases
from Hume Reservoir are required to supply downstream irrigators and contribute to
salt dilution flows to South Australia. This means that River Murray flows are at or
near the operational capacity of the Barmah Choke for most of the December to
April period, even in relatively dry years.

Impact on Site Specific Flow Indicators
Under baseline conditions, flows through the Barmah Choke are modelled as a maximum flow
constraint downstream of Yarrawonga of 10,600 ML/d during summer and 22,000 ML/d during spring
when flooding of Barmah forest may be desirable.
As part of modelling to inform the Basin Plan, MDBA has adopted a flow threshold of 40,000 ML/d
during key periods to enable environmental flows to enter Barmah Millewa forest as well as provide
environmental water for downstream sites.

Lower Darling System
Delivery of water from the Lower Darling is constrained by an operating rule that
limits the maximum flow at Weir 32 to channel capacity of 9,300 ML/d. This rule is
intended to prevent increased water loss occurring because if the river is run higher
flows start entering the Great Darling Anabranch. Flows above 20,000 ML/d at Weir
32 will result in inundation of private property including houses in the township of
Menindee.

Unless passing a flood through the Menindee Lakes system, the delivery of flows has been kept
within river management constraints in the Lower Darling system. MDBA has not sought flows to meet
site specific flow indicators greater than 9,300 ML/d and this is also assumed to be the maximum the
Darling River can contribute to flows into the Lower Murray River unless the Darling is passing
unregulated flows.
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Current representation of key constraints

Impact on Site Specific Flow Indicators

Goulburn System
Constraints on the releases from Eildon exist in order to avoid flooding of areas
around Trawool and Seymour. The release constraints are modelled as:




The releases from Eildon are limited, so that the sum of the inflows
between Eildon and Seymour and the release cannot exceed 365,000
ML/Month (based on 12,000 ML/day at Seymour).
If these releases are for power generation or pre-releases, then the sum of
the release and inflows between Eildon and Trawool cannot exceed
547,000 ML/month (18,000 ML/day at Trawool)

It is likely that overbank environmental flow events will rely on supplementing tributary inflows with a
regulated release from storage. Analysis undertaken by the Victorian Department of Sustainability and
Environment (2011) found that flows up to 40,000 ML/d at Shepparton are achievable within existing
physical constraints, with regulated releases augmenting tributary inflows.
The delivery of environmental flows from the Goulburn to the Murray (to contribute to outcomes at
downstream sites such as Gunbower, Hattah etc) is defined as an end of system demand at McCoys
Bridge. These demands are limited to 20,000 ML/d representing channel capacity to maximise
efficiency of delivery to downstream areas.

Constraints to delivery also exist in the lower sections of the Goulburn River around
Shepparton and areas further downstream to avoid flooding of private land and
minor roads
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Loddon System
The Loddon is a highly regulated system containing a large number of in-stream
structures. The degree of regulation significantly impacts on the ability to deliver
regulated flows throughout the system. Key constraints include outlet capacity of
Tullaroop and Cairn Curran Reservoir and the discharge rate of “The Chute”,

The following outlines some of the main operating constraints as detailed in SKM (2006).




During peak irrigation season (summer), environmental flows through various reaches of the
system are constrained by a combination of channel share and physical constraints;
Provision of bankfull and winter-spring in-channel fresh flows requirement along Tullaroop
Creek are constrained by Tullaroop outlet capacity (currently 450 ML/d)
Provision of bankfull and winter in-channel fresh flows requirement along the section of the
Loddon River downstream of Cairn Curran Reservoir are constrained by the available outlet
capacity. Cairn Curran outlet capacity is approximately 1600 ML/d. Flows along the reach of
the Loddon River downstream of Loddon Weir are constrained by “The Chute” (a concrete
pipe that controls flow through an embankment build across the River. “The Chute” has a
capacity of approximately 250 ML/d.

Based on the above SKM (2006) concluded that the delivery of a number of flow components within
the Loddon system is limited by a range of channel and outlet capacity constraints.

Campaspe System
Like elements of the Loddon systems the Campaspe River is high regulated. Bank
full flows as well as winter spring in channel flows are constrained by a combination
of channel share and physical constraints.

SKM (2006) concluded that the delivery of environmental flows along the Campaspe River
downstream of Lake Eppalock would be constrained by the need to deliver peak irrigation demands in
summer. This applies to the
In addition SKM (2006) found that a lack of available reservoir outlet capacity at Lake Eppalock (outlet
capacity 1850 ML/d) would constrain delivery of some the high flow components to the Campaspe
River downstream of the Lake.

Page 51

Table 5.2: Known flow delivery constraints within other section of the Murray Darling Basin
Current representation of key constraints

Impact on Flow Events

Namoi System
Delivery of environmental flows along the Namoi River is primarily constrained by
the outlet capacity of Keepit Dam. Keepit Dam has storage capacity of 425 GL.
Controlled releases can be made via two hollow jet outlet valves. Depending on
storage volume the valve capacity of Keepit Dam generally varies between 1400
ML/d (11% of full storage capacity) to 7290 ML/d (26% of full storage capacity).

Delivery of environmental flows to target reaches is defined as a demand time series at Bugilbone. In
line with valve capacity constraints and the nature of the environmental flow requirements, these
demands are generally limited to 5000 ML/d.

Lachlan System
Section 62 of the Water Sharing Plan for the regulated section of the Lachlan River
specifies a number of potential flow constraints. These are as follows


6,600 ML/day between Wyangala Dam and Jemalong Weir (the valve
capacity of Wyangala Dam)



2,600 ML/day between Jemalong Weir and Willandra Weir,



390 ML/day in the Wallamundry Creek system,



1,200 ML/day in Goobang/Bumbuggan Creeks,



500 ML/day in Willandra Creek,



2,400 ML/day between Willandra Weir and Merrowie Creek,



1,500 ML/day between Merrowie Creek and Torrigany split,



420 ML/day between Torrigany split and Booligal, and



310 ML/day downstream of Booligal

Excluding the valve capacity at Wyangala Dam, constraints within the Water Sharing Plan have not
been included in the baseline model for the Lachlan system. At this stage it is difficult to quantify the
impact these constraints will have on environmental flow events in the Lachlan region, however it is
assumed that these constraints are used to inform the operational delivery of consumptive demands
and may not significantly constrain delivery of environmental flows.
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Border Rivers System
Major storages are located in the headwaters of each of the major rivers and include
Pindari Dam on the Severn River, the Glenlyon Dam on the Dumaresq River and
Coolmunda Dam on the headwaters of Macintyre Brook. Outlet capacities for
Glenlyon and Pindari storages are 3540 ML/d and 5000 ML/d respectively, which
reduce their capacity to supply environmental flows to sites significantly
downstream. Furthermore, the ability to augment unregulated flows to achieve water
requirements at Mungindi is reduced by on-farm storage development.

At this stage it is difficult to determine the exact impact that the location and capacity of storages, the
nature of the environmental water entitlement portfolio and related ability to shepherd flows and the
antecedent conditions in the river system have on constraining environmental flow delivery to the
lower section of the Border Rivers system.

Gwydir System
Channel capacity varies considerably throughout the lower Gwydir system, however
capacity generally decreases in a downstream direction and particularly downstream
of the “raft”. The channel capacity of the Gwydir River downstream of the “raft” is
generally considered to be between 5,000 and 10,000 ML/d (Pietsch 2006).

The environmental flow requirements of the Gwydir wetlands are volumetric based (i.e. a total flow
volume of water delivered over a period of time). Modelling undertaken by MDBA suggests that these
flow indicators can be met without increasing the current frequency of flows likely to exceed channel
capacity in the lower sections of the Gwydir system. It is envisaged that target flows and associated
frequencies can generally be achieved using regulated releases from storage, or by supplementing
tributary inflows with a regulated release from storage.

Macquarie System
Prolonged flows of more than about 4000 ML/d at Marebone Weir will cause
flooding of Gradgery Lane (Johnson 2005). Under current operating practises high
priority is given to minimising the period that a flow 4000 ML/d at Marebone Weir is
exceeded.

Additional environmental flows generated from regulated releases are generally limited to a flow 4000
ML/d at Marebone Weir, in line with current operating arrangements and given the volumetric (i.e. a
total flow volume of water delivered over a period of time) nature of flow indicators. It is envisaged
that target flows and associated frequencies can generally be achieved using regulated releases from
storage, or by supplementing tributary inflows with a regulated release from storage.

Barwon-Darling System
The Barwon and Darling Rivers are largely unregulated and there is therefore no
recognised operational channel capacity flow target to adhere to. Flows within the
system are largely reliant on flows from upstream tributaries.

There are no major storages on the Barwon-Darling River, therefore flows within this system are largely
unregulated. Tributaries are regulated to varying degrees and many are only well connected during
large flows. Therefore sequencing environmental flows based on managed releases is difficult.
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5.5 Section summary
The above outlines the method for determining the ecologically sustainable flow regime for the
hydrologic indicator sites. In broad terms this method describes the process for linking desired
ecological outcomes, water regimes and operating constraints in a systematic way to inform the
ESLT.
The application of this process has resulted in the identification of 122 hydrologic indicator sites
across the Basin. Not all hydrologic indicator sites have equal importance in informing an ESLT and a
detailed assessment of environmental water requirements has been undertaken at a subset of 27
hydrologic indicator sites to be used as performance indicators. Further information on the
application of the objective and target framework is outlined in Appendix D. This Appendix contains
a full list of site specific flow events used as performance indicators.
Accordingly, hydrologic indicator sites can be divided into two broad categories. The first broad
category being hydrologic indicator sites have directly been used to assess the ESLT. These sites are
further categorised according to their level of environmental water requirement assessment (EWR) ‐
sites with detailed eco‐hydrologic assessment of EWRs for bankfull, overbank flows, and fresh flows,
and sites with a hydrologic assessment of EWRs for baseflows.
The fundamental principle of this approach is the reinstatement of ecologically significant
components of the flow regime to a level that provides broad outcomes required to support key
environmental assets, key ecosystem functions, the productive base, and key environmental
outcomes. This has been undertaken in a modelling framework that allows the explicit
consideration of flow delivery constraints and environmental flow management opportunities in a
managed Basin.
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6 Range finding – selecting ESLT options for further assessment
Estimating an ESLT in a Basin as large and diverse as the Murray‐Darling is a complex task with many
uncertainties. There is no simple mechanism to estimate an ESLT and ultimately it is a judgement for
MDBA to make.
MDBA reviewed the existing information base to assist in range finding for the ESLT. This assisted
MDBA in making an informed initial decision on ESLT options, which were then tested using the
hydrologic indicator site method, against the environmental objectives, ecological targets and
desirable flow regimes described in earlier parts of this report, and using the detailed modelling
approach described in Section 7.
This section presents a summary of the prior assessments of environmental water requirements, and
social and economic issues and impacts used by MDBA in its considerations. This includes
environmental, social and economic assessments undertaken by MDBA specifically for this purpose,
and related work undertaken by others.
Given the differing temporal and spatial nature of the information available; for example, past
environmental assessments are relative to a particular point in time, and given the numerous policy
changes that have subsequently occurred, adjustments were needed so that they are relative to the
same baseline as the ESLT. In addition, studies performed at local and regional scales cannot be
readily extrapolated to the Basin scale. Therefore MDBA has identified the most appropriate
previous assessments at both the Basin and local/regional scales.

6.1 Environmental assessments
6.1.1 End‐of‐system flow analysis undertaken by MDBA
A relatively simple hydrological approach was undertaken for the Guide to the proposed Basin Plan
to develop a range for the quantity of water that may be required for the environment (refer MDBA,
2010a). This is referred to as the end‐of‐system approach, and was undertaken as the more
comprehensive modelling of environmental water requirements was still underway.
The end‐of‐system approach used flow duration curves for 19 locations across the Basin. This point‐
based method provided an assessment of the level of reduction in diversions required at both
regional and Basin scales. The MDBA applied a target range of between 60% and 80% of without
development flows at these end‐of system locations across the Basin. The lower end of this range is
associated with a high uncertainty of achieving environmental outcomes, whilst the high end of the
range is associated with a low uncertainty of achieving environmental outcomes as it would
reinstate near natural conditions (80% of a natural flow regime)
Confidence limits were subsequently applied, to acknowledge the inherent uncertainty in the
approach. This informed the range of reduction in diversions of between 3,000 GL/y and 7,600 GL/y
on a long term average basis. However, the information available at the time from the social and
economic impact assessments indicated that sustainable diversion limits at the upper end of this
range would compromise the social and economic needs of the Basin. Accordingly, for consultation
purposes, the Guide to the proposed Basin Plan indicated that a reduction in diversions in the range
of 3,000 to 4,000 GL/y may be required.
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While the end‐of‐system flow approach provided a useful range‐finding exercise, and overcame the
technical and time limitations that stopped more robust hydrologic modelling from informing the
Guide, it contains several significant weaknesses:





It is based on the modelled hydrology of without development conditions which is known to
have relatively high uncertainties due to the limited amount of “natural” data available for
calibration;
It is not sensitive to the specific ecological values or flow requirements of individual
catchments, and therefore may not accurately represent the volumes of water required; and
It is not sensitive to potential flow delivery constraints and opportunities to deliver
environmental water efficiently – two key considerations in optimising economic, social and
environmental outcomes.

Due to the above and the availability of a more comprehensive hydrologic indicator site method,
MDBA considers that the end‐of‐system flow approach is not sufficiently robust to serve as the
primary basis for establishing the ESLT but provides a useful cross‐check. The overwhelming
feedback from the Guide to the proposed Basin Plan concerned the need to take into account social
and economic impacts. For most parts of the Basin, having regard to social and economic impacts, a
target of 80% of natural flow is inappropriate, and it is also not necessary to achieve an ESLT.
6.1.2 Preliminary hydrologic modelling undertaken by MDBA
MDBA commenced the process of hydrologic modelling for the Basin Plan in 2009. At the time of
the Guide to the proposed Basin Plan, the end‐of‐system approach was adopted because the more
sophisticated hydrologic modelling was not sufficiently advanced to inform assessments of an ESLT.
In late 2010, after the release of the Guide to the proposed Basin Plan, MDBA completed a number
of preliminary model runs that began to provide more useful information to inform an ESLT. These
scenarios adopted the hydrologic indicator site approach and the associated environmental water
requirements (outlined in Section 5 of this report). Two whole‐of‐Basin scenarios, using an
incomplete set of environmental water requirements, and less refined modelling methodologies
were completed. The results of these scenarios indicated that:




A reduction in diversions of between 1,950 GL/y (high uncertainty) and 2,430 GL/y (low
uncertainty) would be required to achieve only overbank flow outcomes for indicator assets;
and
A reduction in diversions of between 2,320 GL/y (high uncertainty) and 2,890 GL/y (low
uncertainty) would be required to achieve outcomes for indicator assets (overbank flows)
and some key ecosystem functions (base flows).

However, it is important that the results of these scenarios are considered in the context of the
following limitations associated with these model runs:




The scenarios did not include all environmental water requirements. For example, instream
freshes throughout the Basin and the environmental water requirements of the Coorong,
Lower Lakes and Murray Mouth were not included;
The delivery of environmental water was not constrained to a volume or pattern of use that
would be associated with an environmental water portfolio (entitlements). In essence it
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represented a ‘planned environmental water’ approach, where the environment ‘called’ any
and all water it required. This approach is not consistent with the optimisation of economic,
social and environmental outcomes as it would have potential impacts on the reliability of
allocations to other entitlement holders. The approach is also inconsistent with the
Commonwealth Government’s commitment to implement the Basin Plan through the
purchase of entitlements from willing sellers and investment in infrastructure efficiency
programs (referred to as a ‘held environmental water’ approach) ;
Operational constraints were not in place within the models, again inconsistent with the
optimisation of economic, social and environmental outcomes; and
No deliberate coordination of environmental watering activities between environmental
assets, and regions occurred.

The results are therefore considered to have a high level of uncertainty. None‐the‐less these model
runs begin to inform the scale of change that may be required to achieve a healthy working Basin.
The model results also informed initial estimates of potentially appropriate SDLs at a regional scale.
The results, together with an understanding of the uncertainties and limitations, were taken into
account when selecting SDLs for further modelling and analysis. In some regions (Gwydir,
Macquarie‐Castlereagh and Lachlan) it became apparent that existing water recovery efforts may
align relatively closely to the environmental water requirements of indicator sites. In those regions
existing water recovery figures were subsequently tested using the more refined modelling
approach discussed in Section 7.
6.1.3

Environmental assessments undertaken for The Living Murray

In 2003, the Australian, New South Wales, Victorian, South Australian and Australian Capital
Territory Governments agreed to recover 500 GL long‐term cap equivalent (LTCE) to benefit the
environmental health of the six icon sites and assist in addressing water over‐allocation in the
Murray–Darling Basin, as part of The Living Murray.
This decision followed two assessments of potential environmental flow provisions for the
River Murray System. Notably, these assessments did not provide recommendations on
environmental flows, but only provided scientific advice on what the potential ecological
responses to specific options might be. The assessments, as follows, are subsequently referred to
herein as the Expert Reference Panel and Scientific Reference Panel assessments.
6.1.3.1 2002 Expert Reference Panel Assessment – An initial scoping of environmental
flows for the River Murray System
The first scoping exercise, completed in February 2002, involved a peer reviewed assessment by
the Expert Reference Panel of five modelled flow scenarios selected by the Project Board to assess
the likely costs and benefits associated with broad scale changes to the operation of the
River Murray System (Jones et al. 2002). The Expert Reference Panel compared the performance
of each of the flow scenarios against the probability of having a healthy working river for five
environmental attributes: flow volume, flow distribution, flow variability, connectivity and water
quality. The Expert Reference Panel rated the probability of success of the five flow scenarios in
achieving a healthy working River Murray System, as shown in Table 6.1.
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Table 6.1: Five flow scenarios and the Expert Reference Panels’ assessment of the probability that
each would achieve a healthy working River Murray System (Jones et al. 2002)
Management
Description of Scenario
Probability of having
Scenario
a healthy working
River Murray System
Do Nothing
No change
LOW
More
Scenario A
Major structural and operational changes
LOW1
Option A plus 10% reduction in the Cap on the River
Scenario B
LOW1
Murray System only (343 GL/y)
Option A plus 10 % reduction in the Cap Basin‐wide
Scenario C
(914 GL/y, which results in an increase in water
LOW‐MODERATE
available to the River Murray System of 748 GL/y)3
Option A plus 20% reduction in the Cap Basin‐wide
Scenario D
(1959 GL/y, which results in an increase in water
MODERATE
available to the River Murray System of 1628 GL/y)3
Option A plus 40% reduction in the Cap Basin‐wide
Scenario E
(4013 GL/y, which results in an increase in water
HIGH2
3
available to the River Murray System of 3349 GL/y)
1

Some localised ecological benefits are delivered by these scenarios i.e. for specific wetlands, floodplain
forests or river reaches, but the overall system level impact was insufficient to improve the probability
category.
2
Assuming further operational gains can be made.
3
Note that a difference occurs between a reduction in the Cap Basin‐wide and the increase in water available
to the River Murray system because of the losses that are assumed to occur between the point at which the
reduction in diversions occurs on the tributaries, and the point at which the increased flows reach the River
Murray.

Importantly, whilst the water recovery options ranged from the River Murray System to Basin‐
wide, the ecological assessment only related to the resulting health of the River Murray System.
In April 2002, on the basis of this assessment and a range of other supporting studies, the
Ministerial Council directed the Murray Darling Basin Commission to use 350 GL, 750 GL and
1500 GL/y returned to the River Murray as reference points for further analysis and community
engagement, with a view to making a decision on water recovery in October 2003.
Notably, the reference points were points for analysis to help understand the economic, social and
ecological outcomes of returning varying amounts of water to the River Murray. They were not
intended to be options from which the Ministerial Council would choose.
6.1.3.2 2003 Scientific Reference Panel Assessment ‐ Analysis of the recovery of 350, 750
and 1500 GL/y for the River Murray System
A peer reviewed assessment of the three reference points for the River Murray System was
undertaken by the Scientific Reference Panel, supported by ten Regional Evaluation Groups (CRC
for Freshwater Ecology 2003). Eight of the Regional Evaluation Groups covered specific zones
along the River Murray, whilst the remaining two groups assessed the two major tributaries, the
Goulburn and the Murrumbidgee Rivers. The river zone assessments were subsequently used as a
basis for the overarching assessment undertaken by the Scientific Reference Panel.
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The Murray Flow Assessment Tool (MFAT) was used in the assessment to ensure a consistent
approach across the Regional Evaluation Groups. MFAT is a model which relates river flows to
habitat condition for river and floodplain environments. It used the best available scientific
information at the time. The scores for habitat condition for the various scenarios were compared
to the “baseline” scenario to assess the relative level of improvement.
The Scientific Reference Panel concluded that reducing the Cap on surface water diversions by:




350 GL/y would provide little whole‐of‐river ecological benefit but might provide local
benefits to targeted parts of the river;
750 GL/y may provide some ‘whole of river’ ecological benefits; and
1500 GL/y would have moderate ‘whole‐of‐river’ and local benefits and combined with
improved structural, operational and water quality management, could deliver a ‘healthy,
working river’.

The decision to recover 500 GL long‐term cap equivalent as a ‘first step’ for The Living Murray was
ultimately a judgement of the Ministerial Council, informed by numerous elements including
(amongst other things): the expert and scientific reference panel assessments; a series of social and
economic assessments; a stakeholder survey; feedback from the Community Reference Panel; a
series of demonstration reports which focused on what could be achieved with the recovery of
500 GL/y; and an 8 year simulation which demonstrated how the 500 GL could be used on a year by
year basis.
A key difference between the two assessments for The Living Murray, and the MDBA Basin Plan
assessments, is that the former were in regard to achieving a healthy working River Murray System,
whilst the latter are in regard to achieving a healthy working entire Murray‐Darling Basin. The
primary difference being, whether or not significant local and regional improvements occur within
the tributaries to the River Murray and the disconnected rivers in the Basin, in addition to the River
Murray System itself. Such improvements may have occurred in the options assessed for The Living
Murray, as a result of the water recovery in the tributaries, however such improvements were not
targeted, and limited studies were undertaken to assess outcomes in the tributaries.
6.1.3.3 Assessments by the Wentworth Group of Concerned Scientists
The Wentworth Group of Concerned Scientists (the Wentworth Group) have proposed that to
achieve healthy working rivers across the Basin, diversions need to be reduced by a minimum of
4,400 GL/y on a long‐term average basis (Wentworth Group of Concerned Scientists, 2010). This
estimate is the product of an iterative process which comprised three separate assessments of
environmental water requirements.
The first process used by the Wentworth Group is outlined in their 2008 submission to the Senate
Inquiry into the Urgent Provision of Water to the Coorong and Lower Lakes (Wentworth Group of
Concerned Scientists et al., 2008). Specifically, it is appears to be based on Scenarios D and E from
the 2002 Expert Reference Panel assessment (Jones et al., 2002), which were assessed as having a
moderate and high probabilities of resulting in a healthy River Murray System, and required
1630 GL/y and 3350 GL/y, respectively, of extra water in the River Murray System (refer Table 6.1)
along with a package of major structural and operational changes. A scaling factor of approximately
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1.3 appears to have been applied to extrapolate the level of water recovery for the River Murray
System in the southern Basin to the level of water recovery required for the whole Basin. The
scaling factor was determined by taking the ratio of current water availability in the Murray
(11,162 GL/y) to the current water availability for the whole Basin (14,493 GL/y) (CSIRO 2008[1]). This
resulted in the Wentworth Group concluding that for a moderate probability of achieving a healthy
working Basin a reduction of 2120 GL/y would be required and 4350 GL/y for a high probability of a
health working Basin. By inference, given that the original scenarios included structural and
operational changes for the River Murray System, these would also be required Basin‐wide.
The 2008 submission was released prior to the publication of the CSIRO Sustainable Yields final
reports for the Murray‐Darling Basin. The release of this work by CSIRO significantly increased the
information available on the Basin.
Using this new knowledge the Wentworth Group undertook a new analysis which looked at the
specific needs of selected environmental assets across the Basin to determine water requirements in
individual catchments. The analysis utilised E‐water CRCs "eFlow predictor" tool and flow datasets
from CSIROs Murray‐Darling Basin Sustainable Yields project as well as ecologists and hydrologists to
estimate the volume of water required by those selected environmental assets (Tim Stubbs 2011
pers. comm., 21 Nov.). This unpublished work uses an approach similar in its construct to the
indicator site method developed and applied by the MDBA, although the MDBAs approach is more
comprehensive in its application and modelling, and has made some different judgements.
Particularly the MDBA has undertaken a more thorough consideration of the extent to which river
operating constraints (flooding of private land etc) limit the ability to deliver some flows.
In its 2010 report the Wentworth Group undertook an end of system flow assessment, to provide a
catchment level assessment of environmental water needs. This applied a two‐thirds of without‐
development flows target at end of system gauge locations in each catchment. This was based on
flow datasets from CSIROs Murray‐Darling Basin Sustainable Yields Project (Tim Stubbs 2011, pers.
comm., 21 Nov.). This approach is similar to the end of system flow process used by the MDBA for
the Guide, with a different target level. The findings of this work were published in the 2010
document Sustainable Diversions in the Murray‐Darling Basin (Wentworth Group of Concerned
Scientists, 2010).
The Wentworth Group indicated that the eFlow predictor work and end of system flow analysis
pointed to similar findings. The end of system flow analysis indicated that a reduction in diversions
of 4400 GL/y compared to Cap conditions is required by the environment and that these findings
supersede the findings of the 2008 report (Tim Stubbs 2011, pers. comm., 21 Nov.).
The Wentworth Group’s assessments use Cap conditions as a baseline. The baseline for MDBA’s
assessments takes into account water recovered between the establishment of the Cap in 1993/94
and June 2009, as set out in Table 6.21. In total, 823 GL/y of water recovery for outcomes in the
Murray‐Darling Basin is included in MDBA’s baseline conditions, which was not captured in the
baseline underpinning The Wentworth Group’s assessments.

1

The Water for the Future program is not included in the Basin Plan baseline. Water recovered from this
program will be used to offset the amount of water recovery required under the Basin Plan.
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Table 6.2. Water recovery included in modelled baseline conditions for the Basin Plan, which was
not incorporated in the baseline for The Wentworth Group’s assessment.
Water Recovery Programme
Water Recovered (GL)
Cap to NSW Water Sharing Plans

206

The Living Murray

486

Water for Rivers

191

Other State recovery

77

Total Recovered Water 2004‐2009

959

Minus 136 GL recovered in the Basin
for use in the Snowy River

823

Relative to the baseline being used for the Basin Plan, the Wentworth Group’s calculations become
reductions in diversions of 1295 GL/y for a moderate probability of a health working Basin (which
was not recommended by them), and 3525 GL/y for a high probability of a health working Basin
(which is their recommendation, corrected to align with the MDBA baseline).
6.1.4 Environmental flow assessments undertaken by the Victorian Government
The MDBA has assessed the in‐catchment environmental water recovery targets developed as part
of the 2009 Northern Region Sustainable Water Strategy (SWS) developed by the Victorian
Department of Sustainability and Environment (Victorian Department of Sustainability and
Environment, 2009) to inform the proposed ESLT and the options for reduction in diversions in the
Campaspe, Loddon and Goulburn‐Broken regions.
The main steps taken to determine the proposed water recovery targets are outlined in the report
‘Background Report 8: Identifying water recovery targets for the environments ‐ Northern Region
Sustainable Water Strategy’ (Victorian Department of Sustainability and Environment, 2008), are as
follows:
1. Apply the FLOWS method to determine environmental water requirements for each river
system;
2. Convert the reach by reach environmental water requirements from daily flow
recommendations to monthly volumetric requirements to accommodate current modelling
capacity;
3. Assess the additional water required to meet the water requirements and determine the
likely outcomes under historical conditions and the potential future climate change
scenarios; and
4. Select priority water recovery targets to meet the desired environmental outcome to
address the shortfalls.
Although the Northern Region SWS assessed achievement of environmental outcomes under a
number of climate scenarios, the water recovery targets used to inform the proposed regional
reductions in diversions are based on historical climate.
The FLOWS method used in Step 1 to determine environmental water requirements establishes
environmental flow objectives and then draws on expert opinion and knowledge and hydraulic
models of river reaches to identify the required timing, magnitude, frequency and duration of flow
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components to meet flow objectives in each river reach. An example is included in Table 6.3. This
assessment of environmental water requirements is similar to the approach adopted by MDBA (as
described in Section 5).
Table 6.3: Summary of flow recommendations for Reach 4 – Campaspe River (SKM 2006) which
was used as key input to determine water recovery targets within the Northern Region
Sustainable Water Strategy (Victorian Department of Sustainability and Environment, 2009).
Stream
Campaspe River
Reach
Campaspe Siphon to River Murray
Compliance point
Site 1 – Campbells Road
Gauge No. 406265

Season
Summer

Component
Low flow
Freshes
Low flow

Winter

High flow
Bank full
flow

Volume
10 ML/d (Not more
than 20ML/d*)
100 ML/d
200 ML/d (or
natural)
1500 ML/d
9000 ML/d

Frequency
1 per year

Duration
6 months

Rise

Fall

3 per year
(Feb to May**)
1 per year

6 days

230%

65%

4 days

230%

65%

2 days

230%

65%

2 per year
(or natural)
2 per year
(or natural)

6 months

*This value may be reviewed after work to assess the behaviour of saline pools and slackwaters in different
flows is done.

**Additional freshes may be released between December and February to manage water quality if required.

To determine volumetric water recovery targets for each river system, reach based daily
environmental flow requirements were aggregated to determine the long‐term average annual
water recovery targets using monthly hydrologic modelling data. The aggregation process was
reviewed by scientific experts to ensure the interpretation of the ecological knowledge and the link
with hydrology was maintained.
In order to describe expected environmental outcomes associated with proposed water recovery
targets and allow trade‐offs to be made in relation to social and economic outcomes in each region,
six categories of environmental outcomes were used (Table 6.4). These categories link potential
environmental objectives and outcomes to the necessary parts flow regime needed to achieve them.
Victorian Department of Sustainability and Environment (2009) describe category 6 as the ideal
water recovery target to achieve an ecologically healthy, but not pristine, river while categories 3, 4
and 5 represent outcomes associated with a ‘working river’ concept where trade‐offs between
environmental outcomes and water to meet community needs have been taken into account.
Categories 1 and 2 represent a ‘survival’ flow regime and only provide a bare minimum of water for
drought periods. These two categories are unable to sustain environmental water needs on a long‐
term basis and will likely result in a decline in river health.
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Table 6.4: Potential environmental outcomes for a river reach and required environmental flow
components to meet them (Victorian Department of Sustainability and Environment, 2009).
Category Objective/outcome
Flow component
1

Protection of drought refuge

Base flows

2

Protection of drought refuge plus dry
spell breaking

Summer minimums throughout the year and
every third year deliver winter minimums and
freshes

3

Sustainable population of priority in‐
stream species

All summer and winter minimums and freshes
at recommended frequency

4

Healthy in‐stream environment

Category 3 + bank full flows

5

Healthy in‐stream environment and
protection of priority wetlands

Category 4 + reduced overbank flows (one in
every three years)

6

Full environmental flows

All recommended environmental flow
components

Note: the stated categories represent the condition that we would expect to achieve over the long term. This
means that we will still have drought and wet years; however, the overall environmental outcome should
reflect the stated category.

The water recovery targets selected by Victoria for the Campaspe and Loddon systems are
associated with category 4 outcomes. These rivers do not have large floodplains at the end of their
river systems and so environmental objectives in these rivers are largely focused on in‐channel
environmental needs. For the Goulburn River, category 5 outcomes were chosen and category 4+
for Broken Creek. This allows for the provision of overbank flows for the Lower Goulburn
floodplains, an important environmental asset. Overbank flows onto these floodplains drain into the
River Murray downstream, such that the net water consumed by the river and its floodplains will be
less than the water recovery target.
The Northern Region SWS proposes water recovery targets of an additional 12 GL/y for the Loddon
River and 18 GL/y for the Campaspe River, 250 GL/y for the Goulburn River and 25 GL/y for Broken
Creek (Victorian Department of Sustainability and Environment, 2009) relative to the Northern
Region SWS baseline. This baseline differs to that used by MDBA for the Goulburn‐Broken region, as
MDBA’s baseline does not include 94 GL/y of savings under the Northern Victoria Irrigation Renewal
Project (NVIRP) and subsequent changes in the Goulburn‐Broken system. Reconciled against
MDBA’s baseline, the Northern Region SWS recommends a recovery of 344 GL/y for the combined
Goulburn‐Broken region.

6.2 Social and economic considerations
The ESLT proposed by MDBA has been informed by assessments of environmental water
requirements and socio‐economic impacts at the Basin, regional and local scale. Social and economic
outcomes are integral to the overall Basin Plan objective for a healthy working Basin.
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6.2.1 Assessment of the social and economic implications of the Basin Plan
To assess the social and economic implications of rebalancing water resource use under the Basin
Plan, MDBA has commissioned more than 20 studies and drawn on numerous other reports. The
assessment has also been informed through consultations with Basin communities, key stakeholder
and industry groups, and Basin states. The findings of the studies and consultations have been
synthesised in an overarching report, socio‐economic analysis and the draft Basin Plan (MDBA,
2011b). The studies identified by MDBA represent the most up‐to‐date, regionally specific and
applicable social and economic science and analysis available.
Communities value healthy river and floodplain ecosystems, which provide many important benefits.
These include clean water for drinking and agricultural use, nutrient recycling between the river and
floodplain, fish stock for anglers, and an environment that supports tourism, recreation and cultural
values. Basin water resources support dryland and irrigated agriculture—directly through the
irrigation of crops and pastures, such as cotton, rice, dairy pastures and horticulture, or less directly
for the watering of stock and in maintaining farming operations.
The assessments highlight a range of factors that drive social and economic outcomes in the Basin,
with the major drivers including technological change, climate variability and commodity prices.
There is no single factor that is the key determinant of social and economic well‐being in the Basin.
This has always been the case. While not underestimating its significance, MDBA notes that the
reductions in water for consumptive purposes proposed in the draft Basin Plan will be just one of a
range of factors which will influence social and economic outcomes—for the Basin as a whole and
for local communities.
While specific local impacts will vary, and communities will respond in various ways to the significant
challenges presented, the macroeconomic costs of the Basin Plan will be small overall—much
smaller, proportionally, than the corresponding reductions in water entitlements. This is because the
agriculture industry has demonstrated a long history of adapting to change through innovation and
increased productivity, and this is expected to continue. A continuation in agricultural productivity
growth will minimise the impacts on agricultural production of reductions in water availability






As overall water availability for agricultural use is reduced, the likely response is that the
relatively less productive uses of water will be reduced in the first instance. This may occur
through further improvements in the way irrigators manage water or through the exit of
some less efficient irrigation enterprises from irrigated production. Trade will allow water to
move to its highest value agricultural use, minimising reductions in the value of agricultural
production. The result will be that, on a Basin wide scale, any reduction in economic activity
will be less than proportional to the reduction in water availability.
MDBA believes that the most efficient and productive irrigators will remain and continue to
provide the agricultural produce necessary to feed the nation, generate significant export
earnings, and contribute to national and Basin prosperity.
Economic modelling estimates that the Basin Plan is likely to reduce agricultural production
by no more than 9 per cent and gross regional product by less than 1 per cent. The
reduction in the aggregate value of Basin production will be more than offset by underlying
economic growth, with the size of the economy estimated to be significantly higher in
2019‐20 than in 2011‐12, even taking the Basin Plan into account.
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The employment impacts are also expected to be manageable. In fact, in the short term, the
Australian Government’s Water for the Future program is expected to boost the level of
employment in the Basin. Over the longer term, once the economic activity associated with
significant investments in irrigation infrastructure has been completed, the modelling
indicates relatively minor reductions in employment as a result of the Basin Plan.
While there will be a need for some communities to adjust to the reductions in water
available for consumptive use proposed in the draft Basin Plan, the proposed 2019 transition
path will assist in smoothing that adjustment.

Notwithstanding the findings of the macroeconomic analyses that indicate that the long run costs of
the Basin Plan will be small overall, MDBA recognises that some industries, regions and communities
may face substantial adjustment.






Depending on the influence of a range of factors, including technological improvements,
demographic influences, commodity prices, and industry and community adaptability, the
Basin Plan could result in reductions in irrigated agricultural production in some areas of the
Basin.
o Potentially vulnerable sectors could include rice growing in the Murray and
Murrumbidgee valleys, cotton growing in the Lower Balonne, dairy farming in the
Goulburn‐Murray Irrigation District, and horticulture in Sunraysia, the
Murrumbidgee and the SA Riverland.
o On the other hand, many communities will be unaffected because:
 the rebalancing of water use in their catchment has already largely
occurred;
 they have a low reliance on irrigated agriculture;
 they have a diverse economy that will cushion the impacts of any change in
water availability for agriculture; or
 they benefit substantially from more environmental water, such as in the
case of floodplain graziers.
The Government’s restoring the balance entitlement purchase program seeks to recover
water entitlements from willing sellers, paying entitlement holders for water directly
recovered from them. However, the consequent reduction in regional irrigated production
may also trigger third party flow‐on effects for those farmers who remain, businesses that
service farmers, processing companies, and community level businesses and services.
Communities will be more vulnerable if they are small, remote, heavily reliant on irrigation,
have limited alternatives to diversify, or are already struggling as a result of the recent
drought.
Studies indicate that economic impacts on some irrigation dependent communities could be
accompanied by social impacts, such as loss of population, change in population mix,
changes in community identity, potential health concerns and demand for social services.
For some communities, potential social impacts may reinforce demographic trends which
have been apparent for some time and which are a significant source of tension for those
affected. MDBA considers that the potential for the Basin Plan to result in these types of
impacts is substantially reduced through its proposed transition to a 2019 implementation
and review in 2015.
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MDBA recognises that the responses of governments and communities will influence how the Basin
Plan impacts on industries and communities. In particular, government policies and programs could
mitigate the extent of any costs borne by those irrigators and local communities likely to be most
affected. Those policies and programs include the Commonwealth’s Water for the Future program
and potential policy opportunities relating to: how environmental water is acquired and delivered;
approaches to environmental works and measures, river operations and river management; and
water markets and trading.
Furthermore, MDBA understands the importance of harnessing local expertise and leadership, to
help local organisations adapt to using less water and enable improvements in environmental
outcomes through the use of local water management knowledge and solutions.
MDBA also understands that Indigenous people have specific interests in the Basin’s water
resources. Many Indigenous people have maintained their interests in caring for country as part of
their cultural responsibility. However, there is a lack of quantitative data on Indigenous water uses
and values, and this inhibits attempts to estimate the relative benefits and costs of changing water
use arrangements under the draft Basin Plan. A key gap is in quantifying the volume of water needed
for cultural flows.
6.2.2 Social and economic considerations in the determination of the ESLT
MDBAs adoption of its guiding objective to deliver a healthy working Basin exemplifies its desire to
foster a productive irrigation sector and, in doing so, support the regional communities that rely on
irrigated agriculture for their prosperity.
Human settlement over the past 200 years has altered the landscapes and placed constraints in the
system, which make it physically impossible to return to a natural, pristine environment. MDBA is
seeking to determine an ESLT within the context of infrastructure and operating systems currently
which support a productive irrigation sector and other water users. MDBA does not seek to restore
the river and floodplain systems of the Murray‐Darling Basin to their natural state. Nor does the
Water Act 2007 require MDBA to do that.
To meet its requirement under the Act to optimise economic, social and environmental outcomes,
MDBA considered a range of options in setting the ESLT. The lower end of the range identified in
The Guide to the proposed Basin Plan as meeting environmental restoration requirements, was
chosen for further analysis so as to minimise any adverse social and economic implications.
The evidence of significant economic and social benefits for the community and the enterprises
dependent on a healthy river, arising from the sustainable diversion limits under consideration, has
also informed the decision.
In modelling the ESLT options, MDBA had to take account of social and economic implications in the
following ways:




setting the ESLT within the constraints and operative rules of the current system which has
been designed for irrigation and other water use;
avoiding third party impacts, by protecting the reliability of entitlements;
managing the held environmental water portfolio according to existing rules, in order to
retain the productive capacity of the water dependent enterprises; and
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assessing the additional water recovery needed, assuming the efficient use of environmental
water, effectively optimising water use so as to reduce the scale of change required.

Following the significant analysis to quantify the lower bound of the ESLT set out in this report, the
judgement to choose the bottom end of the band of ‘environmental restoration needs’ is
simultaneously to maximise the productive benefits from water use and to minimise social and
economic impacts from reductions in water availability for irrigation industry and other water users.
MDBA’s proposed 7 year transition and the 2015 review are aimed at minimising social and
economic impacts, by providing time for adjustment and providing time for more analysis of the
opportunities to optimise economic and environmental outcomes through innovation, more
efficient management, new knowledge, and local solutions.
MDBA’s decision to separate out and not attribute the shared reduction, in the connected systems in
the northern and southern Basin, is based on the evidence of the benefits of a market approach in
enhancing the productive capacity of the water use and achieving reductions at least cost. The
ability to spread the recovery over 7 years means the fluctuations in commodity prices and water
availability can be evened out during the recovery process so that one sector is not unduly affected
as it would be if the water recovery occurred over a shorter period.

6.3 Integration, judgement and selection of ESLT options
6.3.1 Spatial entities within the ESLT
For the purposes of setting the ESLT, MDBA segregated the Basin into three spatial entities:





the northern connected Basin (including the Paroo, Warrego, Condamine‐Balonne, Nebine,
Moonie, Intersecting streams, Border Rivers, Gwydir, Namoi, Macquarie‐Castlereagh and
Barwon‐Darling);
the southern connected Basin (the Murrumbidgee, River Murray System, Ovens, Goulburn‐
Broken, Campaspe and Loddon); and
the disconnected rivers (the Lachlan and Wimmera‐Avoca).

This recognises the limited natural connectivity, and fundamental difference in hydrology, between
the northern and southern parts of the Basin, which limits the ability to achieve environmental
outcomes in the River Murray System using water from the north. It also recognises the rivers
within the Basin that only rarely flow into downstream systems, and are effectively disconnected.
In addition, the Murray and Barwon‐Darling Rivers rely on their tributaries for their inflows.
Accordingly, it is appropriate that the tributaries to these rivers contribute to the downstream
environmental water requirements. The proposed reductions to achieve an ESLT for key tributaries
in the north and south of the Basin are therefore comprised of both an in‐catchment (or local)
component and a shared (or downstream) component.
6.3.2 Determining an option for further assessment
By integrating the available information, and through considered judgment, MDBA established a
range of sensible ESLT options for further and more robust analysis using the hydrologic models. In
determining these options, MDBA has attempted to strike an appropriate balance between
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environmental, social and economic outcomes that protects and restores key water dependent
ecosystems across the Basin but within the context of a healthy working Basin.
Whilst the selection of an ESLT option for further analysis required the consideration of Basin and
regional scales concurrently, it is best explained through a ‘top down’ approach.
An initial Basin‐wide scale of change in the order of 3,000 GL/y was adopted based on the lower end
of the reduction range set out in the Guide to the Proposed Basin Plan. This was split (based on the
regional assessments) to require 650 GL/y from the northern connected Basin, 2,350 GL/y from the
southern connected Basin and 45 GL/y from the disconnected rivers.
The lower end of the range was chosen (as an ESLT option for further analysis) in order to optimise
economic, social and environmental outcomes. It was considered that the additional water recovery
would be broadly sufficient to achieve the environmental objectives, albeit at less certainty than
higher recoveries, and would retain sufficient quantity of water available for irrigated agriculture
and other consumptive use to enable the continued viability and growth of the sector, while
recognising that some more vulnerable communities will be affected and further adjustment policies
would be needed to minimise impacts.
After further consideration of previous assessments of Basin scale water needs (refer previous parts
of this Section, and summarised in Table 6.5), feedback from communities, the potential costs for
irrigation dependent communities, the justification for the northern connected Basin, and the
limited ability to deliver environmental water from the northern system to the southern system, the
reduction in the north was reduced by 200 GL/y. Other minor adjustments were also made, for
example in the Wimmera region (refer Table 6.6), to take on board new information.
Table 6.5: Summary and comparison of assessments at the Basin‐scale
Scale of Change
(in GL/y, relative to the Basin Plan baseline)
Studies
Low

Average

High

MDBA – end‐of‐system flow analysis (+/‐20%)

3,000

3,500

4,000

MDBA – preliminary and incomplete hydrologic
modelling

2,320

2,605

2,890

1,2951,2

2,410

3,5251,3

2,205

2,840

3,470

Wentworth Group (a Basin‐wide assessment,
extrapolated from The Living Murray)
Average

Notes: 1. In conjunction with structural and operational changes Basin‐wide and corrected to align to MDBA
baseline.
2. Lower estimate was not recommended by Wentworth Group.
3. Higher estimate was recommended by Wentworth Group.

The overall estimate of the Basin‐wide scale of change then became 2,800 GL/y, split to require
approximately:
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450 GL/y from the northern Basin;
2,280 GL/y from the southern Basin;
70 GL/y from the disconnected rivers.

MDBA agreed to assess if this was the minimum scale of change required to meet the environmental
objectives.
At the regional scale, the best available line of in‐catchment evidence was used to determine the in‐
catchment environmental water requirement for each region, within this overarching reduction
(Table 6.6.). The regional reductions were then aggregated and compared to the levels of reduction
required Basin‐wide, and for the northern, southern and disconnected components. The difference
between the two assessments was established as the shared component of the overall reduction.
For the purposes of modelling, the MDBA applied a simple, pro‐rata approach to split the shared
component across the contributing tributaries (noting that this is not a policy decision for
distributing the shared reduction, simply something that was necessary to enable modelling).
On the basis of the assessments (including MDBA’s own assessments) made prior to 2011, the MDBA
selected a primary ESLT option for more detailed analysis. This was a Basin‐wide reduction in
diversions of 2,800 GL/y, and local reductions as set out in Table 6.6.
Further, to support this testing and determine the sensitivity of environmental objectives to the
proposed reduction, MDBA also agreed to test two additional options, representing reductions of
2400GL/y and 3200GL/y. These two additional options maintained the same ESLT volume in the
northern Basin and subsequently focussed on the southern connected system which is more heavily
regulated, and environmental outcomes in the lower end of the Murray are most difficult to achieve.
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Table 6.6: SDL options modelled as part of the 2400, 2800 and 3200 GL/y reduction scenarios
REGION

Southern Basin
Ovens
Kiewa

Goulburn
Broken

Loddon

Campaspe

Murrum‐
bidgee

Local Reduction
(GL/y)

Watercourse
Diversions

Total Reduction (GL/y)
including potential
contribution to shared,
downstream reduction
2400
2800
3200

2400

2800

3200

25
11

0
0

0
0

0
0

0
0

0
0

0
0

1,594

344

344

344

388

458

552

89

113

2,041

12

18

320

12

18

320

12

18

320

23

28

502

27

32

593

Notes

Few diversions. Flow regime mostly intact. No change proposed.
Few diversions. Flow regime mostly intact. No change proposed.
Guide proposed a reduction of 352 GL for local needs (3000 GL scenario).
MDBA considers the Victorian FLOWS assessments to provide robust estimates of the
environmental water needs of the Goulburn Broken system. The Northern Rivers Sustainable
Water Strategy estimated 275 GL (250 GL for Goulburn River plus 25 GL for Broken Creek) would
be required to provide those environmental water needs. This volume was after taking into
account (on top of) savings expected to be achieved by NVIRP stage 1. The MDBA has used a
baseline of 30 June 2009, which is pre NVIRP stage 1, and has adjusted the amount to 344 GL
accordingly as 94GL was expected from NVIRP stage 1 at the time the SWS was prepared.

33

Guide proposed a reduction of 28 GL for local needs (3000 GL scenario).
MDBA considers the Victorian FLOWS assessments to provide robust estimates of the
environmental water needs of the Loddon system. The Northern Rivers Sustainable Water
Strategy estimated 12 GL would be required to provide those local environmental water needs.

40

Guide proposed a reduction of 28 GL for local needs (3000 GL scenario).
MDBA considers the Victorian FLOWS assessments to provide robust estimates of the
environmental water needs of the Campaspe system. The Northern Rivers Sustainable Water
Strategy estimated 12 GL would be required to provide those additional environmental water
needs.

714

Guide proposed a reduction of 474 GL for local needs (3000 GL scenario).
MDBA and stakeholders identified some issues with the EOS flow approach used in the Guide.
When these issues were corrected the updated EOS flow analysis suggested 377 GL is required.
Early modelling indicated 270 GL would be required to meet some indicator asset requirements,
but this represented a planned environmental water approach (not recovery of held
environmental water), would have had reliability impacts for irrigators, and did not represent all
indicator asset requirements.
Time series analysis indicated 320 GL would likely be close to the volume needed to deliver the
environmental water requirements. MDBA selected this as an option to test using more robust
hydrologic modelling.
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REGION

Local Reduction
(GL/y)

Watercourse
Diversions

2400

2800

3200

Total Reduction (GL/y)
including contribution to
shared, downstream
reduction
2400
2800
3200

Notes

Environmental water requirements for the Murray system have had a significant influence on the
selection of 2400, 2800 and 3200 GL reduction options – see text in previous sections of report
for a complete description of information considered by the MDBA in selecting these options.
624 GL assigned initially to the Murray‐Lower Darling on equity considerations.
Once tributary contributions association with local reductions are taken into account, the
remainder required to achieve the total Basin wide reduction is shared across the relatively well
connected tributaries, on a pro‐rata reduction basis.

Murray and
Lower Darling

4,090

624

624

624

949

1178

1352

EMLR

28.3

0

0

0

0

0

0

Low impact of diversions. No reduction proposed.

Paroo

0.2

0

0

0

0

0

0

Warrego

45

7

7

7

7

7

7

Condamine‐
Balonne

713

150

150

150

203

203

203

Nebine

6

1

1

1

1

1

1

Moonie

33

1

1

1

3

3

3

Few diversions. Flow regime mostly intact. No change proposed.
Few diversions. 7 GL reduction represents the early 2011 estimate of the volume of the
unactivated, ‘gifted’ water from QLD Govt. No further change proposed. SDL will therefore
maintain existing flow regime.
Guide proposed a reduction of 203 GL for local needs (3000 GL scenario).
Early modelling by MDBA indicated a 234 GL reduction may be required to achieve water
requirements of indicator sites ‐ this represented a relatively spatially random approach to water
recovery, across the entire region. Discussions with QLD Govt and stakeholders indicated a more
strategic water recovery approach focussed on particular parts of the region would be more
efficient. On the basis of these discussions MDBA selected 150 GL as an option to test an
alternative water recovery approach. [Note: MDBA has subsequently modelled 60, 100, 130 and
150 GL reduction scenarios and these have further informed the proposed ESLT and SDL in the
Condamine‐Balonne]
Few diversions. 1 GL reduction represents the unactivated, ‘gifted’ water from QLD Govt. No
further change proposed. SDL will therefore maintain existing flow regime.
Guide proposed a reduction of 1 GL for local needs (3000 GL scenario).
Existing recovery estimated at 1 GL LTDLE.

Intersecting
streams

3

1.5

1.5

1.5

1.5

1.5

1.5

Northern Basin

Few diversions. Flow regime mostly intact. Reduction contributes to downstream flow needs.
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REGION

Local Reduction
(GL/y)

Watercourse
Diversions

2400

2800

3200

Total Reduction (GL/y)
including contribution to
shared, downstream
reduction
2400
2800
3200

Gwydir

325

52

52

52

52

52

52

Namoi

343

10

10

10

34

34

34

Macquarie‐
Castlereagh

424

65

65

65

84

84

84

Border Rivers

450

15

15

15

43

43

43

Barwon‐
Darling

198

6

6

6

20

20

20

Notes

Guide proposed a reduction of 89 GL for local needs (3000 GL scenario).
Early modelling by MDBA indicated a smaller volume may be sufficient to meet the water
requirements of indicator sites, although this modelling had considerable uncertainties. In early
2011 it was estimated existing water recovery would provide approximately 52 GL/y LTDLE.
MDBA selected this as an option to test the ability to provide flows required by indicator sites
using a more refined environmental water delivery approach.
Guide proposed a reduction of 31 GL for local needs (3000 GL scenario).
In 2011 the MDBA undertook more detailed eco‐hydrologic assessments of environmental flow
needs in the Namoi. Time series analysis was used to estimate volumes of water that may be
required to reinstate target flows identified in those assessments. This indicated 10GL may be a
sufficient volume. MDBA selected this as an option to test using hydrologic modelling.
Guide proposed a reduction of 20 GL for local needs (3000 GL scenario).
Early modelling by MDBA indicated a larger volume may be required to meet the water
requirements of indicator sites, although this modelling had considerable uncertainties. In early
2011 it was estimated existing water recovery would provide approximately 65 GL/y. MDBA
selected this as an option to test the ability to provide flows required by indicator sites using a
more refined modelling approach, on the basis that it was thought to be a better approximation
of the environmental water requirements under a held environmental water approach.
Guide proposed a reduction of 54 GL for local needs (3000 GL scenario).
In 2011 the MDBA undertook more detailed eco‐hydrologic assessments of environmental flow
needs in the Border Rivers. Time series analysis was used to estimate volumes of water that may
be required to reinstate target flows identified in those assessments. This indicated 15GL may be
a sufficient volume. MDBA selected this as an option to test using hydrologic modelling.
In 2011 the MDBA undertook more detailed eco‐hydrologic assessments of environmental flow
needs in the Barwon‐Darling system. Time series analysis was used to estimate volumes of water
that may be required to reinstate target flows identified in those assessments. This estimated
around 450 GL total reduction in the northern Basin may be required to achieve those
environmental water requirements. MDBA selected this as an option to test using modelling.
6 GL assigned initially to the Barwon‐Darling on equity considerations.
Once tributary contributions association with local reductions are taken into account, the
remainder required to achieve a total 450 GL reduction is shared across the relatively well
connected tributaries, mostly on a pro‐rata reduction basis.

Note: Reductions including downstream components are indicative only
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7 Modelling and assessing ESLT options
MDBA has developed a modelling framework to explore multiple ‘Basin Plan scenarios’ which
represent the Basin under a wide range of future water management policies. This method was
originally developed by CSIRO in 2009/10 (Podger et al. 2010b) and provided MDBA with new
modelling capacity developed for the Murray‐Darling Basin Sustainable Yields project (CSIRO 2008).
MDBA has largely continued to utilise this approach, with ongoing refinements to address technical
issues and policy changes experienced during the development of the Basin Plan. This section
describes the specific approach undertaken to produce model scenarios exploring long‐term Basin‐
wide reductions in diversions of 2400, 2800 and 3200 GL/y.

7.1 Introduction
Water resource management has long been supported through the use of hydrologic (or river
system) models which have been developed over the past four decades. These complex computer‐
based tools are mathematical representations of river systems which contain a set of relationships
connecting parameters such as river flows, irrigation diversions, water storages, losses (evaporation
and overbank flooding), and environmental flows. They simulate the storage, supply and use of
water as it is managed for various purposes.
For the most part Basin jurisdictions have developed and calibrated hydrologic models as tools for
scenario exploration of water planning options. This is achieved through a retrospective type
simulation — that is, by producing a scenario in which the water resources development,
infrastructure and water management policies at a certain time in history (e.g. June 2009) are
assumed to have applied over a long period (e.g. 1895 – 2009). The advantage of this type of
scenario is that the long‐term effects of water management policies under a large variety of climate
and resource conditions can be explored. These effects are applicable to variations in consumptive
use, storage behaviour, and environmental flows. These models should not be mistaken as
predictive as they cannot forecast future river flows; rather, they enable water resource managers to
assess water planning options across a broad set of experienced climatic and resource conditions.
Models are fundamental for the setting of long‐term average limits to manage water resources in a
basin with a highly variable climate. Policies such as the Cap (implemented in 1995) are one example
of how long term average extractions limits are implemented through using the information
produced from hydrologic models. Through use of the models, the Cap enforces a restriction on
consumptive water use but enables the inter‐annual volumes of use to vary in accordance with the
water availability patterns experienced in that catchment at the time and industry demand. MDBA
has undertaken a similar model‐based process to assess achievement of objectives of the Water Act
and define the long‐term average sustainable diversion limits. This volume is expressed as the long‐
term average annual average quantity of water that can be taken from the water resources
throughout the Basin. It does not, however, mean that water provided for the environment or
water users follows the long‐term average each year.
For this purpose, MDBA has built on the modelling framework developed by CSIRO as part of the
Murray‐Darling Basin Sustainable Yields project (CSIRO 2008). Individual hydrologic models have
been managed by each state agency to represent their respective regions; however CSIRO
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connected these via a single framework. The modified framework utilised by MDBA has
incorporated 24 hydrologic models from across the Basin. A schematic diagram of this framework is
shown in Figure 7.1. The type of model used for each region is also displayed here (e.g. IQQM,
REALM, etc), as are the major public storages (represented by triangles) and natural lakes (green
ovals). The thickness of each line is an indication of the relative volume of water in each river
system.
Two foundation model scenarios have provided an historical and contemporary understanding of
the Basin’s water resources; the ‘without‐development’ and ‘baseline’ scenarios. Both scenarios
have informed the level to which flow regimes have changed due to human development.
The without‐development scenario represents the Basin as a system with no development or
associated consumptive use — it is a representation of conditions which approximate its natural
state. An approximate only is possible as flow data has not been corrected for land use or landscape
changes (e.g. geomorphic changes and farm dams). These are implicitly included in the calibration
of rainfall‐runoff models and measured data used in the models. The scenario is one of many pieces
of information which have informed the development of environmental watering requirements
(Section 5).
The baseline scenario includes consumptive use and the rules and sharing arrangements relating to
water resources plan policies at June 2009 (models provided by Basin jurisdictions); the MDBA
assessed the long‐term average level of take at this time to be 13,659 GL/year. This volume consists
of consumptive diversions from the main watercourse (10,643 GL/y) and interceptions of inflowing
water before it reaches the main river or other unregulated diversions (3016 GL/y). Only the first of
these elements is included in the hydrologic models, hence the modelling framework has assumed
that any reductions in consumptive use to satisfy an ESLT are taken from the watercourse diversions
volume (as a working assumption for the modelling, noting that actual information or water
recovery may differ).
The framework for establishing the ESLT (Section 2) is heavily reliant on accurate assessment by
hydrologic or river system models. The modelling method adopted under this framework allows the
testing of a variety of environmental water requirements and ESLT volumes, and as such is entirely
dependent on two key scenario inputs: the Sustainable Diversion Limits (SDLs), and the flow
indicators. The SDL included in each model scenario was selected by MDBA, while the ecological
targets are described in Appendix D. The resulting ‘Basin Plan’ scenarios are based on a modification
of baseline models, hence the existing baseline rules regarding planned environmental water are
retained the Basin Plan models.
The modelling method applied under the framework varies on the basis of the different water
management strategies applied for regulated and unregulated rivers, as described below.


In regulated systems, purchased entitlements receive a certain share of a stored water
resource into their associated water accounts via available water determinations or
allocations. In some instances these water allocation systems also provide license holders
access to storage rights and carryover provisions so to manage their water resource in
accordance to their specific needs; and
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In unregulated systems, entitlements and associated allocation generally have less flexibility,
and licenses provide a water access right to extract from water as it passes by their property.
In the case of the environment, this water is not extracted, and alternatively it requires
protection as is passes downstream.

As each of these differ in terms of the allocation and use of water, regulated and unregulated
systems and the modelling method for each are described in separate sections below.

Figure 7.1: Conceptual diagram of the modelling framework used to help develop the SDL.
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7.2 Regulated regions
The presence of one or more regulating storages in a river system is generally linked to water
resource policies which issue water allocations through storage‐based accounts to entitlement
holders. The majority of regions in the Murray‐Darling Basin contain a significant level of flow
regulation, and those listed below are considered regulated for the purpose of this discussion on
modelling methods:










Gwydir;
Namoi;
Macquarie;
Lachlan;
Murrumbidgee;
Murray;
Goulburn;
Campaspe; and
Loddon.

The subsections below detail the modelling process. The modelling process has attempted to re‐
instate a number of distinct flow events in the Basin Plan scenario. In addition to the information
presented in this report, more detailed information regarding the modelling in each region will be
released during the consultation process.
7.2.1 Selecting flow events
Generally, in regulated regions, environmental water can be ordered at a specific flow rate during a
desired season to meet an environmental water requirement and to achieve a target environmental
flow regime. This might be thought of as an event — for example, a bird‐breeding target in the
Barmah‐Millewa Forest is characterised by a flow event of 15,000 ML/day for 150 winter/spring days
in a given year. Under without‐development conditions, this event would have occurred during 50
of the 114 years in the period 1895 – 2009. In contrast, the baseline model indicates that the
current level of human development and water extraction has reduced this rate to 12 of the 114
years. MDBA has modelled a series of potential post‐Basin Plan scenarios in which some of these
‘missing events’ have been re‐instated using a variety of possible environmental watering regimes.
That is, rather than generating artificial environmental events, this modelling technique re‐instates
‘naturally‐occurring’ events by supplementing existing baseline flows with environmental water.
7.2.2 An environmental watering account
One of the main factors constraining the environmental events available for re‐instatement will be
the volume of environmental water available in a given year. The Commonwealth Government has
committed to ‘Bridging the Gap’, whereby the gap between current diversions and the SDLs will be
achieved by purchasing water entitlement licences and investments in efficiency improvements. A
Held Environmental Water (HEW) portfolio will therefore be available which can be utilised to
deliver environmental events. The licensed entitlements comprising this portfolio (and their
allocations) will limit the volume of available water in each year. MDBA modelling has incorporated
this policy by constraining the environmental events to a hypothetical Basin Plan Environmental
Watering Account (BP‐EWA). Essentially, the long‐term average volume contained within this BP‐
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EWA represents the difference between current (or baseline) diversion limits and the future SDL.
Under this process, the volume available in the modelled BP‐EWA was defined as the sum of
diversions from each license type (for example, a mix of high, general or low security licences).
Each valley in the Basin is represented by a separate hydrologic model, thus a BP‐EWA was required
for each modelling region. Furthermore, the Government’s purchasing program is ongoing; hence
MDBA modelling has made an estimate of the future characteristics of the regional BP‐EWAs. These
characteristics are detailed below, however they can be summarised as:





Pro‐rata (i.e. equal proportional share) share from major upstream catchments for contributions
to any downstream needs;
All license types (excluding town water supplies) have been purchased as an equal percentage;
The account volume is based on modelled diversions from the purchased licences rather than
their allocations; and
The account is calculated on an annual time‐step (i.e. on a year‐by‐year basis).

The necessity and reasoning behind each of these assumptions is detailed below.
The regional SDLs include a volume required for in‐valley environmental requirements and a second
‘shared component’ to meet downstream requirements (e.g. a portion of the water required for
some River Murray environmental assets would be sourced from the Murrumbidgee and Goulburn
catchments). For example, diversions in all regions in the Southern connected Basin have been
reduced by an equal 29% in the BP 2800 GL scenario. This modelled regional distribution can be
updated as the Commonwealth investment program to bridge the gap proceeds. However, the
feedback loops which would allow environmental watering requirements to be passed from a
downstream model to an upstream tributary are as‐yet undeveloped — each regional model is a
distinct entity which exchanges limited information with its neighbouring models. Thus, the
modelling framework does not have the capability to include a dynamic shared downstream BP‐EWA
component. As such, MDBA has assumed an equal proportional (i.e. pro‐rata in terms of percentage
of total diversions) split of this shared component between relevant valleys and placed this volume
for use in the environmental watering account in each upstream catchment.
An entitlement simulator developed by MDBA was used to select an equal percentage of all license
types (excluding town water supplies; TWS) to be the basis of the environmental account. For
example, if a reduction of 29% in licence non‐TWS licence types is required to achieve the desired
reduction in diversions, then both low‐ and high‐security licences have been reduced by 29%. The
Commonwealth purchase program is currently incomplete, so the MDBA adopted this assumption of
uniform recovery across entitlement classes for the purposes of the modelling.
The volume available in the BP‐EWA was defined as the sum of diversions from each license type.
For example, if 29% of irrigation licences were allocated to the BP‐EWA under a Basin Plan scenario,
then approximately 29% of the consumptive use volume (i.e. diversions) would be allocated to the
environmental account on a year‐by‐year basis (the percentage is approximate due to the year‐to‐
year variation in allocations to each licence type).
An alternative approach is to match the annual BP‐EWA volume to the allocations rather than
diversions — this option would allow the environment water orders to take advantage of the full
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account volume in relatively wet years (when a consumptive user would not necessarily access their
full allocation). This approach requires a dynamic BP‐EWA to be included in every hydrologic model;
that is, an in‐model account incorporating year‐to‐year changes in response to orders and releases.
However, only a minority of the models currently have this capability. Including a dynamic BP‐EWA
account in all models requires significant model development, outside the capacity to be completed
in time to inform the proposed Basin Plan. Hence, MDBA has pre‐processed the annual BP‐EWA
volume external to the modelling framework, a process which still reflects the ongoing water
recovery process. This option preserves the usage behaviour of these licences as observed under
current arrangements, however the water is directed towards environmental purposes rather than
consumptive users. This was completed at an annual basis, providing a year‐by‐year BP‐EWA
volume to constrain the environmental demand series described below. A larger description of
these and other uncertainties is described in Section 10 of this report.
7.2.3 Environmental demand series
The Basin Plan modelling program has ordered environmental water from storages using an
environmental demand time series (method described in detail by Podger et al. 2010b). Each
demand series is based on an environmental requirement defined at a specific site, and can request
a desired flow for each day over the 114‐year modelling period. Many of the demand series request
a set of discrete distinct events (for example, the 2800 GL scenario requested eleven additional
44,000 ML/day events for the Mid‐Murrumbidgee Wetlands), and they request only these events —
the demand series is set to ‘zero’ for the remainder of the modelling period, during which it remains
effectively inactive. For those regions which are represented by a monthly model (the Murray and
Victorian catchments), the daily demand series is converted to a monthly time‐step.
An example of a demand series from the 2800 GL scenario is shown in Figure 7.2; this series is
designed to meet an environmental target at the Mid‐Murrumbidgee Wetlands, measured using
flows at Narrandera. Note that the demand series includes an estimate of the rates of rise and fall of
a flooding event. This is an inherent characteristic of river flows at that site, and was determined
through an analysis of observed (as opposed to modelled) flows. In this example, the target is a
44,000 ML/day event lasting three days to inundate the surrounding lakes and billabongs which
comprise the Mid‐Murrumbidgee Wetlands. The total volume of the requested event is 842 GL.
However baseline flows have already delivered 760 GL of this volume, hence the remaining 82 GL
(red shaded area displayed in Figure 7.2) is requested from the storage and accounted as an order
from the BP‐EWA.
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Figure 7.2: An example of a Mid‐Murrumbidgee Wetlands environmental event requested using a
demand series. The orange line traces the flow at Narrandera on the Murrumbidgee River under
baseline conditions, and the blue line traces the demand series. Water attributed to the BP‐EWA
is represented by the blue shaded area.
Demand series have been created to address a variety of environmental targets at many sites
throughout the Basin. They can be split into four distinct sections of the flow regime, listed below:
i.
ii.
iii.
iv.

Low (or base) flows – the long‐term underlying river flow which varies on a seasonal
basis and in response to climatic conditions;
Freshes – in‐channel mid‐flow events which last a few days or more;
Overbank/flood events – high flow events which typically exceed the capacity of the
river channel and inundate the surrounding region; and
Downstream events – water delivered to assist with a downstream environmental
requirements (e.g. from the Goulburn region to the Murray), typically constrained to
in‐channel flows to maximise delivery efficiency and avoid third‐party flooding
impacts.

A modelled scenario may therefore contain multiple demand series at multiple sites, or indeed
multiple demands at a single site (for example, the Murrumbidgee model contains five demand
series, including two sites with a single demand series, and one site with a further three demand
series). A schematic demand series is shown in Figure 7.3 which demonstrates the requirements for
different parts of the flow regime at a hypothetical site. Importantly, the modelling process
employed by the MDBA recognises that multiple demands may overlap, hence these flows are only
ordered from the storage once. A more detailed description of the steps required to construct and
include these demand series is given below.
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Figure 7.3: A schematic flow series demonstrating the different flow requirements at a given site
(low flows, freshes and overbank/flooding events). The volumes are indicative and hypothetical,
for the purpose of explaining the key concepts.
7.2.3.1 Low flows
Low (or base) flows are an important component of the flow regime which maintain aquatic habitats
for fish, plants and invertebrates. They are the long‐term seasonal flows which provide drought
refuge during dry periods, and contribute to nutrient dilution during wet periods or after a flood
event. To incorporate low flows, MDBA has adopted a standardised hydrologic approach across the
entire Basin. It is recognised that this method has associated uncertainties, especially in relation to
the ecological basis and outcomes achieved through reinstating these flows, however base flows are
only a small component of Basin Plan environmental water requirements and have a small
volumetric impact on the ESLT. Hence the contribution of these uncertainties to the modelling
conclusions is not significant. A full description of the low flow demand series methodology is given
in the Basin Plan Modelling Report (MDBA, 2011a).
7.2.3.2 Fresh and overbank/flooding events
Freshes and flooding events generally share a similar set of underlying circumstances. Both are
often caused by a rain event leading to increased inflows to the river which travel as a pulsed flow
down the system. At a given site on the river, this period of increased flow can last a few days (or
more) and these events have been linked to a set of environmental and river ecosystem responses in
vegetation communities such as wetlands and Redgum/Black box woodlands, and associated biota
such as waterbirds, fish and macro‐invertebrates. In contrast to the low flow requirements defined
above, fresh and overbank targets are therefore based on distinct events which can occur at a range
of frequencies from a few times per year to once every few years. From a hydrological point of view,
the main difference between a fresh and an overbank event is the magnitude of the flow — freshes
are characterised by in‐channel flows, whereas floods are larger overbank events which inundate the
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surrounding area. Due to their hydrologic similarity, a similar method was used to create demand
series for fresh and overbank events in the regulated catchments.
MDBA modelling can indicate the changed characteristics of fresh and overbank events caused by
human development and extraction. One of the most significant changes has been the frequency of
these events. For example, of the 114 years represented by the hydrologic models, 50 years
included flow conditions suitable for a bird‐breeding event at Barmah‐Millewa Forest under without‐
development conditions; this number has reduced to only twelve years under baseline conditions.
Based on prior assessments of environmental water requirements (Section 6), MDBA has defined
desirable watering frequencies for each type of watering event in the Basin; the Barmah‐Millewa
bird‐breeding example has a target frequency of 30% of years (or 34 of the 114 modelled years). To
achieve this, an additional 22 (or more) events need to be included in any Basin Plan scenario. A
similar process has been followed to address fresh and overbank flow frequencies across the Basin.
The process of selecting events to include in the demand series for any Basin Plan scenario has been
driven by two important concepts: an environmental account, and hydrologic connectivity. The
concept of the environmental account (BP‐EWA) was described in the previous section. The BP‐EWA
is based on the recovery of water through the purchase of existing licences from willing sellers and
other investments, and is an estimation of the future behaviour of this portfolio. The modelling has
ensured that any demands for fresh/overbank events do not exceed the BP‐EWA volume in a given
year, except for a small number of years in which this volume can be exceeded by 20% to allow for
carry over or trading activity.
7.2.3.3 Hydrologic connectivity
The second of these concepts — hydrologic connectivity — provides an opportunity to obtain
multiple benefits from a single flow event and thereby increase water use efficiency by the
environment. In essence, a volume of environmental water delivered to an environmental site will
also increase flows at other sites along the river en route even after it reaches its intended site, thus
producing a broader range of ecosystem responses. Each river system in the Basin contains multiple
hydrologic indicator sites and, where possible, MDBA modelling techniques have taken advantage of
hydrologic connectivity to address multiple environmental needs with a single environmental water
order.
This concept of connectivity is displayed in Figure 7.4, which shows the demand series to meet
environmental targets for the Low‐Bidgee Floodplain (flows measured at Maude Weir). The demand
series (green line) will request a release from the storage to fill the gap above the existing baseline
flow. However, a portion of this event (red shaded area) has already been met by the flows ordered
for the upstream Mid‐Murrumbidgee Wetlands site (the example shown in Figure 7.2 above). In this
example, the Low‐Bidgee event requires a total volume of 802 GL, of which baseline flows have
delivered 666 GL. Importantly, the existing Mid‐Bidgee requirement has delivered an additional
49 GL, hence only 87 GL of the BP‐EWA has been accessed for this event. When choosing which
events to re‐activate over the 114‐year period, MDBA has ensured that environmental events at
connected assets coincide whenever possible.
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Figure 7.4: The baseline flow and demand series to meet an environmental target for the Low‐
Bidgee Floodplain. The demand series is traced with the blue line, and the water ordered from the
BP‐EWA is shaded blue. The demand for the upstream Mid‐Murrumbidgee Wetlands (shown in
Figure 7.2) has already delivered a portion of the desired event, and that volume is shaded red.
This approach has a key assumption of allowing the environment to reuse water that returns to the
river following an environmental watering event. This was achieved within the modelling by
reducing consumptive diversions by the amount of water to be recovered. Implicitly this allows the
environment to reuse water and does not lead to increased consumptive use. If this assumption had
not been applied a greater volume of water would have been required to achieve the same
outcomes, as the environment would have had to order greater volumes, and would have required
more to be available in its account.
7.2.3.4 Event selection
To complete this process, an initial (or maximum) demand series was constructed which included
every possible fresh/overbank target at every environmental site. Some of these demand series
were constructed using the eFlows predictor (Marsh et al. 2009), while others were create based on
MDBA‐developed tools. A series of semi‐analytic modules were then built which allow the user to
select a subset of events to be included in each demand series. A portion of years were already
considered successful under baseline conditions, hence a number of additional events were chosen
to meet the environmental requirements at each site. This selection was primarily based on the BP‐
EWA and connectivity points described below, however factors such as drought relief (i.e. reducing
long spells between events) were also incorporated. As an example, an additional 26 bird‐breeding
events were included in the demand series at Barmah‐Millewa Forest for the 2800 GL scenario.
MDBA has completed an internal assessment of the environmental watering requirements, and has
concluded that achieving many of the higher flow events at the desired frequencies would be
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dependent on large inflow events from a number of tributaries and potential storage spills, and
would therefore be difficult to actively manage. That is, the extent to which existing constraints limit
delivery of flow events varies on an event by event basis, particularly in downstream areas where
flows from multiple tributaries (influenced by multiple constraints) are needed to achieve some
outcomes. Further discussion about constraints on the delivery of environmental flow events is
outlined in Section 5.4. Site‐specific flow indicators have been categorised based on these
constraints; see Appendix D. The impact these constraints have on outcomes at various sites is
outlined Section 9.
7.2.3.5 Downstream requirements
As described in section 7.2.2, to achieve the desired environmental outcomes in downstream
regions, upstream tributaries are required to contribute to environmental flow events. Thus, in
addition to the overbank, fresh and baseflow requirements described above, some models
representing regulated systems included a demand series to assist with environmental watering
requirements in downstream valleys. For example, the Murrumbidgee model included a demand
series at Balranald based on the targets defined for two Murray KEAs; the Hattah‐Kulkyne Lakes and
the Riverland‐Chowilla Floodplain. This process was especially important in the Northern part of the
Basin where the majority of flows in the Barwon‐Darling region are sourced from upstream
tributaries.
As a first step, demand series were developed to address the fresh and overbank environmental
requirements in the Murray and Barwon‐Darling Rivers using the process described above. These
were then included in the upstream tributaries with two following limitations applied:




Volume Constraint: similar to the fresh and overbank events described above, the volume
allocated to the downstream demand was constrained by the BP‐EWA, after removing any
volume already used by the in‐valley fresh and overbank requirements; and
System Constraint: the downstream demand was not allowed to exceed a channel capacity
limitation at the end of system site (e.g. a flow of 20,000 ML/day downstream of McCoy’s
Bridge on the Goulburn River).

Downstream demands were included in the models representing the following regions:



Gwydir, Namoi and Macquarie‐Castlereagh (to assist with Barwon‐Darling requirements);
and
Murrumbidgee and Goulburn (to assist with Murray requirements).

For these regions, demand series were placed at the most downstream location on the main river
channel (e.g. Goangra on the Namoi River) within the technical limitations of the hydrologic model.
To ensure the maximum environmental outcome, it was crucial to ensure that the tributary
demands were accurately synchronised. This concerted approach was especially important in the
Northern Basin and required a large number of modelling iterations. Due to a variety of limitations,
demand series were not included in the remaining tributary models (the Warrego, Condamine‐
Balonne, Moonie and Border Rivers in the Northern System, and the Ovens, Loddon and Campaspe
Rivers in the Southern System). However, the Basin Plan environmental flows instituted in these
catchments have contributed to the desired flows in the Barwon‐Darling and Murray Rivers.
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7.2.4 Modelling iterations
As described in the sections above, MDBA has constructed a set of pre‐processing tools to develop
environmental demand time series constrained to an environmental account (BP‐EWA). However,
unlike the consumptive use accounts included within the models, this account has been developed
external to the modelling framework. Thus the internal modelling processes which typically control
factors such as allocations to accounts, consumptive use from accounts and carry‐over, cannot be
used for the BP‐EWA. The pre‐processing demand series tools can make an estimate of factors such
as the annual account use and resulting flows, however the precise effects of these demand series
cannot be predicted with a BP‐EWA external to the model — a hydrologic model contains a vast
array of complex relationships linking river flows, storage levels, system constraints, on‐river losses,
and water channel extraction.
MDBA has therefore adopted an iterative modelling technique which allows demand series to be
progressively added to the model and refined based on model outputs. As a result of this
refinement loop, the completion of a single scenario requires a large number of modelling iterations.
An outline of the modelling process is given below. Steps I – III have been discussed in the
subsections above, and steps IV and V describe the iterative approach. The BP‐EWA volume is tied
to the consumptive use volume of the purchased licences, thus an appropriate Basin Plan model
scenario must meet two targets: the consumptive use satisfies the desired SDL, and the usage
behaviour of these licences as observed under current arrangements is preserved. However, the BP‐
EWA behaviour cannot be dynamically tracked within this model, hence this second criterion is
reproduced by aiming to maintain the overall long‐term storage behaviour as observed under
current conditions.
Note that the steps below are generalised, hence some small adjustments to this process were made
depending on the requirements of each model. A separate report (MDBA, 2011a) contains a more
detailed description.
I

Water recovery
The licence volumes in the model were reduced by the proportion required to achieve
the SDL. For instance, if the SDL required a 15% reduction in diversions, then the
licence volumes were reduced by 15%. This is intended to simulate the ongoing
Government water recovery program. Note that, where possible within the models,
town water supply licences were excluded from this process, and hence remain the
same as represented in the current arrangements model.

II

BP‐EWA definition
The behaviour of the hypothetical BP‐EWA was defined by the purchased licences.
Under this representation, the annual volume available in the environmental account
was defined by the proportional consumptive use (diversions) in that year under
current arrangements. To continue the example in step I, if the diversions in a region
in the water year 1974 – 1975 totalled 1000 GL under current arrangements, then
150 GL (i.e. 15%) would be available for the environment in that year under a Basin
Plan scenario.

III

BP‐EWA limitation applied to fresh/overbank demand series
The environmental demand series described above were limited to the environmental
account volume on a yearly basis. Given that they are volumetrically dominant, the
fresh and overbank demand series were allocated highest priority of all environmental
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requirements.
IV

BP‐EWA limitation applied to remaining demand series
The volume available in the account for the remaining demand series (those
addressing low flow and downstream requirements) was estimated for each water
year and the series adjusted appropriately. For example, if the low flow requirement
at a given site requested a volume of 100 GL in a given year, but only 60 GL remained
in the account, then the low flow demand for that year was reduced to a volume of 60
GL.

V

Complete model iteration
Input modelling factors (e.g. irrigable areas) are adjusted with the aim of producing
the desired SDL and maintaining the long‐term public storage behaviour as observed
under baseline conditions. If these aims are not met, the model outputs are used to
refine the input variables, and steps iv and v are repeated.

7.3 Unregulated regions
In the absence of large storage capacity, water resource policies in unregulated systems generally
specify water access rights to each entitlement holder in the system. This includes the regions of:








Paroo;
Nebine;
Warrego;
Condamine‐Balonne;
Moonie;
Border Rivers; and
Barwon‐Darling.

Water access rights are commonly expressed as pumping rates, times and volumes linked to a
specific section of the hydrograph (e.g. between a local river height of 1.2m and 1.4m). As the
unregulated flow event passes, a license holder is able to extract water in accordance with their
licensed access right. However, in this example, the Basin Plan may seek to retain this flow volume
in the river to deliver the environmental outcomes downstream. In this case, for the purposes of
Basin Plan modelling, the MDBA has assumed for the purposes of modelling that:






A proportion of the entitlements in the system whose average annual yield equates to the
targeted reduction in diversions as defined by the model scenario will be acquired. In the
modelling, this has generally been represented by reducing the pumping capacity of
irrigators;
The portfolio of entitlements will be ‘passively’ managed to retain the elements of the
hydrograph that achieve the environmental water requirements (as opposed to the active
use of demand series in the regulated regions described above); and
The extraction arrangements for downstream entitlement holders will be managed to
protect environmental water and “shepherd” it through the system (performed by the
respective state jurisdiction).
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Environmental water requirements in unregulated systems are expressed in the same manner as the
numerous overbank events, freshes and low flows in regulated regions, and are monitored in each
scenario via flow statistics at the hydrologic indicator sites. However, as a reflection of the passive
management approach in unregulated systems, no environmental demand time‐series are used.
Instead, MDBA has simulated the Basin Plan in unregulated systems using the following process:







Generally, the water recovery program in each catchment has been simulated under a
specific ‘random’ water recovery approach in an attempt to reflect the policy of acquisition
from willing sellers only, and thus not assume where future acquisitions may recover water
specifically. Entitlements have been randomly deactivated irrespective of their location to
achieve the target reduction in diversions (the SDL);
MDBA has ensured environmental flows are shepherded in those regions (particularly the
Barwon‐Darling water course) where the additional flow volumes have occurred as a result
of upstream water recovery and passive management actions. Without shepherding, local
diversion volumes would increase above the desired SDL. Where applicable, water access
rights were deactivated and the remaining access holder use was returned to the volume
represented in the baseline model via an adjustment of their access conditions. Where no
shepherding was performed, some increases in diversions in the lower parts of the
catchment were observed, however the overall regional SDL was still achieved;
An upstream‐to‐downstream modelling sequence was undertaken (e.g. Condamine‐Balonne
before the Barwon‐Darling) to achieve each of the tributary SDLs; and
The flow statistics representing the environmental water requirements at the hydrologic
indicator sites were assessed.

Connected regulated and unregulated systems in the Northern Basin
The Barwon‐Darling water course receives the vast majority of its inflows from upstream tributaries,
hence a large part of the environmental water is delivered by these regions. The proposed Basin Plan
policy framework will result in both additional unregulated flows into this region, as well as access to
regulated entitlements purchased for the environment in the three regulated tributaries of the
Gwydir, Namoi and Macquarie regions. This situation gives potential to coordinate orders from
regulated region with unregulated flows in the upper Darling to deliver the nine environmental
water requirements in the Barwon‐Darling region. To simulate this unique situation, a target time‐
series (similar to the demand time‐series, but not actively used by the model) was constructed for
the Barwon Darling environmental water requirements. Orders were then placed in the Gwydir,
Namoi and Macquarie regions aligned with the target time‐series in an attempt to maximise the
combined flow in the Darling River to achieve the desired flow characteristics. Further details can be
found in the Downstream Requirements section above, or a complete description in the MDBA
Modelling Report (in‐preparation).

7.4 Model results analysis techniques
Any whole‐of‐Basin model scenario produces a large set of data for analysis and collation. A typical
scenario represents a period of 114 years, and for each day (or month in some models) MDBA is able
to access model output parameters such as the river flow at hundreds of sites across the Basin,
diversions from the main river course, water storage behaviour (levels, releases and spills),
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entitlement allocations and use, and many other factors. Due to the vast array of model output
data, MDBA has developed a set of statistical analysis tools which efficiently collate the data and
search for specific outcomes, trends or correlations. These tools are designed to answer a set of
specific questions — their main purpose is to provide a comparison between multiple model
scenarios, and thereby contribute to the Basin Plan decision making process. This section provides a
summary of the statistical techniques used to examine the environmental outcomes of each
scenario.
The analysis broadly falls into two categories, listed below.




Site and region specific analysis of the achievement of specified environmental water
requirements developed by MDBA as a subset of the hydrologic indicator sites. These
consist of summary statistics (such as the frequency of events over 114 years), or more
detailed analysis (e.g. the flow characteristics of each individual environmental event); and
Coarser scale assessment of changes to the flow regime at a broader number of hydrologic
indicator sites and regions across the region (e.g. flow duration curves, statistics used to
calculate the hydrology element of Sustainable Rivers Audit condition assessment).

The different sections of the flow regime described above (low flows and fresh/overbank events)
have markedly distinct characteristics and requirements. Analysis techniques have therefore been
developed specifically for each section of the flow regime, however the greatest proportion of this
effort has been directed to the fresh/overbank events — in terms of volume, these comprise the
dominant component of the environmental watering requirements.
In general, the desired frequency for fresh and overbank events have been specified over the 114‐
year modelling period, hence this provided the primary measure of success for these requirements.
Two desired frequencies were defined for each site, based on a high and low uncertainty regarding
the achievement of the desired environmental outcomes (Section 5). MDBA has therefore assessed
modelling results using a range of other measurements, including the maximum dry periods
between events and partial or near event achievement. Consideration of partial event achievement
provides one mechanism to take into account relevant model uncertainties (such as the
disaggregation from monthly to daily flows in the River Murray model) and the relevance of not
achieving the exact frequency, duration or peak flow.
The Basin Plan scenarios have included a set of demand time series designed to meet desired
outcomes in the low flow portion of the flow regime. MDBA has developed two complementary
methods to determine the success of low flows under each scenario. The first is based on an
analysis of the flow duration curve, and provides a summary achievement ‘score’ (averaged over 114
years; e.g. 64%) for this flow component on a seasonal basis. The second technique is based on a
direct comparison of the modelled flow at each indicator site to the low flow demand series to
produce a shortfall measurement. For example, of the 114 GL/y required by baseflows, 102 GL/y are
delivered, producing a shortfall of 12 GL/y (or 11% of the required volume; all numbers are long‐
term averages). However, these low flow indicators defined by MDBA are based purely on
hydrologic analysis, hence the quantitative link between the low flow demand series and an
ecological outcome is less substantiated when compared to other components of the flow regime.
Each of these techniques inform the related ecological outcome, hence further work is ongoing to
strengthen our understanding of the relationship between hydrology and ecological outcomes.
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8 Modelling results of ESLT option assessment (2800 ± 400 GL/y)
8.1 Context and approach to assessing ESLT options
As described in Section 7, MDBA selected a Basin wide 2800 GL/y reduction in diversions as an initial
scale of change for detailed assessment using hydrologic modelling. In addition, MDBA also selected
2400 GL/y and 3200 GL/y options to test sensitivity to changes in the volume of environmental
water. This section of the report presents some of the key differences in anticipated environmental
outcomes between the three ESLT options. Further modelling results for these scenarios will be
presented in the modelling report.
The sensitivity testing involved changing potential SDLs in the southern Basin. No changes were
made in the northern Basin (separate analysis was undertaken for the Condamine‐Balonne, to be
presented in the modelling report, in preparation). A consistent modelling method and
environmental water use approach was used so that the results demonstrate the implications of
changes in volume of available environmental water, not changes to the modelling approach.
In terms of these three ESLT options it is useful to place the ± 400 GL scale of change into context.
Using flows at Wentworth (downstream of the Darling junction) as a point of reference:




Modelled, long term average flows at Wentworth under current arrangements are
approximately 7250 GL/y;
With a reduction in diversions of 2800 GL/y this would increase long term average flows by
approximately 2000 GL/y to 9200 GL/y; and
The 2400 and 3200 GL options provide a difference of ± 400 GL, representing a change in
long term average flows at Wentworth of less than ± 5%.

These three options therefore represent a relatively small scale of change in total environmental
water availability as a long term average. Consequently, environmental outcomes associated with
‘median’ type conditions show relatively small changes of a similar scale (i.e. ± 5%). However,
MDBA’s modelling indicates that differences under dry conditions are more significant, particularly
for the Murray downstream of the Murrumbidgee junction, where the full effect of the ± 400 GL
change associated with the options is felt, and the achievement of environmental objectives is more
sensitive to the volume of available environmental water.
The results presented here focus on the differences between the three model scenarios. Specifically
the analysis has focused on outcomes for the River Murray floodplain downstream of the
Murrumbidgee junction, and outcomes for the Coorong, Lower Lakes and Murray Mouth. In both
cases the results focus on stress under drought conditions where the differences in volumes
available to the environment are most evident.

Page 88

8.2 Relative outcomes for the River Murray downstream of the
Murrumbidgee junction
8.2.1 Background
The temporal pattern of wetting and drying of wetland and floodplain communities is an important
driver in determining the health of the Basin’s water dependent ecosystems. Descriptions of wetting
and drying cycles are often referred to as flow or inundation regimes. MDBA has predominantly
used long term average frequencies of flow events to describe a target flow regime. Whilst long
term average frequency of inundation is one of the important drivers, other drivers such as the
period between flow events during dry periods (droughts) also have a strong influence. Water
resource development and use has extended the length of these dry periods, by storing or extracting
flow events that would otherwise have occurred and reduced the length of dry period. The length of
dry period is known to be ecologically sensitive in a range of ways, including:






The viability of wetland plant seeds declines over time – for example Ribbon weed
(Vallisneria australis), a common aquatic plant, has seed that will remain viable in dry
wetland sediments for up to nine years (Roberts and Marston 2011). The resilience and
productivity of wetlands will be lost if the seed viability thresholds of aquatic plants are
exceeded;
Lignum (Muehlenbeckia florulenta) shrublands require flooding every 5 to 7 years to
maintain vigour. Rootstock may survive up to 10 years without flooding (Roberts and
Marston 2011). If dry periods exceed that length, extensive loss occurs. Lignum provides
habitat for a range of birds, amphibians and other animals and is particularly important for
bird breeding. Loss of this species will have a range of negative flow on effects.
Regeneration requires seed dispersal from other areas, as well as appropriate watering
conditions for seedling growth (Roberts and Marston 2011). Consequently, regeneration
may take an extensive period of time; and
River red gum (Eucalyptus camaldulensis) communities experienced extensive decline along
the River Murray and other rivers across the Basin during the recent drought. The length of
time between watering of these communities was seen as a major contributing factor to the
decline. In those areas that received water, through actions such as pumping, the decline in
condition was less significant, showing the period between watering events is a significant
issue.

MDBA recognises the significance of maximum dry periods and that the achievement of Basin Plan
objectives regarding the maintenance of resilience will require reducing the length of dry periods for
key wetlands and floodplains. MDBA has therefore made an assessment of the ability to reduce
maximum dry periods, and the extent to which this ability changes under each of the three ESLT
options. This analysis has been done outside of the hydrologic modelling framework by utilising
available water within the BP‐EWA (Refer to Section 7.2.2) to optimise for this outcome. The
consequent pattern of environmental water delivery has therefore not yet been modelled
comprehensively.
Analysis of maximum dry periods has focussed on habitat areas and vegetation communities located
on lower parts of the floodplain such as wetlands and river red gum forests and woodlands. The
ability to inundate mid to high parts of the floodplain is difficult in some parts of the Basin due to
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operational and physical constraints (refer to Section 5.4 for discussion of flow delivery constraints).
The lower River Murray floodplain is a key example where operational and physical constraints will
limit outcomes that can be achieved for mid to high parts of the floodplain and associated
vegetation communities such as black box woodlands. Accordingly, differences between the three
ESLT options were expected to be negligible where operational and physical constraints limit
improvements in outcomes and the analysis presented below focuses on flow events and outcomes
within constraints.
Implementation of the Basin Plan through the Environmental Watering Plan will require balancing
multiple environmental objectives and outcomes at many key environmental assets. This
assessment assumes a primary objective of mitigating the maximum period between flow events at
these indicator sites.
The analysis compares the volume of water required to reinstate flow events that would have
occurred under without development conditions, with the volume of environmental water
estimated to be available in the same year. The volume of water required to reinstate the flow
event takes into account existing river flows, and therefore represents a net amount, rather than
gross amount.
8.2.2 Key findings
The ability to mitigate extended dry periods for lower parts of the floodplain differs between the
three ESLT options, particularly for the Hattah Lakes and Riverland‐Chowilla floodplain indicator
sites, see Figures 8.1 to 8.4. The relationship between flows, inundation patterns and environmental
outcomes at these indicator sites provides an indication of these relationships for the entire River
Murray floodplain downstream of the Murrumbidgee junction to the sea. The assessment of
maximum dry periods for flow events at these sites is therefore seen to be indicative of the same
outcomes and processes across this broader, 1000+km reach of the River Murray and its associated
wetlands and floodplains.
For the Hattah Lakes and Riverland‐Chowilla indicator sites, the 2400 GL/y option provides very
limited ability to reduce the length of dry periods to within the resilience period of wetland plants,
lignum and river red gum.
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Figure 8.1: Comparison of maximum period between key flow events for Hattah Lakes under
without development and baseline conditions relative to the three ESLT options assessed.
Indicative environmental outcomes associated with different flow events are shown. Note:
Delivery of 85 GL/d to the Hattah Lakes indicator site is currently limited by flow delivery
constraints – these constraints would need to be overcome to deliver this flow. Delivery of 70
GL/d to the site would require very careful and coordinated management of water across the
Murray, Goulburn and Murrumbidgee, to augment an unregulated flow event.
The 2800 and 3200 GL/y options provide much greater utility to reduce the length of dry periods.
This is characterised by having sufficiently more environmental water available in key years during
extended dry periods to reinstate events that ‘break the drought’. These key years experienced
small unregulated flow events that can be augmented to achieve the ecologically significant flows.
Key years, in recent times, where unregulated flows existed and could have been augmented to
achieve specific outcomes include 2000/01, 2003/04 and 2005/06. Importantly for these two ESLT
options the reduced length of dry spells is significant in the context of known resilience periods for
wetland and vegetation communities.
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Figure 8.2: Comparison of maximum period between key flow events for the Riverland‐Chowilla
floodplain under without development and baseline conditions relative to the three ESLT options
assessed. Indicative environmental outcomes associated with different flow events are shown.
Note: Delivery of 80 GL/d to the Riverland‐Chowilla indicator site is currently limited by flow
delivery constraints – these constraints would need to be overcome to deliver this flow. Delivery
of 60 GL/d to the site would require very careful and coordinated management of water across the
Murray, Goulburn and Murrumbidgee, to augment an unregulated flow event.
Results are also provided for the Lower Goulburn and Lower Murrumbidgee floodplain indicator
sites. Results for these sites are less sensitive to the three ESLT options, although some differences
are still evident. The results are less sensitive as the volume of water required to reinstate the flow
events is less at these sites, and the differences between the three options, in terms of water
availability, is also smaller at these sites (it’s only in the lower Murray that the full +/‐ 400 GL impact
is realised). In addition, the internal catchment environmental water requirements of these two
valleys are generally met to a higher degree as they pass water to meet downstream needs and
therefore receive benefits en route.
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Figure 8.3: Comparison of maximum period between flow events for the Lower Murrumbidgee
floodplain under without development and baseline conditions relative to the three ESLT options
assessed. Indicative environmental outcomes associated with different flow events are shown.
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Figure 8.4: Comparison of maximum period between flow events for the Lower Goulburn
floodplain under without development and baseline conditions relative to the three ESLT options
assessed. Indicative environmental outcomes associated with different flow events are shown.
Note that flow events are shown for illustrative purposes.

8.3 Relative outcomes for the Coorong, Lower Lakes and Murray
Mouth
8.3.1 Background
The Coorong, Lower Lakes and Murray Mouth area is an iconic feature of the Murray‐Darling Basin
that is recognised as a wetland of international importance. The health of the Coorong and Lower
Lakes, and openness of the Murray Mouth has declined as a result of water resource development
and use in the Basin, with the rate of decline accelerated during drought periods. Considerable
research into the environmental water requirements has occurred over the last decade (for example
the CLLAMM ecology research cluster involving CSIRO, The University of Adelaide, Flinders
University and the South Australian Research and Development Institute).
Much of this research has focused on the sensitivity of the Coorong, Lower Lakes and Murray Mouth
to flows during dry periods. An objective has been to identify the minimum flows required by the
site to avoid major decline in health during dry periods. MDBA has utilised this research to inform its
assessment of environmental water requirements and associated modelling for the site.
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As a site that is particularly sensitive to the volumes of water available during dry periods, outcomes
at the Coorong, Lower Lakes and Murray Mouth have been found to show significant variation with
the modelling of the three ESLT options. Key results are presented here.
8.3.2 Key findings
Modelling of the three ESLT options indicate that salinity levels within the South and North lagoon
are significantly improved from baseline conditions and maximum salinities are generally below the
identified key ecological thresholds for the majority of the 114 year modelled period (Figure 8.5 and
Figure 8.7). When salinity results are considered as a long‐term average, the differences between
options of 2400, 2800 and 3200 GL/y reductions in diversions are relatively small.
In contrast, there are two modelled time periods during the Federation drought of the early 1900s
and the more recent Millennium drought from approximately 1996 to 2009 where periods of
extreme salinity levels are experienced that pose significant ecological risk (Figure 8.5 and Figure
8.7). Salinity targets represent critical thresholds for the vegetation species Ruppia, which are
recognised as keystone species underpinning the ecology of the Coorong and are therefore used as
indicators of the overall health of the ecosystem.
Modelling indicates that the ability to manage and reduce periods of extreme salinity in the Coorong
varies significantly between the three ESLT options assessed (Figure 8.6 and Figure 8.8). Modelling
of a Basin wide reduction in diversions of 2800 GL/y suggests that sufficient water is available to
avoid exceeding the maximum salinity threshold of 130 g/L in the South lagoon and mitigate most
peak salinity periods in the North lagoon. Modelling of a Basin wide reduction in diversions of
3200 GL/y suggests that further improvements in avoiding extreme salinities are achievable with the
South lagoon maximum salinity threshold of 130 g/L and preferred salinity threshold of 100 g/L met
in all years. In addition, the maximum salinity threshold of 50 g/L in the North lagoon is also avoided
under modelling of the 3200 GL/y option. Modelling of a Basin wide reduction in diversions of
2400 GL/y suggests that critical thresholds in both the South and North lagoon would be exceeded in
extreme drought conditions posing significant risk to maintaining populations of Ruppia species with
implications for the overall health and ecological character of the site.
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Figure 8.5: Comparison of average maximum salinity in the Coorong Southern Lagoon under without development and baseline conditions relative to
the three ESLT options assessed for the entire model period from 1895 to 2009. The two time periods highlighted by the red circles are periods of
extreme salinity levels that pose significant ecological risk.
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Figure 8.6: Comparison of average maximum salinity in the Coorong Southern Lagoon under without development and baseline conditions relative to
the three ESLT options assessed for the critical period from 2006 to 2009.
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Figure 8.7: Comparison of average maximum salinity in the Coorong Northern Lagoon under without development and baseline conditions relative to
the three ESLT options assessed for the entire model period from 1895 to 2009. The two time periods highlighted by the red circles are periods of
extreme salinity levels that pose significant ecological risk.
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Figure 8.8: Comparison of average maximum salinity in the Coorong Northern Lagoon under without development and baseline conditions relative to
the three ESLT options assessed for the critical period from 2006 to 2009.
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An open Murray Mouth is an essential part of a healthy Murray‐Darling Basin. Important functions of
an open Murray Mouth include the export of salt and excess nutrients from the Basin, maintenance
of a healthy Coorong ecosystem via tidal exchange processes, and allowing the movement of fish
species that migrate between fresh and salt water to complete their life cycle. Reduced river flows
and an associated increased likelihood of Murray Mouth closure threaten the ecological function of
the Coorong through the tendency for higher salinities in the system, changes to the water level
regime, and blockage of fish migration pathways (Brookes et al. 2009).
MDBA has assessed the frequency/duration of Murray Mouth opening for the three ESLT options
using an annual flows indicator of 2000 GL/y at the barrages. This indicator is based on
hydrodynamic modelling that suggests flows of approximately 2000 GL/y are required to maintain an
open Murray Mouth to the extent achieved by dredging when operation during the Millennium
drought (Webster et al. 2009).
Assessment of Murray Mouth opening suggests a significant increase in both the frequency and
duration for all ESLT options compared to those experienced under baseline conditions. Under
baseline conditions, models shows that annual flows greater than 2000 GL/y occurred about 64% of
years and increases to 86%, 89% and 90% of years for the 2400, 2800 and 3200 GL/y reduction in
diversions options respectively (also see Section 9.15). Consistent with other analysis, the
differences between the three ESLT options are relatively small over the 114 year period, however
depending on their timing the differences in mouth opening may be ecologically significant.
Although useful as a coarse indicator of Murray Mouth opening status it is important to note that in
reality maintaining an open Murray Mouth has inherent complexity in both definition and predicting
potential future status due to the various factors that influence mouth opening in addition to
barrage flows e.g. tidal regime, coastal sedimentary processes, sea level rise, management
intervention via dredging etc. Some degree of caution is therefore required when interpreting
results estimating the frequency/duration of Murray Mouth opening. However the relative
frequency of opening under the different options provides an indication of the percentage of years
which may still need some dredging to facilitate an open Murray Mouth.

8.4 Section summary
Modelling undertaken by MDBA shows there are some key differences between environmental
outcomes associated with the three ESLT options (associated with reductions in diversions of 2400,
2800 and 3200 GL/y). The most significant differences are evident for the Murray downstream of
the Murrumbidgee junction, including the Coorong, Lower Lakes and Murray Mouth, particularly
during dry conditions. Both the 2800 and 3200 GL/y reduction in diversions options have a marked
greater capacity to mitigate periods of potential extreme environmental stress with reinstatement of
flows that ‘break the drought’.
Modelling and analysis indicates that the ability to manage salinity levels within the Coorong,
maintain an open Murray Mouth, and maintain the resilience of lower elevation parts of the lower
River Murray floodplain and associated wetlands during dry periods, is likely to be compromised
with the 2400 GL/y reduction in diversions option. Taking into consideration uncertainties
associated with the current evidence base and hydrologic modelling (see Section 10), MDBA
considers this option would generally not achieve specified Basin wide environmental objectives.
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Modelling of the 2800 GL/y reduction in diversions option shows improved outcomes for managing
salinity levels within the Coorong, maintaining an open Murray Mouth and maintaining the resilience
of lower elevation parts of the lower River Murray floodplain during dry periods. Taking into
consideration uncertainties associated with the current evidence base and hydrologic modelling (see
Section 10), MDBA considers this option would achieve the specified Basin wide environmental
objectives as there are only minor deviations from the various indicators.
Modelling of the 3200 GL/y reduction in diversions option shows incremental improvements in some
indicators compared to the other options. The ability to maintain the resilience of mid to higher
elevation parts of the lower River Murray floodplain during dry periods is not expected to vary
significantly between any of the three ESLT options due to operational and physical constraints
limiting the potential to increase inundation of these parts of the landscape. However, with the
objectives anticipated to be achieved with a 2800 GL/y reduction in diversions, and greater socio‐
economic impacts associated with a further 400 GL/y reduction to secure the marginal increase in
environmental outcomes. MDBA considers this option would not optimize economic, social and
environmental outcomes.
MDBA also considered the options testing in the Condamine Balonne region, in terms of outcomes
for the Narran Lakes and Lower Balonne floodplain indicator sites. MDBA concluded that a
reduction of 100 GL in the Condamine Balonne region is sufficient to achieve its overall objectives
and provide an ESLT for the region (see Section 9.2.4). In making this decision MDBA took into
account the current uncertainty about the impact of water extractions on the environment of the
Lower Balonne given the more recent development of the area compared to the southern system.
This uncertainty provides a focus for further scientific investigation and engagement with the local
community to inform the 2015 review.
Given the above, MDBA’s judgement is that an ESLT of 10,873 GL/y optimises environmental,
economic and social outcomes to achieve a healthy working Basin and the requirements of the
Water Act to not compromise key environmental assets, key ecosystem functions, the productive
base and key environmental outcomes. This represents a Basin wide reduction in take of 2,750 GL/y
compared to a June 2009 baseline. This is comprised of:




A reduction of 390 GL/y from the northern Basin;
2,289 GL/y from the southern Basin; and
71 GL/y from the disconnected rivers.

The regional breakdown of the ESLT and anticipated environmental outcomes is further described in
Section 9.
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9 Environmental outcomes
This section describes the anticipated environmental flow outcomes associated with a Basin‐wide
ESLT of 10,873 GL (representing a 2750 GL reduction in diversions Basin‐wide) and the proposed
SDLs for each region. The proposed SDLs for each region are shown in Table 9.1. These SDLs take
into account the outcomes of the options testing undertaken by MDBA, as well as other information
and considerations of MDBA. Consequently a number of SDLs differ to the options modelled, as
shown previously in Section 6. The table summarises the basis for each SDL. The regional
descriptions of environmental outcomes also give some consideration to potential local outcomes
from contributions to shared reduction in regions where this is relevant, noting the uncertainty in
the contributions to be made from each region.
The description of outcomes includes a generalised basin‐scale description and more detailed
regional descriptions. These provide an overview of the environmental values of each region, site
scale ecological targets, and environmental outcomes. Each regional description contains a table
outlining the broad environmental outcomes for that region. The colour scheme applied in the
tables represents the following:
Green

Modelling provides a high degree of confidence that relevant flow indicators can be
met and that additional environmental water is likely to achieve a range of desired
environmental outcomes.

Yellow

Modelling provides confidence that flow indicators can be improved. Achievement
of flow indicators will be dependent on a combination of addressing key
uncertainties and adjusting various policy mechanisms. By addressing these issues
MDBA is confident that a range of desired environmental outcomes can be achieved.

Grey

Achievement of desired environmental outcomes is significantly limited by flow
delivery constraints.

White/clear

Environmental water requirements for this element of the system have not been
determined generally because flows are un‐impacted by river
regulation/consumptive use or these requirements will be provided as
environmental flows for downstream sites pass these areas.

More detailed descriptions of the modelling, the site specific flow indicators, and the environmental
flow outcomes reported by the modelling, will be provided in companion documents.
MDBA modelling has been the main tool used to assess whether this ESLT can achieve the
environmental objectives and ecological targets. Ultimately the achievement of environmental
outcomes across the Basin is dependent on the environmental flow decisions made by the
Commonwealth Environmental Water Holder, Basin States, and regional communities under the
Environmental Watering Plan once the water recovery is complete and water is available for use.
MDBA modelling provides confidence that the proposed reduction in long‐term average diversions
provides a sufficient volume of water to enable environmental outcomes to be achieved. Actual
outcomes will be dependent on the environmental flow decisions made guided by the
Environmental Watering Plan process.
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As well as the volume of water available for the environment, a range of factors outside of the
control of the Basin Plan will influence the achievement of desired Basin Plan environmental
outcomes. These include issues such as operational constraints, land management practices, pest
plants and animals, and complementary river management actions. Many of these issues and actions
are under the control of State and Commonwealth government agencies and MDBA will continue to
work with relevant agencies and stakeholders to progress research and action on these issues.
Due to inherent assumptions, limitations and uncertainties associated with the hydrologic modelling,
as outlined in Section 10, the environmental outcomes as described below consider more than
modelling results alone. The environmental outcomes described include some judgements based on
a broader interpretation of modelling results including the likely impact of existing operational
constraints on achieving desired outcomes and the extent to which volume of water recovered or
other factors are likely to achieve site specific flow indicators across the Basin.
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Table 9.1: Proposed SDLs that have been used as basis to describe anticipated environmental flow outcomes
Watercourse
Diversions

Local
Reduction
(GL/y)

Ovens

25

0

Few diversions. Flow regime mostly intact. No reduction for local needs, but could contribute to shared downstream reduction.

Kiewa

11

0

1,594

344

Loddon

89

12

Campaspe

113

18

Few diversions. Flow regime mostly intact. No reduction for local needs, but could contribute to shared downstream reduction.
Based on environmental flow assessments for the Goulburn and Broken Rivers, and estimates of water volumes required to reinstate those
flows, as estimated by the Victorian Government and presented in the Northern Rivers Sustainable Water Strategy. Modelling has been
validated by the MDBA. The Northern Rivers Sustainable Water Strategy estimated 275 GL (250 GL for Goulburn River plus 25 GL for
Broken Creek) would be required to provide those environmental water needs. This volume was after taking into account (on top of)
savings to be achieved by NVIRP states 1 and 2. The MDBA has used a baseline of 30 June 2009, which is pre NVIRP stage 2, and has
adjusted the amount to 344 GL accordingly. Goulburn Broken region likely to provide further contribution to shared reduction in southern
basin.
Based on environmental flow assessments for the Loddon River, and estimates of water volumes required to reinstate those flows, as
estimated by the Victorian Government and presented in the Northern Rivers Sustainable Water Strategy. Loddon region may provide
further contribution to shared reduction in southern basin.
Based on environmental flow assessments for the Campaspe River, and estimates of water volumes required to reinstate those flows, as
estimated by the Victorian Government and presented in the Northern Rivers Sustainable Water Strategy. Campaspe region may provide
further contribution to shared reduction in southern basin.

Murrumbidgee

2,041

320

Based on MDBA modelling and analysis, which estimates 320 GL is required to achieve environmental water requirements of the indicator
sites in the Murrumbidgee region. Murrumbidgee region likely to provide further contribution to shared reduction in southern basin.

Murray and
Lower Darling

4,090

624

Based on MDBA modelling and analysis, which estimates 2750 GL is required to achieve environmental water requirements of indicator sites
across the Basin. The 624 GL is the initial amount assigned to the Murray and Lower Darling region. Murray region likely to provide further
contribution to shared reduction in southern basin.

EMLR

28.3

0

Low impact of diversions. No reduction proposed.

Paroo

0.2

0

Few diversions. Flow regime mostly intact. No change proposed. Protect existing flow regime.

Warrego

45

8

Condamine‐
Balonne

713

100

REGION

Notes

Southern Basin

Goulburn
Broken

Northern Basin
Few diversions. 8 GL reduction represents the unactivated, ‘gifted’ water from QLD Govt. No further change proposed. SDL will therefore
maintain existing flow regime.
Based on MDBA modelling and analysis of environmental water requirements of the Narran Lakes and Lower Balonne floodplain indicator
sites, and alternative water recovery options in the Condamine Balonne region. Scenarios modelling include reductions of 60, 100, 130 and
150 GL. Results from this analysis will be published in the modelling report. Condamine‐Balonne region may provide further contribution to
shared reduction in northern basin.
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Watercourse
Diversions

Local
Reduction
(GL/y)

Nebine

6

1

Moonie

33

0

Intersecting
streams

3

0

Gwydir

325

42

Namoi

343

10

Macquarie‐
Castlereagh

424

65

Border Rivers

450

15

Barwon‐Darling

198

6

REGION

Notes

Few diversions. 1 GL reduction represents the unactivated, ‘gifted’ water from QLD Govt. No further change proposed. SDL will therefore
maintain existing flow regime.
No reduction proposed for local needs. Existing recovery estimated at 1 GL. This will contribute to the shared reduction in the northern
basin and also deliver outcomes in the Moonie region. Moonie region may provide further contribution to shared reduction in the northern
basin.
No reduction proposed for local needs. Existing recovery estimated at 8 GL. This will contribute to shared reduction in the northern basin.
MDBA modelling indicates existing recovery will provide for the environmental water requirements of the Gwydir wetlands and instream
flows in the Gwydir River and associated distributaries. Existing recovery 42 GL. No further reduction for local needs, and no contribution
to shared reduction sought on the basis of relatively low connectivity.
Based on MDBA modelling of environmental water requirements of the Lower Namoi (downstream of Wee Waa). Namoi region likely to
provide further contribution to the shared reduction in the northern basin.
MDBA modelling indicates 65 GL will provide for the environmental water requirements of the Macquarie Marshes. Existing recovery 66 GL.
No further reduction for local needs. 1 GL of existing reduction assigned to shared reduction. Further contributions to shared reduction in
the northern basin possible.
Based on MDBA modelling of environmental water requirements of the Lower Border Rivers (downstream of Goondiwindi). Border Rivers
region likely to provide further contribution to the shared reduction in the northern basin.
Based on equitable contribution to the shared reduction of 143 GL for the northern basin. Barwon‐Darling region likely to provide further
contribution to the shared reduction in the northern basin.

Disconnected Tributaries
Lachlan

302

48

MDBA modelling indicates existing recovery will provide for the environmental water requirements of the indicator sites in the Lachlan
region. Existing recovery 48 GL. No further reduction required.

Wimmera‐
Avoca

67

23

Aligns with the volume of water available from the irrigator group scheme. Achievement of all flow indicators in Lakes Hindmarsh and
Albacutya would require provision of further water, but this would come at a very high socio‐economic cost, as remaining extractions are
predominantly town water supply and stock/domestic users.

Page 105

9.1 Basin scale outcomes
Basin scale outcomes can be described by building on the specific regional outcomes the modelling
process demonstrates are achievable. These outcomes typically correspond to flow components and
landscape areas. Table 9.2 provides a basin‐scale description of outcomes based on the general
habitat areas of the aquatic system.
Table 9.2: General description of Basin‐wide outcomes
Flow
Habitat areas
General outcome across the Basin
Component
Base flows In‐stream habitats Reinstate freshes and low flows where required to maintain water
quantity and quality in drought refuge pools, and support in‐stream
and freshes
Riparian or
‘streamside’
habitats
Permanent and
semi‐permanent
wetland habitats
close to the major
rivers
Low level
floodplain habitats

Mid and high level
floodplain habitats

Medium to
large
overbank
events

process such as fish migration and spawning, inundation of in‐stream
habitats and carbon/nutrient cycling.
Reinstate more frequent and variable ‘bankfull’ events which will
maintain healthy streamside vegetation such as river red gums and river
cooba.
Reinstate more frequent and variable flow regimes to provide healthy
wetland habitats and support the role that these systems play in the
productivity of the river system more broadly ‐ for example providing
breeding and feeding habitats for birds and fish, and carbon/nutrient
inputs to support in‐stream productivity.
Reinstate more frequent and variable flow regimes to water low level
floodplain vegetation communities such as red gum forests and
woodlands, to maintain the health of these communities and the
important role they play in the broader productivity of the Basin’s rivers.
Inundation of these habitats requires medium to large unregulated flow
events that are generally outside the ability for river operators to
influence and manage with current river operating constraints (such as
the flooding of private land). Flows for these habitats will continue to
occur in response to large rainfall events in relatively wet years (such as
2010/11). In some parts of the Basin these habitats are in declining
health and transitioning from flood dependent to flood tolerant
vegetation communities. There may be opportunities for works and
measures to overcome delivery constraints, and provide other outcomes
that improve the ability to manage these areas in the future. These
actions could deliver substantial benefits to these habitats, but further
cost benefit analysis and consultation with stakeholders and
communities is required.

The modelling indicates that an ESLT of 10,873 GL will provide enough environmental water in the
Basin to improve environmental outcomes across in‐stream, riparian, wetland and low level
floodplain habitats. The ability to get water to mid and high level floodplain habitats is largely limited
by delivery constraints and increases in water for the environment will not necessarily achieve
better outcomes for these habitats.
Achieving enhanced flows across this range of habitats will lead to improved environmental
outcomes across the Basin. This includes beneficial outcomes for native fish abundance, increased
numbers of waterbirds and improved condition of water‐dependant vegetation communities such as
river red gums.
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For example improved connectivity along the Basin’s rivers will enhance fish migration for foraging
and spawning, resulting in more sustainable and resilient native fish populations. Transportation of
organic matter, nutrients and sediment, as well as flushing of salt from the systems, will be improved
with increases in water available to the environment. Improved connectivity will also enable
transport of aquatic invertebrates and aquatic plants seeds, enhancing the overall ecological
condition and productivity of rivers and wetlands across the Basin.
This additional environmental water will also improve the connection between the rivers and their
floodplains by increasing the frequency and duration of flooding and providing better watering of
wetlands, aquatic vegetation and floodplain forests.
In many lowland rivers, the return flows from flooded wetlands and floodplains will supply organic
matter and nutrients to the river. The timing and frequency of this important exchange of materials
between rivers and their floodplains will be improved through the additional water for the
environment, which is expected to result in enhanced nutrient cycling, improved diversity of aquatic
communities within the river systems, a reduction in the frequency of algal blooms and improved
water quality throughout the Basin.
These kinds of environmental benefits will enable improvement in the condition, health and
resilience of the Basin’s most important environmental assets. This includes Ramsar listed wetlands
such as the Coorong, and iconic river redgum forests along the Murray. Along with improved water
flows, this will improve conditions for rare and endangered species that rely on these habitats such
as Murray Cod.
Additional environmental water will provide positive outcomes for the Coorong and Lower Lakes,
including the ability to mitigate periods of elevated salinity in the Coorong and prevent acidification
of the lower lakes during periods of extended drought. This should provide improved conditions for
migratory birds and aquatic biota, and improved ecosystem services (such as recreation and
tourism) for local communities.
The additional water will also enable the Murray Mouth to remain open for longer and to therefore
increase the flushing of salt and nutrients from the Basin.
A further description of the benefits from the ecosystem services perspective is currently being
undertaken by CSIRO and will be available during the consultation phase.
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9.2 Condamine‐Balonne region
9.2.1

Summary of region

The Condamine‐Balonne region lies mainly in southern Queensland and extends about 100 km
south‐west into New South Wales. The major waterways in the region are the Condamine, Balonne
and Maranoa rivers. The Condamine River flows through southern Queensland and, west of Surat, it
becomes the Balonne River. Below St. George the system breaks into a number of distributary
channels and discharges either to the Barwon (via the Culgoa and Bokhara rivers), or to the terminal
lakes at Narran (via the Lower Balonne Floodplain).
Compared to valleys within the Southern Connected Basin, in‐stream storages like Leslie Dam,
Chinchilla Weir and Beardmore Dam have limited capacity to regulate flows within the Condamine‐
Balonne system. Given this, the capacity to achieve specific flow patterns through managed or
regulated releases from public storages is low.
9.2.2

Ecological values of the region

The terminal lakes on the lower reaches of the Narran River are both nationally and internationally
significant. The Narran Lakes include portions of the Narran Lake Nature Reserve, a Ramsar‐listed
site. The system of four major lakes interspersed with an extensive network of channels contains
extensive lignum shrublands (Muehlenbeckia florulenta), which support large numbers of breeding
waterbirds and is recognised as one of the most important waterbird habitats in eastern Australia.
Waterbirds which are considered to have a restricted breeding distribution in western New South
Wales breed in the Narran Lake Nature Reserve. These include the Australian pelican (Pelecanus
conspicillatus), great cormorant (Phalacrocorax carbo), pied cormorant (P. varius), rufous night
heron (Nycticorax caledonicus), little egret (Ardea gazetta), the intermediate egret (A. intermedia),
and the gull‐billed tern (Sterna nilotica) (Smith 1993).
The Lower Balonne system is a distributary river network that extends from St George in Queensland
to the Barwon River in northern New South Wales, and includes the channels, waterholes and
floodplains of the Culgoa, Birrie, Ballandool, Bokhara and Narran rivers. It is a unique water‐
dependent ecosystem supporting the largest number of wetlands greater than 5 ha in size within the
Murray–Darling Basin. More than 3,400 wetlands have been identified within this complex, the
majority of which are freshwater wetlands associated with floodplain areas.
The channel network of the Lower Balonne provides habitat for many aquatic plants and animals,
including silver perch (Bidyanus bidyanus) and Murray cod (Maccullochella peelii peelii). Much of the
native fauna present in the Lower Balonne floodplain are included within the Lowland Darling River
aquatic ecological community and is considered threatened under the Fisheries Management Act
1994 (NSW).
9.2.3

Ecological targets

Given the environmental values contained within the Condamine‐Balonne region, ecological targets
were developed for the:



Lower Balonne River and associated floodplain system
Narran Lakes
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The ecological targets are further described in Appendix D and focus on:





Ensuring that the current extent of native vegetation of the riparian, floodplain and
wetland communities is sustained in a healthy, dynamic and resilient condition
supporting recruitment opportunities for a range of native aquatic species (e.g. fish,
frogs, turtles, invertebrates)
supporting key ecosystem functions, particularly those related to connectivity between
the river and the floodplain
supporting the habitat requirements of waterbirds and is conducive to successful
breeding of colonial nesting waterbirds.

Using these ecological targets as a basis, site specific flow indicators that include the volumes,
frequency, duration and the periods during which flows are required were developed for testing in
hydrologic modelling.
9.2.4

Description of environmental flow outcomes as indicated by modelling outputs

In assessing the ability to achieve environmental outcomes within the Condamine‐Balonne System,
MDBA has undertaken modelling around a spatially targeted water recovery program. In addition to
these elements MDBA also considered the impact that diversions under baseline conditions have on
the systems flows. The modelling undertaken to date has not been able to achieve all of the desired
frequencies for a range of flow indicators.
In the case of the Narran lakes, the recovery of environmental water as demonstrated in the
hydrologic modelling provides confidence those flow indicators which support lignum shrublands as
well as riparian and floodplain vegetation communities in the Narran Lakes can be achieved. For
significant flood dependent vegetation communities such as lignum shrublands, riparian open
forests and woodlands communities it will be possible to increase the frequency of inflow volumes
to within the target range, and also significantly reduce the maximum dry periods between desired
events and flows.
Modelling indicates that is possible to increase the frequency of large scale inundation events
specified to enhance waterbird breeding and reduce the maximum dry periods between these
events. In combination with flows necessary to sustain flood dependent vegetation communities
that are critical for feeding and roosting habitat, it is expected that conditions conducive for
waterbird breeding are likely to be improved, dependent on conditions elsewhere in the Basin.
Modelling shows no significant improvements to the low flow and fresh part of the flow regime
although this is likely because no demand was placed in the modelling. MDBA is confident that
improvements to the in‐channel flow regime can be achieved by varying low flow rules or modifying
existing access rules. Any variation in access and operating rules would require a co‐operative
approach between stakeholders, jurisdictions and the Australian Government.
For significant flood dependent vegetation communities such as riparian forests and lignum
shrublands located throughout the Lower Balonne Floodplain it will be possible to increase the
frequency of high flows and also significantly reduce the maximum dry periods between desired
events. However modelling undertaken to date has not been able to achieve the desired frequency
of the flow indicators. Implementation of appropriate policy settings such as variations to access
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rules or further refinement of the modelled water recovery strategies may further improve
environmental flow outcomes. Any variation in access rules would require a co‐operative approach
between stakeholders, jurisdictions and the Australian Government. In addition further modelling is
needed to optimise outcomes through a spatially targeted water recovery program.
Fundamental processes that support the Basin’s environmental assets, generally referred in the
Basin Plan as Key Ecosystem Functions (KEFs), are also expected to be enhanced. Ecosystem
functions likely to benefit from environmental flows include:




sediment, nutrient and carbon exchange
habitat maintenance
connectivity.

Table 9.3 outlines the broad environmental flow outcomes for the Condamine‐Balonne region
resulting from the specified reductions in diversions.
Table 9.3: Environmental outcomes for the Condamine‐Balonne region
Regions/sub
regions
(based on
changes in
expected
outcomes)

-------------> increasing flow magnitude and decreasing frequency of inundation --------------->
In-stream habitats

Near channel
and low level
floodplain
vegetation
communities e.g.
Red gum, Cooba

Mid level
floodplain
communities
e.g. Lignum
shrublands
and wetlands

High level
floodplain
communities
e.g. Black box
and Coolibah
woodlands

Un regulated
Tributaries
Upstream of St.
George

Environmental water requirements have not been determined for these elements of the system. To
maximise environmental outcomes for the Lower Balonne and Narran Lakes current modelling has not
included any water recovery activities in the un regulated tributaries upstream of St. George.

Lower Balonne
System
(Downstream of
St. George

Implementation of appropriate policy
settings is expected to achieve
environmental outcomes such as
provision of drought refuges.

Narran Lakes

Additional environmental water along with the
implementation of appropriate policy settings (including
further refinement of the water recovery strategy currently
modelled) is likely to achieve environmental outcomes.
Expected environmental outcomes include improved
condition of riparian and wetland vegetation communities
and increased connectivity between the river and the
floodplain.
The achievement of flow indicators within the framework of a targeted water recovery program
suggests additional environmental water will achieve a range of environmental outcomes including
provision of recruitment opportunities for a range of conservationally significant species such as
colonial nesting waterbirds.
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9.3 Border Rivers region
9.3.1

Summary of region

The Border Rivers rise on the western slopes of the Great Dividing Range in the areas straddling the
NSW‐Queensland border. The Regions principal streams are the Macintyre River and Severn River
(NSW) in the south‐east, the Dumaresq River and Severn River (QLD) in the east, Macintyre Brook in
the north and the Weir River in the north‐west. The Macintyre River becomes the Barwon River at its
junction with the Weir River.
Major water storages are located in the headwaters of each of the major rivers and include Pindari
Dam on the Severn River, the Glenlyon Dam on the Dumaresq River and Coolmunda Dam on the
headwaters of Macintyre Brook. System in‐ flows are regulated by Glenlyon and Pindari Dams.
Flows from these dams are regulated to Mungindi which is the downstream boundary of the Border
Rivers region.
9.3.2

Ecological values of the region

The Border Rivers system provides a wide range of aquatic habitats and supports river red gum
(Eucalyptus camaldulensis), coolabah (E. coolabah) and river oak (Casuarina cumminghamania)
along the network of rivers. The region also provides habitat for 16 species of native fish and include
the EPBC‐listed Murray cod (Maccullochella peeli peeli), silver perch (Bidyanus bidyanus),
endangered populations of olive perchlet (Ambassis agassizii) and purple spotted gudgeon
(Mogurnda adspersa).
The floodplain between Goondiwindi and Mungindi contains large areas of anabranches and
billabongs. Downstream from Goondiwindi small effluent creeks such as Boomi, Callandoon, Dingo
and Whalan break off from the main channel and meander across the region forming a complex
floodplain of billabongs and wetlands that rely on over‐bank flows (Kingsford 1999). When flooded,
these areas are known to provide large amounts of dissolved organic carbon to the riverine
ecosystem which is essential to aquatic ecosystem functioning (CSIRO 2007). These wetlands also
support the breeding of waterbirds listed under the NSW Threatened Species Conservation Act
(1995) including brolgas (Grus rubicunda), black‐necked storks (Ephippiorhynchus asiaticus) and
magpie geese (Anseranas semipalmata) (CSIRO 2007).
The Morella Watercourse/Boobera Lagoon/Pungbougal Lagoon complex is a wetland of national
importance and is located on the floodplain between Goondiwindi and Mungindi. This wetland
complex is considered one of the most important Aboriginal places in eastern Australia (CSIRO
2007).
9.3.3

Ecological targets

Given the environmental values contained within the Border Rivers Region, ecological targets were
developed for the lower reaches of the Macintyre River (see Appendix D). The targets focus on




improved nutrient cycling,
increasing availability for a range of aquatic species to key feeding and foraging habitats by
wetting benches, banks and in‐stream habitat and
facilitating migration and recruitment of native fish species within the Border River system.
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Using this as a basis, site specific flow indicators that include flow rate, frequency, duration and the
periods during which flows are required were developed for testing in the hydrologic modelling.
9.3.4

Description of expected outcomes

In assessing the ability to achieve environmental outcomes within the Border Rivers Region, MDBA
has given consideration to the required reductions in diversions and volume of water needed to be
delivered from the system to meet the needs of downstream assets. Analysis of modelled flow data
shows that the frequencies of critical fresh events have been reduced by more than 50%. This
analysis forms the basis of the environmental water requirements specified for the lower section of
the Macintyre River.
As highlighted previously, the Border River system is known to support a relatively diverse
population of native fish species. Modelling has shown that some improvement to the fresh part of
the in‐channel flow regime will be achieved through the recovery and delivery of environmental
water. These freshes are also likely to benefit fundamental riverine processes, known as Key
Ecosystem Functions (KEFs), that support the Basin’s environmental assets including increased:
connectivity, in‐stream habitat maintenance and sediment, nutrient and carbon exchange.
However, modelling undertaken to date has not been able to achieve the desired frequency of the
flow indicators. Implementation of appropriate policy settings and the implementation of a spatially
targeted water recovery program may further improve environmental outcomes. Any variation in
access rules would require a co‐operative approach between stakeholders, jurisdictions and the
Australian Government. In addition, further modelling is needed to understand the potential
outcomes of implementing a spatially targeted water recovery program.
The Border Rivers system upstream of the major reservoirs is largely unregulated and relatively
unaffected by diversions. MDBA has assumed that any additional water required to achieve
environmental flow outcomes in these areas is volumetrically small and unlikely to significantly
impact on the Regions ESLT.
The expected ecological outcomes resulting from specified reductions in diversions are outlined in
Table 9.4
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Table 9.4: Environmental outcomes for the Border Rivers region
Regions/sub regions
(based on changes in
expected outcomes)

Upper Border Rivers
(Upstream of
Coolmunda, Glenlyon,
Pindara and Rangers
Valley Storages)
Mid Border Rivers
(Downstream of major
storages to
Goondiwindi)
Lower Border Rivers
(Downstream of
Goondiwindi to
Mungindi)

-------------> increasing flow magnitude and decreasing frequency of inundation ------------->
In-stream habitats

Near channel Floodplain
Floodplain
and low level billabongs
communities
floodplain
e.g. Red gum
and
vegetation
anabranches and Coolibah
communities
woodlands
e.g. Red gum
The streams of the Upper Border Rivers are generally free flowing with only minor diversions.

Diversions in this element of the system do not significantly impact on the parts of the flow
regime that support these elements of the ecosystem.
Additional environmental water along with
the implementation of appropriate policy
settings (such as a spatially targeted water
recovery strategy) are likely to achieve
environmental outcomes. Expected
environmental outcomes include sustaining
in-channel process essential to
reproduction, regeneration, dispersal,
immigration and emigration of
conservationally significant species.
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Diversions do not significantly impact on the parts
of the flow regime that support these elements of
the ecosystem.

9.4 Gwydir region
9.4.1 Summary of region
The Gwydir Valley river system is in the north‐west of New South Wales. The headwaters of the river
system lie west of Armidale and Guyra on the New England Tableland, and these mark the start of
the catchment’s primary river system. Watercourses draining from the Tablelands are Rocky Creek,
Laura Creek, Georges Creek, Moredun Creek, Gwydir River and Copes Creek.
Copeton Dam was completed in 1976 on the Gwydir River and is the only regulated water storage in
the valley. The dam supplies water to users on the Gwydir River (3 regulated effluents Mehi River,
Carole Creek that flows northwest and eventually joins Gil Gil Creek, and the Moomin Creek) and
replenishment flows to the Lower Gwydir, Gingham watercourse and Mallowa Creek. The dam
controls only about 55% of Gwydir system inflows (Keyte 1994) because inflows from tributaries that
enter below Copeton Dam are a significant source of water supply. There are also a number of weirs
that divert water from the main river channel into the effluent streams and assist in flow regulation.
9.4.2 Ecological values of the region
The Gwydir has nationally important wetlands in the Gingham and Lower Gwydir Watercourses. The
wetlands provide habitat for a number of rare, endangered and threatened species. Four sites
within the lower Gwydir wetland area are also listed as internationally significant under the Ramsar
Convention.
The aggregation of the wetlands occurs as a result of overland flow across a landscape with an
extremely low gradient. When flooded the wetlands often host large numbers breeding waterbirds,
some of which are endangered or vulnerable species listed under the Environmental Protection and
Biodiversity Conservation Act 1999 (EPBC Act). The Gwydir wetlands are also notable for having one
of the largest known stands of the wetland plant marsh clubrush (Bolboschoenus fluviatilis) in NSW
and support 15 species of native fish including the EPBC‐listed Murray cod (Maccullochella peeli
peeli).
Other areas of wetland habitat occur in the Gwydir catchment. For example, Mallowa Creek, an
effluent channel of the Mehi River that runs through the southern extent of the Gwydir Valley has
sections of floodplain that support coolibah woodland, floodplain wetlands dominated by river
cooba and lignum, and wet meadows of spike rush and water couch (Bowen & Simpson 2009a).
9.4.3

Ecological targets

Given the environmental values contained within the Gwydir catchment, ecological targets were
developed for:



the Gwydir and Mallowa Creek Wetlands
In channel habitats of the Gingham and Lower Gwydir Watercourses.

These targets are further described in Appendix D. Within the constraint of being deliverable in a
working river system, the ecological targets focus on providing a flow regime which (targets are
further described in Appendix D):


ensures the current extent of native vegetation of the riparian, floodplain and wetland
communities is sustained in a healthy, dynamic and resilient condition
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supports recruitment opportunities for a range of native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
supports key ecosystem functions, particularly those related to connectivity between
the river and the floodplain
supports the habitat requirements of waterbirds and is conducive to successful breeding
of colonial nesting waterbirds.

Using these ecological targets as a basis, site specific flow indicators that include the volumes,
frequency, duration and the periods during which flows are required were developed for testing in
the hydrologic modelling.
9.4.4

Description of environmental flow outcomes as indicated by modelling outputs

Modelling outputs show that the site specific flow indicators can be met for the majority of the time.
It is clear that the reported success in achieving these flow indicators is sensitive to the modelling
approach applied and its underlying assumptions. Combined with a broader knowledge of the
system, the MDBA concludes that environmental water recovered to 30 September 2011 will achieve
desired flow outcomes for the Gwydir system.
The modelling and MDBA’s analysis indicates that the recovery and use of environmental water can
provide for beneficial environmental flow outcomes for in‐stream habitats, permanent and semi‐
permanent wetlands and fringing vegetation communities along the Mid and Lower Gwydir systems,
including the wetland and floodplain vegetation communities of the Gwydir wetlands and the
Mallowa Creek system. Modelling also shows the ability to improve low flows and freshes of the flow
regime. However, as the Upper Gwydir System is largely unregulated and relatively unaffected by
diversions, MDBA has assumed that any additional water required to achieve environmental flow
outcomes in these areas is volumetrically small and unlikely to significantly impact on the Regions
ESLT.
Modelling also indicates that increased environmental flows will have the ability to reduce the
maximum dry period between key in‐flow events. Increases in inundation frequency are likely to
sustain flood dependent vegetation communities that are critical for providing feeding and roosting
habitat of waterbirds.
Likely increases in river and floodplain connectivity and the provision of freshes are also considered
to benefit native fish species, such as the vulnerable Murray cod, through providing instream habitat
and recruitment opportunities. It is likely that by providing appropriate flows and freshes to trigger
fish breeding and maintaining flows to support the juvenile fish, the native fish population will
positively respond and native fish populations will be enhanced.
Fundamental processes that support the Basin’s environmental assets, generally referred in the
Basin Plan as Key Ecosystem Functions, are also expected to be enhanced. Ecosystem functions
likely to benefit from environmental flows include:




sediment, nutrient and carbon exchange
habitat maintenance
connectivity.
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Table 9.5 outlines the broad environmental flow outcomes for the Mid and Lower Gwydir resulting
from the specified reductions in diversions.
Table 9.5: Environmental outcomes for the Gwydir region
Regions/sub regions
(based on changes in
expected outcomes)

-----------> increasing flow magnitude and decreasing frequency of inundation --------------->
Instream habitats

Semi
Permanent
Wetlands

Floodplain Wetland
Vegetation
e.g. Red gum,
Cooba and Lignum

High level floodplain
communities
e.g. Black box and
Coolibah woodlands

Upper Gwydir System
(Upstream of Copeton
Storage) and
Unregulated
Tributaries

The streams of the Upper Gwydir system are generally free flowing with only minor diversions.

Mid Gwydir System
(Downstream of
Copeton Storage to
Pallamallawa)

Environmental water requirements have not been determined for
these elements of the system. Management of existing
environmental water to meet downstream needs is likely to result
in improved environmental outcomes.

Lower Gwydir System
and Mallowa Creek
(downstream of Moree
and including Gwydir
Wetlands Indicator
Asset)

Mehi River, Moomin
Gil Gil and Carole
Creeks

Environmental water
requirements have not been
determined for these
elements of the system. Un
regulated flows (flows that
exceed the regulating
capacity of existing
infrastructure) are a
dominant feature of this
element of the system.
These flows will continue to
occur and in doing so
maintain ecological values
The achievement of flow indicators suggests that the integrated
Operational constraints
management existing environmental water is likely to achieve a
prevent delivery of these
range of environmental outcomes including provision of
flows as managed events.
recruitment opportunities for a range of conservationally
Un regulated flows (flows
significant species such as colonial nesting waterbirds.
that exceed the regulating
capacity of existing
infrastructure) are a
dominant feature of this
element of the system.
These flows will continue to
occur and in doing so
maintain ecological values
A limited hydrologic analysis of low
Environmental water requirements have not been
flows has been undertaken. Integrated
determined for these elements of the system.
management of existing environmental Existing channel capacity constraints likely to limit
water is likely to achieve a range of
delivery of flows needed to support these elements of
environmental outcomes including
the system.
provision of in-stream habitat.

Page 116

9.5 Namoi region
9.5.1

Summary of region

The Namoi catchment, which contains the Namoi and Peel Rivers, borders the Gwydir and
Castlereagh catchments and is bound by the Great Dividing Range in the east, the Liverpool Ranges
and Warrumbungle Ranges in the south, and the Nandewar Ranges and Mount Kaputar to the north.
From the Great Dividing Range, the Namoi flows westward to join the Barwon River near Walgett.
The Peel River is a major tributary and joins the Namoi op‐stream of Gunnedah. The major in‐stream
storages are Keepit Dam on the Namoi, Split Rock at the junction of the Manilla and McDonald
Rivers and Chaffey on the Peel River.
Other major tributaries of the Namoi River include Cox’s Creek and the Mooki, Manilla and
McDonald Rivers joining the Namoi River upstream of Boggabri Narrabri, Baradine and Bohena
Creeks joining below Boggabri. Major tributaries of the Peel River are Goonoo Goonoo Creek,
Cockburn River, and Dungowan Creek. A number of minor unregulated tributaries, originating from
the Kaputar area, also provide high volume storm flows which can contribute significantly to the
Namoi River. The most significant of those is Maules Creek.
9.5.2

Ecological values of the region

While the Namoi catchment does not contain extensive or nationally recognised wetland complexes,
the floodplain downstream of Narrabri supports many small lagoons, wetlands and anabranches, as
well as flood runners and extensive areas of floodplain woodlands.
The Namoi has also been included as part of the endangered aquatic ecological community in the
natural drainage system of the lowland catchment of the Darling River, under the NSW Fisheries
Management Act (NSW Scientific Committee 2004). The community is known to occur in lowland
riverine environments with meandering channels and a variety of aquatic habitats including deep
channels and pools, wetlands, gravel beds and floodplains. Four aquatic species which occur within
the Namoi catchment are listed as endangered under the NSW Fisheries Management Act 1994,
including the river snail (Notopala sublineata), which has recently been found in the Pilliga region,
freshwater catfish (Tandanus tandanus), purple spotted gudgeon (Mogurnda adspersa), and the
olive perchlet (Ambassis agassizii). Other species of significance include the silver perch (Bidyanus
bidyanus) which is listed as vulnerable in NSW and Murray cod (Maccullochella peeli peeli), listed as
vulnerable under the EPBC Act (1999).
9.5.3

Ecological targets

The lack of extensive wetland areas in the Namoi catchment has been reflected in the development
of ecological targets. The targets developed focus on the lower Namoi and include (targets are
further described in Appendix D):





maintaining lateral connections between the Namoi River and key floodplain wetland
features
maintaining riverine woodlands in good condition
increasing nutrient cycling and habitat access by wetting bars benches, banks in‐stream
habitat
facilitating migration and recruitment of native fish species.
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Using these ecological targets as a basis, site specific flow indicators that include flow rates,
frequency, duration and the periods during which flows are required were developed for testing in
the hydrologic modelling.
9.5.4

Description of expected outcomes

Hydrologic modelling provides an indication that beneficial environmental outcomes can be
achieved for in‐stream habitats along the full length of the Namoi system downstream of Keepit
Dam. In the Lower Namoi System modelling suggests outcomes for fringing and flood channel
vegetation communities should be possible. Modelling shows increases in the frequency of lateral
connections between the main channel of the Namoi River and its associated anabranches. Current
modelling also indicates that increased environmental flows will significantly reduce the maximum
dry period between events. Fundamental processes that support the Namoi assets, such as habitat
maintenance and sediment, nutrient and carbon exchange, are expected to be enhanced.
Many native fish species reside in the Namoi, such as Murray cod, are thought to require flow pulses
or floods for spawning (Humphries et al. 1999). Connectivity between the main river channel and
adjacent wetlands, anabranches and still water habitats provided by increased flows are also
essential for the survival of larvae and juveniles of several species. These requirements have
informed the flows needed to maintain healthy populations of key resident native fish species in the
Namoi. Modelling of environmental flows indicate that these requirements are likely to be met
through the efficient delivery of environment flows.
The Peel River is a significant tributary of the Namoi and, while system flows are regulated by
Chaffey Dam, key elements of the flow regime appear to be relatively unaffected by diversions. The
relatively intact nature of the flow regime has meant a detailed analysis of water requirements for
this system has not been undertaken. Similarly, the Upper Namoi is largely unregulated and
relatively unaffected by diversions. Given the nature of hydrologic change in these systems, MDBA
has assumed that any additional water required to achieve environmental flow outcomes in these
areas is volumetrically small and unlikely to significantly impact on the Regions ESLT.
Fundamental processes that support the Basin’s environmental assets, generally referred to as key
ecosystem functions, are also expected to be enhanced. Ecosystem functions likely to benefit from
environmental flows include:




sediment, nutrient and carbon exchange
habitat maintenance
connectivity.

Table 9.6 outlines the broad environmental flow outcomes for the Namoi region resulting from the
specified reductions in diversions.

Page 118

Table 9.6: Environmental outcomes for the Namoi region
Regions/sub
regions
(based on changes
in expected
outcomes)
Upper Namoi
System
(Unregulated
rivers and
tributaries
upstream of major
storages)
Peel River System
(Downstream of
Chaffey Dam)

Mid Namoi System
(Downstream of
Keepit Dam to
Pian Creek
junction)

Pian Creek

Lower Namoi
System
(Downstream of
Pian Creek to
Barwon River
junction)

-------------> increasing flow magnitude and decreasing frequency of inundation --------------->
Instream habitats

Floodplain
Billabongs and
anabranches

Near channel
vegetation
e.g. Red gum

Floodplain
communities
e.g. Red gum
and Coolibah
woodlands

The streams of the Upper Namoi are generally free flowing with only minor diversions.

Environmental water requirements have not been
A hydrologic analysis of low flows has
determined for these elements of the system, however
been undertaken but the exact nature of
diversions do not significantly impact on the parts of the
environmental water requirements is
flow regime that support these elements of the
uncertain. Any improvements to
environmental flow outcomes are likely to ecosystem.
require only small volumes of additional
environmental water.
Environmental water requirements have not been
A hydrologic analysis of low flows has
determined for these elements of the system, however
been undertaken but the exact nature of
diversions do not significantly impact on the parts of the
environmental water requirements is
flow regime that support these elements of the
uncertain. Management of existing
environmental water to meet downstream ecosystem.
needs is likely to result in improved
environmental outcomes such as
maintaining in-stream habitats.
Environmental water requirements have not been determined for this element of the system,
however as all parts of the flow regime exceed those occurring under without development
conditions. It is unlikely that additional volumes of environmental water will result in improved
environmental outcomes.
The achievement of flow indicators suggests that additional
Environmental water requirements
environmental water is likely to result in a range of
have not been determined for these
environmental outcomes such as increased connectivity and
elements of the system, however
improved in-stream habitat.
diversions do not significantly
impact on the parts of the flow
regime that support these elements
of the ecosystem.
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9.6 Macquarie‐Castlereagh region
9.6.1

Summary of region

The Macquarie River is in central western NSW, running northwest from near Oberon on the
western side of the Blue Mountains to the Barwon River upstream of Brewarrina. Many tributaries
enter the river upstream of Narromine and most, like the Cudgegong River, are upstream of
Burrendong Dam, the Region’s largest water storage. Both the Macquarie and Cudgegong Rivers are
regulated by headwater storages, Windamere Dam on the Cudgegong River and Burrendong Dam on
the Macquarie River. The unregulated Castlereagh River rises in the Warrumbungle Mountains and
flows through Coonamble, joining the Macquarie River just downstream of Carinda.
The main Macquarie River channel continues north, forming the Macquarie Marshes about 50 km
north of Warren. The marshes extend for about 120 kilometres to Carinda before the river reforms
and flows to the Barwon–Darling River between Walgett and Brewarrina (NSW Department of Water
Resources 1991).
9.6.2

Ecological values of the region

One of the most significant environmental assets in the catchment is the Macquarie Marshes
complex. The marshes support a variety of flood dependent vegetation including extensive water
couch (Paspalum distichum) and common reed (Phragmites australis) grasslands, river red gum
(Eucalyptus camaldulensis) forest, coolabah (E. coolabah) and black box (E. largiflorens) woodland
and lignum (Muehlenbeckia florenta) and river cooba (Acacia stenophylla) shrublands. These
ecosystems provide valuable habitat for a range of species including waterbirds, fish and
invertebrates.
The Macquarie Marshes Nature Reserve area plus a small part of the Eastern Marsh is listed under
the Ramsar Convention. These wetlands regularly support more than 20,000 waterbirds and, in
large floods, up to 500,000.
Other important environmental assets are the Cudgegong and Macquarie River channels, including
the lower Macquarie River downstream of the Marshes, and the “effluent” creeks which leave the
Macquarie River and flow toward the Bogan and Barwon Rivers (e.g. Gunningbar and Marra Creeks).
The wetlands on the lower Castlereagh River, along with Mowlma and Nedgera creeks, are also
important ecosystems, supporting coolabah woodland, lignum and river cooba shrubland, with some
areas of common reed, cumbungi (Typha orientalis) and water couch.
9.6.3

Ecological targets

Given the environmental values contained within the Macquarie‐Castlereagh catchment, ecological
targets were developed focusing on the lower Macquarie River including the Macquarie Marshes.
Ecological targets are further described in Appendix D.
Within the constraint of being deliverable in a working river system, the ecological targets focus on
providing a flow regime which:


ensures the current extent of native vegetation of the riparian, floodplain and wetland
communities is sustained in a healthy, dynamic and resilient condition

Page 120





supports recruitment opportunities for a range of native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
supports key ecosystem functions, particularly those related to connectivity between
the river and the floodplain
supports the habitat requirements of waterbirds and is conducive to successful breeding
of colonial nesting waterbirds.

Using these ecological targets as a basis, site specific flow indicators that include the volumes,
frequency, duration and the periods during which flows are required, were developed for testing in
the hydrologic modelling.
9.6.4

Description of environmental flow outcomes as indicated by modelling outputs

The recovery and use of environmental water as demonstrated in the hydrologic modelling provides
confidence that beneficial environmental flow outcomes can be achieved for many water‐dependent
habitats associated with the regulated section of the Macquarie.
The expected outcomes resulting from environmental water delivery in the Macquarie Marshes
include increased frequency of inundation for low, mid and high level floodplain vegetation
communities. Modelling also indicates that increased environmental flows are likely to reduce the
maximum time between key inflow events.
The increased frequency of inflow events and the reduced time between dry periods is likely to not
only sustain flood dependent vegetation communities but also sustain bird breeding events. The
critical requirements for waterbird breeding, including adequate feeding and roosting habitat, are
expected to improve under increased environmental flows.
Key Ecosystem Functions (KEFs) are also expected to be enhanced through the increased frequency
and volume of environmental flows. These functions or processes include:




sediment, nutrient and carbon exchange
habitat maintenance
connectivity.

The Bogan and Castlereagh Rivers and unregulated tributaries upstream of Burrendong and
Windamere dams are generally unaffected by diversions. Given the nature of hydrologic change in
these systems, MDBA has assumed that any additional water required to achieve environmental
flow outcomes in these areas is volumetrically small and unlikely to significantly impact on the
Regions ESLT.
Table 9.7 outlines the broad environmental flow outcomes for the Macquarie‐Castlereagh region
resulting from the specified reductions in diversions.
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Table 9.7: Environmental outcomes for the Macquarie‐Castlereagh region
Regions/sub regions
(based on changes in
expected outcomes)

-------------> increasing flow magnitude and decreasing frequency of inundation -------------->
Instream habitats

Permanent
and Semi
permanent
Wetlands

Near channel &
lower level
floodplain
vegetation
communities
e.g. Red gum
forest

Mid level
floodplain
communities
e.g. Lignum
shrublands
and
floodplain
wetlands

High level
floodplain
communities
e.g. Black box
and Coolibah
woodlands

Castlereagh River

Castlereagh River is generally free flowing with only minor diversions.

Bogan River

Bogan River is generally free flowing with only minor diversions.

Upper Macquarie
System (Upstream of
Burrendong and
Windamere Storages)
and including
unregulated
tributaries such as the
Talbragar River

The streams of the Upper Macquarie system are generally free flowing with only minor
diversions.

Mid Macquarie System
(Downstream of major
storages to Warren)

A hydrologic analysis
of low flows has been
undertaken but the
exact nature of
environmental water
requirements is
uncertain.
Management of
existing
environmental water
to meet downstream
needs is likely to
result in improved
environmental
outcomes such as
instream habitat for
this element of the
system.

Lower Macquarie
System (including the
Macquarie Marshes)

Environmental water requirements have not been
determined for these elements of the system.
Integrated management of existing environmental
water to meet downstream needs is likely to
achieve a range of environmental outcomes
including maintenance of riparian floodplain
vegetation and floodplain connectivity.

Environmental
water
requirements
have not been
determined for
this element of the
system. Not a
significant feature
of this section of
the system

The achievement of site specific flow indicators suggests that the integrated management
existing environmental water is likely to achieve a range of environmental outcomes. Expected
environmental outcomes include improving the condition and resilience of riparian, floodplain
and wetland vegetation communities and increased connectivity between the river and the
floodplain.
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9.7 Barwon Darling region
9.7.1

Summary of region

The Barwon–Darling River flows south‐west from Collarenebri in the north‐east to Wilcannia in the
south‐west, with a total length of approximately 1,600 km. The catchment is important to the Basin,
receiving high inflows from wetter catchments in the upper Basin, including Macquarie–Castlereagh,
Namoi, Gwydir, Border Rivers and Condamine–Balonne. The towns located in the catchment include
Collarenebri, Walgett, Brewarrina, Bourke, Cobar and Wilcannia. The Barwon–Darling eventually
flows into the Lower Darling region between Wilcannia and Menindee.
The Barwon‐Darling, which is unregulated, is one of the most variable rivers in the world, with low‐
flows punctuated by episodic flooding events that inundate the extensive areas of floodplain.
However, many of its major tributaries, mentioned above, are regulated. All these tributaries enter
the Barwon–Darling River upstream of Bourke. Other tributaries, such as the Paroo and Warrego
rivers, have their headwaters in the more arid west and contribute intermittent flows during high
rainfall periods. Numerous low‐level weirs have been constructed to provide town water supply, the
most notable of these weirs are at the towns of Brewarrina, Bourke and Louth.
9.7.2

Ecological values of the region

The Barwon–Darling region supports a diverse range of ecosystems, dominated by deflation basins,
lakes, anabranches, flood runners and billabongs. Particularly noteworthy is the lowland catchment
of the Darling River, a state‐listed endangered ecological community which includes trout cod
(Maccullochella macquariensis), purple spotted gudgeon (Mogurnda adspersa), southern pygmy
perch (nannoperca australis) and silver perch (Bidyanus bidyanus).
The Darling River provides flows to the important Talyawalka Anabranch wetland area. This wetland
system comprises wetlands of the Talyawalka Anabranch of the Darling River and its distributary
Teryaweynya Creek and is located between Wilcannia and Menindee. The Talyawalka Anabranch
and Teryaweynya Creek system includes numerous lakes and supports large areas of black box
(Eucalyptus largiflorens) and river red gums (E. camaldulensis) (Jenkins and Briggs 1997).
The combination of in‐channel and adjacent habitats enables the Barwon‐Darling River Floodplain to
periodically support large populations of waterbirds. Regular aerial surveys show that this section of
the Darling River Floodplain can support waterbird populations in excess of 100,000 (Kingsford et.al
1997).
9.7.3

Ecological targets

Given the environmental values contained within the Barwon‐Darling Region, ecological targets
focus on:



Talyawalka Anabranch wetland area
In channel habitats of the Barwon and Darling Rivers.

The ecological targets focus on providing a flow regime which (see Appendix D):


protect flood‐dependent vegetation considered essential to support crucial habitat for
identified flora and fauna
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sustain in‐channel and wetland process that ensure reproduction, regeneration,
dispersal, immigration and emigration of identified flora and fauna
protect key in‐stream drought refuges
maintain appropriate wetting/drying cycles in floodplain billabongs and wetlands.

Using these ecological targets as a basis, site specific flow indicators that include flow rates,
frequency, duration and the periods during which flows are required, were developed for testing in
the hydrologic modelling.
9.7.4

Description of expected outcomes

Unlike other systems, flows in the Barwon‐Darling rely almost entirely on upstream tributary inflows,
with almost no runoff within the region itself and, due to a lack of river regulation, environmental
events cannot be deliberately ‘delivered’. Therefore, environmental water will be entirely
dependent on the reduction of diversions from the system.
In assessing the ability to achieve environmental outcomes within the Barwon‐Darling Region, MDBA
has considered:





the increase in flows resulting from reductions in diversions from contributing systems
such as the Condamine–Balonne, Border Rivers, Namoi, Castlereagh and Macquarie in
meeting flow indicators
the delivery pattern of environmental flows from contributing systems
the additional reductions in diversions required from within the region.

The site specific flow indicators specified for the Barwon‐Darling region focus on in‐channel flows (at
Bourke and Louth) which are necessary to support Key Ecological Functions (KEFs). Modelling has
shown that some improvement to the fresh part of the in‐channel flow regime will be achieved
through the recovery of environmental water; however modelling undertaken to date has not been
able to achieve the desired frequency for the majority of the flow indicators.
The expected outcomes resulting from increased environmental water to the Barwon‐Darling system
include an expected increased frequency and volume of in‐channel flows. Increased freshes are
expected to improve habitat maintenance, increase connectivity and enhance sediment, nutrient
and carbon exchange throughout the Barwon‐Darling system.
Outcomes for floodplain communities are difficult to quantify but are likely to be limited by system
constraints. Uncertainties centre on difficulties in coordinating flows between contributing
tributaries and that the baseline model has not been updated to fully represent current
arrangements (for instance access rules associated with the Interim Unregulated Flow Management
Plan for the North West). Further work is needed in these areas to provide certainty to likely
outcomes produced for the Barwon Darling Region
The expected ecological outcomes resulting from specified reductions in diversions are outlined in
Table 9.8
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Table 9.8: Environmental outcomes for the Barwon‐Darling region
Regions/sub regions
(based on changes
in expected
outcomes)

Barwon & Darling
Rivers between
Mungindi and
Menindee Lakes

-------------> increasing flow magnitude and decreasing frequency of inundation -------------->
Instream habitats
Near channel vegetation
Floodplain communities and
communities
floodplain wetlands
e.g. Black box woodlands and
Lignum shrublands
Additional environmental water along with the
implementation of appropriate policy settings is likely to
achieve environmental outcomes. Expected
environmental outcomes include sustaining in-channel
process essential for reproduction, regeneration,
dispersal, immigration and emigration of conservationally
significant species.
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Ability to improve environmental
outcomes limited by system
constraints and difficulties in
coordinating tributary inflows from
combination of unregulated and
regulated systems.

9.8 Lachlan region
9.8.1

Summary of region

The Lachlan River is a virtual‐terminal system bordered by the Great Dividing Range on the east, the
Macquarie River to the north, the Murrumbidgee River to the south and the Darling catchments in
the north‐west. The major tributary streams of the Lachlan River include the Abercrombie, Boorowa,
Belubula and Crookwell rivers. The catchment’s major water storage is Wyangala Dam with a series
of minor in‐stream storages, including the Carcoar Dam on the Belubula River and Brewster Weir on
the lower Lachlan River. Major off‐stream storages include Lake Cargelligo and Lake Brewster near
Hillston.
There are nine nationally important wetlands on the Lachlan floodplain, all located downstream of
Forbes. The nationally significant wetlands of Booligal Wetlands, Murrumbidgil Swamp/Lake
Merrimajeel, Cuba Dam, Merrowie Creek, Great Cumbung Swamp, Lachlan Swamp, Lake Brewster,
Lake Cowal and Lower Mirrool Creek are known to support an array of wetland vegetation types and
water‐dependent fauna. While Mirrool Creek is a tributary of the Lachlan which joins the river
downstream of Booligal, it is an integral part of water management for the Murrumbidgee Irrigation
Area and is not included in the Lachlan for environmental watering purposes.
9.8.2

Ecological values of the region

The entire aquatic ecological community of the lower Lachlan, which is defined as the Lachlan River
downstream of Wyangala to the Great Cumbung Swamp, is listed as an endangered ecological
community in NSW under the provisions of the NSW Fisheries Management Act 1994. Historically,
this area supported a diverse aquatic community comprising at least 19 native fish species, 10
crustacean species, 8 mollusc species, 2 sponge species and many insects (DPI 2006). Many of these
aquatic species are now considered threatened or endangered including the western population of
the olive perchlet (Ambassis agassizii), purple spotted gudgeon (Mogurnda adspersa), Macquarie
perch (Macquaria australasica) and Murray cod (Maccullochella peeli peeli).
The Booligal Wetlands and Lachlan Swamp are associated with distributary creeks of the lower
Lachlan floodplain. This area is renowned for the large numbers of waterbirds that congregate to
breed and forage in the area, particularly colonial waterbirds such as straw‐necked and glossy ibis.
The Booligal Wetlands in particular may be one of the most important breeding locations for glossy
ibis in Australia (Magrath 1992). The lower Lachlan floodplains also support extensive lignum
(Muehlenbeckia florenta) shrublands, river red gum (Eucalyptus camaldulensis) forest, black box
(E. largiflorens) woodlands (Department of the Environment, Water, Heritage and the Arts 2009).
The Great Cumbung Swamp, located at the end of the Lachlan system, is one of the largest common
reed (Phragmites australis) swamps in the Basin. The Swamp also supports extensive river red gum
and black box communities and provides an important drought refuge when wetlands in other parts
of the state are dry (Department of the Environment, Water, Heritage and the Arts 2009). Though
hydrologically stressed, the Great Cumbung Swamp provides a good representation of a terminal
reed swamp in the Basin (New South Wales Department of Environment, Climate Change and Water
2009).
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9.8.3

Ecological targets

Given the environmental values contained within the Lachlan catchment, ecological targets have
been developed for:




the Booligal Wetlands
the Lachlan Swamp
the Great Cumbung Swamp.

At these locations ecological targets (see Appendix D) focus on providing a flow regime, which





ensures the current extent of native vegetation of the riparian, floodplain and wetland
communities is sustained in a healthy, dynamic and resilient condition
supports recruitment opportunities for a range of native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
supports key ecosystem functions, particularly those related to connectivity between
the river and the floodplain
supports the habitat requirements of waterbirds and is conducive to successful breeding
of colonial nesting waterbirds.

Using these ecological targets as a basis, site specific flow indicators that include the flow rates,
frequency, duration and the periods during which flows are required, were developed for testing in
the hydrologic modelling
9.8.4

Description of expected outcomes

Hydrologic modelling outputs show that the environmental flow indicators can be met for the
majority of the time, though these results are sensitive to the modelling approach and its underlying
assumptions.
Modelling for the Lachlan indicates that increased frequency and duration of flows is likely to benefit
floodplain vegetation communities in the Lower Lachlan floodplain systems. Throughout the
Merrimajeel, Muggabah and Lower Lachlan systems it is likely that the frequency of inundation for
the full range of floodplain vegetation communities within the target range will increase. Current
modelling also indicates that increased environmental flows will significantly reduce the maximum
dry period between key inflow events
As the lower Lachlan is well‐known as an important waterbird breeding area, particularly colonial
waterbirds such as ibis, the maintenance and enhancement of required habitats for nesting and
foraging is essential. Hydrologic modelling indicates that the increased frequency and duration of
floodplain inundation which is likely to occur through the delivery of environmental flows will be
sufficient to support vegetation associated with waterbird requirements and facilitate breeding
events.
The provision of base flows and freshes in the Lachlan is an important component of environmental
flow outcomes with regard to maintaining and enhancing native fish populations. As an endangered
ecological community, it is important that refuges are supported for native fish, such as the
endangered western population of olive perchlet located in the lower Lachlan. The delivery of low
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flows and increased frequency of freshes is likely to improve conditions for native fish in the lower
Lachlan.
Fundamental processes that support the Basin’s environmental assets, also referred to as Key
Ecosystem Functions, are also expected to be enhanced by the increased frequency and volume of
environmental flows. These flows are expected to facilitate ecosystem functions including habitat
maintenance, connectivity and sediment, nutrient and carbon exchange.
The Upper Lachlan System is largely unregulated and relatively unaffected by diversions. Given the
nature of hydrologic change in these systems, MDBA has assumed that any additional water
required to achieve environmental flow outcomes in these areas is volumetrically small and unlikely
to significantly impact on the Regions ESLT.
The expected ecological outcomes resulting from specified reductions in diversions are outlined in
Table 9.9.
Table 9.9: Environmental outcomes for the Lachlan region
Regions/sub regions
(based on changes in expected
outcomes)

Upper Lachlan System
(Upstream of Wyangala and
Carcoar Storage) and including
unregulated tributaries such as
Boorowa River
Mid Lachlan System
(Downstream of Wyangala
Storage to Willandra Weir)

Willandra Creek

--------> increasing flow magnitude and decreasing frequency of inundation ------->
Instream habitats
SemiNear channel Mid/Upper
level
permanent vegetation
floodplain
and lower
Wetlands
communities
level
floodplain
e.g. Black
communities box
e.g. Red gum woodlands
and Lignum
wetlands
shrublands
The streams of the Upper Lachlan system are generally free flowing with only minor
diversions.

A hydrologic analysis of low flows
has been undertaken.
Management of existing
environmental water to meet
downstream needs is likely to
result in improved environmental
outcomes such as maintenance
of instream habitats and support
of riparian vegetation for this
element of the system.
Environmental water
requirements have not been
determined for this element of the
system, however integrated
management of both existing
environmental water and
replenishment flows may improve
environmental outcomes through
providing freshes
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Environmental water requirements have not
been determined for these elements of the
system. Integrated management of existing
environmental water to meet downstream
needs is likely to result in improved
environmental outcomes such as increased
connectivity for these elements of the system.

Environmental water requirements have not
been determined for this element of the system.
Integrated management of existing
environmental water may result in increased
flow variability.

Merrowie Creek

Merrimajeel and Muggabah
Creeks (Including Booligal
Wetlands Indicator Asset)

Lower Lachlan System
(including the Lachlan Swamp
and Great Cumbung Swamp
Indicator Assets)

Environmental water requirements have not
Environmental water
been determined for this element of the system.
requirements have not been
determined for this element of the Integrated management of existing
environmental water may result in the
system, however it is likely that
maintenance of floodplain vegetation.
replenishment flows delivered
through baseline arrangements
would deliver in-stream and
riparian outcomes. Integrated
management of both existing
environmental water and
replenishment flows may improve
environmental outcomes
including maintenance of
instream habitats.
The achievement of site specific flow indicators suggests that the integrated
management existing environmental water is likely to achieve a range of
environmental outcomes. Expected environmental outcomes include provision of
recruitment opportunities for a range of conservationally significant species such as
colonial nesting waterbirds.
The achievement of site specific flow indicators suggests that the integrated
management existing environmental water is likely to achieve a range of
environmental outcomes. Expected environmental outcomes include maintenance
of wetland vegetation.
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9.9 Murrumbidgee region
9.9.1 Summary of region
The region is formed around the Murrumbidgee and Tumut River systems. Major tributaries include
the Goodradigbee, Queanbeyan, Cotter and Yass Rivers as well as Tarcutta and Hillas Creeks.
Burrinjuck Dam on the Murrumbidgee and Blowering Dam on the Tumut, are the systems major
storages. The Region also includes a number of smaller storages including Tantangara, Corin,
Bendora, Cotter, Scrivener and Googong dams. The systems in‐flows are augmented by inter‐valley
transfers from the Snowy Mountains Scheme. The system contains two large‐scale environmental
assets which have formed the basis for modelling outcomes ‐ the Lower Murrumbidgee River
Floodplain and the Mid‐Murrumbidgee‐River Wetlands and Floodplain.
9.9.2

Ecological values of the region

Downstream of Wagga Wagga, the Mid‐Murrumbidgee floodplain contains a large number of
lagoons and billabongs set within extensive river redgum forests and woodlands. In combination
these features make up the Mid‐Murrumbidgee‐River Wetlands and Floodplain, which provides
valuable habitat for a number of threatened species and is listed on the Directory of Important
Wetlands.
The Lower Murrumbidgee floodplain, which is listed under the Directory of Important Wetlands in
Australia, is a wetland of national significance. It covers approximately 200,000 hectares and
includes some of the largest lignum wetlands in NSW. It is one of the most important breeding sites
in eastern Australia for the straw‐necked ibis. The wetland provides critical breeding habitat for
waterbirds, including the Australian white ibis (Threskiornis molucca), glossy ibis
(Plegadis falcinellus), royal spoonbill (Platalea regia), and great egret (Ardea alba).
The Murrumbidgee system is thought to support 23 native fish species of these nine are listed as
threatened under state, territory or federal legislation (Gilligan 2005). Recognising this, aquatic
areas downstream of Burrinjuck and Blowering Dams have been included in the Lower Murray
Endangered Ecological Community under the NSW Fisheries Management Act 1994.
These values have resulted in the Mid‐Murrumbidgee‐River Wetlands and Floodplain and the Lower
Murrumbidgee floodplain being identified as a hydrologic indicator sites in the Murray–Darling
Basin. In addition, further indicator sites along the Murrumbidgee and Tumut Rivers were used to
capture outcomes for base flows and freshes.
9.9.3

Ecological targets

Given the environmental values contained within the Murrumbidgee catchment, ecological targets
were developed for the following areas. Ecological targets are further described in Appendix D.



floodplain areas throughout the Mid and Lower sections of the system
In channel reaches downstream of the major storages.
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Within the constraint of being deliverable in a working river system, the ecological targets focus on
providing a flow regime which:





ensures the current extent of native vegetation of the riparian, floodplain and wetland
communities is sustained in a healthy, dynamic and resilient condition
supports recruitment opportunities for a range of native aquatic species (e.g. fish, frogs,
turtles, invertebrates).
supports key ecosystem functions, particularly those related to connectivity between the
river and the floodplain.
supports the habitat requirements of waterbirds and is conducive to successful breeding of
colonial nesting waterbirds.

Using these ecological targets as a basis, site specific flow indicators that include the volumes and
frequency as well as duration and the periods during which flows are required were developed for
testing in the hydrologic modelling.
9.9.4

Description of environmental flow outcomes as indicated by modelling outputs

Modelling outputs show that the environmental flow indicators can be met for the majority of the
time. It is clear that operational constraints within the system are a primary factor limiting the
achievement of the full suite of flow indicators. Additional volumes returned to the Murrumbidgee
may not necessarily achieve any better outcomes as these constraints will still apply. Detailed
investigations around the removal or management of constraints would be required to ascertain
whether additional environmental water could be used to achieve better outcomes. In the
meantime, unregulated flows that exceed the capacity of existing infrastructure will continue to
occur that meet these large volume flow indicators.
The modelling and MDBA’s analysis indicates that the recovery and use of environmental water can
achieve good environmental outcomes for in‐stream habitats, permanent and semi permanent
wetlands and fringing vegetation communities along the full length of the Murrumbidgee below
Burrinjuck Dam. Outcomes for floodplain vegetation communities would be mixed depending on
their location on the floodplain and spatial location within the system.
On the Lower Murrumbidgee floodplain, model results indicate that an increase in the frequency of
inundation for low, mid and high level floodplain vegetation communities. Modelling also indicates
that increased environmental flows will overall reduce the maximum dry period between events.
These two elements suggest that good environmental outcomes can be delivered for the lower
Murrumbidgee floodplain with optimal management of infrastructure associated with the
Lowbidgee Flood Control and Irrigation District.
In the mid reaches of the Murrumbidgee, between Wagga Wagga and Hay, current modelling has
not been able to significantly increase the frequency of inundation for low, mid and high level
floodplain vegetation communities. Achievement of flow indicators associated with these outcomes
is limited by operational constraints. Further modelling is needed to understand potential outcomes
if constraints could be modified.
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Fundamental processes that support the Basin’s environmental assets, generally referred in the
Basin Plan as Key Ecosystem Functions, are also expected to be enhanced. Ecosystem functions
likely to benefit from environmental flows include:




sediment, nutrient and carbon exchange
habitat maintenance
connectivity.

Table 9.10 outlines the broad environmental flow outcomes for the Murrumbidgee resulting from
the specified reductions in diversions.
Table 9.10: Environmental outcomes for the Murrumbidgee region
-------------> increasing flow magnitude and decreasing frequency of inundation ------------->
Regions/sub
regions
(based on changes
in expected
outcomes)
Upper
Murrumbidgee
(Upstream of
Burrinjuck Dam)

Mid Murrumbidgee
(Downstream of
Burrinjuck Dam to
Hay)
- based on Mid
Murrumbidgee
wetlands indicator
asset

Billabong and
Forest Creeks
Lower
Murrumbidgee (Hay
to River Murray
junction)
- based on Lower
Murrumbidgee
Floodplain
indicator asset

In-stream
habitats

Permanent and semi
permanent wetlands
and near channel
vegetation
communities
e.g. Red gum

Lower level
floodplain
communities
e.g. Red gum
forest

Mid level
floodplain
communities
e.g. Red gum
woodlands

High level
floodplain
communities
e.g. Black box
and Coolibah
woodlands

The streams of the Upper Murrumbidgee system are generally free flowing with only minor
diversions.
The achievement of flow indicators
suggests that additional
environmental water is likely to result
in a range of environmental
outcomes including improved
recruitment opportunities for a range
of native species

Additional environmental water is
likely to achieve environmental
outcomes including improved river
and floodplain connectivity.
Operational constraints limit flow
delivery in some conditions.

Operational
constraints
prevent delivery of
these flows as
managed events.
These flows will
continue to occur
as they exceed
the regulating
capacity of
existing
infrastructure

Environmental water requirements have not been determined for this element of the system. The
system is highly regulated for the delivery of irrigation water.

The achievement of flow indicators
suggests that additional environmental
water is likely to result in a range of
environmental outcomes such as
increased connectivity and improved instream habitat.
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The achievement of site specific flow indicators
suggests that additional environmental water is likely
to achieve a range of environmental outcomes.
Expected environmental outcomes include provision
of recruitment opportunities for a range of
conservationally significant species such as colonial
nesting waterbirds.

9.10 Goulburn region
The Northern Region Sustainable Water Strategy (SWS) covers Victoria’s share of the River Murray
and major Victorian tributaries including the Goulburn River. The Strategy was released in 2009 and
was the result of an 18 month consultative process involving government departments, independent
experts, key water industry stakeholders and the broader community. It represents an analysis of
both consumptive and environmental needs based on recognised agricultural, environmental and
urban values. The SWS represents best available information relating to environmental water
requirements (flows studies) and has been used by MDBA as a basis for identifying both
environmental needs and likely outcomes. The MDBA has adopted water recovery targets specified
within the Northern Region SWS to inform proposed SDL’s for the Goulburn Region. The expected
outcomes resulting from specified reductions in diversions are outlined below.
9.10.1 Summary of region
The Goulburn River system is located in north‐central Victoria, rising in the Great Dividing range and
flowing into the River Murray upstream of Echuca. It is a major tributary of the Murray system
second only to the Murrumbidgee in terms of the surface water availability. It is a highly regulated
river with the major storage Lake Eildon having a capacity of 3,334GL and Goulburn Weir with a
capacity of 25 GL. The catchment also includes the off‐stream storage Waranga Basin which has a
capacity 432 GL.
Lake Eildon was created between 1915 and 1929, expanded in 1935, and expanded again between
1951 and 1955. The lake is now the second largest water storage in Victoria. Water stored in Lake
Eildon is sent to Goulburn Weir where it is diverted for irrigation and stock and domestic purposes
On average, 91% of water released from Lake Eildon is diverted for irrigation purposes in the
Goulburn, Loddon and Campaspe Valleys and the lake supplies about 60% of water used in the
Goulburn Murray Irrigation District, the GMID2.
Goulburn Weir was the first major diversion structure built for irrigation in Australia dating back to
the 1880s. Water is diverted from the Goulburn Weir via the Stuart Murray Canal, Cattanah Canal
and the East Goulburn Main Channel. The Goulburn Weir forms Lake Nagambie which is used for
recreation, and also supplies farming and residential needs.
Under Victorian legislation, there are three declared Heritage Rivers in the region, the Goulburn
River below Lake Eildon, the Big and the Howqua Rivers. The main watercourses draining from the
Goulburn River system above Lake Eildon include the Yea, the Acheron and Murrindindi Rivers.
The Goulburn River system also includes the major tributaries the Broken River and Broken Creek.
Lake Nillahcootie with a capacity of 40 GL regulates water supply in the Broken River. The Broken
Creek diverges from the Broken River at Caseys Weir west of the Winton Wetlands (previously Lake
Mokoan) and flows north‐west into the River Murray upstream of Barmah.
The Goulburn‐Broken Region has more than 9,849 km of stream, of which, 166 km of streams are
regarded as ecologically healthy based on index of stream condition assessments of river health.

2

http://www.g‐mwater.com.au/water‐resources/storages/goulburn/lakeeildon
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9.10.2 Ecological values of the region
The Goulburn River system contains a large number of rare, endangered and threatened species and
habitats. A total of 1,818 wetlands greater than 1ha exist in the Goulburn and Broken Regions,
supporting a wide variety of waterbirds, water dependent reptiles and amphibians, water
dependent mammals and fish, some of which, such as the Murray cod (Maccullochella peeli peeli),
are listed under the Environmental Protection and Biodiversity Conservation Act 1999 (EPBC Act).
Several species of native fauna are ‘Nationally Listed Species’ under the EPBC Act and include Trout
cod (Maccullochella macquariensis) and Barred galaxias (Galaxias fuscus).
The Barmah‐Millewa Forest which is located at the junction with the River Murray is of international
significance and listed under the Ramsar Convention. A total of 10 wetlands are of national
significance and 113 wetlands are of bioregional significance (GBCMA 2003). There are
approximately 8 species of water dependent flora located in the region that are EPBC listed (Arthur
Rylah Institute 2002).
Also present in the region are two Threatened Ecological Communities listed under the EPBC Act, the
Buloke Woodlands of the Riverina and Murray‐Darling Depression Bioregions and the Grassy White
Box Woodlands.
9.10.3 Ecological targets
Given the environmental values contained within the Goulburn River system, ecological targets were
developed as part of the Victorian Department of Sustainability and Environment’s Northern Region
SWS. Water recovery in the Goulburn River system aims to:




restore in‐channel environmental values
partially restore overbank flows for wetlands in the mid reaches; and
providing overbank flows for the lower Goulburn floodplains.

The ecological targets (see Appendix D) focus on providing a flow regime which enables:








emergency management capability (e.g. black water event);
Protection of critical environmental values (e.g. Murray cod);
Improved water quality conditions;
Improved vegetation condition (e.g. including some river red gum communities);
Fish habitat and improved fish populations;
Channel form maintained through scouring flows;
Reduced overbank flows to maintain floodplain, flood runner and wetlands.

9.10.4 Description of environmental flow outcomes as indicated by modelling outputs
The expected environmental outcomes from the recovery and use of environmental water in the
Goulburn River is informed by hydrologic modelling undertaken by MDBA as part of Basin Plan
modelling and the Victorian Department of Sustainability and Environment during development of
the Northern Region SWS. This modelling provides confidence that good environmental flow
outcomes can be achieved in the lower Goulburn River for in‐stream habitats, permanent and semi‐
permanent wetlands, fringing vegetation communities and floodplain vegetation communities
within the lower parts of the landscape.
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Specifically, in the lower reaches of the Goulburn River, between Goulburn Weir and the River
Murray junction, it should be possible to increase the frequency of inundation for low level flood
dependent floodplain vegetation communities such as red gum forests and reduce the maximum
interval between inundation events. However current modelling indicates that inundation of flood
dependent vegetation located at mid to high levels on the floodplain is limited by current
operational constraints (i.e. flooding constraints at Trawool and Shepparton). Investment in works
and measures to overcome these constraints would improve outcomes for these parts of the
ecosystem. The achievement of flows to inundate these communities are potentially also
complemented by changes to entitlement use provisions (e.g. improved carryover) and/or increased
volumes of environmental water.
The lower Goulburn River is known to support a relatively diverse population of native fish species
including breeding populations of the nationally endangered Murray cod and Trout cod. Modelling
shows that significant improvements to the low flow and fresh part of the in‐channel flow regime
will be achieved through the recovery and use of environmental water, which is expected to protect
critical environmental values such as Murray cod. For example, conditions suitable for successful fish
recruitment should be enhanced. Similarly, benefits in terms of water quality conditions including a
reduced risk of emergency management incidents such as blackwater events are anticipated from
improvements to the in‐channel flow regime.
It is anticipated that water recovered to achieve explicitly expressed environmental outcomes in the
lower Goulburn River will provide environmental benefits to the reach between Lake Eildon and
Goulburn Weir en route. Although the mid Goulburn River is likely to remain highly regulated to
supply remaining consumptive demands within the Goulburn system it is expected a more natural
flow regime will be provided, including improvements to current seasonal inversion issues. This will
have benefits for in‐stream biota including native fish that respond to flow cues to complete critical
life cycle stages such as migration and breeding.
The mid‐Goulburn River contains significantly less area of floodplain, wetlands and flood dependent
native vegetation compared to the lower reaches of the Goulburn River downstream of Goulburn
Weir. However, it is anticipated that an improved inundation regime will be provided for the
reduced area of wetlands and fringing vegetation communities located in the mid‐Goulburn River.
The upper Goulburn River upstream of Lake Eildon is largely unregulated being relatively unaffected
by diversions. Given the nature of hydrologic change in these systems, MDBA has assumed that any
additional water required to achieve environmental flow outcomes in these areas is volumetrically
small and unlikely to significantly impact on the Regions ESLT.

Page 135

Table 9.11: Environmental outcomes for the Goulburn system
Regions/sub regions
(based on changes
in expected
outcomes)

Largely un-regulated
tributaries upstream
of Lake Eildon

-------------> increasing flow magnitude and decreasing frequency of inundation --------------->
In-stream
Wetlands Near
Lower level
Mid level
High level
habitats
permanent channel
floodplain
floodplain
floodplain
and semi
vegetation
communities communities
communities
permanent e.g. Red
e.g. Red gum e.g. Red
e.g. Grassy
gum
forest
gum/Yellow
Black box
box/Grey box
and White
woodlands
box
woodlands
The tributaries up-stream of Lake Eildon are generally free flowing with only minor diversions.

Improved environmental outcomes. Ability to achieve flow
indicators

Additional
environmental
water is likely to
achieve
environmental
outcomes
Operational
constraints limit
flow delivery in
some conditions

Lower Goulburn
(Downstream of
Goulburn Weir to
River Murray
junction)
-based on Lower
Goulburn floodplain
indicator asset &
Northern Region
SWS

Improved environmental outcomes. Ability to achieve flow
indicators

Additional
environmental
water is likely to
achieve
environmental
outcomes
Operational
constraints limit
flow delivery in
some conditions

Broken Creek
(Casey's Weir to
River Murray
junction)

Improved
environmental
outcomes for
lower Broken
Creek (d/s of
Katamatite).
Ability to
achieve flow
indicators

Mid Goulburn
(Downstream of
Eildon Dam to
Goulburn Weir)

Additional environmental
water is likely to achieve
environmental outcomes for
high value floodplain
wetlands within lower
Broken Creek (d/s of
Katamatite)
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Operational
constraints
prevent
delivery of
these flows as
managed
events. These
flows will
continue to
occur as they
exceed the
regulating
capacity of
existing
infrastructure
Operational
constraints
prevent
delivery of
these flows as
managed
events. These
flows will
continue to
occur as they
exceed the
regulating
capacity of
existing
infrastructure

Environmental water requirements for this
element of ecosystem not identified as a priority.

9.11 Campaspe region
The Northern Region Sustainable Water Strategy (SWS) covers Victoria’s share of the River Murray
and major Victorian tributaries including the Campaspe River. The Strategy was released in 2009
and was the result of an 18 month consultative process involving government departments,
independent experts, key water industry stakeholders and the broader community. It represents an
analysis of both consumptive and environmental needs based on recognised agricultural,
environmental and urban values. The SWS represents best available information relating to
environmental water requirements (flows studies) and has been used by MDBA as a basis for
identifying both environmental needs and likely outcomes. The MDBA has adopted water recovery
targets specified within the Northern Region SWS to inform proposed SDL’s for the Campaspe
Region. The expected outcomes resulting from specified reductions in diversions are outlined
below.
9.11.1 Summary of region
The Campaspe River system is located in north‐central Victoria, rising in the Great Dividing Range
near the township of Woodend and flowing 150km north to the River Murray at Echuca. The main
storage in this highly regulated system is Lake Eppalock, located near Bendigo with a capacity of
304GL.
Lake Eppalock was constructed between 1960 and 1964. The purpose of this lake was to provide
water to irrigators from the Campaspe River, and to also supply water to Bendigo. The Campaspe
River experiences extreme flow variations from year to year. During periods when water resources
are abundant, water from Lake Eppalock is supplied to the Waranga Western Channel which in turn
supplies the Rochester and Pyramid‐Boort irrigation areas3.
Irrigation is, largely concentrated to the north of the river system, in the Goulburn‐Murray Irrigation
District and the Campaspe Irrigation District. Approximately 92% of water from the system is used
for irrigation, with the remainder being distributed to rural, urban and industrial consumption.
The main watercourses draining the Campaspe River include the Coliban River, Axe, McIvor, Mt
Pleasant and Sheepwash Creeks.
9.11.2 Ecological values of the region
The Campaspe River region contains almost 260 indigenous flora and fauna species with rare or
threatened species status under the Environmental Protection and Biodiversity Conservation Act
1999 (EPBC Act), including the Murray cod, Macquarie perch, Trout cod, Silver perch and the Murray
spiny crayfish. In addition, of the 174 ecological vegetation classes present in the region, only seven
do not have a threatened conservation status.
There are no wetlands listed under the Ramsar Convention in the Campaspe region.
9.11.3 Ecological targets
Given the environmental values contained within the Campaspe River system, ecological targets
were developed as part of the Victorian Department of Sustainability and Environment’s Northern

3

http://www.g‐mwater.com.au/lakeeppalock
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Region SW S. A water recovery target of 18 GL/yr was estimated for the Campaspe River system. The
ecological targets focus on providing a flow regime which enables:










improved emergency management capability (e.g. black water event);
improved water quality conditions ;
improved vegetation condition (e.g. including some river red gum communities);
increased populations for large bodied fish (e.g. Murray cod, Golden perch) with an
increased available habitat and opportunity to migrate;
maintenance of pools and scouring silt from the channel bed;
significantly improved resilience to manage short term drought events;
improved water quality and access for domestic and stock users;
enhanced fishing opportunities; and
aesthetic flows through the river for towns such as Rochester and Axedale4.

9.11.4 Description of environmental flow outcomes
The MDBA has not undertaken detailed modelling of environmental water requirements of the
Campaspe region as water recovery targets specified within the Northern Region SWS for this region
have been adopted. The modelling approach in this valley has therefore been to represent the
proposed scale reduction in diversions with the primary objective of this modelling being to inform
the contribution of water to achieve downstream targets in the River Murray rather than explicit
modelling of environmental demands and outcomes in the Campaspe region per se. The expected
environmental outcomes for the Campaspe region associated with the Category 4 environmental
outcome therefore rely heavily upon descriptions contained with the Northern Region SWS
(Victorian Department of Sustainability and Environment 2008).
Table 9.12: Environmental outcomes for the Campaspe system
Regions/sub regions
(based on changes
in expected
outcomes)

Largely un-regulated
tributaries upstream
of Lake Eppalock
Mid and Lower
Campaspe
(Downstream of
Malmsbury/Eppalock
Storages to River
Murray junction)

-------------> increasing flow magnitude and decreasing frequency of inundation --------------->
High level
In-stream
Wetlands Near
Lower level
Mid level
floodplain
habitats
permanent channel
floodplain
floodplain
and semi
vegetation
communities communities communities
permanent e.g. Red
e.g. Red gum e.g. Red
e.g. Grassy
gum
forest
gum/Yellow
Black box
box/Grey box and White
woodlands
box
woodlands
The tributaries up-stream of Lake Eppalock are generally free flowing with only minor diversions.
Improved
environmental
outcomes.
Ability to
achieve flow
indicators

Improved environmental
outcomes. Operational
constraints limit flow
delivery in some conditions

4

Operational constraints prevent delivery of these
flows as managed events. Flows that support
these outcomes will continue to occur when flows
exceed the regulating capacity of existing
infrastructure

Department of Sustainability and Environment (DSE) Northern Region Sustainable Water Strategy,
Background Report 8 “Identifying water recovery targets for the environment”, p.14.
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9.12 Loddon region
The Northern Region Sustainable Water Strategy (SWS) covers Victoria’s share of the River Murray
and major Victorian tributaries including the Loddon River. The Strategy was released in 2009 and
was the result of an 18 month consultative process involving government departments, independent
experts, key water industry stakeholders and the broader community. It represents an analysis of
both consumptive and environmental needs based on recognised agricultural, environmental and
urban values. The SWS represents best available information relating to environmental water
requirements (flows studies) and has been used by MDBA as a basis for identifying both
environmental needs and likely outcomes. The MDBA has adopted water recovery targets specified
within the Northern Region SWS to inform proposed SDL’s for the Loddon Region. The expected
outcomes resulting from specified reductions in diversions are outlined below..
9.12.1 Summary of region
The Loddon River system is located in central Victoria, flowing for approximately 392km from the
Great Dividing Range to the River Murray near Kerang, downstream of Torrumbarry Weir. The main
instream storages in the Loddon River include Cairn Curran, Tullaroop and Laanecoorie reservoirs
with a total capacity of 228 GL.
Cairn Curran Reservoir is the largest of the three reservoirs and was constructed between 1947 and
1956. Water from this reservoir is primarily used by irrigation and domestic and stock customers
along the Loddon River. During periods of high capacity, water is supplied to the Goulburn River
system 5.
Tullaroop Reservoir was built between 1958 and 1959 and dams the Tullaroop Creek which is a
tributary of the Loddon River. This reservoir supplies water to irrigators along the Tullaroop Creek
and Loddon River6.
Laanecoorie Reservoir is located on the Loddon River, 40 km south‐west of Bendigo. The
Laanecoorie Reservoir was completed in 1891, substantially reconstructed in 1909 and enlarged in
1935. The primary purpose of this reservoir is to control flows in the Loddon River downstream of
the Cairn Curran and Tullaroop Reservoirs7.
The main watercourses draining the Loddon River are the Bet Bet Creek and Tullaroop Creek to the
south‐west of the system. In the northern part of the system, Gunbower, Reedy, Pyramid and Barr
Creeks occupy the area. Bullock Creek drains the north‐central zone and Bendigo Creek carries run‐
off to Kow Swamp via the Piccaninny and Mt Hope Creeks in the east8.

5,6,7,8

http://www.g‐mwater.com.au/water‐resources/storages/loddon
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9.12.2 Ecological values of the region
The Loddon region supports a wide variety of flora and fauna habitat, Gunbower Forest and the
Kerang Lakes, which are of international significance and are listed under the Ramsar Convention.
Gunbower Forest is located on the River Murray floodplain in northern Victoria. This forest when
combined with the adjoining Koondrook‐Perricoota Forests in NSW is the second largest river
redgum forest in Australia. Nationally threatened species inhabit the area including the River swamp
wallaby grass (Amphibromus fluitans) and Warrego summer grass (Paspalidium jubiflorum). The site
also supports several species of waterbirds, including the only breeding colony of Intermediate
egrets (Mesophoyx intermedia) in Victoria.
Several species of fish have been recorded in the wetland, including Golden Perch, Murray Cod and
Silver perch. The Southern bell frog (Litoria raniformis), which is nationally threatened, is also found
in the forest9.
The Kerang Lakes are located in northern Victoria on the floodplains associated with the Murray,
Avoca and Loddon Rivers. Over 150 species of native plants have been recorded from the Kerang
Wetlands Ramsar site, including the threatened Chariot Wheels, River Swamp Wallaby‐grass, and
the Slender Darling‐pea. In addition, over 100 species of native fauna have been recorded, of which
31 are protected under international migratory bird agreements and treaties. Six nationally
threatened species, the Australian Painted Snipe, Plains‐wanderer, Regent Parrot, Murray Cod,
Murray Hardyhead, and Macquarie Perch, are also recorded at the site10.
9.12.3 Ecological targets
The Victorian Department of Sustainability and Environment (2008) describe the following
environmental outcomes for the Loddon River for river reaches between Cairn Curran Reservoir to
Loddon Weir, including Tallaroop Creek associated with a water recovery target of 12GL/yr:
• improved emergency management capability (e.g. black water);
• riparian vegetation condition stable with some recruitment;
• basic Murray cod habitat is maintained at a moderate risk and there will be some
opportunities for movement;
• improved water quality conditions through summer with further improvement over winter.
For river reaches below Loddon Weir to Kerang Weir, the water recovery target of 12 GL/yr has been
set to achieve the following environmental outcomes:
• improved emergency management capability (e.g. Black water events, salinity spikes)
• increased populations for large bodied fish (e.g. Murray cod, golden perch) with an increase
in available habitat and ability to migrate
• improved water quality conditions through summer with further improvement over winter;
• significantly improved resilience to manage short‐term drought events
• partially functioning anabranch channels (e.g. 12 Mile Creek)
• maintenance of pools and scouring silt from the channel bed environmental values (e.g.
Murray cod)
9,10

http://www.environment.gov.au/water/topics/wetlands/database/index.html
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•
•
•
•
•

basic habitat and water quality management
Limited opportunities for fish movement and limited vegetation recruitment
Improved water quality and access for domestic and stock users
Enhanced fishing opportunities
Aesthetic flows through the river for towns.

9.12.4 Description of environmental flow outcomes
MDBA has not undertaken detailed modelling of environmental water requirements of the Loddon
region as water recovery targets specified within the Northern Region SWS for this region have been
adopted. The modelling approach in this valley has therefore been to represent the proposed scale
reduction in diversions with the primary objective of this modelling being to inform the contribution
of water to achieve downstream targets in the River Murray rather than explicit modelling of
environmental demands and outcomes in the Loddon region per se. The expected environmental
outcomes for the Loddon region therefore rely heavily upon descriptions contained with the
Northern Region SWS (Victorian Department of Sustainability and Environment 2008).
Table 9.13: Environmental outcomes for the Loddon system
Regions/sub regions
(based on changes
in expected
outcomes)

Largely un-regulated
tributaries upstream
of major storages
based
Mid Loddon
(Downstream of
Cairn
Curran/Tullaroop
Storages to Kerang
Weir)
Lower Loddon
(Kerang Weir to
River Murray
junction)

-------------> increasing flow magnitude and decreasing frequency of inundation --------------->
High level
In-stream
Wetlands Near
Lower level
Mid level
floodplain
habitats
permanent channel
floodplain
floodplain
and semi
vegetation
communities communities communities
permanent e.g. Red
e.g. Red gum e.g. Red
e.g. Grassy
gum
forest
gum/Yellow
Black box
box/Grey box and White
woodlands
box
woodlands
The tributaries up-stream of major storages are generally free flowing with only minor diversions.
Improved
environmental Improved environmental
outcomes.
outcomes. Operational
Ability to
constraints limit flow
achieve flow
delivery in some conditions
indicators t
Hydrology is largely influenced by regulated
flows from irrigation system. Operational
constraints and water shepherding issues
limit ability to deliver flows from Loddon
system, therefore potential to achieve flow
indicators will be dependent on river
management in Murray region
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Operational constraints prevent delivery of these
flows as managed events. Flows that support
these outcomes will continue to occur when flows
exceed the regulating capacity of existing
infrastructure

Water recovery not targeted for this outcome.
Lower Loddon floodplain disconnected from river
by levees

9.13 Wimmera‐Avoca region
Environmental outcomes described below focussing on the Wimmera River terminal wetlands reflect
those assessed by SKM (2011). Although the MDBA has not undertaken specific modelling of the
Wimmera River terminal wetlands water requirements, MDBA has obtained models developed by
GHD and DSE and utilised by SKM to verify modelling assumptions, outputs and interpretations. On
behalf of DSE and the Wimmera Catchment Management Authority, SKM (2011) utilised this
modelling to assess the ecological benefits associated with two scenarios:
 water recovery realised by the recently completed Wimmera Mallee Pipeline Project
(WMPP)
 potential additional water recovery associated with closure of the Wimmera Irrigation area.
9.13.1 Summary of region
The Wimmera River system originates in the Grampians and the Mt Cole/Pyrenees Ranges, flowing
west and then north across the Wimmera Plains before terminating at Lake Hindmarsh, Victoria’s
largest freshwater lake, and the Ramsar listed site, Lake Albacutya.
A total of seven large storages (>15 GL) are located on tributaries of the Wimmera River. Only one
small storage exists on the river itself, however six weirs, constructed since the 1840s are still in
place. Prior to the construction of the WMPP approximately 120 GL was diverted from these
storages annually for consumptive needs, however only 40 GL is used due to system losses (CSIRO,
2007).
Under Victorian legislation, the Wimmera River is a declared Heritage River between Polkemmet
Bridge and Wyperfeld National Park. The main tributaries of this otherwise highly modified river
include MacKenzie River and Wattle, Concongella, Mt William, Burnt and Norton Creeks.
Yarriambiack and Dunmukle Creeks carry water away from the river into Lake Coorong and the
southern Mallee.
9.13.2 Ecological values of the region
The Wimmera River system contains a large number of rare, endangered and threatened species
and habitats. A total of 110 species of fauna are considered significant in the Wimmera region and
four species of fish are listed as threatened species in the region, namely the Murray Cod, Silver
Perch, Freshwater Catfish and the Murray Spiny Crayfish (WCMA 2002).
Lake Albacutya is located adjacent to the Wyperfield National Park and only receives water from
Lake Hindmarsh, via Outlet Creek, during abnormally wet years. The lake sustains a unique salt
tolerant sub‐species of River Red Gums and small areas of Buloke woodland. Lake Albacutya is home
to more than 21 native plants and 124 species of native fauna. Lake Albacutya also supports
significant waterbird breeding events (>20,000 waterbirds)11.

11

http://www.environment.gov.au/cgi‐bin/wetlands/ramsardetails.pl?refcode=22
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9.13.3 Environmental Outcomes
Given the environmental values contained within the Wimmera River system, the MDBA has
proposed a reduction (from baseline) of 23 GL based on modelling and assessment of the additional
ecological benefits associated with the additional water recovery associated with closure of the
Wimmera Irrigation area. The main expected environmental outcomes are:


Improvements to in‐channel components of the flow regime in the lower Wimmera River
including increased summer low flows and freshes which will assist in maintenance of water
quality (particularly minimise the adverse effects of saline groundwater and low dissolved
oxygen), restore aquatic and semi‐aquatic vegetation within the river channel, improve
outcomes for native fish such as Freshwater Catfish and River Blackfish and improved
condition of riparian river red gums









Improved longitudinal connectivity along the Wimmera River which will support
fundamental physical, biological and chemical processes such as nutrient, sediment and
carbon exchange and the migration of native fish
The inundation regime of Lake Hindmarsh is not expected to change markedly relative to the
changes already gained from the WMPP, however some improvements in the frequency and
duration of Lake Hindmarsh being full are anticipated. Increasing the frequency of 6‐month
and 24‐month lake full events in Lake Hindmarsh to the recommended frequency will
support sustainable and resilient red gum communities and to allow some fish and
waterbirds to use the lake. The frequency of 36 month lake full events will increase from
once every 39 years to once every 29 years, although still short of the recommended 20 year
target. This reduction in the recurrence interval of 36 month lake full events is significant as
these provide opportunities for aquatic plants and complex food webs to develop, which in
turn will support populations of native fish and waterbird breeding
In contrast to Lake Hindmarsh where the expected benefits are relatively small, it is
expected that the inundation regime of Lake Albacutya, a wetland of international
importance, will benefit significantly from the proposed reduction in diversions. Specifically,
Lake Albacutya will be full twice as often with an increase in the number of lake full events.
The average and maximum interval between flooding events will be reduced which is critical
for maintaining the ecological character of the site. The maximum interval between Lake
Albacutya filling will reduce by almost half from 60 to 31 years. Increasing the occurrence of
short duration lake full events at Lake Albacutya will help to increase the resilience of
fringing red gum and black box woodland communities and allow some fish and waterbirds
to opportunistically use the lake. More regular 6‐month inundation events will also help
aquatic vegetation seed banks and dormant or hibernating invertebrates and frogs persist so
that when large floods occur Lake Albacutya is likely to have high productivity which in turn
will support breeding and migratory waterbirds
Wetlands in the Wyperfeld National Park such as First Lake and Lake Brambruk will be
inundated more frequently and for longer as Lake Albacutya fills and spills more often.
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9.13.4 Description of environmental outcomes as indicated by modelling outputs
Assessments undertaken by SKM (2011) indicated that post Wimmera Mallee Pipeline (WMPP)
construction significant ecological benefits are expected for both in‐stream values of the Wimmera
River and also in terms of improvements to the inundation regime of the Wimmera River terminal
wetlands. In particular, the recurrence intervals of lake full events at both Lake Hindmarsh and Lake
Albacutya that are important for maintaining the ecological character of these wetlands are
expected to be significantly reduced. For example, post WMPP the frequency of 36 month lake full
events at Lake Hindmarsh reduces from less than once every 100 years to approximately once every
39 years. Similarly, the recurrence intervals of 6 month lake full events at Lake Albacutya improve
from 59 to 39 years. Despite these post WMPP improvements to the hydrological regime of Lake
Hindmarsh and Lake Albacutya, water recovery is insufficient to meet all target environmental water
requirements for the Wimmera River terminal wetlands. Achievement of all flow indicators in Lakes
Hindmarsh and Albacutya would require provision of further water, but this would come at a very
high socio‐economic cost, as remaining extractions are predominantly town water supply and
stock/domestic users.
It is worth noting that recovery of Wimmera Irrigators entitlement is not however expected to result
in achievement of all the desired environmental outcomes for the Wimmera River terminal wetlands
and this scenario still represents risk that some environmental values may not be maintained,
particularly at Lake Albacutya. A key example is that modelling indicates that the frequency of 24‐
month lake full events at Lake Albacutya (SKM 2011) is not expected to change. These 24‐month lake
full events will still not occur frequently enough to support significant populations of waterbirds and
significant waterbird breeding events which are fundamental to the ecological character of Lake
Albacutya and its Ramsar listing as a wetland of international importance (Cibilic and White 2010;
SKM 2011).
Table 9.14: Environmental outcomes for the Wimmera system
-------------> increasing flow magnitude and decreasing frequency of inundation --------------->

Wimmera River
(downstream of
Grampians
storages)
- based on
Victoria FLOWS
studies +
Wimmera River
terminal
wetlands
indicator asset

Instream habitats

Wetland Lake
Hindmarsh

A hydrologic analysis of low
flows has been undertaken.
Outcomes for instream
habitats will vary spatially.
Improved environmental
outcomes in the mid and
lower Wimmera River but
flow indicators may not be
achieved

Improved environmental
outcomes. Ability to achieve most
flow indicators
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Fringing
vegetation - Lake
Hindmarsh
e.g. Red gum
and Black box
woodlands

Wetland Lake
Albacutya

Improved
environmental
outcomes
including
reducing the
maximum
interval
between Lake
filling from 60
to 31 years.

Fringing
vegetation Lake
Albacutya
e.g. Red gum
and Black box
woodlands
Improved
environmental
outcomes.

9.14 Lower Darling region
9.14.1 Summary of region
The Lower Darling region contains the lower reaches of the Darling River from about 75 kilometres
south‐west of Wilcannia to the River Murray at Wentworth and from the Murray–Murrumbidgee
junction in the east to near the South Australian border in the west. It includes Broken Hill,
Menindee, Pooncarie, Wentworth and Euston. The Menindee Lake system and Darling Anabranch
are located in this region.
Prior to development, the Menindee Lakes consisted of a series of nine ephemeral lakes covering
approximately 45,000 ha adjacent to the Darling River. These lakes filled or partially filled with rising
floodwaters through a series of small creeks. In the 1960s the Menindee Lakes were developed into
a storage system using a series of small dams, weirs and regulators. The four main lakes within the
Menindee storage are Wetherell, Pamamaroo (including Copi Hollow), Menindee and Cawndilla.
The Darling Anabranch is the ancestral path of the Darling River and extends 460 km from its
junction with the Darling River (south of Menindee Lakes) to the Murray River, about 20 km west of
Wentworth. In addition containing the anabranch channel, the system contains 14 main lakes,
including the northern and southern anabranch lakes.
9.14.2 Ecological values of the region
The Menindee Lakes were known to support large colonies of breeding waterbirds and large
expanses of lignum (Muehlenbeckia florulenta), black box (Eucalyptus largiflorens) and river red gum
(E. camaldulensus). The Handbook of Australian, New Zealand and Antarctic birds (Marchant and
Higgins 1990) refers to 5,000 nests and 20,000 pairs of great cormorant (Phalacrocorax carbo) on the
Lakes in 1974. However, regulation appears to have reduced the value of the Lower Darling River
System to waterbirds as a foraging and breeding habitat and impacted on floodplain vegetation. This
may relate in part to the reduced frequency of flooding having a detrimental effect on wetland
communities, particularly waterbirds, in the area (Kingsford, Jenkins & Porter 2002).
However, a number of water‐dependent ecosystems within the Lower Darling River System still
provide drought refuge when the other lakes in the region have dried up (NSW Department of
Environment and Climate Change 2007). Waterbirds have been found concentrated on the deeper
anabranch lakes, Lake Nearie and Little Lakes, which supports their value as drought refuges in the
southern Basin (King & Green 1993).
Fish populations have also been reduced in the river, with native species diminishing in abundance
and alien fish species such as carp (Cyprinus carpio carpio) increasing in number (Gilligan 2009).
However, the river reach between Menindee and Pooncarie is thought to support a good population
of Murray cod (Maccullochella peelii peelii).
9.14.3 Ecological targets
Given the environmental values contained within the Lower Darling region, environmental water
targets and associated water requirements have been developed for:



the Menindee Lakes;
the Darling Anabranch and
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the Lower Darling River.

Ecological targets to meet the aims identified in the Region have been used to assist in the
development of site specific flow indicators. These ecological targets (see Appendix D) include:





protect flood‐dependent vegetation considered essential to support crucial habitat for
identified flora and fauna;
sustain in‐channel and wetland process that ensure reproduction, regeneration,
dispersal, immigration and emigration of identified flora and fauna;
protect key in‐stream drought refuges; and
maintain appropriate wetting/drying cycles in floodplain billabongs and wetlands.

Using the ecological targets as a basis, site specific flow indicators that include the volumes,
frequency, duration and the periods during which flows are required, were developed for testing in
the hydrologic modelling.
9.14.4 Description of environmental flow outcomes as indicated by modelling outputs
The degree to which environmental outcomes will be achieved for the Lower Darling region will be
influenced by water recovery programs, operational constraints, and river operation rules. As the
upper Menindee Lakes (Wetherell and Pamamaroo) will be maintained for consumptive supply,
there will be a limit to the extent to which some ecological targets can be achieved.
Analysis indicates that beneficial environmental outcomes may be achieved through the delivery of a
more variable flow regime from the lower lakes of Menindee and Cawndilla. Modelled flow data
associated with the Darling Anabranch revealed that a return to a more a natural flow frequency
could be achieved. Analysis also indicated that the target of maintaining riparian river red gums and
higher level wetlands associated with the Lower Darling River through the reinstatement of a more
natural flow regime is possible.
Fundamental processes that support the Basin’s environmental assets, generally referred in the
Basin Plan as Key Ecosystem Functions (KEFs), are also expected to be enhanced. Ecosystem
functions likely to benefit from environmental flows include:




sediment, nutrient and carbon exchange
habitat maintenance
connectivity.

Table 9.15 outlines the broad environmental flow outcomes for the Lower Darling region resulting
from the specified reductions in diversions.
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Table 9.15: Environmental outcomes for the Lower Darling region

Menindee
Lakes and
Lower Darling
(Menindee
Lakes to River
Murray
junction)
- based on
Lower Darling
indicator asset

-------------> increasing flow magnitude and decreasing frequency of inundation --------------->
Menindee Lakes
Instream
Wetlands
Instream
Wetlands/lak High level
lakes and
habitats - and near
habitats es and near
floodplain
Lower
channel
Darling
channel
vegetation
Darling
vegetation
anabranch
vegetation
e.g. Red
e.g. Red gum
e.g. Red
gum and
- Lower
gum Black boxDarling
Darling
Darling
Anabranch
Anabranch
Basin Plan not
expected to change
outcomes for Menindee
Lakes. Wetherell and
Pamamaroo Lakes will
Improvements in environmental outcomes for Lower Darling and Darling
retain primary function
Anabranch. The exact nature of outcomes will be dependent on a range of
of consumptive supply.
factors that will influence the delivery of flows. Influencing factors include
Achievement of desired
spatial location of Commonwealth water recovery program, the ability to
outcomes for Menindee
modify existing Menindee Lakes operating rules (including achieving
and Cawndilla Lakes
appropriate agreement to do so) and the ability to overcome operational
would be dependent on
constraints to deliver high flows.
modifying existing
operating rules
(including achieving
appropriate agreement
to do so).
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9.15 Murray region
9.15.1 Summary of region
The River Murray flows in a westerly direction from its headwaters in the Great Dividing Range south
of Khancoban. The major tributaries of the River Murray are the Mitta Mitta, Kiewa, Ovens,
Goulburn, Campaspe and Loddon Rivers that flow in a northerly direction to the River Murray from
Victoria, and the Murrumbidgee River and Darling Rivers flowing in a South Westerly direction from
New South Wales. The Edward and Wakool rivers are a major effluent system in New South Wales
that re‐enters the River Murray upstream of Euston. Murray River flows are also augmented by
releases from the Snowy Mountains Hydro‐electric Scheme (CSIRO 2008).
The Murray River has three major storages ‐ Hume Dam, Dartmouth Dam, and Lake Victoria. Hume
Dam is located on the upper River Murray near Albury and has a storage capacity of 3038 GL. It was
constructed in 1936 and was enlarged in 1961. Dartmouth Dam constructed in 1979 is located on
the Mitta Mitta River and has a storage capacity of 3906 GL. Lake Victoria, located in far‐west New
South Wales, was constructed in 1925 around natural wetlands and has a storage capacity of 677 GL
(CSIRO 2008).
Flows in the River Murray are highly regulated. Dartmouth and Hume Dams both regulate 87
percent of their total inflow and the end‐of‐system flow of the Murray River has been significantly
reduced by water resource development. The average annual end‐of‐system flow under without‐
development conditions (but including Snowy Mountains Hydro‐electric Scheme contributions) is
12,233 GL/year and this has been reduced by 61 percent to 4733 GL/year on average as a result of
water resource development. Cease‐to‐flow conditions occur at the Murray River mouth 1% of the
time under without‐development conditions; under current development conditions flow ceases
40% of the time (CSIRO 2008).
For the major wetlands and floodplain forests along the Murray River, water resource development
in the Murray region and in the upstream contributing regions has approximately doubled the
average period between significant inundation events (to at least 3.5 years). Flood volumes have
also been greatly reduced such that the average annual flood volume is now less than a quarter, and
in some cases only a fifth, of the volume under without‐development conditions (CSIRO 2008).
For the Lower Lakes, Coorong and Murray Mouth, water resource development has increased the
average period between the flood events required to flush the river mouth and help sustain the lake
and estuarine ecosystems from 1.2 years to 2.2 years.
9.15.2 Ecological values of the region
The River Murray itself contains important and iconic environmental assets. A number of its
wetlands are listed as sites of international importance under the Ramsar convention including
Barmah Forest, Gunbower Forest, Hattah‐Kulkyne Lakes, the Riverland wetland complex and the
Coorong, and Lakes Alexandrina and Albert. Several sites are ‘Icon Sites’ under the Murray‐Darling
Basin Commission’s Living Murray Initiative.
For the purposes of providing a summary of the ecological values of the River Murray and the
environmental outcomes that could be achieved, it has been divided into four regions:
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Upper Murray (Upstream of Hume Dam)
Mid Murray (Downstream of Hume Dam to Euston)
o Includes the extensive floodplain areas of the Barmah‐Millewa Forest, Edward
Wakool System and Gunbower‐Koondrook‐Perricoota Forest



Lower Murray (Downstream Euston to Lower Lakes)
o includes Hattah Lakes, Lindsay‐Wallpolla‐Mulcra Islands and Riverland‐Chowilla
Floodplain



Coorong, Lower Lakes and Murray Mouth (CLLaMM)

9.15.3 Ecological targets
Given the environmental values contained within the River Murray, environmental water targets
(see Appendix D) and associated water requirements have been developed for:







Barmah Millewa Forest
Edward Wakool River System
Gunbower‐Koondrook‐Perricoota Forests
Hattah Lakes
Riverland‐Chowilla Floodplain
Coorong, Lower Lakes and Murray Mouth.

Ecological targets to meet the aims identified in the Region have been used to assist in the
development of site specific flow indicators. These ecological targets include:





protect flood‐dependent vegetation considered essential to support crucial habitat for
identified flora and fauna;
sustain in‐channel and wetland process that ensure reproduction, regeneration, dispersal,
immigration and emigration of identified flora and fauna;
protect key in‐stream drought refuges; and
maintain appropriate wetting/drying cycles in floodplain billabongs and wetlands.

In addition, flow and salinity targets in the Coorong were added to reflect the role the River Murray
has to flush salts and nutrients from the Basin.
Using the ecological targets as a basis, site specific flow indicators that include the volumes,
frequency, duration and the periods during which flows are required were developed for testing in
the hydrologic modelling.
9.15.4 Description of environmental flow outcomes as indicated by modelling outputs
The recovery and use of environmental water as demonstrated in the hydrologic modelling provides
confidence that good environmental flow outcomes can be achieved for instream habitats,
permanent and semi permanent wetlands and fringing vegetation communities along the full length
of the River Murray. For these components of the ecosystem it will be possible to increase the
frequency of flow indicators and also significantly reduce the maximum dry periods between flows.
The modelling also indicates positive outcomes for the Coorong and Lower Lakes, with potential to
mostly mitigate periods of elevated salinity in the Coorong and prevent acidification of the lower
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lakes during periods of extended drought. This should provide improved conditions for migratory
birds and aquatic biota, and improved ecosystem services (such as recreation and tourism) for local
communities.
The additional water will also enable the Murray Mouth to remain open for longer and to therefore
increase the flush of salt and nutrients from the Basin.
Outcomes for floodplain vegetation communities, wetlands and habitats are mixed depending on
their location on the floodplain and spatial location within the Murray region. In the mid reaches of
the Murray, between Hume Reservoir and Euston, it should be possible to increase the frequency of
inundation for low and mid level floodplain vegetation communities to within target range.
However current modelling has not be able to significantly reduce the maximum dry period for mid
level communities, and flooding of high level vegetation communities is limited by operational
constraints (i.e. channel capacity between Hume and Yarrawonga).
In the lower reaches of the Murray, downstream of Euston, outcomes for mid and high level
floodplain areas are limited by operational constraints (i.e. channel capacity between Hume and
Yarrawonga and constraints on flow delivery from Murrumbidgee and Goulburn). Investment in
works and measures to overcome these constraints would be needed to improve outcomes for
these parts of the ecosystem. The achievement of flows to inundate these communities is also likely
to require changes to entitlement use provisions (e.g. improved carryover) and/or increased
volumes of environmental water. Without these actions these extensive floodplains may continue
to decline in condition with impacts on biodiversity, ecological function and ecosystem services (e.g.
recreation and tourism). Further modelling is needed to understand potential outcomes from
improved carryover, and the extent to which additional environmental water would be required if
constraints could be relaxed or removed.
In terms of outcomes for waterbird breeding in the mid reaches of the River Murray, modelling
indicates that it will be possible to increase the frequency of long duration flow events specified to
enhance waterbird breeding to within the target range and also significantly reduce the maximum
dry periods between flows. In combination with flows necessary to sustain flood dependent
vegetation communities that are critical for feeding and roosting habitat, it is expected that
conditions conducive for waterbird breeding will be significantly improved. However, it should be
noted that waterbirds are highly mobile species so waterbird breeding at a site will be dependent on
a range of factors including the availability of suitable breeding habitat at other locations within the
Murray‐Darling Basin.
In addition to delivering significant benefits to wetlands, floodplains and ecological communities
reliant on overbank flows, modelling results indicate that significant improvements in in‐stream
outcomes can be expected. This includes inundation of key habitats and the provision of drought
refuge, maintenance of native fish populations via provision of flows to trigger fish spawning and
conditions suitable to enhance successful recruitment
Another potential benefit of the proposed reduction in diversions is to reduce the risk of emergency
water quality events. Although the processes that lead to blackwater events in the River Murray are
complex and our understanding is still developing it is possible that an increased frequency of
floodplain inundation will decrease the potential for organic matter to accumulate on floodplains,
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which has been shown to be a contributing factor to blackwater events. In addition, environmental
water could also be used to manage and dilute naturally occurring blackwater events as part of a
broader management response. Other water quality benefits expected to be delivered include a
reduced risk of adverse conditions associated with acidification and blue‐green algal blooms.
Key ecosystem functions as fundamental processes that support the Basin’s assets are also expected
to be enhanced, although the scientific understanding of the key biological, physical and chemical
processes is less advanced. This includes for example increased sediment, nutrient and carbon
transport and exchange, increased frequency of flows that play an important role in habitat
maintenance and formation and improvements to longitudinal connectivity along the Basin’s rivers
and lateral connectivity between the river and its floodplain.
The River Murray upstream of Hume Reservoir is largely unregulated and relatively unaffected by
diversions. Given the nature of hydrologic change in these systems, MDBA has assumed that any
additional water required to achieve environmental flow outcomes in these areas is volumetrically
small and unlikely to significantly impact on the Region’s ESLT.
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Table 9.16: Environmental outcomes for the Murray region

Regions/sub regions
(based on changes in
expected outcomes)
Upper Murray
(Upstream of Hume
Dam)
Mid Murray
(Downstream of Hume
Dam to Euston)
- includes Barmah,
Edward Wakool and
Gunbower indicator
assets
Lower Murray
(Downstream Euston
to Lower Lakes)
- includes Hattah and
Chowilla indicator
assets

-------------> increasing flow magnitude and decreasing frequency of inundation -------------->
High level
In-stream Wetlands Near
Lower level
Mid level
floodplain
habitats
permanent channel
floodplain
floodplain
and semi
vegetation
communities communities communities
permanent e.g. Red
e.g. Red gum e.g. Red gum e.g. Black
gum
forest
woodlands
box
and lignum
woodlands
shrublands
Environmental water requirements not assessed. Largely unregulated with small amounts of
diversions.

Improved environmental outcomes. Ability to achieve flow
indicators

Improved environmental outcomes.
Ability to achieve flow indicators

Improved
environmental
outcomes.

Small
improvements
in
environmental
flows but
operational
constraints
mostly
prevent
delivery of
these flows
and
achievement
of flow
indicators

Operational
constraints
prevent
delivery of
these flows as
managed
events. These
flows will
continue to
occur as they
exceed the
regulating
capacity of
existing
infrastructure

A separate table has been developed to summarise the expected environmental flow outcomes for
the Coorong, Lower Lakes and Murray Mouth.
Table 9.17: Environmental outcomes for the Coorong, Lower Lakes and Murray Mouth

Coorong, Lower Lakes
and Murray Mouth
- based on Coorong,
Lower Lakes and Murray
Mouth indicator asset

Coorong Southern
Lagoon

Coorong Northern
Lagoon

Lakes Alexandrina
and Albert

Murray Mouth
open

Improved
environmental
outcomes. Ability to
achieve flow
indicators

Improved
environmental
outcomes. Ability to
achieve salinity
targets in most
years

Improved
environmental
outcomes. Ability to
avoid acidification
risks

Improved
environmental
outcomes. Ability to
achieve mouth open
in 89% of years
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9.16 Paroo, Warrego, Moonie, Nebine, Ovens, Kiewa and Eastern Mt
Lofty Ranges regions
As described in Section 6, MDBA prioritised its modelling efforts using the hydrologic indicator site
approach to focus on regions and parts of the flow regime which informs the ESLT. Based on this
prioritisation, there are a number of regions within the Basin where detailed hydrologic modelling of
was not undertaken. These are:








Paroo;
Warrego;
Moonie;
Nebine;
Ovens;
Kiewa; and
Eastern Mount Lofty Ranges

9.16.1 Discussion of environmental flow outcomes
The Paroo River in Queensland, and the Ovens and Kiewa Rivers in Victoria, are free flowing with
ecologically significant elements of the flow regime relatively un‐impacted by diversions. In regions
such as these the MDBA proposes to preserve existing ecological values and their flow contribution
to downstream regions by limiting diversion to current levels.
The Eastern Mount Lofty Ranges region does experience some impact from diversions, particularly
on low to medium flows. Given that small volumetric changes will be required to address this issue,
State Water Allocation Plan processes are more appropriate for enhancing outcomes for this
element of the flow regime and no SDL reduction is proposed. .
The Warrego, Moonie and Nebine regions also have relatively intact flow regimes although some
impact from diversions is evident for parts of the flow regime e.g. low flows in the Warrego River.
Existing environmental water recovered as part of the Water for the Future program will be able to
complement natural flows and enhance key components of the flow regime.
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Table 9.18: Environmental flow outcomes
-------------> increasing flow magnitude and decreasing frequency of inundation --------------->
Regions

Paroo

Warrego

Moonie

Nebine

Kiewa

Ovens
Eastern Mount Lofty
Ranges (Marne
River, Bremer River,
Angas River,
Finniss River,
Tookayerta Creek,
Currency Creek)

Instream habitats including waterholes

Environmental water requirements not assessed.
Diversions do not significantly impact on the parts of
the flow regime that support these elements of the
ecosystem.
A hydrologic analysis of low flows has been
undertaken but the exact nature of environmental
water requirements is uncertain. Management of the
existing portfolio of environmental water entitlements
may result in improved environmental outcomes.
A hydrologic analysis of low flows has been
undertaken but the exact nature of environmental
water requirements is uncertain. Management of the
existing environmental water may result in improved
environmental outcomes.
Environmental water requirements not assessed.
Management of existing environmental water may
result in improved environmental outcomes.
Environmental water requirements not assessed.
Diversions do not significantly impact on the parts of
the flow regime that support these elements of the
ecosystem.
Environmental water requirements not assessed.
Diversions do not significantly impact on the parts of
the flow regime that support these elements of the
ecosystem.

Environmental water requirements not assessed.
Diversions typically impact on low to medium flows,
which are best addressed through State Water
Allocation Plan processes.
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Wetlands - Near
Floodplain
permanent channel
wetlands
and semi
vegetation and
permanent
swamps
Environmental water requirements not
assessed. Diversions do not significantly
impact on the parts of the flow regime
that support these elements of the
ecosystem.

10 Uncertainties and opportunities for future work
Quantifying an ESLT volume is not an exact science. MDBA has used an extensive evidence base
consisting of scientific and socio‐economic studies, monitoring data, quantitative models, and expert
knowledge in assessing and determining an ESLT. However, there are a range of uncertainties in this
knowledge base, and the over‐arching process, which contribute to the overall uncertainty in the
ESLT process. To minimise the uncertainty, MDBA has focused its efforts thus far on the issues that
have the greatest significance in determining an ESLT. None‐the‐less, uncertainties remain.
MDBA acknowledges and has considered these uncertainties in its decision making. MDBA considers
its assessments are robust in informing a starting point for further discussion and review through to
2015. The uncertainties discussed here will form a basis for developing a work plan for the period to
2015, and in some cases beyond.
This section describes the uncertainties directly related to the ESLT volume. In general, these
uncertainties can be split into two categories, described below.




Scientific uncertainties — these are based on the ambiguity of data and are typically
measurable (or can be estimated). For example, MDBA may be required to define the
environmental watering requirements to provide conditions necessary for a bird‐breeding event
at a given wetland. However, the ecological trends and responses which characterise a natural
wetland during an inundation event are complex, and the associated measurements and analysis
to characterise these parameters are ongoing in the scientific (and wider) community; and
Process or policy‐based uncertainties — these are predicated on the process used by MDBA to
make policy decisions. For example, MDBA has used an expert knowledge base to define high‐
level environmental objectives for the Basin Plan, and estimate the level to which these
objectives are influenced by existing system constraints. These are often subjective or value‐
based judgements, hence the uncertainties are difficult to quantify.

The uncertainties for each key step in the ESLT process are outlined below. Specifically, these relate
to steps 2, 3, 5 and 6 as displayed in Figure 2.1. Many of these uncertainties are only categorised,
not quantified; this will form a large part of the future work program. MDBA has described the
relative influence of each uncertainty on the final SDL volume below.

10.1 Identifying key environmental assets and key ecosystem
functions
10.1.1 Identifying key environmental Assets
There are a number of uncertainties and limitations related to identifying key environmental assets.
This included uncertainties in the criteria, the data used to develop the criteria and the limitations in
the current inventory of key assets.
The criteria used to determine the key environmental assets (KEA) are based on recognised
frameworks such as the High Conservation Value Aquatic Ecosystems process and the Ramsar
Convention. However, the consistent application of these criteria across the Basin was hampered by
three main limitations: data comprehensiveness; data inconsistencies; and criteria definition. It is
important that these issues, which are described further below, are addressed to improve the
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accuracy of the list of key environmental assets and the reliability of the information supporting the
list. Addressing these issues and filling knowledge gaps will improve the MDBA’s capacity to better
assess environmental water needs in the future.
The development of an asset inventory with the ability to filter key environmental assets for their
ability to be managed within system operating constraints is required. It is known that many key
environmental assets currently included in the inventory are located outside of the zone of
management, either outside of the zone of regular floodplain inundation, or outside the zone that
can be managed within operating constraints. However the limitation in determining these key
assets is that there is currently no Basin wide mapping of floodplain inundation and zone of
management that can be used to filter the key environmental assets accordingly. Further work is
required to enable this.
A further limitation with the development of the inventory, which is yet to be resolved, is how to
spatially represent (map) other key values such as key ecosystem functions and ecosystem services.
These issues need to be taken into account when considering the existing key environmental asset
inventory – put simply; it is not a complete spatial record of ecological values and ecosystem
services across the Basin and there will be many additional sites and values of importance in
achieving a healthy working Basin. The additional work required to resolve these issues will be
progressed by MDBA over time in partnership with the Commonwealth Environmental Water
Holder, State agencies and regional catchment management organisations.
10.1.2 Identifying key ecosystem functions
The identification of key ecosystem functions and the development of water requirements for these
functions has been an iterative process associated with limited data and emerging science regarding
functions and how they are threatened by hydrological alteration due to river regulation.
MDBA have assumed that the risks associated with these uncertainties, related to the overall ESLT
volume, are low owing to the relatively small volumes determined for in‐channel key ecosystem
functions using these methods as recommended by Alluvium (2010).
To improve the knowledge surrounding ecosystem functions requires more targeted work on the
links between ecosystem functions and their role in supporting ecosystems across the Basin as well
as the amount and timing of flow needed to support these functions. With increased scientific
knowledge, particularly in the northern and western parts of the Basin, refinement of key ecosystem
functions is inevitable and the water requirements are likely to change. It is reasonable to consider
that the currently identified key ecosystem functions and their water needs will be refined.

10.2 Environmental watering requirements
10.2.1 Hydrological indicator sites
MDBA has chosen a site‐based approach to determine environmental watering requirements across
the Basin. This method takes advantage of existing eco‐hydrological studies which have related
observed flows at key sites to an ecological outcome. To adequately inform the ESLT, the selected
indicator sites should represent the environmental water requirements of the broader suite of key
environmental assets and key ecosystem functions across the Basin.
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MDBA considers that, at the Basin scale, the indicator sites provide a robust representation of the
broader environmental water requirements with a relatively low level of uncertainty. However, the
uncertainty is greater at the scale of individual regions, and MDBA will continue to undertake further
assessments to refine the information base.
10.2.2 Fresh and overbank environmental watering
The following summarises the main forms of uncertainty surrounding the determination of
environmental water requirements for the fresh and overbank events. In terms of volume, these
comprise the dominant section of the flow regime required for environmental purposes, and they
have therefore been subject to the largest proportion of work by MDBA.
The determination of hydrologic indicator sites, objectives and targets, and the flow regimes
required to achieve these, were based on existing literature (including scientific papers and project
reports, management plans, ecological character descriptions and environmental flow reports) and
expert advice (typically within State Government agencies). In most situations multiple sources of
information were used to provide greater certainty, however knowledge gaps still exist. The
following limitations have increased uncertainty in the level of ESLT.


The current nature, extent and condition of permanent, semi‐permanent and floodplain
wetland ecosystems and associated habitats (e.g. vegetation communities);



Inundation patterns and geomorphic features of hydrologic indicator assets;



The water requirements of biota, habitat types and vegetation communities, particularly the
required frequency and duration of flooding; and



The potential impact of climate change on flow regimes and the ecology of the Murray‐
Darling Basin.

Given these uncertainties it is not sensible to describe the environmental water requirements as a
single, specific flow regime. Acknowledging these uncertainties, the MDBA has described ‘low
uncertainty’ and ‘high uncertainty’ flow regimes for the indicator assets — this recognises that the
environmental watering requirements are not definitive, hence there is an uncertainty that the flows
will achieve the desired ecological outcomes. This uncertainty is generally expressed as a range in
the desired frequency of events. MDBA acknowledges that work is ongoing in the scientific (and
wider) community examining the response of ecosystems to watering events, and new information
can be incorporated into the ESLT framework as it appears.
10.2.3 Low flow (in‐stream) environmental watering
Although an important component of the flow regime, low flows comprise a relatively small
proportion of the total environmental water requirements. MDBA has thus far allocated this work a
lower priority than the high flow regime described above, given that the impact of these
uncertainties will be relatively small.
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10.2.3.1 The adequacy of the existing knowledge base
Whilst there is some good local or reach scale information in some parts of the Basin, at the broader
Basin‐wide scale the information base regarding instream flow requirements is relatively thin. This
provides uncertainties in all elements of the method to assess instream flows, but the most
significant relate to:


The selected metrics, which describe the types of flows required by key ecosystem
functions; and



The selected target levels for those metrics, which attempt to define hydrologic thresholds
beyond which key ecosystem functions are compromised.

The more significant of these two uncertainties is in relation to the targets. The targets for the
ecosystem functions aim to represent a threshold beyond which the key ecosystem functions are
compromised. There is a relative absence of quantified, scientific evidence that can define these
thresholds, particularly at a broad‐scale. Where it was used, the target of 60% of modelled without
development flow is based on expert opinion. The use of the without‐development modelled flows
also introduces uncertainty, and this is described in Section 10.3 below. Notwithstanding this, most
studies undertaken in eastern Australia to date support the use of a target in this range.
The key ecosystem function metrics were developed based on analysis of FLOWs studies in Victoria
(Alluvium 2010), with cross reference to studies undertaken in other parts of the Basin (mainly South
Australia). The FLOWs studies include only a subset of the stream types (geomorphic and eco‐
hydrologic) present in the Basin. Within the studies assessed there was also a range of
recommendations, demonstrating potential differences between the environmental water
requirements of different rivers, and providing uncertainty in the use of consistent, standardised
metrics. Whilst this provides uncertainty in the accuracy of individual metrics, it is not considered to
be a major issue at a broad scale and in the context of determining long term average environmental
water requirements and SDLs. On the other hand caution is recommended in the use of the metrics
for finer scale assessments, such as operational planning for environmental flow delivery, and more
detailed assessments are recommended for those purposes.

10.3 Hydrological modelling
MDBA has explored a number of potential future Basin Plan scenarios using hydrologic modelling. In
each scenario there are a number of associated assumptions, limitations and uncertainties, and their
nature and implications provide an important context for the interpretation of results.
The uncertainties in the modelling results can be divided into two categories: those inherent to the
hydrologic models when representing without‐development and baseline conditions, and those
related to the techniques and assumptions made by MDBA to represent Basin Plan scenarios. A
more detailed discussion of the assumptions, limitations and uncertainties can be found in the
MDBA hydrologic modelling technical report (in preparation); a summary has been provided below.
10.3.1 Inherent model uncertainty
Hydrologic models are representation of highly complex biophysical relationships and water
resource policies. They are calibrated using observed data, averages and behavioural trends and
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attempt to represent rainfall‐runoff relationships, water resource allocation policy and behavioural
patterns of consumptive users at a single point in time. Thus, the accuracy of the models is
dependent on the accuracy and completeness of the underlying calibration data. In terms of
hydrology, the long period over which these models are run (114 years) and the progress of
development in each catchment creates higher model uncertainties for the without development
scenario or extreme high or low flow periods. For consumptive users, innovation and adaptive
behaviour via trade or crop diversification means consumptive demands represented in the models
have uncertainties.
To qualify the uncertainty of each jurisdictional model scenario used in developing the Basin plan
MDBA engaged CSIRO to conduct a fitness‐for‐purpose assessment for the without‐development
and baseline models (Podger et al 2010a). These baseline models are calibrated with empirical
measurements, and this study found that they reliably represent the Basin at its current level of
development.
The same study found that the without development models were less reliable. River models are
developed and calibrated to more recent observed flows (i.e. under developed conditions), hence
the modified models that represent without‐development conditions are likely to be less reliable. In
particular, the modelling of river and floodplain losses is problematic, as these are inferred not
measured, and are inferred from observation that represent developed (not without‐development)
conditions. As well as river and floodplain losses, aspects of the river “configuration” have often
changed in association with water resources development and it is difficult to accurately adjust
models to reflect these changes. These changes include how flow is split amongst multiple
distributary channels in anabranching systems (often associated with regulating structures which are
only simply represented in river models) and changes in channel capacities due to direct river
straightening, dredging or desnagging, or indirect channel enlargement as a result of prolonged
bankfull flows associated with irrigation delivery. In addition, natural events have altered the river
configuration, such as Reddenville Break in the Macquarie Marshes.
The without development models have informed the environmental watering requirements, mostly
in terms of ensuring the water requirements are sensible in the local context given the widely
varying flow regimes across the Basin. Where possible, existing flow studies have been used to
determine these requirements, hence MDBA considers that their uncertainty related to the without
development models to be low. The expression of baseflows is more dependent on the without‐
development models and therefore has a higher level of uncertainty. Given the volume of baseflows
is relatively small, these uncertainties are unlikely to have a significant impact on the ESLT.
10.3.2 Basin Plan modelling
The indicator site modelling strategy contains sources of uncertainty. Completing a Basin Plan
scenario often takes the baseline model beyond its ‘calibration range’ — that is, beyond the
observed behaviour of the river system which has been used to calibrate the model. In addition to
the existing uncertainty in the baseline model, this introduces an uncertainty in the Basin Plan
modelling results. A description of the assumptions, limitations and associated uncertainties in the
Basin Plan modelling process is given below.
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10.3.2.1 Assumptions
Several assumptions have been made by MDBA to enable a simulation of the Basin Plan policies to
inform ESLT volumes. Firstly, as many policies being derived from the Water Act are yet to be
implemented, several policy settings have been assumed. Secondly, unintentional or imperfectly
described policy positions are implied during the modelling process as a result of the limited
technical capacity to represent alternative water resource management options.
Some examples of key assumptions associated with MDBA’s modelling include:


New environmental water under the Basin Plan will be sourced entirely through the
purchase of entitlements (this assumption is necessary due to uncertainty regarding details
of infrastructure efficiency programs, and difficult representing these programs in hydrologic
models);



Entitlements purchased will be on an entirely pro‐rata basis (in terms of diversions), that is,
equal proportions of available high, general and low security products;



The annual pattern and volume of environmental water use will be the same as the annual
diversions associated with the previous entitlement holders; and



Environmental delivery actions will be prioritised to target overbank events using all
available annual water resources.

10.3.2.2 Limitations
MDBA believe the modelling broadly represents the management and delivery of the major
proportion of the future environmental water portfolio, however, limitations remain. Some
examples include:


EWRs represented in the modelling are only a subset of the environmental watering
priorities to be addressed through the Basin Plan;



The BP‐EWA is currently defined external to the modelling framework, and hence does not
include the complex allocation relationships which would allow a more realistic
representation of environmental watering actions. Environmental water availability can be
improved by explicitly including the BP‐EWA in the modelling process;



Techniques adopted to represent environmental delivery include several pre‐processing
steps and an iterative modelling program. These contain judgement and elements of
foresight which are expected to yield outcomes somewhat different than those which occur
through the adaptive management processes of the EWP. This includes the prioritisation of
outcomes and the distribution of resources between flow components; and

10.3.2.3 Uncertainties
With the Commonwealth water recovery program in progress, some uncertainty remains in terms of
modelling about the final composition of the future environmental water portfolio/account. MDBA
modelling has assumed that the ESLT is achieved entirely through a purchase of entitlements which
is recognised as only one component of investment in water recovery.
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There are a number of modelling factors which introduce uncertainty in the results. Some of these
factors may have overestimated the environmental outcomes under a Basin Plan scenario, whereas
other factors may have underestimated these outcomes. A large volume of modelling effort would
be required to identify the extent to which each of the factors could influence the ESLT, thus it is not
possible to correct for any of these factors in the current ESLT estimate.
The model scenario provides valid indication of potential environmental outcomes that can be
achieved with the ESLT. It represents just one scenario that could be associated with the ESLT, and
actual outcomes will depend on a variety of factors including:


Entitlements purchased from the system (where and how many);



Works and measures carried out for water recovery;



Works and measures carried out for environmental outcomes and to overcome system
operating constraints;



Water management and water sharing policies;



How environmental water is used (e.g. relative priority between sites/outcomes and years);
and



Future climate.

10.4 Assessing environmental outcomes
In regulated systems, the modelling method is reliant on demand time series placed at specific sites
to achieve a desired flow related to an ecological outcome. The model will estimate the required
release from storage to achieve this desired flow. This introduces uncertainties into the result. The
model may underestimate or be unable to achieve the required release, and thus the requirements
of the event may not be met — from a purely analytical approach, this would be classified as a
‘failed event’. However, MDBA recognises that satisfying most of the event requirement (e.g. 90% of
the duration and 95% of the flow threshold) will produce some level of environmental benefit, hence
the pure statistics are not a complete representation of the ecological outcomes. MDBA has
included some consideration of these issues in its assessment of outcomes.
Furthermore, some of the regions (Victoria and the Murray) are represented by a model with a
monthly time‐step, for which daily flows are extrapolated using a disaggregation routine based on
current water delivery patterns. These patterns may not be maintained under future water
management practices, thereby introducing uncertainty in the analysis of daily‐dependent flows in
these regions. This provides uncertainty in calculating individual flow metrics, but will have less
impact on estimating long term average environmental water requirements and SDLs. MDBA has
investigated a number of different analysis techniques to overcome this limitation (e.g. volumetric
shortfall or partial event analysis) however there remains uncertainty in these techniques.
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10.5 Section summary
The issues described above have introduced uncertainty in the ESLT volume and its ability to achieve
the required environmental outcomes, however each component represents an opportunity for
future analysis working towards 2015. Based on the efforts thus far, MDBA believes that the
evidence base is fit‐for‐purpose in commencing the consultation and adaptive management process.
Given that science is often inconclusive, MDBA have made a series of informed value‐based
judgements to choose between different SDL options, and these judgements may be altered on the
basis of significant new information towards 2015.
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11 Conclusion and the way forward
The determination of an ESLT has followed a number of sequential and iterative steps as described
in this report. Starting at the high level objectives of the Water Act and trickling down to site specific
objectives and flow indicator, a range of ESLT options were chosen for further assessment. Detailed
hydrologic modelling was then undertaken to assess the ability of these ESLT options to achieve the
ecological targets and environmental objectives.
MDBA’s judgement is that an ESLT of 10,873 GL/y optimises environmental, economic and social
outcomes to achieve a healthy working Basin. This represents a Basin wide reduction in take of
2,750 GL/y compared to a June 2009 baseline.
As at 30 September 2011, 1,068 GL/y of water has been recovered (or is contracted to be recovered)
for the environment, which is not included in the 2009 baseline. This includes water recovered
through the Australian Government’s Water for the Future program, the New South Wales
RiverBank program and stage one of the Northern Victoria Irrigation Renewal Project. In addition, it
is estimated that a further 214 GL/y will be recovered from recently announced initiatives in Victoria,
associated with Stage 2 of the Northern Victoria Irrigation Renewal Project. This leaves 1,468 GL/y to
be found between now and when the SDLs come into effect in 2019 to achieve this ESLT.
Combined with the 823 GL/y of water already recovered for environmental outcomes in the Murray‐
Darling Basin before 2009, this will mean that 3,573 GL/y in total would be returned to the Basin’s
environment by 2019 relative to a 2009 baseline.
Long‐term average sustainable diversion limits (SDLs) will not be enforced until 2019 and water will
gradually be recovered over the intervening period, in consultation with local communities. Further,
a review in 2015 is proposed, before which no more than half of the remaining amount of water to
be recovered for the environment will be sought, and at which point the SDLs can be re‐examined in
light of works and measures, changes to river management, and advances in scientific knowledge.
The hydrologic modelling undertaken by MDBA indicates that the environmental flows associated
with this level of SDL will achieve positive outcomes across the Basin for instream habitats, Basin‐
scale waterway connections, riparian areas, permanent wetland close to the river and
semipermanent wetlands, see Table 11.1. Moderate beneficial outcomes will be provided to
floodplain habitats ‐ largely due to existing system constraints limiting the volume of water that can
physically be supplied to these wetlands.
The science linking flow regimes to environmental outcomes clearly shows that achieving these
flows across the range of habitats will lead to extensive environmental outcomes across the Basin.
This includes beneficial outcomes for native fish abundance, increased numbers of waterbirds and
improved condition of water‐dependant vegetation communities such as river red gums.
The determination of the ESLT has used the best available science and knowledge available to
MDBA. At the same time, it is apparent that there are a number of uncertainties surrounding this
knowledge base. These uncertainties arise because of the state of current scientific knowledge,
uncertainties inherent in modelling processes, and the challenge of integrating science and policy in
decision making. In recognition of these uncertainties, MDBA has adopted an adaptive management
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approach which requires review of the ESLT in 2015 before they come into full effect in 2019. This
adaptive management approach is founded on the dual input of better science, and ‘localism’ –
partnering with local and regional communities and organisations to manage water and other
natural resources in an integrated way. Developing new knowledge and ‘learning by doing’ will be
core components of this process.
Table 11.1: General description of Basin‐wide outcomes
Habitat areas
General outcome across the Basin
Instream habitats
The ability to reinstate freshes and low flows where required to maintain
water quantity and quality in drought refuge pools, and support instream
process such as fish migration and spawning, inundation of instream
habitats and carbon/nutrient cycling.
Riparian or
The ability to reinstate more frequent and variable ‘bankfull’ events which
‘streamside’ habitats
will maintain healthy streamside vegetation such as river red gums and
river cooba.
The ability to reinstate more frequent and variable flow regimes to provide
Permanent and semi‐
healthy wetland habitats and support the role that these systems play in
permanent wetland
the productivity of the river system more broadly ‐ for example providing
habitats close to the
breeding and feeding habitats for birds and fish, and carbon/nutrient
major rivers
inputs to support in‐stream productivity.
Low level floodplain
The ability to reinstate more frequent and variable flow regimes to water
habitats
low level floodplain vegetation communities such as red gum forests and
woodlands, to maintain the health of these communities and the
important role they play in the broader productivity of the Basin’s rivers.
Mid and high level
Inundation of these habitats requires medium to large unregulated flow
floodplain habitats
events that are generally outside the ability for river operators to influence
and manage with current river operating constraints (such as the flooding
of private land). Flows for these habitats will continue to occur in
response to large rainfall events in relatively wet years (such as 2010/11).
In some parts of the Basin these habitats are in declining health and
transitioning to more flood tolerant vegetation communities. There may
be opportunities for works and measures to overcome delivery
constraints, and provide other outcomes that improve the ability to
manage these areas in the future. These actions could deliver substantial
benefits to these habitats, but further cost benefit analysis and
consultation with stakeholders and communities is required.
MDBA believes that the process used to develop the ESLT combined with the proposed adaptive
management process, provides enough confidence to start the process of setting an SDL ready for
implementation in 2019.

11.1 Where to from here?
In terms of determining an ESLT and then setting the corresponding SDL, MDBA, Basin States,
regional organisations, and community stakeholders will now be embarking on a journey towards
implementation in 2019. Key steps in this process include:



20 week consultation period following the release of the proposed Basin Plan, through to
April 2012;
Finalisation of the Basin Plan in 2012;
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Major review step in 2015;
Modification of SDLs and the Basin Plan in 2015 (if required);
SDLs come into full effect in 2019; and
Ongoing Basin Plan review processes.

Running parallel with this process on a continuous basis will be the implementation of a science and
knowledge strategy to improve our current scientific understanding, reduce uncertainties, and fill
current knowledge gaps. This will incorporate continued engagement with communities to obtain
inputs into the 2015 SDL review and beyond through adaptive management process approach as
outlined in the Environmental Watering Plan.
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Glossary and abbreviations
This document sets out plain English summaries or interpretations of the meaning of some terms
and phrases. These summaries or interpretations are intended to help the reader to understand the
ESLT document.
They are not intended to provide a definitive legal summary or legal interpretation of the terms and
phrases used in the proposed plan or the Water Act 2007 (Cwlth).
Term
ACT
adaptive
management

Authority
AWRC
baseline diversion
limits (BDLs)

baseline scenario

Basin states
Basin water
resources
BFI
Bigmod
biodiversity

blackwater event

BP
BP‐EWA
CAMBA

Explanation
Australian Capital Territory
Adaptive management provides structured links between knowledge,
management, evaluation and feedback over time. It recognises that working
with social and ecological systems means that new information is always
becoming available, and must be considered. It includes setting clear
objectives, identifying and testing uncertainties, improving knowledge,
‘learning by doing’ and changing practices and policies in response to new
knowledge.
Murray‐Darling Basin Authority (MDBA)
Australian Water Resources Council. Established country wide numbering
system for catchment, drainage basins and gauges
Baseline diversion limits establish a baseline from which to determine
required reductions in diversions. The baseline adopted is a combination of
limits established by state law (e.g. existing water resource plan limits),
defined levels of take where there are no established limits, and in some
cases, the limits established by the Murray‐Darling Basin Cap arrangements
where these establish the lowest limit.
Baseline scenario in this report is associated with the models used by MDBA
to assess the ESLT. The baseline scenario includes the consumptive use, rules
and sharing arrangements relating to water resource plan policies as at June
2009.
The Basin states are defined in the Water Act as New South Wales, Victoria,
Queensland, South Australia and the Australian Capital Territory.
The Basin water resources include all water resources within or beneath the
Murray–Darling Basin, except for groundwater in the Great Artesian Basin.
Baseflow Index
see MSM‐Bigmod
Biodiversity refers to the variety of species of plants, animals and
microorganisms, their genes and the ecosystems they comprise, often
considered in relation to a particular area.
Deterioration in river/wetland water quality normally associated with high
dissolved organic carbon and low dissolved oxygen levels. Can lead to large
scale fish deaths
Basin Plan
Basin Plan Environmental Watering Account
China Australia Migratory Birds Agreement
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Term
Cap

carryover

CEWH

CLLMM
CMA
cold‑water
pollution
colonial nesting
waterbirds
connectivity

conservationally‐
significant
fauna/species

consumptive use
conveyance water

CRC
critical human
water needs

CSIRO
Cwlth or Cth
DSE
EC
eco‐hydrology

ecosystem

Explanation
Introduced in 1995, the Cap was a limit on the volume of surface water which
could be diverted for consumption from rivers in the Murray–Darling Basin. It
was put in place to promote river health and increase the security of water
supply. Under the Basin Plan, the Cap will be replaced by long‐term average
sustainable diversion limits.
Carryover describes an arrangement that allows the holder of a water access
entitlement to retain water allocation not taken in one water accounting
period, and then take or trade it in the next water accounting period.
The Commonwealth Environmental Water Holder manages water rights that
the Commonwealth acquires. Under the Water Act, this official has the
responsibility for using water rights that relate to water in the Murray–Darling
Basin in accordance with the Environmental Watering Plan.
Coorong, Lower Lakes and Murray Mouth
Catchment Management Authority
Cold water pollution describes the release of cold water from water storage
that is many degrees cooler that the water it is released into, which can have
serious environmental impacts.
Species of sea birds and wading birds that rely on water bodies for food (fish
and aquatic invertebrates) and tend to gather in large colonies during the
nesting season.
Connectivity refers to the connections between natural habitats, such as a
river channel, adjacent wetland areas and along the length of rivers, including
connections above ground (surface water) or below ground (groundwater).
Conservationally‐significant fauna/species describes species listed, but not
limited to species, under the Ramsar Convention, Bonn Convention, CAMBA,
JAMBA, ROKAMBA, the Environment Protection and Biodiversity Conservation
Act, and equivalent State Acts such as the NSW Threatened Species
Conservation Act.
Consumptive use describes the use of water for irrigation, industry, urban and
stock and domestic use, or other private purposes.
Conveyance water describes the water required to ensure that there is
sufficient flow in the river to physically deliver the supply of water for other
uses (such as critical human needs) without it evaporating or seeping into the
riverbed.
Cooperative Research Centre
Critical human water needs refers to the minimum amount of water, that can
only reasonably be provided from Basin water resources, required to meet
core human needs in urban and rural areas, and to meet non‐human
consumption needs, which if unmet would cause prohibitively high social,
economic or national security costs.
Commonwealth Scientific and Industrial Research Organisation
Commonwealth; typically used in: the Water Act (Cwlth)
Department of Sustainability and Environment (Victoria)
see Electrical conductivity
Eco‐hydrology can be defined as the study of the effects of hydrological
processes on the distribution, structure, and function of ecosystems, and on
the effects of biotic processes on elements of the water cycle
An ecosystem describes a community of plants, animals and microorganisms
interacting with one another and with the environment in which they live.
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Term
ecosystem
functions

ecosystem services

electrical
conductivity (EC)

environmental
assets
environmental
water

environmental
watering

Environmental
Watering Plan

EOS
EPBC Act
ESLT

EWA
EWP
EWR
flow regime
FLOWS method
GDE

Explanation
Ecosystem functions are the processes that occur between organisms and
within and between populations and communities. They include interactions
with the nonliving environment that result in existing ecosystems and bring
about dynamism through changes in ecosystems over time.
Ecosystem services are the benefits people obtain from ecosystems, which
include the provisioning, regulating, and cultural services that directly affect
people and the supporting services needed to maintain other services.
Electrical conductivity (EC) units are one of the measurement methods for
salt concentration. Local conversion ratios, which vary due to differences in
water temperature, can be applied to estimate milligrams per litre (mg/L)
from EC.
Environmental assets include water‐dependent ecosystems, ecosystem
services and sites of ecological significance.
Environmental water is the water provided to wetlands, floodplains or rivers,
to achieve a desired outcome, including benefits to ecosystem functions,
biodiversity, and water quality and water resource health.
Environmental water can more simply be described as water used to improve
or maintain the health of a river system
Environmental watering is the process of managing water to achieve
environmental outcomes. Environmental water managers can use several
types of water for environmental watering, and the watering can be achieved
by a range of arrangements.
Environmental Watering Plan is a plan required under item 9 of Section 22(1)
of the Water Act 2007 to protect and restore the environmental assets of the
Basin. It contains:
Environmental objectives for water‐dependent ecosystems of the Basin
Targets to measure progress against these objectives
A management framework for environmental water
The methods used to identify environmental assets requiring water
The principles and methods which will set the priorities for applying
environmental water
The principles to be applied in environmental watering.
End of System, generally referring to a flow point at the end of a river
Environment Protection and Biodiversity Conservation Act 1999
(Commonwealth)
The Water Act describes the environmentally sustainable level of take as the
level at which water can be taken from a water resource which, if exceeded,
would compromise:
 key environmental assets of the water resource; or
 key ecosystem functions of the water resource; or
 productive base of the water resource; or
 key environmental outcomes for the water resource.
Environmental watering allocation
See Environmental Watering Plan
Environmental Water Requirement
Flow regime is the description of the characteristic pattern of a river’s flow
quantity, timing and variability
The FLOWS Method: a method for determining environmental water
requirements in Victoria
groundwater dependent ecosystems
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Term
GHD
GL/y
groundwater
held
environmental
water (HEW)
HEW approach
hydrologic
indicator sites
hydrologic models

hydrology
in‐channel flows
interception
activity / activities

IQQM
JAMBA
KEA

KEF
long‐term average
sustainable
diversion limit
(SDL)
macro‐
invertebrate
MDB
MDBA
MDFRC
MFAT
Ministerial Council
ML/y
MSM‐Bigmod

Explanation
GHD Pty Ltd (formerly known as Gutteridge Haskins & Davey) is a consulting
firm.
Gigalitres per year (1 GL equals 1 billion litres)
Groundwater describes water which occurs below ground level (in an aquifer
or otherwise).
Held environmental water is water available under a water right, for
achieving environmental outcomes.
Held environmental water approach; a modelling scenario
Hydrologic indicator sites are used to describe environmental water
requirements or environmental demands at key locations along the rivers.
Hydrologic models are mathematical representations of river systems which
contain a set of relationships connecting parameters such as river flows,
irrigation diversions, water storages, losses (evaporation and overbank
flooding), and environmental flows. They simulate the storage, supply and use
of water as it is managed for various purposes.
Hydrology is the study of the occurrence, distribution, and movement of
water on, in, and above the earth
In‐channel flows are flows within the banks of a river or other watercourse.
Interception activities include the capture of surface water or groundwater
that would otherwise flow directly or indirectly into a watercourse, lake,
wetland, aquifer, dam or reservoir. An interception activity may include
building new dams on private property or establishing extensive tree
plantations.
Integrated Quantity and Quality Model
Japan Australia Migratory Birds Agreement
Key environmental assets were identified by MDBA on the basis that the
assets met at least one of five criteria for significance relating to standing
under international agreements, condition/uniqueness, habitat value,
presence of threatened species/communities, and biodiversity.
Key ecosystem functions were identified by MDBA on the basis that the
functions met all three criteria outlined in Appendix A.
Long‐term average sustainable diversion limits (SDLs) represent the
maximum long‐term annual average quantities of water that can be taken on
a sustainable basis from Basin water resources as a whole, and from each SDL
resource unit. The Water Act requires that this reflect an environmentally
sustainable level of take.
A macro‐invertebrate refers to an animal without a backbone, large enough
to be seen without magnification.
Murray‐Darling Basin
Murray‐Darling Basin Authority
Murray–Darling Freshwater Research Centre
The Murray Flow Assessment Tool
Murray‐Darling Basin Ministerial Council (recently renamed the Legislative
and Governance Forum on the Murray‐Darling Basin)
Megalitres per year (1 megalitre equals 1 million litres)
linked Monthly Simulation Model and daily flow and salinity routing model for
the River Murray System
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Term
National Water
Initiative
Northern SWS
NSW
NVIRP
NWI
PEW approach
productive base

Q80
Q80 WD
Qav
physical constraint

planned
environmental
water (PEW)
principles of
ecologically
sustainable
development

Ramsar

recovery of
environmental
water
refuges

Explanation
The National Water Initiative is an agreement between the Australian, state
and territory governments to improve the management of the nation’s water
resources and provide greater certainty for future investment.
See SWS
New South Wales
Northern Victoria Irrigation Renewal Project
National Water Initiative
Planned Environmental Water approach; a modelling scenario
Productive base broadly equates to providing for ecosystem services such as
regulating, supporting and cultural services through environmental water.
This could be described as the support offered by ecosystems, ecosystem
functions and ecosystem services of a water resource to provide for ecological
and human (economic and social) production.
80th percentile flow (used in BFI calculation)
without‐development (WD) flow (used in BFI calculation)
is the long‐term average flow (used in BFI calculation)
A physical constraint includes a natural formation or a human‐made
structure, such as a pipe or channel, that limits the volume of water that can
pass.
Planned environmental water is water that is committed by legislation to
achieving environmental outcomes, and cannot be used for other purposes
except under very specific circumstances.
The principles of ecologically sustainable development as defined in the
Water Act are that :
decision‐making processes should effectively integrate both long‐term and
short‐term economic, environmental, social and equitable considerations
if there are threats of serious or irreversible environmental damage, lack of
full scientific certainty should not be used as a reason for postponing
measures to prevent environmental degradation
the present generation should ensure that the health, biodiversity and
productivity of the environment is maintained or enhanced for the benefit of
future generations
the conservation of biodiversity and ecological integrity should be a
fundamental consideration in decision making
improved valuation, pricing and incentive mechanisms should be promoted.
The Convention on Wetlands of International Importance (the Ramsar
Convention) is an international treaty that provides a framework for national
action and international cooperation for the conservation and wise use of
wetlands and their resources.
Recovery of environmental water can occur through investment in water‐
saving infrastructure or through water purchases from voluntary sellers.
In this context, refuges (referred to in the proposed Basin Plan as ‘refugia’)
describe places where animals and plants can survive when times are hard.
For example, semipermanent or core wetlands provide refuge for water‐
dependent plants and animals when they cannot survive in other parts of the
landscape. Refuges such as these are vital for the long‐term survival of
species, as they sustain populations which can breed and repopulate larger
areas when conditions improve.

Page 177

Term
regulated river
regulated system
resilience

riparian
riverine
ROKAMBA
SA
salinity
SDL
SEWPaC
SKM
SRA
surface water

Sustainable Yields
Report
SWS

The Basin
TWS
unregulated
system
water access
entitlement
water access right

Water Act
water allocation

water‐dependent
ecosystems

Explanation
A regulated river refers to where the flow is regulated through the operation
of large weirs or dams.
A regulated system describes one in which surface water is stored and flow
levels are controlled by structures such as dams and weirs.
An ecosystem’s resilience includes how completely or quickly it is able to
recover from disturbances such as fire, flood, drought, insect plague,
deforestation or invasion by exotic plants and animals.
Riparian means relating to a riverbank or floodplain, and often refers to the
edges of any water body, including lakes and dams.
Riverine means of or related to a river – for example riverine salinity, riverine
plants.
Republic of Korea‐Australia Migratory Birds Agreement
South Australia
See EC
see Long‐term average sustainable diversion limit
Commonwealth Department of Sustainability, Environment, Water,
Populations and Communities
GHD (Sinclair Knight Merz) is a consulting firm.
Sustainable Rivers Audit
Surface water includes any water in a watercourse, lake or wetland, and any
water flowing over or lying on the land after precipitation or after rising to the
surface naturally from underground.
The Sustainable Yields Report was the report to the Australian Government
from the CSIRO Murray‐Darling Basin Sustainable Yields Project.
Sustainable Water Strategy (Northern Region) developed by the Victorian
Department of Sustainability and Environment to inform the regional ESLT
options in the Campaspe, Loddon and Goulburn‐Broken regions (NRSWS
2009)
The Murray‐Darling Basin
Town Water Supply
An unregulated system refers to a surface water system where water is not
regulated by large weirs or dams.
A water access entitlement represents a perpetual entitlement, under state
law, to exclusive access to a share of water resources within a water resource
plan area.
A water access right describes any right, determined by state law, to hold
and/or take water from a water resource (e.g. surface water or groundwater
from a watercourse, lake, wetland or aquifer). Water access rights include
stock and domestic rights, riparian rights, water access entitlements and
water allocations.
Commonwealth Water Act 2007 (Water Act 2007)
A water allocation represents the specific amount of water that can be taken
under a water access entitlement in any given water accounting period. The
amount of the allocation depends on the availability of water and the security
of the entitlement, and is specified according to rules in the relevant water
management plan.
Water‐dependent ecosystems depend on periodic or sustained flooding,
waterlogging or significant inputs of surface water or groundwater to
continue functioning.
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Term
Water for Rivers

water quality

water recovery
measures
water resource

water resource
plan
water resource
plan area

WD
Wentworth
without‐
development
scenario
WMPP

Explanation
A program established by the New South Wales, Victorian and
Commonwealth governments to recover 282 GL of water for the Snowy River
and River Murray
Water quality includes the condition of water and its related suitability for
different purposes. It refers to a combination of physical, chemical and/or
biological characteristics of water in the context of the proposed use of that
water.
Water recovery measures in this context represent ways to acquire water,
other than through reduction to entitlements, which will be returned to
the environment.
A water resource describes surface water or groundwater, such as a
watercourse, lake, wetland or aquifer; and includes the water, plants, animals
and other organisms and components that contribute to the physical state
and environmental value of the water body.
A Water resource plan sets out how water resources will be managed, usually
for a 10‐year period. They will be developed by the Basin states, or in certain
circumstances by MDBA, for approval by the Commonwealth Water Minister.
A water resource plan area is a geographical area, of which there are 13 for
surface water, 17 for groundwater, and an additional 6 for surface water and
groundwater combined. As far as possible, proposed boundaries have been
drawn up to match those of existing water management areas.
without‐development (used in BFI calculation)
Wentworth Group of Concerned Scientists and Associates (ref, 2010)
Without‐development scenario is used in the hydrologic modelling and
represents the Basin as a system with no development or associated
consumptive use — it is a representation of the Basin at conditions which
approximate its natural state.
Wimmera Mallee Pipeline Project
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Appendix A: Identifying key environmental assets, key ecosystem
functions, productive base and key environmental outcomes
Key environmental assets
The Murray‐Darling Basin Authority (MDBA) considers an environmental asset to be the physical
parts of the Murray‐Darling River system which provide habitat for the plants, animals, fish,
invertebrates and microbes and combine to make the ecosystems of the Basin. They comprise
rivers, wetlands, floodplains, lakes and estuaries.
The number and size of environmental assets in the Basin is extensive. The Basin contains:





approximately 440,000 km of rivers, of which 40,000 km are major;
some 30,000 wetlands — mostly on private land — covering an area of around 25,000 km2,
with wetlands listed under the Ramsar Convention on Wetlands of International Importance
covering more than 6,300 km2; and
a total floodplain area of about 60,000 km2, or about 6% of the Basin.

These assets provide habitat to:






more than 60 fish species, including 10 alien and 7 marine or estuarine species;
some 124 families of macroinvertebrates, such as shrimps, snails and insects;
around 98 species of waterbirds;
4 water‐dependent ecological communities listed as threatened or endangered under state
or federal legislation; and
150 to 300 plant species.

Some environmental assets hold special or endangered species and ecosystems on a national and
international scale, these are wetlands listed under the Ramsar Convention on Wetlands of
International Importance and species protected under international conventions such as:








the Convention on Biological Diversity done at Rio de Janeiro on 5 June 1992 (‘the
Biodiversity Convention’);
the Convention on the Conservation of Migratory Species of Wild Animals done at Bonn on
23 June 1979 (‘the Bonn Convention’);
the Agreement between the Government of the Australia and the Government of the
People’s Republic of China for the Protection of Migratory Birds and their Environment done
at Canberra on 20 October 1986 (‘CAMBA’);
the Agreement between the Government of Australia and the Government of Japan for the
Protection of Migratory Birds and Birds in Danger of Extinction and their Environment done
at Tokyo on 6 February 1981 (‘JAMBA’); and
the Agreement between the Government of Australia and the Government of the Republic
of Korea on the Protection of Migratory Birds done at Canberra on 6 December 2006
(‘ROKAMBA’).
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In identifying environmental assets and deciding which are key from the large array of possible
environmental assets across the Basin, as outlined above, a set of criteria were used to select water‐
dependent ecosystem considered to be key environmental assets. If an asset fulfils the achievement
indicators of at least one of the following criteria it is selected as a key environmental asset. These
criteria were developed with regard to international obligations and in broad alignment with the
National Framework and Guidance for Describing the Ecological Character of Australian Ramsar
Wetlands and the draft criteria for identifying High Conservation Value Aquatic Ecosystems (HCVAE).
Specific achievement indicators were developed for each of the criteria to ensure a consistent (to
the extent possible) and measurable assessment of water‐dependent ecosystems:
Criterion 1:

The water‐dependent ecosystem is formally recognised in, and/or is capable of
supporting species listed in, international agreements; and/or

Criterion 2:

The water‐dependent ecosystem is natural or near‐natural, rare or unique; and/or

Criterion 3:

The water‐dependent ecosystem provides vital habitat; and/or

Criterion 4:

The water‐dependent ecosystem supports Commonwealth, State or Territory listed
threatened species and/or ecological communities; and/or

Criterion 5:

The water‐dependent ecosystem supports or is capable of supporting significant
biodiversity.

The following section provides further detail on the achievement indicators, reasoning and means of
assessment for each of the five criteria used for identifying key environmental assets.
Criterion 1: The water‐dependent ecosystem is formally recognised in, and/or is capable of
supporting species listed in, international agreements.
Achievement Indicators: the water‐dependent ecosystems must be:



a declared Ramsar wetland; and/or
have had recorded at it at least one species listed in at least one of the JAMBA, CAMBA or
ROKAMB international agreements.

Explanation: The Act requires that the Basin Plan be developed so as to give effect to relevant
international agreements. This includes, but is not limited to, the Ramsar Convention, JAMBA,
CAMBA, ROKAMBA, the Bonn Convention and the Biodiversity Convention.
The Bonn Convention covers all migratory species, some of which are not relevant to the
management of the water resources of the Murray‐Darling Basin. It was determined that the species
which are water dependant and relevant to the Murray‐Darling Basin under the Bonn Convention
are covered by the JAMBA/CAMBA/ROKAMBA agreements. Therefore when an asset fulfils criterion
1 by supporting JAMBA/CAMBA/ROKAMBA species, commitments under the Bonn Convention are
also being fulfilled.
The Biodiversity Convention is another international agreement relevant to the Basin Plan. It was
determined that by assessing assets using the five criterion, which have regard to Annex 1 of the
Biodiversity Convention, MDBA would be fulfilling Australian commitments under this agreement.
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Method of Assessment: The list of potential key environmental assets (KEA) was qualitatively
assessed against this criterion. If the source documentation and data claimed that site was a
declared Ramsar wetland or supported JAMBA, CAMBA or ROKAMBA‐listed species, then the
environmental asset fulfilled this criterion.
Largely, declared Ramsar wetlands are well documented and were straight forward to assess under
this criteria. For some potential KEA the JAMBA/CAMBA/ROKAMBA agreements were specifically
mentioned in source literature; however for others only species lists were given. In this case, species
lists were cross referenced with the lists in the international agreements to determine if there were
any matches. Each of the jurisdictions provided environmental assets that met this criterion.
Criterion 2: The water‐dependent ecosystem is natural or near‐natural, rare or unique.
Achievement Indicators: The water‐dependent ecosystems must:




represent a natural or near‐natural example of a particular type, as evidenced by a
relative lack of post 1788 human‐induced hydrological disturbance and/or adverse
impacts on ecological character; or
represent rare or unique examples of a particular type in the Basin.

Explanation: This criterion provides the mechanism to identify water‐dependent ecosystems that
have to date been maintained in good condition. These natural or near‐natural water‐dependent
ecosystems play a critical role in long‐term biodiversity conservation, which is a component of the
relevant obligations under the Biodiversity Convention. This criterion also captures those water‐
dependent ecosystems that are unique or rare in the Basin (for example the Coorong estuary), which
provides a mechanism to identify the diversity of ecosystems in the Basin which is a component of
biodiversity under the Act.
Method of Assessment: To establish near natural or natural, rare or unique assets, a detailed
classification and regionalisation process is required to differentiate between assets. This does not
currently exist consistently across the Murray‐Darling Basin. So the MDBA compiled a list of potential
key environmental assets was assessed against this criterion in a qualitative sense. If the source
documentation or data which described the asset claimed that the site was natural, near‐natural,
unique or rare, then the asset fulfilled this criterion. Due to the different methods across the Basin
for classifying assets, other terms were accepted in the assessment process as evidence for assets to
fulfil this criterion; representative, good example, undisturbed, regionally unique or rare and good
condition. Assets which were listed on the National Estate also fulfilled this criterion. Each of the
jurisdictions provided environmental assets that met this criterion.
Criterion 3: The water‐dependent ecosystem provides vital habitat.
Achievement Indicators: The water‐dependent ecosystems must provide habitat vital for the
survival of a water‐dependent species, population or ecological community (the environmental asset
may include breeding, nursery and feeding sites, movement and migration pathways, and refuges).
In particular, the water‐dependent ecosystem must:


provide refuge for native water dependant biota during dry spells and drought; or
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provide pathways for the dispersal, migration and movement of native water‐dependant
biota; or
provide important feeding, breeding and nursery sites for native water‐dependant biota;
or are essential for maintaining (and preventing declines of) native water‐dependant
biota.

Explanation: This criterion acknowledges the ephemeral nature both spatially and temporally of the
biodiversity of the Basin and aims to ensure areas important for the long‐term retention of
biodiversity such as drought refuges and source populations are retained.
This criterion identifies water dependant ecosystems that provide vital habitat for species and
ecological communities. This includes those water‐dependent ecosystems that provide resources
for fauna at certain times of year or at critical stages in their life cycle.
Some water dependant ecosystems provide vital resources required for particular fauna at certain
seasons or at critical stages in their life cycle, notably breeding and migration/transportation. Water
dependant ecosystems can provide vital habitat during times of inundation for birds and fish species
but for other species, such as some invertebrate taxa and flora, vital habitat is provided during
periodic drying allowing for resting stages before recolonisation.
The application of this criterion is not limited to life history stages of threatened species.
Method of Assessment: The list of potential key environmental assets was qualitatively assessed
against this criterion. If the source documentation or data claimed that the site was important for
bird breeding, fish spawning, fish or bird migration, fauna movement within the asset or as a
drought refuge, then the asset automatically fulfilled this criterion. Each of the jurisdictions
provided environmental assets that met this criterion.
Criterion 4: The water‐dependent ecosystem supports Commonwealth, State or Territory listed
threatened species and/or ecological communities.
Achievement Indicator: Must include water‐dependent ecosystems that:




are listed as threatened under relevant Commonwealth, State or Territory legislation or
relevant processes; or
support one or more threatened native water‐dependent species listed under relevant
Commonwealth, State or Territory legislation
listed as a threatened ecological community under relevant Commonwealth, State or
Territory legislation

Explanation: This criterion identifies the ecosystems that support species and ecological
communities listed under relevant Commonwealth, State or Territory legislation. It is the core
component of the relevant obligation under the Ramsar Convention and the Biodiversity
Convention.
Method of Assessment: Broadly, this criterion was addressed in two ways. Firstly, those water‐
dependent ecosystems that fulfilled the indictors above were identified through literature review
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and from feedback by the Basin’s jurisdictions. Secondly, MDBA analysed the federal (EPBC) listed
threatened species and communities data. These two approaches are outlined in more detail below.
Firstly, assessing potential key environmental assets for the occurrence of threatened species and
ecological communities was undertaken in two stages:




In stage 1 MDBA used existing available publications and information to assess potential key
environmental assets for the occurrence of water‐dependent threatened species and
ecological communities. If the source documentation or data which described the asset
claimed that the site supported either threatened species as listed under jurisdiction and
commonwealth legislation, then the asset fulfilled this criterion.
In stage 2, each of the jurisdictions provided key environmental assets that met this criterion
using relevant water‐dependent threatened species and ecological community databases
based on each Basin jurisdiction’s legislation.

Secondly, MDBA used the distributions of threatened species and communities listed under the
EPBC Act to determine key environmental assets that met this criterion. Data of the threatened
species and ecological communities listed under the EPBC were acquired from the Department of
Sustainability, Environment, Water, Population and Communities (SEWPaC). These data sets were
collated for matters of National Environmental Significance and give the distribution of threatened
species and threatened ecological communities. There are three distribution classes for these data:
(i)

(ii)

(iii)

Known to Occur are areas of high level of certainty with locations identified from the
literature or recently recorded sites having high precision. Where there is a site and
extent description this was mapped, where there is no extent given recent records with
high precision are used as a basis to buffer at a distance relevant to the species;
Likely to Occur Areas uses reliable location records to determine habitat parameters
such as vegetation, soils, elevation. These are compared to species habitat data. Where
a large proportion of the observations coincide with the documented habitat this may
be used to define extent; and
May occur uses models (such as Bioclim or Maxent) to examine the coverage of reliable
records in regards to climatic and other layers (for example climate). Where the model
explains the location records of the species with reasonable probability a ‘may occur’
extent is defined.

Only those instances of ‘known’ or ‘likely’ occurrence of threatened species and ecological
communities were retained (i.e. any flagged as ‘may’ occur were not considered). This principle was
developed after discussions with the data custodians at SEWPaC. Only those threatened species and
ecological communities that were considered water dependent12 were further considered, the rest
were excluded from further consideration. Of the 67 EPBC Act threatened fauna found within the
MDB, 21 were water dependent and had distributions suitable for further consideration (i.e. likely or
known); these are shown in Table A.1.Of the 16 Threatened Ecological Communities within the MDB
listed under the EPBC Act, only three were assessed as water‐dependent:

12 water‐dependent species or ecological communities are species or ecological communities that require
habitat that is dependent on periodic or sustained inundation, waterlogging or significant inputs of surface
and/or ground water for their ecological integrity.
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1. Alpine Sphagnum Bogs and Associated Fens;
2. Swamps of the Fleurieu Peninsula; and
3. Upland Wetlands of the New England Tablelands (New England Tableland Bioregion) & the
Monaro Plateau (South Eastern Highlands Bioregion).
There are 189 EPBC Act threatened flora species within the Basin. An early attempt was made to
determine which of these species was within the scope of the Water Act (i.e. water dependant), but
the results were not consistent and were not considered rigorous. After consultation with herbaria
in the jurisdictions it was deemed that assessing water dependence of flora for inclusion in the key
environmental asset assessment process was beyond the time‐frames for developing the Basin Plan.
Each of the threatened species and ecological community polygons derived from the above
assessment was intersected with the river and streams in the Basin (using Aushydro spatial layer
(version 1.6), Geoscience Australia 2010) and inundation data (using Kingsford et al. 1999 spatial
layer Wetlands GIS of the Murray‐Darling Basin Series 2.0) giving the locations of each of the assets
in reference to streams, floodplains and wetlands.
Table A.1: Water dependent species of the MDB listed under the EPBC Act.
Group

Common Name/s

Conservation Status

Species Name

Birds

Orange-bellied Parrot

Critically Endangered

Neophema chrysogaster

Birds

Vulnerable

Polytelis anthopeplus anthopeplus

Birds

Regent Parrot (eastern)
Southern Emu-wren (Fleurieu Peninsula), Mount
Lofty Southern Emu-wren

Endangered

Stipiturus malachurus intermedius

Frogs

Alpine Tree Frog, Verreaux's Alpine Tree Frog

Vulnerable

Litoria verreauxii alpina

Frogs

Booroolong Frog

Endangered

Litoria booroolongensis

Frogs

Vulnerable

Litoria aurea

Frogs

Green and Golden Bell Frog
Growling Grass Frog, Southern Bell Frog, Green
and Golden Frog, Warty Swamp Frog

Vulnerable

Litoria raniformis

Frogs

Littlejohn's Tree Frog, Heath Frog

Vulnerable

Litoria littlejohni

Frogs

Northern Corroboree Frog

Vulnerable

Pseudophryne pengilleyi

Frogs

Southern Barred Frog, Giant Barred Frog

Endangered

Mixophyes iteratus

Frogs

Southern Corroboree Frog

Endangered

Pseudophryne corroboree

Frogs

Spotted Tree Frog

Endangered

Litoria spenceri

Frogs

Stuttering Frog, Southern Barred Frog (in
Victoria)

Vulnerable

Mixophyes balbus

Frogs

Yellow-spotted Tree Frog, Yellow-spotted Bell
Frog

Endangered

Litoria castanea

Reptiles

Bell's Turtle, Namoi River Turtle, Bell's Sawshelled Turtle

Vulnerable

Elseya belli

Fish

Murray cod

Vulnerable

Maccullochella peelii peelii

Fish

Murray hardyhead

Vulnerable

Craterocephalus fluviatilis

Fish

Yarra pygmy perch

Vulnerable

Nannoperca obscura
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Group

Common Name/s

Conservation Status

Species Name

Fish

Macquarie perch

Endangered

Macquaria australasica

Fish

Trout cod/Bluenose cod

Endangered

Maccullochella macquariensis

Fish

Barred galaxias

Endangered

Galaxias fuscus

Criterion 5: The water‐dependent ecosystem supports or is capable of supporting significant
biodiversity.
Achievement Indicators: The water‐dependent ecosystem must meet at least one of the following:



support significant numbers of individuals of native water‐dependant species; or
support significant levels of native biodiversity, at the genus and family taxonomic level,
as well as that of communities.

Explanation: This criterion is seen to fulfil the remaining component of the relevant obligations
under the Biodiversity Convention. It provides for the identification of assets supporting large
numbers of species or subspecies which provide a source for recolonisation elsewhere following
disturbance, as well as those assets displaying high levels of taxonomic diversity. Inclusion of such
sites is important in providing for the long‐term viability of the Basin’s biodiversity.
Method of Assessment: Applying this criterion was hampered by lack of information relating to
species numbers and populations sizes. Outside declared Ramsar wetlands, this information is not
widely available and the available figures are often based on dated material. Also, the term
‘significant’ was not firmly defined during the time of assessment, which made applying the criterion
in a consistent manner more difficult.
When assessing potential key assets against this criterion if the source documentation or data which
described the asset claimed that the site supported a certain percentage of a species or sub species,
populations which are significant under the Ramsar Convention, a high number of species or a
population of genetically diverse or unique individuals, the asset fulfilled this criterion. Further if the
source documentation stated that the area was a biodiversity hotspot, the asset fulfilled this
criterion also. Each of the jurisdictions provided environmental assets that met this criterion.

Key environmental asset inventory
In the lead up to the development of the Guide to the Proposed Basin Plan, MDBA undertook an
initial assessment to identify key environmental assets using these criteria and available datasets.
This process was supported by State and Commonwealth government agencies. The process
provided a map of key environmental assets that identified more than 2400 named key
environmental assets and many more unnamed assets. The process also identified many challenges
and knowledge gaps that need to be addressed to generate a robust inventory of key environmental
assets.
One of the key issues with the inventory is the ability to filter key environmental assets for their
ability to be managed within system operating constraints. This is a critical step in the concept of a
healthy working Basin. It is known that many key environmental assets currently included in the
inventory are located outside of the zone of management, either outside of the zone of regular
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floodplain inundation, or outside the zone that can be managed within operating constraints.
However there is currently no Basin wide mapping of floodplain inundation and zone of
management that can be used to filter the key environmental assets accordingly. Further work is
required to enable this.
The additional work required to resolve these issues will be progressed by MDBA over time in
partnership with the Commonwealth Environmental Water Holder, State agencies and regional
catchment management Authorities.

Key ecosystem functions
Ecosystem function is a term that is used in the definition of an ESLT and is also included in the
definition of ecosystem outcomes (Water Act 2007). The science around the understanding of
ecosystem functions is still developing and further clarity is needed regarding how an ecosystem
function is defined; identifying what ecosystem functions are and what are not; and the importance
of one ecosystem function over another. The prioritisation of one function over another varies
depends on the purpose of identifying and assessing ecosystem functions.
Much of the literature considers ecosystem functions, ecosystem processes and ecosystem services
as either the same thing or a sub‐set of one another (Wallace 2007). The reason that ecosystem
functions are difficult to define and describe is that they are intangible and the outcomes of
functions are almost impossible to measure. An important distinction between wetlands,
floodplains, rivers or an iconic aquatic species (often referred to as assets) and the processes that
support them (functions) is that an asset is tangible (usually a location or species) described by the
amount or area they cover however functions are operations or reactions that are measured using
terms such as a rate (production per time) (Wallace 2007). What we do know is that ecosystems:




will not work without functions;
functions are important to the survival and resilience of an ecosystem; and
for those functions associated with water dependent ecosystems, many are assumed to be
under threat due to the decline in the ecosystems health (MDFRC 2011).

In the ecological literature, the term ‘ecosystem function’ has been subject to various, and
sometimes contradictory, interpretations (Wallace 2007). Sometimes the concept is used to describe
the internal functioning of the ecosystem (e.g. maintenance of energy fluxes, nutrient (re)cycling,
food‐web interactions), and sometimes it relates to the benefits derived by humans from the
properties and processes of ecosystems (e.g. food production and waste treatment) (de Groot
2002). Given these controversies, the MDBA have chosen to use the following as a definition of
ecosystem functions for the purposes of determining an ESLT.
Ecosystem functions are the processes that occur between organism and within and
between populations and communities. They include interactions with the nonliving
environment that result in existing ecosystems and bring about dynamism through changes
in ecosystems over time (adapted from Gigney et al. 2010).
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The MDBA commissioned Alluvium Consulting to undertake a project to identify key ecosystem
functions and to develop a method to determine environmental water requirements for these key
ecosystem functions. Alluvium was asked to provide:






a method to enable rapid implementation (i.e. desktop based using existing data sets);
appropriate for the Basin Plan and founded on good science and defensible, but not
necessarily undertaken at a fine resolution of detail;
a method equally valid and applicable in regulated and unregulated streams;
a method must be compatible with, and enable assessment through hydrologic modelling;
and;
the identified functions will therefore need to be represented by hydrologic indicators (or
surrogates).

Given the short time‐frame that this project was undertaken, only readily available information was
able to be used to inform the process. One of the main outcomes from Alluvium’s work was the
identification of 14 key ecosystem functions. Three filtering criteria, outlined in Table A.2 were used
to filter an array of possible ecosystem functions that were relevant to determining an ESLT (see
Alluvium 2010). If an ecosystem function did not fit all three of these criteria, then it was not
determined to be a key ecosystem function for the purposes of determining the ESLT.
The 14 key ecosystem functions identified by Alluvium (2010) are:















Disturbance through cease‐to‐flow periods;
Disturbance and wetting through bankfull and overbank flows;
Provide wetted habitat diversity in pool environments;
Provide wetted habitat in riffle and run environments;
Provide appropriate wetted habitat heterogeneity within a reach;
Provide in‐channel habitat features within a reach;
Organic and inorganic sediment delivery to downstream reaches;
Sediment delivery to and from floodplains;
Dilute carbon and nutrients from litter and soil on receding flows from floodplains;
Dispersal of aquatic communities;
Recolonisation of aquatic fauna and flora communities;
Migration to fulfil requirements of life‐ history stages;
Instream primary production by periphyton, phytoplankton and biofilms; and
Foraging of aquatic species.

Table A.2: Filtering criteria used in the identification of key ecosystem functions.
Criteria for key ecosystem
function

Rationale

Is the function within the scope of
the Basin Plan?

Section 20 of the Water Act states that the purpose of the Basin Plan is to
provide for the integrated management of the Basin water resources. Only
the ecosystem functions related to the management of water resources,
particularly hydrology, can be influenced by the Basin Plan. Ecosystem
functions primarily dependant on other factors, such as land management,
won’t be assessed.

Is the function best managed
through this process?

There are other mechanisms within the Basin Plan to manage functions that
may mean the function is best addressed elsewhere.
A parallel process is underway to identify key environmental assets and their
environmental water requirements. There are some functions that will be
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adequately covered by these criteria, particularly those that are relatively site
specific, related to floodplain/wetland processes, or those that deal with
individual species.
The Salinity and Water Quality Plan and groundwater SDL’s are other
components of the Basin Plan. Water quality and groundwater related
functions may be better addressed under these components.
Can the function be assessed within
the constraints of available
knowledge and time?

It may not be possible to assess some functions due to a lack of available
knowledge and/or time. Ecosystem functions relating to surface/groundwater
interactions are one example. These interactions are recognised as being
important but assessing them requires soil and groundwater mapping which is
currently not available, with the exception of a few relatively localised areas.

Another important outcome of Alluvium’s work has been the linking of these key functions to, at
least one, flow component, see Table A.3. This is associated with the philosophy of the natural flow
paradigm developed by Poff et al (1997) where the conceptual link between the ecological drivers of
a river system and hydrology is use to identify the ecologically relevant parts of the flow (aka flow
components). The variability of these components, as depicted in a “natural” flows sequence
through the magnitude, duration, frequency and timing of flow, will maintain channel form and
viable populations for ecosystems dependent on these flows (SKM et al. 2002). This link between
flow components and key functions enabled the hydrologic indicator site approach to be used to
determine water requirements for functions.
Through a parallel analysis, Alluvium undertook a rapid appraisal of the variety of river types across
the Basin using Functional Process Zone’s established by Whittington et al. (2001). This desktop
based analysis found that many of these functions were necessary in more than one river type and
most key ecosystem functions were found to be important for processes occurring in most
functional process zones (Alluvium 2010).
Table A.3: Linking flow components to key ecosystem functions

Disturbance through cease-to-flow periods
Disturbance and wetting through bankfull and overbank flows
Provide wetted habitat diversity in pool environments
Provide wetted habitat in riffle and run environments
Provide appropriate wetted habitat heterogeneity within a reach
Provide in-channel habitat features within a reach
Organic and inorganic sediment delivery to downstream reaches
Sediment delivery to and from floodplains
Dilute carbon and nutrients from litter and soil on receding flows
from floodplains
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Overbank events

Bankfull flow

High-flow-season
fresh

High-flow-season
base flow

Low-flow-season
fresh

Key Ecosystem Functions

Low-flow-season base
flow

Cease-to-flow events

Flow Components

Dispersal of aquatic communities
Recolonisation of aquatic fauna and flora communities
Migration to fulfil requirements of life-history stages
Foraging of aquatic species
Instream primary production by periphyton, phytoplankton and
biofilms

The environmental water requirements determined for assets within the hydrologic indicator site
methodology are assumed to also provide the key ecosystem functions associated overbank and
bankfull flow components. Owing to the impact of these high volume flows it is assumed that not
only will these flows provide for functions at the hydrologic indicator site but also for other parts of
the river reach and floodplains that will be influenced by these peak flows in environmental flow
demands.
The lower flow environmental water requirements for key ecosystem functions which occur within
the river channel, associated with baseflows and freshes was also required. Owing to the findings
from the Alluvium project, it was found that many of these functions were necessary, to a degree, in
most rivers of the Basin and so a generalised approach was used to assess the proportion of change
in these flow components from a “natural” flow and the state of these flow components under the
current flow regime. This approach is also based on the natural flow paradigm (Poff et al 1997) it is
assumed that where there is a considerable change in the natural flow regime then ecosystems and
their supporting functions maybe threatened.
This assessment was enabled by the development of flow metrics. Metrics have been used by a
number of studies to assess river health (e.g. Davies et al. 2008, Kennard et al 2009, VanLaarhoven
and van der Wielen 2009). A set of metrics, specific for each flow component, was devised by
Alluvium (2010) to assess the current state of flow components required for key ecosystem
functions. These metrics were only used to determine environmental water requirements for
baseflows. Alluvium used readily available information sourced from the 20 standardised,
Statewide environmental water requirements reports for Victorian catchments based on the
outcomes of the FLOWS methodology (SKM et al 2002). Owing to the standardised way these water
requirements for functions were determined this enabled a comparison of exceedence percentiles in
various river reaches to determine the exceedence percentile used in the development of baseflow
metrics (80th seasonally adjusted).
The low flow exceedence percentile was later used to determine environmental water requirements
for baseflows at hydrologic indicator sites, see Section 7 for details. Some analysis comparing the
outcome of the volumes the 80th exceedence percentile produced for the hydrologic indicator sites
was compared to other metrics (SRA low flow metric from Davies et al 2008) and baseflow filters
techniques (e.g. Nathan and McMahon 1990). These comparisons indicated that choice of the 80th
percentile gave similar baseflow volumes when compared to these other methods.

Limitations and uncertainties of approach
The identification of key ecosystem functions and the development of water requirements for these
functions has been an iterative process associated with limited data and emerging science regarding
the understanding of functions and how they are threatened by hydrological alteration due to river
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regulation. Owing to these difficulties there is considerable uncertainty surrounding this analysis
and limitations concerning a lack of data.
A number of these uncertainties and limitations are outlined in the Alluvium (2010) report itself and
are listed below:








Selection of key ecosystem functions ‐ There is a great complexity in the scales and
interactions between ecosystem functions. The final list of functions adopted was based on
those that operate at a Basin wide scale. We grouped those functions operating under
similar flow components. In doing so many functions considered in previous work have
been combined. This has created uncertainty about exact definitions.
Analysis in classifying rivers ‐ There is considerable uncertainty in the application of the
classification method to assess the geomorphology of rivers across the Basin. The
uncertainty arises from a number of sources, including: lack of clarity on the process used to
develop the Functional Process Zones method and the potential for inaccuracies in the
location of transitions between zones.
Analysis of FLOWs study data ‐ The investigation required rapid analysis of a large and
sometimes incomplete data set. The analysis was based on flow duration curves as plotted
and presented in the reports supporting the recommendations reports. This created some
uncertainty in the development of the performance metrics.
Application of ecohydraulic relationships developed in the southern Basin to central and
northern catchments ‐ The recommendations from the FLOWS studies that underpin the
metrics have been developed in the Victorian catchments located in the southern part of the
Basin. Although they are based on expert opinion and represent the best available science,
there is little or no evidence that the flow‐related ecosystem functions that underpin the
recommendations apply in the central and northern parts of the Basin, where the fauna,
hydrology and vegetation are quite different to the southern systems.

These limitations and uncertainties are recognised by the MDBA. MDBA have assumed that the risks
associated with these uncertainties, related to the overall ESLT volume, are low owing to the
relatively small volumes determined for low (base) flow key ecosystem functions using these
methods as recommended by Alluvium (2010).

Future work to overcome limitations and uncertainties
To improve the knowledge surrounding ecosystem functions, MDBA is involved in a number of
current projects associated with eco‐hydrologic relationship assessments including: an assessment
of whether available ecological data indicates any effect of hydrological alteration, based on data
collected through the Sustainable River Audit 1; a project on improving knowledge in the
management of low flows, commissioned by the National Water Commission; and an Australian
Research Council cluster project on the effectiveness of environmental flows and the development
of novel approaches for monitoring and assessing ecological responses to large‐scale flow alteration.
These projects enable continued gathering of knowledge in considering ecosystem functions and
flow.
Considerably more targeted work on the links between ecosystem functions and their role in
supporting ecosystems across the Basin as well as the amount and timing of flow needed to support
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these functions is required. With increased scientific knowledge, particularly in the northern and
western parts of the Basin, refinement of key ecosystem functions and the water requirements are
likely.

Productive base and key environmental outcomes
Reid‐Piko et al. (2010) identified that the productive base includes ecosystem services and that there
is no clear distinction between the meaning of the two terms. The authors explain that an ESLT that
does not compromise key environmental assets and key ecosystem functions will also provide water
requirements for the 31 identified ecosystem services which include a number of services describing
the productive base. Table A. 4 outlines these ecosystem services which occur in the Murray‐Darling
Basin.

Table A.4: List of ecosystem services related to productive base adapted from Reid‐Piko et al.
(2010)
Classification
Provisioning services

Productive Base

Regulating services

Supporting services

Cultural services

Ecosystem services
Drinking water for humans and or livestock
Water for irrigated agriculture
Water for industry
Food for humans
Food for livestock
Wood, reed, fibre, and peat
Medicinal products
Other products and resources, including genetic material
Groundwater replenishment
Water purification/waste treatment or dilution
Biological control agents for pests/ disease
Flood control, flood storage
Coastal shoreline and river bank stabilisation and storm protection
Other hydrological services
Local climate regulations/ buffering of change
Carbon storage/ sequestration
Hydrological maintenance of biogeochemical processes
Nutrient cycling
Primary productivity
Sediment trapping, stabilisation and soil formation
Physical habitat
Systemic consequence (ecological surprise); maintenance of desirable state
Natural or near-natural wetland ecosystems (incorporates concept of
resilience)
Priority wetland species and ecosystems
Ecological connectivity
Threatened wetland species, habitats and ecosystems
Science and education values
Cultural heritage and identity
Contemporary cultural significance
Aesthetic and sense of place values
Spiritual, inspirational and religious values

Ecosystem services refer to how people benefit from a sustainable healthy environment. Apart from
providing recreation and tourism opportunities, cultural flows for Indigenous communities, and
critical needs such as drinking water, the Basin’s water resources support economic activity. During
severe drought such as that recently experienced, water quality at the end of the system was such
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that the provision of drinking water was under threat. Parts of the Basin were so salty that soils
could not support agriculture and tourism and recreation in the Coorong and Lower Lakes was
affected.
It is therefore important that water, and the rivers that provide this water, is in a health state to
provide for all of its users and uses, many of which are complementary. Table A.5 shows a range of
human values, or reasons for people, communities and nations to value water, as well as the
systems that provide this water.
Table A.5: Values of water (adapted from Stenekes et al.2008)
Consumptive Values
Eco-tourism/Wilderness recreation in

Domestic/urban water supply

riverine/lake/wetlands environments

Direct uses of water by industries (e.g. agriculture, pulp

Ecological or specialty nature pursuits (e.g. bird-

mills, hydroelectricity)

watching, academic/scientific field trips)

Domestic/urban use for aesthetic, cultural and sporting
environments (e.g. fountains, ornamental lakes,

Spiritual water uses

swimming pools, watering of sporting fields and

Conservation/organic farming

gardens)
Natural area sporting and recreational uses of water (eg
riverine boating, fishing, skiing, swimming,
bushwalking and picnicking)

Anthropocentric Values

Intrinsic Values

Environmental conservation for protection of ecosystem
services (e.g. water catchments)

Existence value of natural/wilderness areas
Bequest values (option for future generations to
experience later)

Option values (option to use later)
Psychological wellbeing/Aesthetic amenity or lifestyle

Environmental protection (e.g. national parks, World

options (e.g. living in riverine or lakeside
environments)

Heritage listings, Ramsar conventions for wetlands)
Conservation Partnerships with National Parks
(landholders voluntarily protect and manage native
vegetation and wildlife habitats of riverine
environments in partnership with NPWS)

Non‐Consumptive Values

MDBA considers that by providing environmental water for key ecosystem functions and key
environmental assets, productive base water requirements will also be supported.
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Appendix B: Estimated environmental water recovery 2004 to 2009
As included in baseline modelling (volumes in GL/year)
Table B.1: Estimated Environmental Water Recovery 2004 to 2009 (volumes in GL/year)

CATCHMENT

Northern
Basin

Pre-2009 Water Recovery (included in baseline)
Cap to
Other
NSW
The
Water for
State
Water
Living
Rivers
recovery
Sharing
Murray
Plans

Paroo

0

Warrego

0

Condamine-Balonne

0

Nebine

0

Moonie

0

Intersecting streams

0

Gwydir

23

23

Namoi

18

18

Macquarie-Castlereagh

42

42

Queensland Border Rivers

0

NSW Border Rivers

0

Barwon-Darling

0

Ovens

0

Goulburn

134

31

165

Broken

1

23

24

Loddon

1

Campaspe
Murrumbidgee NSW
Southern
Basin

Disconnected
Tributaries

Total
Recovered Water
20042009

3
55

52

1
3

96

203

Murrumbidgee ACT

0

Kiewa

0

EMLR
Marne Saunders / SA Non
Prescribed
NSW Murray

0
0
99

24

181

Victorian Murray

85

17

102

SA Murray

42

42

Lower Darling

71

71

Lachlan

58

10

10

Wimmera-Avoca
Sub-total

206

486

Less recovery from Murray-Darling Basin being returned to
the Snowy River
TOTAL

191
-136

75

75

77

959
-136
823
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General notes to Table B.1:
Includes all known water recovery between 2004‐2009. However, while this refers to a period, it
reflects water recovered across the Murray‐Darling Basin that has been included in the calculations
for the baseline modelling work for the proposed Basin Plan. Some of this water may have been
recovered after 2009 and is included in the baseline model. Volumes shown reflect both the actual
recoveries, and recoveries close to completion and finalisation in these programs to 30 June 2011.
Some programs may have further recoveries still to be achieved (e.g. Water for Rivers). Some further
water recovery associated with the introduction of the Queensland Resource Operations Plans is still
being investigated.
1. The volume of water recovery under Water for Rivers includes 136 GL that has been
recovered from within the Murray‐Darling Basin but is being returned to the Snowy River.
2. Some estimates have been subject to rounding.

Description of programs
The Living Murray
This program aims to achieve cost‐effective, permanent recovery of water that contributes to
fulfilling ecological objectives under The Living Murray program. During the program’s first step,
more than $500 million is being invested to recover an average of 500 GL of water for the
environment each year. The MDBA manages The Living Murray Initiative on behalf of the
Commonwealth, NSW, Victorian, South Australian and ACT governments.
Water for Rivers
Water for Rivers is a joint initiative between NSW ($150 million), Victoria ($150 million) and the
Commonwealth ($75 million) to recover 282 GL (70 GL for the River Murray and 212 GL for the
Snowy River) for environmental flows. The entitlement is recovered within the Basin and is applied
1/3 to the River Murray and 2/3 to the Snowy River (outside the Murray‐Darling Basin). A large
number of smaller projects support this program.
Other State recovery
Loddon River Sales Deal ‐ water recovered as a consequence of the unbundling of prior water rights.
Northern Mallee Pipeline and Wimmera Mallee Pipelines – savings generated provided a mix of
regulated and unregulated environmental entitlements.
Cap to NSW Water Sharing Plans
A number of valleys had diversions lowered to ensure the Murray‐Darling Basin Cap was met. This
occurred when NSW introduced new water sharing plans.
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Appendix C: Hydrologic indicator sites
Table C.1: List of hydrologic indicator sites, including categories assigned to hydrologic indicator
sites.
Site
classification
*
MDBA Region
Site name
Barwon‐Darling
Barwon at Collarenebri
2
Barwon‐Darling
Barwon River at Dangar Bridge (Walgett)
1b
Barwon‐Darling
Darling River at Bourke
1a
Barwon‐Darling
Darling River at Louth
1a
Barwon‐Darling
Darling River at Wilcannia, main Channel
1a
Barwon‐Darling
Talyawalka Creek at Barrier Highway (Wilcannia)
2
Border Rivers
Macintyre River at dam site
2
Border Rivers
Macintyre Brook‐Dumaresq Confluence
2
Border Rivers
Macintyre River at Goondiwindi
1b
Border Rivers
Weir River at Gunn Bridge TM
2
Border Rivers
Weir River at Talwood TM
2
Border Rivers
Barwon River at Mungindi
1a
Campaspe
Coliban River at Leyll Road
2
Campaspe
Campaspe River at Eppalock
2
Campaspe
Campaspe River downstream of Campaspe Weir
2
Campaspe
Campaspe River upstream of Campaspe Weir
2
Campaspe
Campaspe River at Echuca
2
Campaspe
Campaspe River at Rochester Town
2
Condamine‐Balonne
Condamine River at Warwick
1b
Condamine‐Balonne
Condamine River at Chinchilla
1b
Condamine‐Balonne
Balonne River at Weribone
1b
Condamine‐Balonne
Balonne River at St George
2
Condamine‐Balonne
Culgoa River at Brenda
1a
Condamine‐Balonne
Narran River at Wilby Wilby
1a
Condamine‐Balonne
Bokhara River at Bokhara (Goodwins)
2
Goulburn‐Broken
Goulburn River downstream of Eildon
1b
Goulburn‐Broken
Goulburn River at Trawool downstream of Yea River
1b
Goulburn‐Broken
Goulburn River upstream of Goulburn Weir
1b
Goulburn‐Broken
Goulburn River downstream of Goulburn Weir
1b
Goulburn‐Broken
Goulburn River at Mooroopna
1b
Goulburn‐Broken
Broken River at Moorngag
2
Goulburn‐Broken
Broken River upstream of Caseys Weir
2
Goulburn‐Broken
Broken River at Gowangardie Weir
2
Goulburn‐Broken
Goulburn River upstream of Shepparton
1a
Goulburn‐Broken
Goulburn River at Loch Gary
1b
Goulburn‐Broken
Goulburn River at McCoys Bridge
1a
Goulburn‐Broken
Goulburn River inflows to Murray
1b
Gwydir
Gwydir River at Stoneybatter
1b
Gwydir
Gwydir River at downstream of Copeton Dam
1b
Gwydir
Gwydir River at Pallamallawa
1b
Gwydir
Gwydir at Yarraman Bridge
1a
Gwydir
Mallowa Creek Regulator
1a
Gwydir
Mehi River at Bronte
1b
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Site
classification
MDBA Region
Gwydir
Gwydir
Gwydir
Gwydir
Gwydir
Lachlan
Lachlan
Lachlan
Lachlan
Lachlan
Loddon
Loddon
Loddon
Loddon
Loddon
Lower Darling
Lower Darling
Lower Darling
Lower Darling
Macquarie‐Castlereagh
Macquarie‐Castlereagh
Macquarie‐Castlereagh
Macquarie‐Castlereagh
Macquarie‐Castlereagh
Macquarie‐Castlereagh
Macquarie‐Castlereagh
Macquarie‐Castlereagh
Macquarie‐Castlereagh
Macquarie‐Castlereagh
Macquarie‐Castlereagh
Macquarie‐Castlereagh
Macquarie‐Castlereagh
Moonie
Murray1 (upper)
Murray1 (upper)
Murray1 (upper)
Murray2 (central)
Murray2 (central)
Murray2 (central)
Murray2 (central)
Murray3 (lower)
Murray3 (lower)
Murray3 (lower)
Murray3 (lower)
Murray3 (lower)
Murray3 (lower)

Site name
Moomin River at Iffley
Mehi River near Collarenebri
Gwydir River at Collymongle
Gil Gil Creek at Galloway
Gil Gil Creek at Gingham Return Flow (no gauge)
Lachlan River at downstream of Wyangala Dam
Belubula River at downstream of Carcoar Dam
Lachlan River at Jemalong Weir
Lachlan River at Willandra Weir
Lachlan River at Booligal
Tullaroop Creek downstream of Tullaroop Reservoir
Loddon River downstream of Cairn Curran Reservoir
Loddon River upstream of Serpentine Weir
Loddon River downstream of Serpentine Weir
Loddon River at Appin South Gauge
Darling River at Menindee Weir 32
Menindee Lakes, Lake Menindee storage
Menindee Lakes, Lake Cawndilla Storage
Darling River at Burtundy
Macquarie River at Bathurst Post Office
Macquarie River downstream of Burrendong Dam
Macquarie River at Dubbo
Macquarie River at Gin Gin
Macquarie River at Marebone Break
Macquarie River at ungauged location upstream of
Macquarie Marshes
Macquarie River at Carinda
Marthaguy Creek at Carinda
Castlereagh River at Mendooran
Castlereagh River at Gilgandra
Castlereagh River at Coonamble
Marra Creek at BillyBingbone Bridge
Bogan River at Gongolgon
Moonie River at Gundablouie
Swampy Plains River at Khancoban
Murray at Jingellic
Murray at Doctor's Point
Murray downstream of Yarrawonga Weir
Murray downstream of Torrumbarry Weir
Edward River at Deniliquin
Murray at Wakool River Junction
Murray downstream of Euston
Murray at Wentworth
Murray flow to South Australia (below Rufus inflow)
Murray at Morgan
Murray at Wellington
Murray at Barrages
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*

2
1b
1b
2
2
1b
1b
1b
1b
1a
2
2
2
2
2
1a
1a
1a
1b
1b
1b
1b
1b
1a
1b
1b
2
2
2
2
2
2
2
2
2
1b
1a
1a
1a
1b
1a
1b
1a
2
1b
1a

Site
classification
MDBA Region
Murrumbidgee
Murrumbidgee
Murrumbidgee
Murrumbidgee
Murrumbidgee
Murrumbidgee
Murrumbidgee
Murrumbidgee
Namoi
Namoi
Namoi
Namoi
Namoi
Namoi
Namoi
Ovens
Ovens
Ovens
Ovens
Paroo
Paroo
Paroo
Paroo
Warrego
Warrego
Warrego
Warrego
Warrego
Wimmera‐Avoca
Wimmera‐Avoca
Wimmera‐Avoca
Wimmera‐Avoca
Wimmera‐Avoca

Site name
Billabong Creek at Darlot
Murrumbidgee River at Burrinjuck Dam inflow
Tumut River at Oddys Bridge
Murrumbidgee River at Wagga Wagga
Murrumbidgee River at Narrandera
Murrumbidgee River at Darlington Point
Murrumbidgee River at Maude Weir
Murrumbidgee River downstream of Balranald Weir
Peel River downstream of Chaffey Dam
Peel River at Piallamore
Namoi River downstream of Keepit Dam
Namoi River at Mollee
Namoi River at Bugilbone
Namoi River at Goangra
Pian Creek at Waminda
King River upstream of Lake William Hovell
Ovens River at Eurobin
Ovens River at Wangaratta
Ovens River at Peechelba
Paroo River at Yarronvale
Paroo River at Caiwarro
Paroo River at Willara Crossing
Paroo River at Wanaaring
Warrego River at Augathella
Warrego River at Wyandra
Warrego River at Cunnamulla
Warrego River at Barringun
Warrego River at Fords Bridge
Wimmera River at Glenorchy
Wimmera River at Lochiel Railway Br
Wimmera upstream of Lake Hindmarsh
Lake Hindmarsh
Lake Albacutya

*
1a = sites with detailed eco‐hydrologic assessment of environmental water requirements
(bankfull/overbank flows, freshes)
1b = sites with hydrologic assessment of environmental water requirements
(baseflows)
2 = sites where flow data has been analysed
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*

2
1b
1b
1b
1a
1b
1a
1a
1b
1b
1b
1b
1a
1b
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
1a
1a

Appendix D: Objectives, targets and flow indicators
This section describes the Basin‐wide environmental objectives and ecological targets that have
been proposed by the Murray‐Darling Basin Authority (MDBA), and used to assist in determining an
ESLT.
The hierarchy of objectives and targets is illustrated in Figure 3.1 while details on site‐specific
environmental objectives and ecological targets are provided in Section 5.2.
The following tables outline the link between Environmental Watering Plan objectives; system‐wide
EWR targets; and, ecological targets. At a site scale the environmental water requirements have
been determined and flow indicators specified. These indicators have been used to assess the
achievement of ecological targets and EWP objectives under various water recovery options.
In regulated or partly regulated systems, achieving environmental flows is highly dependent on the
capacity of river operations to deliver the required flows within the existing system constraints. Flow
elements highlighted in BLUE in the tables below are considered deliverable as mostly regulated
flows under current operating conditions. Flow elements highlighted in YELLOW are considered
achievable when delivered in combination with tributary inflows and/or unregulated flow events.
They may not be achievable in every year or some circumstances, and the duration of flows may be
limited to the duration of tributary inflows. Flow elements highlighted in BROWN require large
unregulated flows and it is likely that these flows cannot currently be influenced by river operators
due to river operating constraints.

Environmental objectives
The Basin Plan’s Environmental Watering Plan sets out 22 subsidiary environmental objectives
MDBA used these detailed objectives to determine ecological targets. The objectives outlined below
have been extracted from the Chapter 7 of the proposed Basin Plan (MDBA 2011a). These are to be
used for the Site‐specific EWR Objectives column in the tables below.
1. to protect and restore a subset of all water‐dependent ecosystems of the Murray‐Darling
Basin, including by ensuring that declared Ramsar wetlands that depend on Basin water
resources maintain their ecological character (7.03 (2(a)))
2. to protect and restore a subset of all water‐dependent ecosystems of the Murray‐Darling
Basin, including by ensuring that water‐dependent ecosystems that depend on Basin water
resources and support the lifecycles of species listed under the Bonn Convention, CAMBA,
JAMBA or ROKAMBA continue to support those species (7.03 (2(b)))
3. to protect and restore a subset of all water‐dependent ecosystems of the Murray‐Darling
Basin, including by ensuring that water‐dependent ecosystems are able to support
episodically high ecological productivity and its ecological dispersal. (7.03 (2(c)))
4. to protect and restore biodiversity that is dependent on Basin water resources, including by
ensuring that water‐dependent ecosystems that depend on Basin water resources and
support the lifecycles of a listed threatened species or listed threatened ecological
community, or species treated as threatened or endangered (however described) in State or
Territory law; are protected and, if necessary, restored so that they continue to support
those life cycles (7.03 (3(a)))
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5. to protect and restore biodiversity that is dependent on Basin water resources, including by
ensuring that representative populations and communities of native biota are protected
and, if necessary, restored. (7.03 (3(b)))
6. that the water quality of Basin water resources does not adversely affect water‐dependent
ecosystems and is consistent with the water quality and salinity management plan. (7.04 (2))
7. to protect and restore connectivity within and between water‐dependent ecosystems,
including by ensuring that the diversity and dynamics of geomorphic structures, habitats,
species and genes are protected and restored. (7.04 (3(a)))
8. to protect and restore connectivity within and between water‐dependent ecosystems,
including by ensuring that ecological processes dependent on hydrologic connectivity
longitudinally along rivers, and laterally, between rivers and their floodplains (and associated
wetlands) are protected and restored. (7.04 (3(b)))
9. to protect and restore connectivity within and between water‐dependent ecosystems,
including by ensuring that the Murray Mouth remains open at frequencies, for durations,
and with passing flows, sufficient to enable the conveyance of salt, nutrients and sediment
from the Murray‐Darling Basin to the ocean. (7.04 (3(c)))
10. to protect and restore connectivity within and between water‐dependent ecosystems,
including by ensuring that the Murray Mouth remains open at frequencies, and for
durations, sufficient to ensure that the tidal exchanges maintain the Coorong’s water quality
(in particular salinity levels) within the tolerance of the Coorong ecosystem’s resilience. (7.04
(3(d)))
11. to protect and restore connectivity within and between water‐dependent ecosystems,
including by ensuring that barriers to the passage of biological resources (including biota,
carbon and nutrients) through the Murray‐Darling Basin are overcome or minimised. (7.04
(3(e)))
12. that natural processes that shape landforms (for example, the formation and maintenance
of soils) are protected and restored. (7.04 (4))
13. to provide habitat diversity for biota at a range of scales (including, for example, the Murray‐
Darling Basin, riverine landscape, river reach and asset class). (7.04 (5))
14. to protect and restore food webs that sustain water‐dependent ecosystems, including by
ensuring that energy, carbon and nutrient dynamics (including primary production and
respiration) are protected and restored. (7.04 (6))
15. to protect and restore ecosystem functions of water‐dependent ecosystems that maintain
populations (for example recruitment, regeneration, dispersal, immigration and emigration)
including by ensuring that flow sequences, and inundation and recession events, meet
ecological requirements (for example, cues for migration, germination and breeding) (7.04
(7(a)))
16. to protect and restore ecosystem functions of water‐dependent ecosystems that maintain
populations (for example recruitment, regeneration, dispersal, immigration and emigration)
including by ensuring that habitat diversity that supports the life cycles of biota of water‐
dependent ecosystems (for example, habitats that protect juveniles from predation) is
maintained. (7.04 (7(b)))
17. to protect and restore ecological community structure and species interactions. (7.04 (8))
18. that water‐dependent ecosystems are resilient to climate change, climate variability and
disturbances (for example, drought and fire). (7.05 (2))
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19. to protect refugia in order to support the long‐term survival and resilience of water‐
dependent populations of native flora and fauna, including during drought to allow for
subsequent re‐colonisation beyond the refugia. (7.05 (3))
20. to provide wetting and drying cycles and inundation intervals that do not exceed the
tolerance of ecosystem resilience or the threshold of irreversible changes. (7.05 (4))
21. to mitigate human‐induced threats (for example, the impact of alien species, water
management activities and degraded water quality). (7.05 (5))
22. to minimise habitat fragmentation. (7.05 (6))

Ecological targets
For the purposes of determining environmental water requirements and an ESLT, MDBA has
adapted the Environmental Watering Plan targets to recognise that it is not practically possible to
return the rivers to a pristine or pre‐development condition. The Basin‐wide ecological targets are:
Within the constraint of being deliverable in a working river system that contains public and
private storages and developed floodplains, the Basin‐wide ecological targets are that there are
improvements in:
o

o
o
o
o
o
o

flow regimes including the following flow components; cease‐to‐flow events, low‐flow‐
season base flows, high‐flow‐season base flows, low‐flow‐season freshes, high‐flow‐
season freshes, bank‐full flows, over‐bank flows;
hydrologic connectivity between the river and floodplain and between hydrologically
connected valleys;
floodplain and wetland types including the condition of priority environmental assets
and priority ecosystem functions;
condition of the Coorong and Lower Lakes ecosystems and Murray Mouth opening
regime;
condition and diversity of native water‐dependent vegetation;
recruitment and populations of native water‐dependent species, including vegetation,
birds, fish and macro‐invertebrates;
the community structure of water‐dependent ecosystems.

Note: Priority environmental assets and priority ecosystem functions are environmental
assets and ecosystem functions that can be managed with environmental water.
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Condamine‐Balonne Region
Subsidiary EWP
objectives

Systemwide EWR
targets

Site specific ecological targets

Site specific flow indicators

Lower Balonne Floodplain (Flows gauged at Brenda on the Culgoa River)
Environmental
Watering Plan
objectives that are
applicable at the
site: 3 – 5, 7, 8, 12 20

As previously
outlined

Provide a flow regime which ensures
the current extent of native vegetation
of the riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition
Provide a flow regime which supports
the habitat requirements of waterbirds
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports
key ecosystem functions, particularly
those related to connectivity between
the river and the floodplain

Maximum period of 28 months between
events of 1,200 ML/Day for a duration of
7 consecutive days
Average period of 4 years between
events of 12,000 ML/Day for 11
consecutive days
Average period of 5 years between
events of 18,500 ML/Day for 9
consecutive days
Average period of 10 years between
events of 26,500 ML/Day for 7
consecutive days.
Average period of 20 years between
events of 38,500 ML/Day for 6
consecutive days.

Narran Lakes (Flows gauged at Wilby Wilby on the Narran River)
Environmental
Watering Plan
objectives that are
applicable at the
site: 1-5, 7-8, 1220,

As previously
outlined

Provide a flow regime which ensures
the current extent of native vegetation
of the riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition
Provide a flow regime which supports
the habitat requirements of waterbirds
and is conducive to successful breeding
of colonial nesting waterbirds
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports
key ecosystem functions, particularly
those related to connectivity between
the river and the floodplain
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Average period of 1.1 years between
total inflow volumes of 25 GL over 2
months.
Average period of 1.33 years between
total inflow volumes of 50 GL over 3
months.
Average period of 10 years between
total inflow volumes of 250 GL over 6
months.
Maximum period of 8 years between
total inflow volumes of 100 GL over 12
months.
Maximum period of 10 years between
years containing 2 events, with a total
inflow volume of 50 GL over 3 months.

Border Rivers Region
Subsidiary EWP
objectives

Systemwide EWR
targets

Site specific ecological targets

Site specific flow indicators

Lower Macintyre River (flows gauged at Mungindi on the Barwon River)
Environmental
Watering Plan
objectives that are
applicable at the
site: 3 – 5, 7, 8, 12 20

As previously
outlined

Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports
key ecosystem functions, particularly
those related to longitudinal
connectivity and transport of sediment,
nutrients and carbon
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4000 ML/Day for 5 consecutive days
between October & December for 23%
of years
4000 ML/Day for 5 consecutive days
between October & March for 45% of
years
4000 ML/Day for 11 consecutive days
between January & December for 27%
of years

Gwydir Region
Subsidiary
EWP
objectives

System-wide
EWR targets

Site specific ecological targets

Site specific flow indicators

Gwydir Wetlands – Lower Gwydir (flows gauged at Yarraman Bridge on the Gwydir River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 1-5,
7-8, 12-20,

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of the
riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition
Provide a flow regime which supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
colonial nesting waterbirds
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports key
ecosystem functions, particularly those
related to connectivity between the river
and the floodplain

A total in-flow volume of 45 GL during
October & March for 80% of years

A total in-flow volume of 60 GL during
October & March for 60% of years

A total in-flow volume of 80 GL during
October & March for 40% of years

A total in-flow volume of 150 GL during
October & March for 20% of years
A total in-flow volume of 250 GL during
October & March for 12% of years

Gwydir Wetlands – Mallowa watercourse (flows gauged at Mallowa Creek regulator)
Environmental
Watering Plan
objectives that
are applicable
at the site: 3 –
5, 7, 8, 12 - 20

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of the
riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition
Provide a flow regime which supports key
ecosystem functions, particularly those
related to longitudinal connectivity
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A total in-flow volume of 5.4 GL during
February to March and August to
September for 91% of years
A total in-flow volume of 4.5 GL during
November & January for 40% of years

Namoi Region
Lower Namoi (flows gauged at Bugilbone on the Namoi River)
Subsidiary
System-wide
Site specific ecological targets
EWP
EWR targets
objectives
Environmental
Watering Plan
objectives that
are applicable
at the site: 3 –
5, 7, 8, 12 - 20

As previously
outlined

Site specific flow indicators

Provide a flow regime which ensures the
current extent of native vegetation of the
anabranch communities is sustained in a
healthy, dynamic and resilient condition

500 ML/Day for a total duration of 75
days (with a minimum duration of 25
consecutive days) between July & June
for 44% of years

Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)

1,800 ML/Day for a total duration of 60
days (with a minimum duration of 6
consecutive days) between July & June
for 32% of years

Provide a flow regime which supports key
ecosystem functions, particularly those
related to longitudinal connectivity and
transport of sediment, nutrients and
carbon

4,000 ML/Day for a total duration of 45
days (with a minimum duration of 7
consecutive days) between July & June
for 22% of years

Macquarie Region
Subsidiary
System-wide Site specific ecological targets
Site specific flow indicators
EWP
EWR targets
objectives
Macquarie Marshes (flows measured at Marebone Break on the Macquarie River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 1-5,
7-8, 12-20,

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of
floodplain and wetland communities is
sustained in a healthy, dynamic and
resilient condition
Provide a flow regime which supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
colonial nesting waterbirds
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports key
ecosystem functions, particularly those
related to connectivity between the river
and the floodplain.
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Achieve a total in-flow volume of 100 GL
during June to April for 80% of years

Achieve a total in-flow volume of 250 GL
during June to April for 40% of years

Achieve a total in-flow volume of 400 GL
during June to April for 30% of years
Achieve a total in-flow volume of 700 GL
during June to May for 17% of years

Barwon Darling Region
Subsidiary
EWP
objectives

System-wide
EWR targets

Site specific ecological targets

Site specific flow indicators

In-channel Flows (flows gauged at Bourke on the Darling River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 3 –
5, 7, 8, 12 - 20

As previously
outlined

Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates).
Provide a flow regime which supports key
ecosystem functions, particularly those
related to longitudinal connectivity and
transport of sediment, nutrients and
carbon

Two events annually of 10,000 ML/Day
for 5 consecutive days between January
& December for 45% of years.
Two events annually of 10,000 ML/Day
for 17 consecutive days between
January & December for 29% of years.
Two events annually of 20,000 ML/Day
for 5 consecutive days between January
& December for 29% of years.

In-channel Flows (flows gauged at Louth on the Darling River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 3 –
5, 7, 8, 12 - 20

As previously
outlined

Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates).
Provide a flow regime which supports key
ecosystem functions, particularly those
related to longitudinal connectivity and
transport of sediment, nutrients and
carbon

Two events annually of 5,000 ML/Day
for 10 consecutive days between
January & December for 50% of years
Two events annually of 10,000 ML/Day
for 10 consecutive days between
January & December for 38% of years
Two events annually of 14,000 ML/Day
for 10 consecutive days between
January & December for 28% of years

Barwon Darling River floodplain: Talyawalka / Teryaweynya Creek system (flows gauged at Wilcannia on
the Darling River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 2-5,
7-8, 12-20,

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of the
riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition
Provide a flow regime which supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
colonial nesting waterbirds
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports key
ecosystem functions, particularly those
related to connectivity between the river
and the floodplain.
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30,000 ML/Day for a total of 21 Days
between January & December for 20%
of years
30,000 ML/Day for a total of 30 Days
between January & December for 15%
of years
A total in-flow volume of 2350 GL (based
on a minimum flow rate of 30,000 ML/d)
during January & December for 8% of
years

Lachlan Region
Subsidiary
EWP
objectives

System-wide
EWR targets

Site specific ecological targets

Site specific flow indicators

Booligal wetlands (flows gauged at Booligal on the Lachlan River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 2-5,
7-8, 12-20,

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of the
riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition
Provide a flow regime which supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
colonial nesting waterbirds
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)

300 ML/Day for 25 consecutive days
between June & November for 70% of
years
850 ML/Day for a total duration of 70
days between June & November for
33% of years
2500 ML/Day for 50 consecutive days
between June & November for 20% of
years

Provide a flow regime which supports key
ecosystem functions, particularly those
related to connectivity between the river
and the floodplain

Lachlan Swamp (flows gauged at Booligal on the Lachlan River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 2-5,
7-8, 12-20,

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of the
riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition.
Provide a flow regime which supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
colonial nesting waterbirds.
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates).
Provide a flow regime which supports key
ecosystem functions, particularly those
related to connectivity between the river
and the floodplain.
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850 ML/Day for 20 consecutive days
between June & November for 50% of
years
850 ML/Day for a total duration of 70
days between June & November for
33% of years
1000 ML/Day for 60 consecutive days
between June & November for 20% of
years

2500 ML/Day for 50 consecutive days
between June & November for 20% of
years

Subsidiary
EWP
objectives

System-wide
EWR targets

Site specific ecological targets

Site specific flow indicators

Great Cumbung Swamp (flows gauged at Booligal on the Lachlan River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 2-5,
7-8, 12-20,

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of the
riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition
Provide a flow regime which supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
colonial nesting waterbirds
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports key
ecosystem functions, particularly those
related to connectivity between the river
and the floodplain.
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700 ML/Day for 25 consecutive days
between June & November for 50% of
years
1500 ML/Day for a total of 35 days
between June & November for 40% of
years
2700 ML/Day for 30 consecutive days
between June & November for 20% of
years

Murrumbidgee Region
Subsidiary
EWP
objectives

System-wide
EWR targets

Site specific ecological targets

Site specific flow indicators

Mid Murrumbidgee Floodplain Wetlands (flows gauged at Narrandera on the Murrumbidgee River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 2-5,
7-9, 12-20,

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of the
riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition
Provide a flow regime which supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
colonial nesting waterbirds
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports key
ecosystem functions, particularly those
related to connectivity between the river
and the floodplain

26,850 ML/Day for a total duration of 45
days between July & November for 20%
of years
26,850 ML/Day for 5 consecutive days
between June & November for 50% of
years
34,650 ML/Day for 5 consecutive days
between June & November for 35% of
years
44,000 ML/Day for 3 consecutive days
between June & November for 30% of
years
63,250 ML/Day for 3 consecutive days
between June & November for 12% of
years

Lower Murrumbidgee Floodplain Wetlands (flows gauged at Maude Weir on the Murrumbidgee River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 2-5,
7-9, 12-20,

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of
floodplain and wetland communities is
sustained in a healthy, dynamic and
resilient condition
Provide a flow regime which supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
colonial nesting waterbirds
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports key
ecosystem functions, particularly those
related to connectivity between the river
and the floodplain.

A total in-flow volume of 175 GL above a
minimum flow threshold of 5000 ML/Day
during July & September for 70% of
years
A total in-flow volume of 270 GL above a
minimum flow threshold of 5000 ML/Day
during July & September for 60% of
years
A total in-flow volume of 400 GL above a
minimum flow threshold of 5000 ML/Day
during July & October for 55% of years
A total in-flow volume of 800 GL above a
minimum flow threshold of 5000 ML/Day
during July & October for 40% of years
A total in-flow volume of 1700 GL above
a minimum flow threshold of 5000
ML/Day during July & November for
20% of years
A total in-flow volume of 2700 GL above
a minimum flow threshold of 5000
ML/Day during May & February for 10%
of years
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Subsidiary
EWP
objectives

System-wide
EWR targets

Site specific ecological targets

Site specific flow indicators

In Channel Flows - Lower Murrumbidgee River (flows gauged downstream of Balranald Weir on the
Murrumbidgee River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 3-5,
7-9, 11-20,

As previously
outlined

Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports key
ecosystem functions, particularly those
related to longitudinal connectivity and
transport of sediment, nutrients and
carbon
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1100 ML/Day for 25 consecutive days
between December & May for 58% of
years
4500 ML/Day for 20 consecutive days
between October & December for 54%
of years
3100 ML/Day for 30 consecutive days
between October & March for 55% of
years

Goulburn Region
Subsidiary
EWP
objectives

System-wide
EWR targets

Site specific ecological targets

Site specific flow indicators

Lower Goulburn River Floodplain (flows gauged at McCoys Bridge on the Goulburn River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 1-5,
7-9, 12-20,

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of the
riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition
Provide a flow regime which supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
waterbirds

25,000 ML/Day for a median duration of
5 days between June & November for
70% of years.
40,000 ML/Day for a median duration of
4 days between June & November for
40% of years

Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports key
ecosystem functions, particularly those
related to connectivity between the river
and the floodplain

In Channel Flows - Lower Goulburn River (flows gauged at McCoys Bridge on the Goulburn River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 1-5,
7-9, 12-20,

As previously
outlined

Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports key
ecosystem functions, particularly those
related to longitudinal connectivity and
transport of sediment, nutrients and
carbon.
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5,000 ML/Day for 14 consecutive days
between October & November for 49%
of years
Two events annually of 2,500 ML/Day
for 4 consecutive days between
December & April for 36% of years

Wimmera‐Avoca Region
Subsidiary
EWP
objectives

System-wide
EWR targets

Site specific ecological targets

Site specific flow indicators

Wimmera Terminal Lakes (Water Levels at Lake Hindmarsh and Lake Albacutya)
Environmental
Watering Plan
objectives that
are applicable
at the site: 1-5,
7-9, 12-20,

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of the
fringing and wetland communities is
sustained in a healthy, dynamic and
resilient condition
Provide a flow regime which supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
colonial nesting waterbirds
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports key
ecosystem functions, particularly those
related to longitudinal connectivity and
transport of sediment, nutrients and
carbon.
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Fill and maintain Lake Hindmarsh (378
GL) for 6 months duration to achieve an
average recurrence interval of 5 years
Fill and maintain Lake Hindmarsh (378
GL) for 2 years duration to achieve an
average recurrence interval of 12 years
Fill and maintain Lake Hindmarsh (378
GL) for 3 years duration to achieve an
average recurrence interval of 20 years
Fill and maintain Lake Albacutya (230
GL) for 6 months to achieve an average
recurrence interval of 12 years
Fill and maintain Lake Albacutya (230
GL) for 2 years to achieve an average
recurrence interval of 20 years

Murray Region
Subsidiary
EWP
objectives

System-wide
EWR targets

Site specific ecological targets

Site specific flow indicators

Barmah Millewa Forest (flows gauged downstream of Yarrawonga Weir on the Murray River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 1-5,
7-9, 12-20,

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of the
riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition
Provide a flow regime which supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
colonial nesting waterbirds
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates).
Provide a flow regime which supports key
ecosystem functions, particularly those
related to connectivity between the river
and the floodplain.

12500 ML/Day for a total duration of 70
days (with a minimum duration of 7
consecutive days) between June &
November for 70% of years
16000 ML/Day for a total duration of 98
days (with a minimum duration of 7
consecutive days) between June &
November for 40% of years
25000 ML/Day for a total duration of 42
days (with a minimum duration of 7
consecutive days) between June &
November for 40% of years
35000 ML/Day for a total duration of 30
days (with a minimum duration of 7
consecutive days) between June & May
for 33% of years
50000 ML/Day for a total duration of 21
days (with a minimum duration of 7
consecutive days) between June & May
for 25% of years
60000 ML/Day for a total duration of 14
days (with a minimum duration of 7
consecutive days) between June & May
for 20% of years
15000 ML/Day for a total duration of 150
days (with a minimum duration of 7
consecutive days) between June &
December for 30% of years
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Subsidiary
EWP
objectives

System-wide
EWR targets

Site specific ecological targets

Site specific flow indicators

Edward Wakool River System (flows gauged at Deniliquin on the Edward River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 1-5,
7-9, 12-21,

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of the
riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition
Provide a flow regime which supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
colonial nesting waterbirds
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports key
ecosystem functions, particularly those
related to connectivity between the river
and the floodplain

1,500 ML/Day for a total duration of 180
(with a minimum duration of 1
consecutive days) days between June &
March for 99% of years
5,000 ML/Day for a total duration of 60
(with a minimum duration of 7
consecutive days) days between June &
December for 60% of years
5,000 ML/Day for a total of 120 days
(with a minimum duration of 7
consecutive days) between June &
December for 35% of years
18,000 ML/Day for a total of 28 days
(with a minimum duration of 5
consecutive days) between June &
December for 25% of years
30,000 ML/Day for a total of 21 days
(with a minimum duration of 6
consecutive days) between June &
December for 17% of years

Gunbower-Koondrook-Perricoota Forests (flows gauged downstream of Torrumbarry Weir on the Murray
River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 1-5,
7-9, 12-20.

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of the
riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition
Provide a flow regime which supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
colonial nesting waterbirds
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports key
ecosystem functions, particularly those
related to connectivity between the river
and the floodplain
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16,000 ML/Day for a total duration of 90
days (with a minimum duration of 7
consecutive days) between June &
November for 70% of years
20,000 ML/Day for a total duration of 60
days (with a minimum duration of 7
consecutive days) between June &
November for 60% of years
30,000 ML/Day for a total duration of 60
days (with a minimum duration of 7
consecutive days) between June & May
for 33% of years
40,000 ML/Day for a total duration of 60
days (with a minimum duration of 7
consecutive days) between June & May
for 25% of years
20,000 ML/Day for a total duration of
150 days (with a minimum duration of 7
consecutive days) between June &
December for 30% of years

Subsidiary
EWP
objectives

System-wide
EWR targets

Site specific ecological targets

Site specific flow indicators

Hattah Lakes (flows gauged downstream of Euston Weir on the Murray River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 1-5,
7-9, 12-20.

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of the
riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition
Provide a flow regime which supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
colonial nesting waterbirds
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports key
ecosystem functions, particularly those
related to connectivity between the river
and the floodplain

40,000 ML/Day for a total duration of 60
days (with a minimum duration of 7
consecutive days) between June &
December for 40% of years
50,000 ML/Day for a total duration of 60
days (with a minimum duration of 7
consecutive days) between June &
December for 30% of years
70,000 ML/Day for a total duration of 42
days (with a minimum duration of 7
consecutive days) between June &
December for 20% of years
85,000 ML/Day for a total duration of 30
days anytime in the water year (with a
minimum duration of 7 consecutive
days) for 20% of years
120,000 ML/Day for a total duration of
14 days anytime in the water year (with
a minimum duration of 7 consecutive
days) for 14% of years
150,000 ML/Day for 7 consecutive days
anytime in the water year for 10% of
years

Riverland - Chowilla Floodplain (measured as Flow to South Australia)
Environmental
Watering Plan
objectives that
are applicable
at the site: 1-5,
7-9, 12-20.

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of the
riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition
Provide a flow regime which supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
colonial nesting waterbirds
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports key
ecosystem functions, particularly those
related to connectivity between the river
and the floodplain
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40,000 ML/Day for a total duration of 30
days (with a minimum duration of 7
consecutive days) between June &
December for 50% of years
40,000 ML/Day for a total duration of 90
days (with a minimum duration of 7
consecutive days) between June &
December for 33% of years
60,000 ML/Day for a total duration of 60
days (with a minimum duration of 7
consecutive days) between June &
December for 25% of years
80,000 ML/Day for a total duration of 30
days (with a minimum duration of 7
consecutive days) anytime in the water
year for 17% of years
100,000 ML/Day for a total duration of
21 days anytime in the water year for
13% of years
125,000 ML/Day for a total duration of 7
days anytime in the water year for 10%
of years

Subsidiary
EWP
objectives

System-wide
EWR targets

Site specific ecological targets

Site specific flow indicators

In-Channel Flows - Lower River Murray (measured as Flow to South Australia)
Environmental
Watering Plan
objectives that
are applicable
at the site: 3 –
5, 7, 8, 12 - 20

As previously
outlined

Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates)
Provide a flow regime which supports key
ecosystem functions, particularly those
related to longitudinal connectivity and
transport of sediment, nutrients and
carbon
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20,000 ML/Day for 60 consecutive days
between August & December for 72% of
years

Subsidiary
EWP
objectives

Systemwide EWR
targets

Site specific
ecological targets

Salinity and lake level
indicators

Site specific flow
indicators

South Lagoon salinity

Barrage flow

average long-term salinity

long-term average at least

<60 g/L

5,100 GL/y

Coorong, including

maximum salinity <100 g/L

rolling 3-year average >2,000

healthy populations of

in 95% of years

GL/y in 95% of years

keystone species such

maximum salinity <130 g/L

rolling 3-year average

as Ruppia tuberosa in

in 100% of years

>1,000 GL/y in 100% of years

Coorong, Lower Lakes and Murray Mouth
Environmental
Watering Plan
objectives that
are applicable
at the site: 1-5,
7-10, 12-20.

As previously
outlined

Maintain a range of
healthy estuarine,
marine and hypersaline
conditions in the

South Lagoon and

maintain at least proportion of

Ruppia megacarpa in

years with high flows (5,100–

North Lagoon

10,000 GL/y) experienced
under current arrangements
North Lagoon salinity

same as above

average annual salinity
<20 g/L in a proportion of
years
maximum salinity <50 g/L

Provide sufficient flows
to enable export of salt
and nutrients from the

Salt export

Barrage flow

2 million tonnes per year

rolling 10-year average

Basin through an open

Water quality target

Murray Mouth

salinity <500 mg/L at

>3,200 GL/y

Tailem Bend

Provide a variable lake

indicative average lake

None additional to those

level regime to support

water levels in Figure

above. Modelling will test the

a healthy and diverse

B16.7

assertion that delivery of

riparian vegetation
community and avoid
acidification

Lakes Albert and
Alexandrina water levels

above flows will provide
appropriate lake levels.

>0 m AHD

Note: Results for Coorong flow indicators provide a broad measure of likelihood of achieving Coorong
salinity indicators and ecological targets, and the indicators can also guide the determination of
modelling inputs (flows needed to achieve salinity indicators). However, when assessing the
outcomes of model scenarios, salinity results for the Coorong (obtained through the use of the
Coorong hydrodynamic model) should primarily be used.
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Lower Darling Region
Subsidiary
EWP
objectives

System-wide
EWR targets

Site specific ecological targets

Site specific flow indicators

Menindee Lakes (Water Levels at Lake Cawndilla and Lake Menindee)
Environmental
Watering Plan
objectives that
are applicable
at the site: 2 –
5, 7, 8, 12 - 20

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of the
fringing and wetland communities is
sustained in a healthy, dynamic and
resilient condition
Provide a flow regime which supports the
habitat requirements of waterbirds and is
conducive to successful breeding of
colonial nesting waterbirds
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates).

Fill to 53.8m (AHD) between January &
December for 80% of years and
drawdown at near natural rate Cawndilla
Fill to 54.5m (AHD) between January &
December for 50% of years and
drawdown at near natural rate Cawndilla
Fill to 57.5m (AHD) between January &
December for 15% of years and
drawdown at near natural rate –
Cawndilla and Menindee
Fill to 58.5m (AHD) between January &
December for 9% of years and
drawdown at near natural rate –
Cawndilla and Menindee
Fill to 56.0m (AHD) between January &
December for 80% of years and
drawdown at near natural rate –
Menindee
Fill to 56.5m (AHD) between January &
December for 50% of years and
drawdown at near natural rate Menindee

Lower Darling System (flows gauged downstream of Weir 32 on the Darling River)
Environmental
Watering Plan
objectives that
are applicable
at the site: 2 –
5, 7, 8, 12 - 20

As previously
outlined

Provide a flow regime which ensures the
current extent of native vegetation of the
riparian, floodplain and wetland
communities is sustained in a healthy,
dynamic and resilient condition.
Provide a flow regime which supports the
habitat requirements of waterbirds.
Provide a flow regime which supports
recruitment opportunities for a range of
native aquatic species (e.g. fish, frogs,
turtles, invertebrates).
Provide a flow regime which supports key
ecosystem functions, particularly those
related to connectivity between the river
and the floodplain.
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20,000 ML/Day for 30 consecutive days
between January & December for 14%
of years.
25,000 ML/Day for 45 consecutive days
between January & December for 8% of
years.
45,000 ML/Day for 2 consecutive days
between January & December for 8% of
years.
7,000 ML/Day for 10 consecutive days
between January & December for 70%
of years.
17,000 ML/Day for 18 consecutive days
between January & December for 20%
of years.

