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Foreword 

The Water Act 2007 established the Murray-Darling Basin Authority (MDBA) and 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 hydrologic modelling used by the MDBA to inform the 
determination of the proposed ESLT for surface water resources and describes the hydrologic 
models used, the scenarios modelled, the modelling methodology and the model results. 

This report consists of: 

• An executive summary providing an overview of the report; 
• A description of the hydrological modelling tools employed and an overview of the models 

used (Section 2); 
• A description of the various scenarios that were modelled (Section 3); 
• The general methodology of how environmental flow demands were included in the models 

(Section 4); and 
• A detailed description of how each individual valley was modelled, along with the 

achievement of site-specific flow indicators and outstanding modelling issues (Section 5). 

This report constitutes one of the supporting documents associated with the proposed Basin Plan, 
and provides details of hydrological modelling underpinning the surface water SDLs. This document 
should be read in conjunction with the report on “The proposed ‘environmentally sustainable level 
of take’ (ESLT) for surface water of the Murray-Darling Basin’: Methods and outcomes” (MDBA 
2011a) and a description of detailed environmental water requirement assessments for a subset of 
hydrologic indicator sites (MDBA, in prep). Other documents providing further detail in key areas 
include: 

• The report on a CSIRO led review of the science underpinning the ESLT (Young et al 2011);  
• The report on the process used to determine the ESLT and SDL for groundwater, “The 

Groundwater SDL Methodology for the Murray-Darling Basin Plan” (CSIRO and SKM 2011); 
• The socio-economic assessment in “Social and economic analysis and the draft Murray-

Darling Basin Plan”; and 
• A detailed description of the Environmental Watering Plan, that will guide decisions on 

environmental flow events, which can be found at the MDBA website titled “Environmental 
Water Plan: What’s in it and how it works1

 
”; 

  

                                                           
1 http://www.mdba.gov.au/draft-basin-plan/supporting-documents/ewp 

 

http://www.mdba.gov.au/draft-basin-plan/supporting-documents/ewp�
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Executive Summary 

To achieve a healthy working Basin that has vibrant communities, productive and resilient industries, 
and healthy and diverse ecosystems, the Murray-Darling Basin Authority is striving for a balance 
between the water needs of communities and industries, and the need to protect and restore the 
ecological and other values of water-dependent ecosystems to a healthy state. 

The proposed Basin Plan has recommended Long-Term Average Sustainable Diversion Limits (SDLs), 
which are planned to come into effect in 2019, along with a range of other measures that will 
improve the management of water in the Basin. These proposed SDLs are limits on the volumes of 
water that can be taken for human uses (including domestic, urban and agricultural use) and are 
determined on the basis of an assessment of the Environmentally Sustainable Level of Take, or ESLT 
(MDBA. 2011a). 

This report provides details of hydrological modelling undertaken by the MDBA that has informed 
estimation of the proposed SDLs for surface water resources across the Murray-Darling Basin (the 
Basin). This includes a description of the models, the methods employed and both the hydrological 
and environmental outcomes resulting from the SDLs outlined in the proposed Basin Plan. 

This work is a fundamental part of a larger framework of assessments and analysis that the MDBA 
has undertaken to determine the proposed ESLT (Figure 1). The role of hydrological modelling within 
the larger framework (primarily steps 5 and 6) is summarised below. Further description is provided 
in the report titled “The proposed ‘environmentally sustainable level of take’ for surface water of the 
Murray-Darling Basin’: Methods and outcomes” (MDBA 2011a). 

Hydrological models have been used to represent and test environmental water requirements and 
flow regimes. They are the best available tools for representation of long term flow regimes in the 
Basin under current water sharing arrangements (baseline conditions) and without development 
conditions. These models also allow thorough assessment of changes in flow regimes under different 
water availability conditions, water sharing arrangements and environmental flows over the last 114 
years of climate records and variability. 

Two fundamental approaches have been used to model environmental water requirements. The first 
approach involves estimating the environmental flow outcomes that can be achieved from a 
specified reduction in diversions. The second approach involves estimating the reduction in 
diversions required to achieve the specified environmental water requirements. 

MDBA has used both modelling approaches to inform the ESLT. Initially, modelling relied on the 
second method but the more recent work by MDBA (the focus of this document) involving 
application of a hydrologic indicator site method has focussed on the first approach whereby 
modelling is used to estimate and describe the hydrological and environmental outcomes for a 
scenario representing a particular reduction in diversions. This method allows simulation of 
environmental water use closely mimicing the proposed approach to obtaining additional water for 
the environment, under the Government “bridging the gap” program. 

The development and implementation of the peer reviewed indicator site method commenced in 
2009. It is a scientifically robust method that takes into account the specific ecological targets and 
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flow requirements for indicator sites, and opportunities and constraints for environmental water 
delivery. 

Assessment of environmental water requirements using the hydrologic indicator site approach is 
one of the key lines of evidence that has informed the proposed SDLs. 

Figure 1: Outline of method used to determine the Environmentally Sustainable Level of Take. The work 
described in this report predominantly relates to Step 5 and the hydrological results associated with Step 6. 
For a complete overview of the process, refer to MDBA 2011a. 
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Modelling Tools, Scenarios Modelled and General Methodology 

The surface water resources of the Basin have been represented by a linkage of twenty four river 
system models developed by State Agencies, MDBA, CSIRO and Snowy Mountains Hydro in an 
Integrated River System Modelling Framework (IRSMF). This has given the MDBA the capacity to 
assess system wide responses to changes in the flow regime as a consequence of water recovery in 
various parts of the Basin. This assessment of flow regime change has been central to estimating 
environmental outcomes from different levels of consumptive use across the Basin. The models 
provide a tool to apply new management of water resources across a longer period to see how the 
new arrangements would work under different water availability conditions. For the Basin Plan, the 
proposed new arrangements have been applied to the historical climate period of July 1895 to June 
2009, which covers periods of drought as well as floods. 

The Basin Plan scenario modelling was carried out by simulating a reduction in consumptive water 
use, and making an equivalent volume of water available for environmental use within the water 
sharing and water management rules and constraints as prescribed under baseline conditions. The 
environmental water requirements were assessed at 122 hydrologic indicator sites across the Basin.  

For regulated systems in general, timeseries of environmental demands comprising desired flow 
events were created for a subset of the hydrologic indicator sites, based on environmental 
objectives and targets. The desired flow events or flow indicators are effectively a set of 
performance measures to test the environmental outcomes of any level of change. They are a not a 
minimum standard. Models were used to test the ability to achieve these desired flow events 
(represented in the models by timeseries) through application of water available for environmental 
use. The hydrological outcomes and consequent environmental improvements were assessed based 
on the degree of success in meeting the site-specific flow indicators. 

For unregulated systems, the demand timeseries approach could not be used as there is little chance 
to actively change the flow patterns in river releases from a major dam. Water recovery was 
modelled using a random approach of reducing consumptive use across the valley to the targeted 
reduction in diversions. The the degree of success in meeting site-specific flow indicators was 
determined in a similar manner to the regulated systems.  

Key scenarios modelled are ‘without development’ (a near-natural condition scenario); ‘baseline’ 
(reflecting water sharing arrangements and levels of infrastructure as per June 2009); and a 
reduction of 2800 GL across the Basin. Sensitivity analysis was carried out for the Southern 
Connected System (Murray, Murrumbidgee and Goulburn-Broken catchments), where two further 
diversion reduction scenarios were modelled to represent a Basin-wide reduction of 2400 GL, and 
3200 GL to gauge the sensitivity of the proposed scale of change. Some initial sensitivity testing has 
also been undertaken for the Condamine-Balonne, exploring alternative water recovery volumes and 
strategies. The results of this sensitivity analysis led to a further increase of 50 GL in SDL for the 
Condamine Balonne system and consequently a total proposed reduction of 2750 GL across the 
basin has been proposed in the draft Basin Plan. 
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Valley-by-Valley Summary 

Modelling of the Basin Plan scenarios provided an assessment of potential environmental outcomes 
that can be achieved Basin-wide over the range of climatic conditions experienced in the past 114 
years of climatic variability. The level of reduction of consumptive use modelled in each valley was 
based on the proposed in-valley SDL and, for connected valleys, a contribution to the shared 
component assumed to be approximately pro rata of total diversions. A valley specific discussion of 
modelling undertaken and key conclusions are summarised below. 

Condamine-Balonne: Environmental water requirements of Condamine-Balonne were defined at a 
number of hydrologic indicator sites in the valley including the Narran Lakes and the Lower Balonne 
Floodplain system. A long-term diversion reduction of 203 GL/y (For a 2800 GL Basin wide reduction, 
which included 150 GL/y to meet in-valley requirements) was modelled via a random buyback 
approach weighted towards the Lower Balonne region. With the demands included, the 
environmental indicators were significantly improved, although the modelling results were strongly 
dependent on the location and type of entitlement purchased.  

Further Condamine-Balonne modelling investigated alternative approaches based on feedback from 
Queensland, involving a more highly targeted buyback from irrigators closest to the environmental 
sites. Scenarios tested include the recovery of 60 GL/y, 100 GL/y, 130 GL/y and 150 GL/y in this way. 
The results for 100 GL/y to 150 GL/y reduction scenarios did not differ significantly in environmental 
outcomes. Hence, a further 50 GL/y increase in the Condamine-Balonne SDL was agreed, reducing 
the Basin-wide proposed water recovery to 2750 GL/y. 

Border Rivers: Environmental water requirements in the Border Rivers have been defined at 
Mungindi and Goondiwindi. Two scenarios of 38 GL/y and 43 GL/y reduction in consumptive use 
were modelled through water recovery consisting of a mix of entitlement types across the valley.  
These consisted of 15 GL/y for the in-valley component, and a 23 GL/y and 29 GL/y respective 
contribution to the Northern Basin shared component. Modelling has shown that the environmental 
outcomes are highly dependent on the location and rights of the water recovered as well as the 
usage of this water for environmental needs. It can be concluded that water recovery along with 
implementation of appropriate policy settings for water recovery and its use (e.g. limiting access 
during selected flow events) will be needed to achieve the desired environmental outcomes.  

Gwydir: Environmental water requirements were determined for the Lower Gwydir and Gingham 
channel and the Mallowa watercourse management units. The modelling carried out shows that 
water already recovered (42 GL/y average long term use) is adequate for meeting the in-valley 
environmental water requirements. The modelling showed that there is a low level of connectivity 
between the Gwydir and Barwon-Darling Rivers. Therefore, no additional water is proposed to be 
sourced from the Gwydir valley for the shared reduction. 

Namoi-Peel: The ecological targets for the Namoi-Peel system were focussed on the Lower Namoi 
and the modelling results showed that these can be met with the modelled 33 GL/y reduction in long 
term average consumptive use. This modelled reduction consisted of a reduction of 10 GL/y for in-
valley environmental water requirements and 23 GL/y as assumed contribution towards the shared 
component for the northern basin.  
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Macquarie-Castlereagh and Bogan: The environmental water requirements of the Macquarie-
Castlereagh system (including the Macquarie Marshes Ramsar site) were met with the modelled 84 
GL/y reduction in diversions with 65 GL/y being the estimated need for in-valley environmental 
water requirements and 19 GL/y as assumed contribution towards the northern basin shared 
component.   

Barwon-Darling: A total reduction of 20 GL/y was targeted from the Barwon-Darling unregulated 
system, with additional contributions from the connected river valleys as part of the shared 
reduction in the northern basin. Most of the Barwon-Darling environmental targets were not met, 
highlighting a need for a more strategic event management based approach. The desired 
environmental outcomes in the Barwon Darling can only be achieved through water recovery 
coupled with changes to event access and management. 

Lachlan: Environmental water requirements were determined for indicator sites across the valley 
including the Booligal Wetlands, the Great Cumbung Swamp and the Lachlan Swamp. A reduction of 
48 GL/y modelled and results showed that the environmental water requirements were met.  

Murrumbidgee: Three scenarios were modelled representing the 2400 GL/y, 2800 GL/y and 3200 
GL/y Basin-wide reductions in consumptive use, constituting a reduction of 502 GL/y, 593 GL/y and 
714 GL/y respectively for the Murrumbidgee, each including 320 GL/y for in-valley requirements. 
Environmental water requirements were determined for flows to the Mid-Murrumbidgee wetlands, 
the Lowbidgee floodplain and at Balranald for in-valley as well as downstream requirements for the 
Murray. The modelling shows that most of the environmental water requirements were met, but 
some of the high flow requirements of Mid-Murrumbidgee wetland were not met due to channel 
capacity constraints (i.e. flood mitigation issue at Gundagai and storage outlet capacity).  

Goulburn-Broken: Three scenarios were modelled representing the 2400 GL/y, 2800 GL/y and 3200 
GL/y Basin-wide reductions in consumptive use. Environmental water requirements were 
determined for flows to the Lower Goulburn Floodplain, baseflows and downstream requirements 
for the Murray. The modelling of in-valley environmental water requirements,with a reduction in 
consumptive use of 344 GL/y for the Goulburn) showed that the proposed in-valley SDLs will provide 
enough volume to meet the in-valley environmental requirements, but also showed that the ability 
to meet high flow targets is limited by flood constraints. 

Campaspe: Three scenarios were modelled representing the 2400 GL/y, 2800 GL/y and 3200 GL/y 
Basin-wide reduction in consumptive use. The Campaspe reductions were 28 GL/y, 32 GL/y and 40 
GL/y respectively, with an in-valley component of 18 GL/y. Environmental requirements were only 
identified and modelled for the baseflows. The proposed 18 GL/y in-valley reduction in diversions to 
environmental outcomes is adopted from the Northern Region Sustainable Water Strategy.  

Loddon: Three scenarios were modelled representing the 2400 GL/y, 2800 GL/y and 3200 GL/y 
Basin-wide reduction in consumptive use. The Loddon reductions were 23 GL/y, 27 GL/y and 33 GL/y 
with an in-valley component of 12 GL/y. Environmental requirements were only identified and 
modelled for baseflows. The proposed 12 GL/y in-valley reduction in diversions to achive 
environmental outcomes is adopted from the Northern Region Sustainable Water Strategy.  
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Wimmera-Avoca: Environmental requirements were determined for the Wimmera Terminal 
Wetlands and baseflow requirements were determined for three sites on the Wimmera River. A 
reduction of 23 GL/y was targeted to meet in-valley requirements. This Basin Plan scenario met all 
baseflow requirements in the river and showed significant improvements in the environmental 
water requirements for the terminal lakes. The Lake Albacutya target could potentially be achieved 
through modification of current infrastructure and its management to specifically target 
achievement of Lake Albacutya flow indicators. On balance, the MDBA is confident a range of 
environmental benefits throughout the Wimmera River system can be delivered with the proposed 
reduction in diversions. 

Murray: Three scenarios were modelled representing the 2400 GL/y, 2800 GL/y and 3200 GL/y 
reduction in consumptive use.  For Basin Plan modelling, environmental water requirements for key 
ecological assets of the River Murray were explicitly included in the model at four locations: 
Yarrawonga, Torrumbarry, Euston and at the South Australian border. Additional demands were also 
placed, when applicable, at the South Australian border for the most downstream assets, the 
Coorong, Lower Lakes and Murray Mouth. In addition, water requirements were also included in the 
model for key ecological functions, fresh flow requirements and baseflow requirements.  

Modelling shows that there are significant environmental improvements for baseflows, freshes, near 
channel vegetation and Coorong, Lower Lakes and Murray Mouth. However, targets for 
environmental indicators requiring high flow events of benefit to mid to high level floodplain 
communities have not been met due to channel capacity constraints. The results show that 2400 GL 
was insufficient to achieve a number of key environmental objectives for the River Murray 
downstream of the Murrumbidgee junction (including Coorong, Lower Lakes and Murray Mouth), 
whilst 3200 GL delivered few additional benefits relative to 2800 GL scenario. 

Paroo, Warrego, Moonie, Nebine and Ovens:  These valleys have low water use as compared to 
water availability and the current flow regimes are similar to without development conditions. 
Therefore, no further consumptive use reductions were modelled in these valleys.In the case of the 
Warrego, Nebine and Moonie unallocated water given to the Commonwealth will remain 
unallocated and continue to meet environmental water requirements. 

Scope for optimising environmental outcomes 

The modelling reported here of water recovery and its use to meet environmental requirements 
represents just one scenario that could be employed with a reduction in diversions of 2800 GL from 
the baseline conditions.  Actual environmental outcomes at both a valley and Basin-wide scale will 
depend on: 

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

o Works and measures carried out for water recovery; 

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

o Water management and water sharing policies; 

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



 

ix 
 

o Future climate. 
 

Work on these issues will be undertaken over the next three years. 
 
The modelling carried out shows that a 2800 GL reduction in consumptive use achieved significant 
targeted environmental outcomes, within the uncertainty levels of current hydrological and 
ecological science and within the limitation of current modelling tools available. Some flow 
indicators, especially those requiring large, infrequent flows to inundate higher parts of the 
floodplain were not met under any of the scenarios modelled.  In regulated systems this is primarily 
due to system operating constraints. In unregulated streams, sharing of events between 
environmental use and consumptive use would need to be addressed to improve the environmental 
outcomes. 
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Glossary and Abbreviations  

This Section sets out plain English summaries or interpretations of the meaning of some terms and 
phrases, which are intended to help the reader to understand this report. They are not intended to 
provide a definitive legal summary or legal interpretation of the terms and phrases used in the 
proposed Basin Plan or the Water Act 2007 (Cwlth). 

Term Explanation 

Baseline modelled scenario (Section 3.2) 

The Basin the Murray Darling Basin 

BDL Baseline diversion limits (BDL) 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. 

BFI Baseflow Index 

BP-2400 modelled scenario (Section 3.3.) 

BP-2800 modelled scenario (Section 3.3.) 

BP-3200 modelled scenario (Section 3.3.) 

BP-EWA Basin Plan Environmental Watering Account 

Cap 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 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.  

CEWH The Commonwealth Environmental Water Holder manages water rights that 
the Commonwealth acquires. Under the Water Act 2007 (Cwlth), the CEWH 
has the responsibility for using water rights that relate to water in the 
Murray–Darling Basin in accordance with the Environmental Watering Plan.  

CLLMM Coorong, Lower Lakes and Murray Mouth 

Delivery Ratio An external-to-model estimate of delivery losses, encompassing loss 
functions, between storage and the targeted environmental asset (section 4). 

DERM Queensland Department of Environment and Resource Management 

DSE Victorian Department of Sustainability and Environment 

EC Electrical conductivity (EC) is used as a measure for salt concentration. Local 
conversion ratios, which vary due to differences in water temperature, can 
be applied to estimate salt concentration in milligrams per litre (mg/L) from 
EC.  

Ecosystem 
Functions 

Ecosystem functions are the processes that occur between organisms and 
within and between populations and communities. They include interactions 
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Term Explanation 
with the nonliving environment that result in existing ecosystems and bring 
about dynamism through changes in ecosystems over time. 

Environmental 
assets 

Environmental assets include water-dependent ecosystems, ecosystem 
services and sites of ecological significance.  

Environmental 
water 

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 Plan 

Environmental Watering Plan (EWP) 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. 

ECA Environmental Contingency Allowance. 

ESLT The Water Act describes the environmentally sustainable level of take (or 
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 
• productive base of the water resource; or 
• key environmental outcomes for the water resource. 

EWR Environmental Water Requirement 

GL/y Gigalitres per year (1 GL equals 1 billion litres) 

GSM Goulburn Simulation Model 

Held 
environmental 
water 

Held environmental water is water available under a water right, for 
achieving environmental outcomes. 

Hydrologic 
indicator sites 

Hydrologic indicator sites (HIS) are used to describe environmental water 
requirements or environmental demands at key locations along the rivers. 

HU High uncertainty 

IQQM Integrated Quantity and Quality Model 

IRSMF Integrated River Systems Modelling Framework 

IVT Inter-Valley Trade 

LTA Long Term Average 
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Term Explanation 

LTCE Long Term Cap Equivalent 

LU Low uncertainty 

MDBA the Murray-Darling Basin Authority 

MDBSY refers to CSIRO’s Murray-Darling Basin Sustainable Yields project 

ML/d Megalitres per day 

MSM – Bigmod linked Monthly Simulation Model and daily flow and salinity routing model 
for the River Murray System 

NOW NSW Office of Water, part of the Department of Primary Industries, formerly 
the Department of Infrastructure, Planning and Natural Resources (DIPNR) 

Planned 
environmental 
water 

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.  

REALM Resource Allocation Model 

Regulated river A regulated river refers to where the flow is regulated through the operation 
of large weirs or dams. 

RMIF River Murray Increased Flows 

SEWPaC Commonwealth Department of Sustainability, Environment, Water, 
Populations and Communities 

SDL 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. 

TLM The Living Murray 

Unregulated 
system 

An unregulated system refers to a surface water system where water is not 
regulated by large weirs or dams. 

Water access 
entitlement 

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. 

Water access right 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. 

Water Act Commonwealth Water Act 2007 (Water Act 2007) 

Water allocation 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 for Rivers A program established by the New South Wales, Victorian and 
Commonwealth governments to recover 282 GL of water for the Snowy River 
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Term Explanation 
and River Murray. 

Water Recovery Recovery of water for environmental use can occur through investment in 
water-saving infrastructure or through purchases of consumptive use 
entitlements from willing sellers. 

without 
development 

A modelled scenario approximating river flows without any dams, weirs or 
extraction (Section 3.1) 
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1 Introduction 

Water resource management in a basin as vast and diverse as the Murray-Darling Basin (the Basin) is 
highly complex, with over 20,000 km of rivers, in excess of 13,600 GL of annual diversions and 
detailed arrangements for sharing of water between Basin States and various water users. Over the 
past four decades, state water management agencies and the Murray Darling Basin Authority 
(MDBA) have built computer-based hydrological models to help understand, plan and manage river 
systems. Such models include water resource infrastructure, policies and water sharing 
arrangements, and cover a wide range of climatic conditions, including the federation and 
millennium droughts and the very wet periods during the 1950’s and 1970’s. They have informed the 
development and implementation of key policies such as the water sharing arrangements for each 
valley which were developed by the States as well as the Cap on diversions, the Basin Salinity 
Management Strategy and The Living Murray initiative. These same models were also used by the 
CSIRO for the Sustainable yields project and are now being used in the preparation of the Basin Plan. 

In 2007, the Water Act was introduced to compel the integrated and sustainable management of the 
water resources of the Basin. Under the Act, the MDBA is required to draft a Basin Plan which will 
set enforceable limits on the quantities of surface water and groundwater that can be taken from 
the Basin’s water resources. These sustainable diversion limits (SDLs) will replace the existing Cap on 
water use and need to be set at both a catchment and Basin-wide scale. The Water Act 2007, 
requires that these new limits are determined based on an assessment of the environmentally 
sustainable level of take (or ESLT), that is, how much water can be taken from the Basin without 
compromising key elements of the environment.  

The MDBA commenced a process of environmental assessments and hydrological modelling in 2009 
(soon after it was established) to inform the development of the Basin Plan, and in particular, to 
inform the determination of the Environmentally Sustainable Level of Take (ESLT). In establishing the 
method for this work, the 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, while also taking into account the 
spatial and temporal variability in flows and environmental water needs across the Basin; 

• The approach should be scientifically robust, transparent and able to be understood by a 
wide audience; 
 

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

• The approach should give greatest attention to those issues with the greatest sensitivity to 
the environmentally sustainable level of take, that is, matters most likely to shift the balance 
in use between consumptive use and environment will receive greatest effort. Those 
matters which are less likely to impact on the overall balance, (i.e. reinstating variability in 
dam releases) can be better addressed by more detailed processes later. 

The MDBA used 24 hydrological models linked together to represent the Basin’s surface water 
resources. The individual models of the major river systems were originally developed by the Basin 
States, except for the Murray which has been developed by MDBA and two models by Snowy Hydro 
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Limited and CSIRO. These models have been used individually for up to 40 years (albeit with 
continuous improvements), but were first linked by CSIRO as part of its Murray–Darling Basin 
Sustainable Yields (MDBSY) project. The MDBA has built on the work of the states and the linkage 
put in place by CSIRO, and updated the methods and tools to adapt them for the specific needs of 
the Basin Plan.  

The model results described in this report were established using the ‘without development’ and 
‘baseline’ scenarios provided by the Basin States as a starting point. Each scenario provided a 
representation of the Basin’s hydrology over 114 years (from July 1895 to June 2009). These 
scenarios, in conjunction with contemporary scientific literature, underpinned many of the MDBA’s 
assessments and have led to an understanding of the degree of hydrologic change required to meet 
the Basin Plan objectives and Water Act requirements.  

The method initially proposed for representing environmental water requirements (EWRs) in the 
models is described in Podger et al (2010a), and this CSIRO published document was peer reviewed 
by two independent reviewers (MDBA, 2010b). The MDBA has largely used this approach; however 
refinements have been made over time to address technical issues and the policy development that 
have occurred during the development of the Basin Plan. In this approach (which is described 
herein) the modelling is used to estimate and describe the environmental outcomes for scenarios 
representing a particular reduction in diversions and targeted use of environmental water.  

Based on preliminary modelling outcomes and assessment of other analysis, the MDBA selected a 
2800 GL/y reduction in diversions as the primary option to be analysed using this method (for 
further details see Chapter 6 of MDBA, 2011a). As a means of optimising outcomes and gauging the 
sensitivity of the scale of change proposed, two additional options of +/- 400 GL/y (or a Basin-wide 
scale of change in diversions of 2400 GL/y and 3200 GL/y) were also assessed. This report describes 
the method and outlines the results for the BP-2800 scenario, and provides a comparison to the two 
additional scenarios.  

Review processes have confirmed that the modelling platform being used is the best available and fit 
for purpose, however inherent uncertainties remain in some models due to gaps in the data record, 
and the assumptions and simplifications required to model environmental flow requirements and to 
model the sourcing of water to meet these requirements. It is therefore important that the model 
results are considered with an understanding of these uncertainties, and are used in conjunction 
with other sources of information, including a practical understanding of the likely success and 
implications of the proposed changes.  

The results contained in this report are for a selection of scenarios, and the outcomes presented are 
indicative of a feasible change in flow regime given the modelled level of reduction in diversions. It is 
important to recognise that many elements of the Basin Plan and associated Commonwealth policy 
are continuing to evolve based on additional studies such as socio-economic impact analysis, 
stakeholder feedback, and local and new knowledge. In addition, the SDLs will ultimately be 
implemented via State Water Resource Plans and environmental watering plans. Accordingly, the 
final outcomes achieved may be different to those contained in this report. 
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1.1  Scope of this Report 

This report provides details of the modelling undertaken to inform the development of the proposed 
Basin Plan. It outlines: 

• the modelling tools; 
• the scenarios modelled; 
• the modelling methodology and assumptions; 
• the hydrological and environmental flow outcomes; and 
• the modelling uncertainties and strengths and limitations. 

 

2 Modelling Tools 

2.1 Overview of Hydrological Models Used 

In total 24 hydrological models of river systems have been used. These models have been developed 
based on different software or computer simulation packages. A short overview of these simulation 
packages and the models is provided below. Figure 2 provides an overview of the models used along 
with their location within The Basin 

IQQM: The Integrated Quantity-Quality Model (IQQM) is a hydrologic river system modelling tool 
used by the NSW Office of Water (NOW) and the Queensland Department of Environment and 
Resource Management (DERM) for the planning and management of water resources. This is a 
generic modelling tool in which a river system can be configured by using modelling components 
such as dams, river reaches, irrigation areas etc. The model carries out water allocation, accounting 
and hydrologic routing on a daily time step (Hameed and Podger, 2001). It was used extensively to 
model the NSW and Queensland river valleys. This model also includes an interface to Sacramento 
rainfall-runoff models and a range of tools to assist in data analysis and interpretation of model 
results. IQQM models have been set up by NSW and QLD for: 

• Border Rivers including the Weir River system for both NSW and Queensland  
• Macintyre Brook River system in Queensland  
• Nebine River system in Queensland  
• Upper Condamine River system in Queensland 
• Middle Condamine River system in Queensland 
• Lower Balonne River system in Queensland and NSW 
• Moonie River system in Queensland 
• Warrego River system in Queensland and NSW 
• Paroo River system in Queensland and NSW 
• Gwydir River system in NSW 
• Namoi River system in NSW 
• Peel River system in NSW 
• Macquarie and Castlereagh River System in NSW 
• Lachlan River system in NSW 
• Murrumbidgee River system in NSW  
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• Upper Murrumbidgee River system in NSW; and  
• Barwon-Darling River system in NSW. 

 
REALM: The Resource Allocation Model (REALM) is a generalised computer simulation package that 
models harvesting and bulk distribution of water resources within a water supply system (Perera and 
James, 2003). The river systems are configured using nodes and carriers representing reservoirs, 
demands, river reaches and pipes etc. It uses a network linear programming algorithm to optimise 
the water allocation within the network during each simulation time-step. It has been used by the 
Victorian Department of Sustainability and Environment (DSE) to model the Victorian River Valleys 
and ACTEW AGL to model the ACT water supply system. REALM models have been set up for: 

• Goulburn-Broken, Campaspe and Loddon River systems in Victoria (referred to as the 
Goulburn Simulation Model, or GSM) (monthly) 

• Ovens River system in Victoria (weekly) 
• Wimmera River system in Victoria (monthly) 
• Avoca River system in Victoria (daily) 

• ACT Water Supply model (monthly) 

For Basin Plan modelling, only the GSM and Wimmera models were included in the Integrated River 
System Modelling Framework (IRSMF) (Section 3). The Ovens and ACTEW models were run outside 
of the framework to create timeseries of inflows to the Murray and Murrumbidgee systems 
respectively. No further Basin Plan scenarios were run with these models as the proposed SDLs for 
the Ovens valley and ACT are at a current level of use. No modelling was undertaken for Avoca valley 
as it does not flow into the River Murray system, and its SDL is combined with Wimmera valley. 

MSM-BIGMOD: The Monthly Simulation Model (MSM) and daily flow and salinity routing model 
(BIGMOD) are models that were purpose built for the River Murray System by the MDBC. The MSM 
model is a monthly time step model, which has been used for major policy initiatives and 
agreements for water sharing arrangements for the Murray and Lower Darling system. The model 
simulates the water sharing and accounting arrangements between NSW, Victoria and South 
Australia as outlined in the Murray Darling Basin Agreement (Schedule 1 to the Commonwealth 
Water Act, 2007). BIGMOD is run in conjunction with MSM and is used for simulating salinity in the 
Murray and Lower Darling Rivers and is a key tool for implementation of the Basin Salinity 
Management Strategy. 

St George Model: The St George model is a system specific model developed by Queensland 
Department of Environment and Resource Management (DERM). The model uses an individual 
capacity share scheme to share the water between various users rather than an announced 
allocation system.  

Further details on how the models for each valley have been configured and used for the scenarios 
modelled for the proposed Basin Plan are included in their respective parts of Section 5.  

Each of the individual river system models have been calibrated by the relevant agency. The details 
of model set ups, calibration and validation are available in reports prepared for these models for 
accreditation for Cap implementation. Most of these models have also gone through a rigorous peer 
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review and accreditation for use in assessing compliance with the Murray Darling Basin Cap on 
diversions. The setup of the models for the baseline scenario is discussed in Section 5 of this report. 

Further, independent reviews have been undertaken for the valley models to assess them for their 
fitness for purpose (Podger et al, 2010b).  

Figure 2: Models used for the River Systems Modelling 

 

 

Goulburn Simulation Model (REALM)
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Wimmera 
REALM
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SDLs for these areas.
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3 Modelling Framework  

The twenty-four river system models for different parts of the Murray-Darling Basin (Figure 2) were 
linked together in an Integrated River System Modelling Framework (IRSMF) developed by CSIRO 
(CSIRO 2008a, Yang 2010). The IRSMF, initially developed for the Murray-Darling Basin Sustainable 
Yields (MDBSY) project, was enhanced by the MDBA to add the capability to store the models and 
the inputs and outputs associated with each scenario in three separate databases:  

Timeseries database: This database stores timeseries data of model outputs for carrying out any 
analysis, which is not carried out as part of default reporting metrics. This timeseries data can be 
extracted from the database using a set of tools developed for the project. 

Summary database: This database stores a range of statistics for water balances, water uses, 
environmental indicators and ecological functions, which are computed after each model run. The 
statistics stored are then used to generate a range of reports for analysis. 

Sub-version database: This database is a version control system in which all of the data files and 
models used to conduct a model run are stored. This version control system can be used to repeat a 
past run, audit the files used to conduct a model run, and track the changes in the models over time. 

The creation of these databases has significantly increased the efficiency in storage of data and 
model results, allows for repeatability and auditability of the modelling undertaken and 
accommodates the use of common tools across the range of models used in the basin.  

In the IRSMF, the information flow between the models and these databases is controlled by a 
number of intermediary files and tools which specify the model configuration and specification of 
the scenario, the data to be extracted from a model run and loaded on to the Timeseries Database 
and the statistics to be computed. The information flow in the upgraded IRSMF developed for the 
MDBA is shown in Figure 3.  

A range of reporting spreadsheets consisting of tables, graphs and timeseries plots have also been 
developed, which are populated from the information stored in the Timeseries Database and 
Summary Database.  

An important limitation of the IRSMF is that while the models have been linked together, they still 
require output files from upstream valleys as input files to downstream valleys and therefore 
generally run in series. This means that to get a particular contribution from an upstream model, for 
instance an inflow from the Murrumbidgee to contribute to a significant environmental event in the 
Murray, that the timing, volume and pattern of this flow needs to be created in the upstream model 
first and then the outflow data series loaded into the downstream model. If the pattern is not 
sufficiently aligned with downstream flows then it would need to be re-iterated, which is time-
consuming. This has imposed a limit on the capacity of the MDBA to explore a broad range of 
modelled scenarios and to optimise the modelling. This is an important consideration in both 
interpreting the results and lends weight to the importance of the work to occur leading into the 
2015 review. 



 

7 
 

Figure 3 Integrated River System Modeling Framework – Information Flow 

 

3.1 Scenarios Modelled 

The modelling undertaken to inform the Basin Plan, and in particular the determination of SDLs, has 
used historic climate records over the 114 year period from 1 July 1895 to 30 June 2009. This period 
includes the federation and millennium droughts as well as major high flow periods during the 
1950’s and 1970’s. It therefore represents a range of climatic conditions that has been experienced 
across the Basin, and provides a good basis for testing the robustness of the proposed SDLs and 
possible environmental outcomes.  

A number of Basin water resource development and management scenarios have been modelled. 
These can be grouped as follows:  

• without development scenario; 
• baseline scenario; and  
• Basin Plan scenarios (multiple scenarios, with 2800 GL reduction basin wide being the key 

scenario).  

Modelling of these scenarios does not provide a forecast of what might happen under a future 
climatic regime, but broadly shows the impacts of various scenarios over the range of historic 
climatic conditions specified. The average impact on water availability due to projected climate 
change is less than the climate variability to be experienced during the life of the Basin Plan. The 
additional water for the environment provided by the Basin Plan will provide buffering for 
ecosystems from any reductions in water availability due to climate change. However, under the 
Basin Plan, state water management plans will need to demonstrate that they can accommodate a 
wide range of climate and water availability scenarios. 
 
These broad grouping of scenarios are outlined in the following sections.  

3.2 Without Development Scenario 

The without development scenario is a near natural condition model run. It is based on the baseline 
scenario, but removes from the system all the dams, irrigation and environmental 
works/infrastructure, all consumptive users (such as irrigation, town water supply and industrial 
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water uses) and the rules governing flows such as channel capacity constraints. However, these 
models are not necessarily a representation of pre-European conditions, as inflow estimates have 
not been corrected for land use changes and on-farm development in the catchments (interceptions 
were estimated at 2721 GL/y (MDBA 2011b)), which are largely included implicitly in the measured 
flow data used to calibrate the models. Moreover, the impact of changes due to levee construction 
and other in-channel structures on flows in anabranch systems has not been considered. This 
scenario is however the best available representation of the natural conditions. 

3.3 Baseline Scenario 

The baseline scenario represents a starting point against which the effect of implementing the Basin 
Plan (in particular, the introduction of SDLs) can be assessed. This scenario is best available estimate 
of current use of water resources of the basin as at 2009. It reflects the water sharing arrangements 
that were in place in June 2009. These arrangements include entitlements, water allocation policies, 
water sharing rules, operating rules and infrastructure such as dams, locks and weirs. The level of 
development is as per the Murray Darling Basin Cap for all States, unless current water sharing 
arrangements have a usage level lower than the Cap level, e.g. the NSW Water Sharing Plans.  

Any water recovered under The Living Murray Initiative and Water for Rivers (for the Snowy and 
Murray Rivers) is included as part of the baseline scenario. However, water recovered under other 
programs such as the Commonwealth government programs of Sustainable Rural Water Use and 
Infrastructure and Restoring the Balance in the Murray Darling Basin, NSW Government River 
Environmental Restoration Program and Northern Victorian Irrigation Renewal Program is not 
included in the baseline Scenario, thus water recovered as a result of these initiatives is available to 
offset the proposed reductions in SDLs. 

Further details regarding the baseline scenario for each individual valley are included in Section 5 
and in MDBA (2011b), including references to appropriate calibration reports.  

3.4 Basin Plan Scenarios  

Since the MDBA developed basin-wide modelling capability in 2010, a number of ‘Basin Plan 
Scenarios’ have been modelled. These scenarios are intended to represent the changes in the flow 
regimes that can be achieved through the recovery and use of water for the environment under the 
Basin Plan. The modelling approach and the Basin Plan scenarios modelled have evolved based on 
increased understanding as a result of state and other stakeholder input, increased efficiency in the 
use of environmental water in the model and changes in the approach for water recovery for 
bridging the gap between current diversion limits and sustainable diversion limits. The key Basin Plan 
scenarios modelled were: 

• BP-2800  - 2800 GL/y reduction in consumptive use basin wide; 
• BP-2400  - Alternative scenario of 2400 GL/y reduction in consumptive use basin wide 

(Section 3.4.2 and Section 5); 
• BP-3200  - Alternative scenario of 3200 GL/y reduction in consumptive use basin wide 

(Section 3.4.2 and Section 5); 
• Sensitivity analysis scenarios for range of reduction in diversions for Condamine-Balonne 

system (Section 5.2); and 
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• Additional scenarios for the Border Rivers (With-Demand), Gwydir (ECA scenario) and 
Goulburn (In-Valley) systems to validate alternative modelling methodologies or in-valley 
environmental water requirements. 

 

These Basin Plan scenarios represent one possible combination of variables for reducing water use 
and applying environmental water across the Basin. A number of other possible combinations could 
be made, which could include variations in:  

• the range of environmental water holding and how it is used conjunctively (the mix of held 
environmental water and planned environmental water2

• the mix of water recovery by market purchase versus infrastructure programs; 
); 

• where water will be recovered (along a river system); and 
• the characteristics of the recovered water (i.e. high security, general security, unregulated 

flows etc) including allocation and accounting provisions (such as carryover, continuous 
accounting and capacity sharing arrangements); and 

• how river systems are operated in future to optimise environmental and consumptive use 
outcomes and how environmental water is allocated for use (including any works and 
measures to overcome delivery constraints in the system). 
 

It may be possible to achieve a desired hydrological and environmental outcome through different 
combinations of policy, pro-active water management and water recovery options. The modelling of 
scenarios to assess the relative benefits of these policy options to maximise environmental 
outcomes is yet to be undertaken and will require further cooperation and input from State and 
Commonwealth agencies.  

The following sections provide an overview of issues relating to the determination and distribution 
of the shared component, and subsequent Basin Plan scenarios that have been assessed.  

3.4.1 Distributing the shared component across the Basin 

There are fundamental differences in hydrology, between the northern and southern parts of the 
Basin (Box 1) and this limits the ability to achieve environmental outcomes in the River Murray 
System by actively managing inflows from the north. Large flows from the north generally occur 
sporadically as a result of floods and there is little capacity to manage volume and timing until the 
flows reach Menindee Lakes, where still only the small to medium floods can be influenced. There 
are also some river valleys within the Basin that only rarely flow into downstream systems, and are 
effectively disconnected. To recognise these differences, the MDBA has segregated the Basin into 
the following three spatial entities for the purposes of setting SDLs:  

• the northern basin (including the Paroo, Warrego, Condamine-Balonne, Nebine, Moonie, 
Intersecting streams, Border Rivers, Gwydir, Namoi, Macquarie-Castlereagh and Barwon-
Darling); 

                                                           
2 Held environmental water is water available under a water right, for achieving environmental outcomes.  
Planned environmental water is water that is committed by legislation to achieving environmental outcomes, 
and cannot be used for any other purpose, except under very specific circumstances. 
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• the southern connected basin (the Murrumbidgee, River Murray System, Ovens, Goulburn-
Broken, Campaspe and Loddon); and  

• the disconnected rivers (the Lachlan and Wimmera-Avoca).  

In addition, the River Murray and Barwon-Darling systems rely on their tributaries for a significant 
proportion of their inflows. It is therefore appropriate that the tributaries to these systems 
contribute to the downstream environmental water requirements. The SDLs for key tributaries in 
the north and south of the Basin are therefore comprised of both an in-valley (or local) component 
and a shared (or downstream) component.  

Accordingly, the reductions in diversions in key tributaries in the northern connected Basin have 
been specified to meet the local environmental water requirements and those of the Barwon-
Darling system. However they do not include any specific water recovery to meet environmental 
water requirements for the River Murray and Lower Darling (downstream of the Menindee Lakes).  

Similarly, the reductions in diversion in key tributaries in the southern connected Basin (such as the 
Murrumbidgee and Goulburn rivers) have been specified to meet the local environmental water 
requirements and those of the River Murray System.  
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Box 1 Differences between the northern and southern parts of the Murray-Darling Basin. 

 

For Basin Plan scenarios, contribution of connected tributaries to the respective downstream targets 
in the north and south (referred to as “Shared reduction”), has been calculated using approximately 
a pro-rata approach (in terms of percentage of total diversions) to split the shared component across 
the relevant tributaries. This is one of the possible ways in which the shared reduction could be 
sourced from various valleys. In practice, the actual contribution by individual valleys to the shared 
reduction will be dependent on the outcomes of water recovery programs. 

3.4.2 Basin Plan 2800 GL Scenario and Alternative Scenarios Testing  

A full description of the methodology and work outlining the determination of the Environmentally 
Sustainable Level of Take (ESLT) is presented in MDBA 2011a, and is also briefly summarised in 
Section 3. Several sequential and iterative steps, including the determination of basin-wide 

Northern connected system 
The northern system comprises the Barwon-Darling and its tributaries and discharges into the Murray at Wentworth. From a 
modelling perspective the system ends with inflows into the Menindee lakes. Outflows from Menindee lakes and through the 
Lower Darling and the Great Darling Anabranch are modelled implicitly as part of the southern Murray River system. 

Due to the more ephemeral nature of the rivers in the northern Basin and the high level of natural losses due to floodplain 
inundation and evaporation, there is limited ability to manage flows from the northern Basin to achieve environmental 
outcomes in the River Murray below the Darling River junction. On a long-term average basis for without development 
conditions, the northern Basin contributes around 17% of the flow into the Murray and even under current conditions this 
occurs in large infrequent events when the northern basin floods. 

Irrigated agriculture has developed in different ways in the northern and southern parts of the Basin (MDBA 2011e). In the 
northern Basin, development was led by private interests.  Development in the northern part of the basin occurred in the 1960s 
and models for this region are calibrated for conditions where land clearing is significant (Podger et al. 2010b). 

The northern Basin is characterised by unregulated flows, off-river diversions, and privately owned storages, some of which are 
extremely large.  Rainfall is greater in summer, and is highly variable. As a result, irrigators rely more on opportunistic annual 
crops and depend on a few good seasons to generate the return required to offset years with lower water availability.  The 
northern rivers are less connected.  Water trade is less well-developed than in the south, and tends to occur only within valleys. 

Southern connected system 
The southern connected system comprises the River Murray and its tributaries, excluding the largely disconnected tributaries of 
the Lachlan and Wimmera rivers, but including contributions from the Lower Darling and the Great Darling Anabranch. 

On a long-term average basis for without development conditions, the southern Basin contributes about 83% of the total flow 
of the Murray River below the Darling junction (the Murray and its tributaries upstream of the Darling junction). 

In the southern Basin, there was significant government involvement in irrigation development. Irrigation infrastructure is 
generally shared, with larger schemes managed by irrigation supply businesses.  Some irrigation communities were established 
as soldier-settlement schemes after the first and second World Wars.  

Without-development models represent current land uses with extractions and infrastructure such as major storages both 
removed. Observed data is based on the land use, extractions and flow conditions that existed at a particular point in time. As 
development in the southern part of the basin occurred in the 1900s, comparison of without development conditions is limited 
particularly in Victoria where without development data were not available (Podger et al. 2010b).  

The southern Basin tends to have winter-dominated rainfall compared to the northand greater historical reliability of rainfall, 
baseflows and snowmelt. This facilitated the development of farming systems that depend on continuity of water supply, such 
as perennial horticulture.  The southern Basin is relatively well connected between valleys. This allows trading of entitlements 
and allocations of water, subject to hydrological and policy-based limitations. 
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objectives, the establishment of a comprehensive set of local environmental objectives, targets and 
requirements, an assessment of the social and economic benefits, and costs due to changes in water 
use were calculated, combined and incorporated into the decision making process described in 
MDBA 2011a. Considering the results of this work, the MDBA selected a reduction in watercourse 
diversions of 2800 GL/y Basin-wide as the primary option for detailed analysis using the hydrological 
models (Section 3 and MDBA, 2011a). This scenario is subsequently referred to as “BP-2800”.  

In this scenario, 450 GL/y was recovered from the northern connected Basin, 2288 GL/y is recovered 
from the southern connected Basin and 69 GL/y from the disconnected rivers, as outlined in Table 1.  

In general, the reduction of diversions within the regions has not been optimised in terms of spatial 
location within a valley or entitlement type. Instead, the purchases are spread across a range of 
entitlement types and areas.  

Further details of the BP-2800 scenario for each individual valley are included in Section 5. While the 
Authority decision making process led to an eventual proposed Basin Plan containing a 2750 GL 
reduction, the BP-2800 scenario is still the most current and relevant for many valleys as the change 
in one northern valley (Condamine-Balonne) had little impact on the environmental flow indicators 
downstream of its confluence with the Barwon-Darling. 

3.4.2.1 Alternative Basin Plan Scenarios– BP-2400 and BP-3200 

As a means of gauging the capacity to meet environmental outcomes with varying level of water 
availability for the environmental use and informing the determination of the Environmentally 
Sustainable Level of Take (ESLT), two additional scenarios of +/- 400 GL/y (or a basin-wide scale of 
change of 2400 GL/y and 3200 GL/y) were also assessed. This report compares the results for these 
scenarios to those for the BP-2800 scenario. These scenarios are subsequently referred to as “BP-
2400” and “BP-3200”.  

These two additional scenarios maintained the same SDLs in the northern connected basin and 
adjusted SDLs in the Southern Connected System, in recognition that the majority of the potential 
reduction in diversions will be in the Southern Basin, and it is most important to understand the 
sensitivities in these valleys, particularly in the Murray where environmental water needs are the 
largest in the basin. Accordingly, in the BP-2400 scenario, 1890 GL/y is recovered from the southern 
connected basin, whilst in BP-3200 scenario, 2691 GL/y is recovered from the southern connected 
basin. Again, the targeted reductions for each valley in this scenario are outlined in Table 1, including 
the in-valley and shared components.  

Further details of the BP-2400 and BP-3200 scenarios, are included in Section 5 for the relevant 
valleys (specifically the Murrumbidgee, Goulburn and Murray). 
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Table 1: Targeted reduction in diversion volumes for each region under the Basin Plan scenarios.  

Region 

BP-2400 Diversion Reduction 
(GL/y) 

BP-2800 Diversion Reduction 
(GL/y) 

BP-3200 Diversion Reduction 
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As for BP-2800 

0 0 0 

As for BP-2800  
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N
1   

Warrego 8 8 7 

Nebine 1 1 1 

Condamine-
Balonne6 

100 203 202 

Moonie 0 3 3 

Intersecting 
Streams3 

0 0 0 

Border Rivers5 15 43 41 

Gwydir4 42 52 52 

Namoi 10 34 33 

Macquarie-
Castlereagh 

65 84 84 

Barwon-Darling 6 20 20 

Total  247 448 443 

SO
U

TH
ER

N
 C

O
N

N
EC

TE
D 

BA
SI

N
  Murrumbidgee 320 502 502 320 593 593 320 714 714 

Lower Darling 8 13 13 8 16 15 8 19 19 

Ovens3 0 0 0 0 0 0 0 0 0 
Goulburn-
Broken 344 388 391 344 458 459 344 552 552 

Campaspe 18 28 28 18 34 32 18 40 40 

Loddon 12 23 24 12 28 27 12 33 34 

Murray 616 936 935 616 1162 1163 616 1333 1330 

Total 1318 1890 1893 1318 2291 2289 1318 2691 2689 

Lachlan 
As for BP-2800 

48 47 47 
As for BP-2800 

Wimmera 23 22 23 

TOTAL2 16367 2407 2406 16367 2808 2802 16367 3208 3202 
1The Northern connected system was assumed to have the same reduction in all three Basin Plan scenarios. 
2The total may not be equivalent to a raw summation of tabled values due to rounding effects. 
3The Intersecting Streams region was not explicitly modelled as a distinct region as the model includes a high level of 
uncertainty, and the Ovens model is not included in the MDBA modelling framework. 

4The Gwydir model was updated using the latest estimate of long-term average use, with an estimated usage of 42 GL/y, 
subsequent to the completion of the modelling for this valley. 
5 A further scenario was modelled for the Border Rivers which achieved a reduction of 38 GL/y and included demands to 
address specific in-valley environmental requirements.  
6 Further scenario modelling was undertaken for the Condamine-Balonne to gauge the sensitivity of different levels of 
water recovery. 
7 In addition to in-valley reductions, 971 GL shared reduction is proposed in the Siouthern connected system and 143 GL in 
the Northern connected system. 
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3.4.3 Refinement of Basin Plan Scenarios  

To address identified modelling limitations and incorporate further feedback from State agencies 
and stakeholders prior to the Basin Plan consultation, a process has commenced to further refine 
the modelling of the Basin Plan scenarios. This process has initially been undertaken for the 
Condamine-Balonne, Gwydir and Border Rivers valleys. Similar work may be needed for other 
valleys, based on additional information and feedback from stakeholder groups as well as from State 
agencies, to inform the proposed 2015 review3

For the Condamine-Balonne, this has included modelling of alternative SDLs, as well as an alternative 
approach to the recovery of water.  

. 

For the Gwydir, this has included utilisation and modification of the environmental contingency 
allowance (ECA) account and rules, which exist in the baseline scenario, to improve the achievement 
of the EWRs for the Gwydir wetlands.  

For the Border Rivers, this has involved development of a demand timeseries to specifically address 
in-valley environmental requirements at Mungindi. Modelling undertaken constitutes one scenario 
with the demand included, and one scenario with the demand removed. 

Further details of the Condamine-Balonne refinements are included in Section 5.2, as this represents 
a significant improvement over the original method. The Gwydir and Border Rivers refinements are 
also included in their respective subsections of Section 5.  

  

                                                           
3 The ESLT is evidence based. The MDBA has used the best available science to inform the draft Basin Plan (see MDBA 
2011a), but acknowledges that there are gaps and uncertainties, and that local communities may have options to achieve 
environmental outcomes with less water, or new knowledge may see the SDLs revised to provide more water to meet 
certain environmental needs. Accordingly the MDBA has proposed an adaptive management process, to systematically 
improve scientific understanding and to enhance local input into decision making.  
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4 Methodology used to Incorporate Environmental Demands into 
the Basin Plan Scenarios  

To inform the development of the proposed ESLT, the MDBA has used the best available science and 
knowledge to identify the water requirements of selected indicator sites, as representations of the 
environmental water needs of the broader suite of key environmental assets and key ecosystem 
functions, and the objectives of the Water Act and Basin Plan. To determine the ESLT, the flows 
which are understood to deliver the desired environmental outcomes were modelled with different 
volumes of environmental water available in the Southern Basin to meet the desired flows. This 
section of the report provides an overview of the approach used to incorporate the environmental 
water requirements in the river system models described in Section 2. The application of this 
approach as it relates to each specific region is described in Section 5. 

4.1 Overall Approach  

On the basis of specified environmental objectives and targets, environmental water requirements 
have been 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 MDBA developed the hydrologic indicator site approach as a mechanism to describe a 
sustainable 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.  This approach is more comprehensively discussed in the ESLT report 
(MDBA 2011a). The selection of sites and described flows focus on ecologically significant 
components of the flow regime with greatest sensitivity to the ESLT. In total, 122 sites were used 
throughout the Basin as either inputs to the modelling process, or locations to assess model results. 
The assessment of environmental flow needs at each location utilises the best available science at 
each location relevant to the determination of an ESLT, and incorporates local water management 
arrangements and constraints (MDBA, in prep). 

Environmental water requirements can be modelled using two fundamental approaches. That is, the 
models can be run to either: 

1. Estimate the reduction in diversions required to achieve the specified environmental 
objectives; or, 

2. Estimate the environmental flow outcomes that can be achieved from a specified reduction 
in diversions (i.e. test ESLT options against environmental objectives). 

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. 

Over the last three years the MDBA has predominantly focussed on the development and 
application of the second approach, whereby modelling has been used to estimate and describe the 
environmental outcomes from a scenario representing particular reductions in diversions (as 



 

16 
 

described in section 3.3). The most relevant model runs to inform the Basin Plan come from this 
approach because it allows the simulation of environmental water use against an environmental 
water account (comprised of entitlements to be acquired under the Commonwealth commitment to 
‘Bridge the Gap’). This second approach is also simpler to represent in the models and provides 
greatest confidence in output as it is more closely aligned with current river operations and 
management. The contents of this report present this work. 

Earlier model runs undertaken by the MDBA estimated the reduction in diversions required to 
achieve an initial set of environmental flow indicators (i.e. they used the first approach listed above) 
and were used as a range finding exercise indicating the likely scale of change required to achieve 
desired environmental outcomes. However, this first approach was less aligned with current river 
operations, or the approach to be used to Bridge the Gap, and the results are therefore subject to a 
greater uncertainty. Knowledge gained from these model scenarios, in combination with other lines 
of evidence, helped select the level of diversion reduction tested in the Basin Plan scenarios 
described herein. The earlier modelling and other inputs used to select the scenarios are more fully 
described in Section 6.1 of MDBA, 2011a.  

The modelling method that has been used varies across the Basin on the basis of the different water 
management arrangements applied by states in regulated and unregulated rivers. This 
differentiation reflects that, in practice, environmental flows can be deliberately released from 
storage in a regulated region, whereas other techniques may be required to address environmental 
requirements in unregulated regions. The main differences between regulated and unregulated 
systems are: 

• In regulated systems, entitlements receive a certain share of the available water 
resource for their use via regular water determinations or allocation announcements. In 
some instances these water allocation systems also provide license holders access to 
storage rights and carryover provisions so that they can manage their water resource in 
accordance with their individual needs. 

• In unregulated systems, entitlements and associated allocation generally have less 
flexibility as water cannot be called or demanded from major headwater storages. 
Instead, licenses in unregulated systems provide the user with the right to extract water 
as it passes by their property. When licences are recovered to provide for environmental 
flows, the water remains in-stream and may require protection so that it is not 
extracted by other users as it flows downstream.  

As each of these differ in terms of the allocation and use of water, the general method used for 
modelling in the Basin Plan for these two types of systems are described in separate subsections 
below. Any regional variations from this broad methods description are detailed in Section 5. 

4.2 Regulated Regions 

The majority of regions in the Murray-Darling Basin contain a significant level of flow regulation due 
to structures such as dams and weirs.  Those regions listed below are considered regulated for the 
purpose of this discussion on modelling methods: 

• Border Rivers;  
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• Gwydir; 
• Namoi–Peel; 
• Macquarie; 
• Murrumbidgee; 
• Goulburn-Broken, Campaspe and Loddon; 
• Murray; 
• Lachlan; and 
• Wimmera. 

In regulated regions the environmental flow indicators defined by the MDBA have been used to 
derive ‘environmental demand timeseries’ to order water for the environment from upstream 
storages. Each demand timeseries was used within the model to order environmental flows similar 
to the manner by which consumptive water is ordered in the model. The demand timeseries aimed 
to reinstate ecologically significant components of the flow regime to achieve the overall objective 
of a healthy, working Basin. As detailed in section 4.2.5, of the 122 hydrologic indicator sites across 
the Basin, demand series were added at 38 sites. The remaining sites were used to assess model 
results. 

In brief, the process used to develop the demand timeseries is as follows: 

1. The ‘baseline’ flow timeseries was analysed for each indicator site and each water year 
(from 1895 to 2009) to identify all existing flow events that achieved the flow indicators; 

2. The ‘without development’ timeseries was similarly analysed to identify all flow events in 
that timeseries that achieved the flow indicators; 

3. A comparison of outcomes from steps 1 and 2 was used to identify the environmental flow 
events that have been lost from the without development timeseries due to river regulation 
and extraction.  This identified eligible events that could be reinstated in the model to meet 
the desired frequency of environmental watering; 

4. The volume of water required to reinstate each individual lost event in the without 
development timeseries was then calculated; 

5. The volume of water expected to be available to the environmental water holder in each 
year was calculated for the given Basin Plan model scenario (representing a particular 
ESLT/SDL option); 

6. Based on the volume of water available in any given year, the target frequency of watering, 
and the volume of water required to reinstate each flow event in the year, environmental 
watering events were selected for inclusion in the demand timeseries for the indicator site. 
The process of selecting events aimed to: 

i. achieve the target frequencies for each flow indicator at each indicator site,  
ii. reduce the length of periods between events (where these are ecologically 

significant), and,  
iii. share the delivery of flows across multiple sites.  

The assessment approach tests the performance of the environmental flow indicators (against the 
target frequencies) for the alternative SDL reduction scenarios. 

This process was undertaken using the semi-analytical Environmental Event Selection Tools 
developed by the MDBA for this purpose. In addition to the features outlined above (i.e. developing 
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a demand timeseries in a way that accounts for environmental water availability and use) the tools 
were explicitly applied to maximise the efficiency of environmental watering by: 

• accounting for site-to-site hydrologic connectivity (i.e. return flows likely to be available for 
use downstream); 

• aligning similar water events across sites within the same year so that return flows are of 
most use across multiple sites; and 

• selecting watering events which are a priority given the antecedent conditions in the 
particular year. 

In practice, these concepts are utilised in the operational environment to maximise the efficiency of 
environmental water use and environmental outcomes, hence they have been included in the Basin 
Plan modelling strategy. 

The application of these tools was also undertaken to avoid the selection of high flow events that 
cannot be delivered within existing river operational constraints, where these are known and 
quantified. A list of the constraints identified by the MDBA can be found in MDBA (2011a) 

This process represents a significant improvement on the initial ‘range-finding’ modelling which was 
completed during the early stages of the Basin Plan modelling program (in 2010). 

An example of this selection process is shown in Figure 4, which displays baseline (red) and demand 
series (green) flows at the Hattah Lakes hydrological indicator site (flows measured at River Murray 
downstream of Euston Weir). The green event shown in Figure 4 has been included in the Basin Plan 
demand timeseries, whilst the remaining event (blue dashed line) has not been re-instated4

                                                           
4 In this case, the first event shown in 

.  

Figure 4 (blue dashed line) has not been selected for re-instatement 
partly due to its prohibitive volumetric ‘cost’ (that is, the environmental account does not contain enough 
volume to deliver this event in 1936), and partly due to hydrologic connectivity considerations with other sites 
on the River Murray. 
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Figure 4: Flow timeseries at the Hattah Lakes hydrological indicator site (River Murray downstream of 
Euston Weir) for the period 1933 – 1941, including flows under baseline conditions (red), the demand series 
(green), and an event which exists in the potential demand series but was not requested in the Basin Plan 
scenarios (blue dashed line). 

 

After this event selection process, the demand timeseries were included in the models using an 
iterative process. This iterative process was required because the Environmental Event Selection 
Tool approach contains initial estimates of hydrological factors (such as return flows from 
environmental sites), but these factors are better represented in the hydrological models and need 
to be tested within the modelled environment. These factors are important because they partly 
determine the amount of water requested each year from the environmental accounts. The iterative 
process therefore allows environmental demand series to be incorporated in the model and 
adjusted (if required) to ensure the volume of water delivered each year is appropriate. Each of 
these steps is described in detail in the subsections below. 

4.2.1 Establishing Basin Plan Environmental Watering Accounts 

The Commonwealth Government has committed to ‘Restoring the Balance’, whereby the gap 
between the Baseline Diversion Limits (BDLs) and the SDLs (i.e. the additional water needed for a 
healthy, working Basin) will be achieved by recovering water by purchasing water entitlement 
licences and investing in efficiency improvements. Once these water recovery initiatives are 
complete, in regulated rivers a portfolio of held environmental water will be available which can be 
used to deliver environmental flows to restore the health of the Basin’s key environmental assets 
and ecosystem functions. The Basin Plan modelling program has therefore created a set of potential 
future scenarios which test whether the volume of water attached to these licences can be used to 
deliver the desired environmental flows.  
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To reflect these arrangements, the environmental water demand patterns used in the modelled 
Basin Plan scenarios were developed in a way that aligns with the volume of water anticipated to be 
available in hypothetical Basin Plan Environmental Watering Accounts (BP-EWA). BP-EWAs were 
developed for each regulated modelling region, and constitute an estimate of the volume of water 
that would be available in the account. The following assumptions were made regarding the 
composition of the environmental accounts: 

• An equal percentage of all license types (excluding town water supplies) were 
recovered; 

• The long-term average volume of water in the modelled BP-EWA represents the 
difference between the BDLs and the modelled SDLs (i.e. the reduction in diversions in 
Table 1);  

• The BP-EWA was calculated on an annual time-step (i.e. on a year-by-year basis); and 
• The BP-EWA volume was based on modelled annual diversions. 

For example, if 15% of irrigation licences were to be recovered under a Basin Plan scenario, then 
approximately 15% of the modelled baseline consumptive use volume over the long term (i.e. 
diversions) would be allocated to the BP-EWA on a year-to-year basis (the percentage will vary each 
year due to the annual variation in water availability and associated variability in allocations to each 
licence type). 

An alternative approach would have been to make the annual BP-EWA volume a function of 
allocations rather than diversions. This would allow the environment to take advantage of the full 
allocation, as is the right of any entitlement holder. However this approach would require the 
explicit inclusion of a BP-EWA and environmental watering rules in every hydrological model; that is, 
an in-model account incorporating year-to-year changes in response to orders and releases, 
carryover, and so on. This would require significant model development, as only a minority of the 
models currently have this capability, and this work could not be completed within the timeframe 
required to inform the draft Basin Plan. Hence, the MDBA pre-processed the annual BP-EWA volume 
external to the modelling framework;  which still adequately reflects the ongoing water recovery 
process. This method preserves the usage behaviour of these licences as observed under the 
baseline scenario, but with the water recovered for the environment directed towards the 
environment rather than consumptive users.  

4.2.2 Identifying potential environmental flow events 

Environmental demand timeseries have been used to order water from storages for a specific 
environmental purpose. This approach was originally developed by CSIRO and SKM (Podger et al. 
2010a) and has been subsequently refined by the MDBA. This section contains a description of the 
method by which the various demand timeseries have been created. 

In regulated regions, environmental water can generally be ordered at a specific flow rate at a 
specific time to meet a desired flow or volume, which is intended to achieve targeted environmental 
outcomes5

                                                           
5 In some instances, releases may be limited by channel capacity or other physical or operating constraints. 
Most irrigators usually only order the volume of required water subject to a desired timing. 

. This might be thought of as an event. For example, MDBA has characterised flow 
conditions conducive to successful breeding of colonial nesting waterbirds in the Barmah-Millewa 



 

21 
 

Forest (located on the River Murray System) as a flow event of 15,000 ML/day for 150 consecutive 
winter/spring days. Under the modelled without development scenario, this event occurred during 
50 of the 114 years (or 44% of years). In contrast, the baseline scenario indicates that the current 
level of development and water extraction has reduced this frequency of occurrence to 12 of the 
114 years (or 11% of years). Within the Basin Plan scenarios, a subset of events that occurred in the 
without development timeseries, and are missing under baseline conditions, is reinstated by 
supplementing the baseline flow with environmental water (rather than generating artificial 
environmental events). This was the first step in a process to align the delivery of environmental 
flows to periods of sufficient water availability. It also ensured that flow events were delivered at 
times when they would have occurred naturally (i.e. without human development and extraction). If 
applied in practice, this technique would ensure that events would align with other ecosystem 
processes associated with different climatic conditions and other ecological cues. 

The first step in this process was the identification of all the flow events that occurred in the without 
development timeseries. This provided a timeseries of potential events — that is, a timeseries 
including all of the ‘naturally-occurring’ environmental events over the 114-year modelling period 
without any accounting or delivery constraints. The next subsection describes the process by which a 
group of these events was selected for reinstatement and to align them with the volume of 
environmental water anticipated to be available within the environmental account, and to balance 
environmental use across sites. For those regions which are represented by a monthly model (the 
Murray and Victorian catchments), the daily timeseries has been converted to a monthly time-step. 

4.2.2.1 Dividing the Flow Regime into Components 
Each environmental demand timeseries is based on an environmental water requirement expressed 
as a site-specific flow indicator for a specific hydrological indicator site. The site-specific flow 
indicators are summarised in a separate report (MDBA 2011a), and described in full in MDBA, in 
prep. The flow indicators are set out by valley in Section 5. 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. 

An example of an environmental demand timeseries is shown in Figure 5, which demonstrates the 
requirements for different parts of the flow regime at a hypothetical site. A modelled Basin Plan 
scenario may therefore contain multiple demand timeseries at multiple sites, or indeed multiple 
demands at a single site (for example, the Murrumbidgee Basin Plan scenarios contain five demand 
series, including two sites each with a single demand series, and one site with a further three 
demand series). A more detailed description of the steps required to construct and include these 
demand series is given below for each flow component. 
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Figure 5: A schematic flow series representing three components of the flow regime at a hypothetical site. 
Baseflows generally reside in the lower shaded section, freshes in the central section, and overbank flows in 
the upper section. The flows are for indicative purposes only. 

 

The demand timeseries targeting freshes and overbank flows include a set of discrete and distinct 
events (for example, the BP-2800 scenario requested eleven additional 44,000 ML/d events for the 
Mid-Murrumbidgee Wetlands over the 114 year period). In contrast, the baseflow demand series 
prescribe a minimum flow for every day over the 114-year modelling period, but they are only of any 
consequence when this minimum flow is not met by baseline conditions (e.g. by irrigation water 
delivery, unregulated flows or other environmental flows). A more detailed description of the steps 
required to construct and include these demand series in the model for each flow component is 
given below. 

4.2.2.2 Baseflows  
Baseflows (or low flows) are an important component of the flow regime which maintains aquatic 
habitats for fish, plants and invertebrates. They comprise 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.  

A standard approach has been adopted across the entire Basin to incorporate baseflows. As a first 
step, a ‘baseflow assessment series’ was created at each site, and this was used to determine the 
required additional flow at each site to satisfy the baseflow requirement, detailed below. Secondly, 
for those sites with a significant shortfall compared to the baseflow requirement (and where a 
demand series could be included within the current modelling process), the assessment series was 
included as a demand series to order water at this site specifically for this component of the flow 
regime. 
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For a given scenario, the baseflow ‘metric’ (see Appendix A) was defined as the ratio of the 80th 
percentile flow (Q80) to the 80th percentile flow under without development conditions (Q80

WoD). The 
aim of the baseflow assessment timeseries was to measure whether 60% of the 80th percentile 
without development flow was maintained at each site (i.e. the metric was ≥ 0.6). Essentially, this is 
an application of the Baseflow Index (BFI) — this index represents the proportion of the flow at a 
given site which can be attributed to baseflow. For Basin Plan purposes the BFI has been defined as 
0.6 × Q80

WoD/Q�, where Q� is the long-term average flow. Furthermore, the BFI was calculated on a 
seasonal basis, using the low- and high-flow seasons defined at each site based on an analysis of the 
without development model flows (inset text box 2). The assessment timeseries was then calculated 
on a daily time-step by multiplying the without development flow by the BFI for each month. 

Box 2 Determination of high and low seasons 

 

For example, at Wagga Wagga on the Murrumbidgee River, the long-term average without 
development flow was 10,410 ML/d. This can be split into low and high seasons. In the low flow 
season, the mean daily flow is 4,578 ML/d, of which 12.1% (the BFI) occurs as baseflows. Similarly, 
the mean daily flow in the high flow season is 16,690 ML/d, of which 18.8% occurs as baseflows. For 
the two months per year that are not part of these two seasons, a mean proportion was used (15.5% 
in this case). An example of the baseflow assessment series at Wagga Wagga for the water year 1895 
– 1896 is shown in Table 2. 

Table 2: An example of the baseflow assessment series at Wagga Wagga at a monthly time-step for the 
water year 1895 – 1896.  

Month Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 

without development 
Flow (GL/m) 

323 267 388 261 54 63 33 55 75 96 315 481 

Baseflow Requirement 
(GL/m) 

61 50 73 49 10 10 4 7 9 12 38 75 

 

It is recognised that this method based on hydrological analysis has associated uncertainties, 
especially in relation to the ecological basis and outcomes achieved through reinstating these flows. 

Human development has altered the seasonality of river flows at many sites across the Murray Darling Basin.  For example, 
under the without development scenario, river flows in the Southern Basin would generally have peaked during winter and 
spring due to the relatively high rainfall in these seasons.  However, under current arrangements, many of these flows are now 
captured by storages and then released later in the year for irrigation purposes.  This is an important aspect of the changed 
nature of flows, and MDBA has ensured that the baseflow requirements incorporate the natural seasonality. 

For the purpose of modelling baseflows, each 12-month period has been divided into a five-month low flow season and a five-
month high flow season, which are then separated by month-long ‘transition periods’ during which the flows are inter-seasonal.  
The calendar months comprising each of these components were determined for each site from the modelled without 
development flows.  Using the 114-year dataset, the high flow season was defined as the five consecutive months with the 
highest median flow, and similarly the low flow season from the lowest five-month flow.  These ‘natural’ seasons were then used 
to define the baseflow assessment  timeseries at each hydrological indicator site. 
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However, baseflows are only generally a relatively small component of Basin Plan environmental 
water requirements and have a comparatively small volumetric demand on the BP-EWA. Hence, 
whilst this approach has some uncertainties, in the context of setting an ESLT, its contribution to a 
potential change in the balance between environmental and consumptive use is of lesser 
significance. Accordingly, less emphasis has been placed on meeting baseflow requirements than 
other components of the flow regime that are more sensitive to the ESLT and have clearer links to a 
desirable ecological outcome.  

4.2.2.3 Fresh and Overbank Flow Events 
Freshes and bankfull to overbank flooding events generally share a similar set of hydrological 
characteristics. 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. Thus, in contrast to the low flow requirements defined above, fresh and 
overbank targets are based on distinct events which can occur at a range of frequencies from a few 
times per year to once every few years or even decades. The flow parameters describing a fresh or 
overbank event are based on available scientific analyses linking flow events to a set of 
environmental and river ecosystem responses such as  flood dependent river red gum forest and 
woodland vegetation communities, and associated biota such as waterbirds, fish and macro-
invertebrates (MDBA 2011a; MDBA, in prep). These flow parameters were the basis of the demand 
series which ordered environmental flows in the Basin Plan modelling framework, and the 
parameters are listed for each region in Section 5. 

In terms of identifying potential environmental watering events, the fresh/overbank requirements 
were split into two groups. The majority of fresh/overbank events were specified in terms of 
threshold and duration, and the timeseries of potential environmental watering events were created 
using the eWater CRC’s eFlow-Predictor tool (Marsh et al. 2009). Based on modelled flow timeseries, 
eFlows identifies environmental events that occurred under without development conditions but no 
longer occur under baseline conditions. The tool then provides a timeseries that includes all missing 
events, a subset of which are subsequently included in the model to meet desired frequencies within 
the capacity of the BP-EWA (using the process described in Section 4.2.3). The timeseries includes 
provision of rising and falling limbs determined through an analysis of empirical data. In addition, the 
parameters for a fresh event were informed by the MDBA-developed FreshFind tool, which detects 
and characterises freshes at a given site based on the flow timeseries. 

The remaining overbank flow requirements were described in terms of total volume of flow during a 
specific season or over a specific number of days (for example, those for the Lower Murrumbidgee 
Floodplain). The eFlows predictor tool did not have the capability to identify events described in this 
manner when demand timeseries were being developed for the Basin Plan, hence these events were 
identified via a separate method using an MDBA-developed algorithm. The series of events that 
meet these volumetric targets were constructed within a set of logical constraints. First amongst 
these constraints is that the events were not allowed to exceed the without development flow, 
except on those days in which this flow had already been exceeded under the baseline scenario. 
Secondly, the timeseries has an upper limit, generally the bankfull (i.e. channel capacity) flow (or 
less). This limit ensured that upstream overbank losses were minimised and hence the volume of 
water was delivered efficiently. Finally, the events were adjusted to provide the total required 
volume (within the required season) with the minimum increase on the flow in the baseline 
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scenario. This final optimisation step ensured that the smallest possible volume of water was 
required, and represents a best-case scenario of efficient environmental water use. 

4.2.2.4 Downstream Requirements 
To achieve the EWR targets in downstream regions, upstream tributaries are required to contribute 
to the environmental flow events in the Barwon-Darling and River Murray systems. Thus, in addition 
to the in-valley overbank, fresh and baseflow potential event timeseries described above, some 
models included a demand timeseries for downstream flows (note that these could only be included 
in regulated systems as there is no physical means to call water from upstream unregulated areas). 

Downstream demands were included in the following tributary models: 

• Gwydir (BP-2800 scenario only) and Macquarie-Castlereagh, to assist with Barwon-Darling 
requirements (which were defined by the EWRs at Bourke, refer section 5.11). 

• Murrumbidgee and Goulburn, to assist with Murray requirements (which were defined by 
the flow requirements for the Hattah Lakes and Riverland-Chowilla Floodplain indicator 
sites). The demand timeseries for these two sites were amalgamated into a single demand 
series, using an average flow travel time of seven days between the two assets, refer Section 
5.14. 

Due to a variety of reasons, downstream demand timeseries were not included in the Warrego, 
Condamine-Balonne, Moonie, Border Rivers and Namoi in the northern connected Basin, or the 
Ovens, Loddon and Campaspe Rivers in the southern connected Basin. Regardless of there not being 
a specific demand, the in-valley environmental flows included in these models contributed to the 
desired flows in the Barwon-Darling and in the River Murray System. The reasons for not including 
demand series in these models include a lack of flow regulating capacity, or technical limitations 
within the model, time constraints or a combination of them. The specific issues for each region are 
discussed in section 5. 

Downstream demand series were placed at the most downstream location on the main river channel 
within the technical limitations of the hydrological model. The general filtering process used to 
develop the downstream demand timeseries for each of the tributary models is described step-wise 
below. 

i. The Murray or Barwon-Darling demand timeseries was lagged to reflect the travel 
time between the end of system site in the tributary and the downstream asset. 

ii. A ‘potential demand’ was created by constraining the series to the minimum of 
without development flow at the end of system site in the tributary, the bankfull 
flow, and the demand series at the downstream location. This ensured that the 
demand did not exceed without development flows (unless already exceeded by the 
baseline flows), and that it did not exceed bankfull flows. Mathematically, 

 

𝑄𝑄DS,max(𝑖𝑖) = min�𝑄𝑄BF,𝑄𝑄WOD(𝑖𝑖),𝑄𝑄D
ds(𝑖𝑖)�, 

where the components are the bankfull flow (𝑄𝑄BF), without development flow 
(𝑄𝑄WOD), and the downstream demand (𝑄𝑄D

ds) at time-step 𝑖𝑖. This filtering step ensured 
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that these volumes were delivered efficiently by minimising overbank losses. This 
series represents the maximum volume of water which can be delivered from a 
regulated storage within system constraints — the further limitation of the Basin Plan 
Environmental Watering Account (BP-EWA) is described in section 4.2.3. 

To ensure the maximum environmental outcome, it was crucial to ensure that the tributary 
demands were accurately synchronised in terms of event timing. 

4.2.3 Selecting Events and Combining Demand Timeseries 

The fresh/overbank potential environmental watering event timeseries described above represent a 
series of possible environmental watering events that could be reinstated. Including all these events 
would exceed the target recurrence frequencies for the flow indicators, as it would reinstate every 
single event that occurred in the without development scenario. This is not the aim of the Basin 
Plan. Instead, a subset of these events was targeted to aim for an event frequency which is 
considered to be within the tolerance range of targeted ecological communities.Furthermore, 
neither the timeseries of potential fresh/overbank event nor the baseflow assessment timeseries is 
limited by the volume of water available to the environment in the BP-EWA. The timeseries of 
potential environmental watering events therefore requires filtering to select priority watering 
events that can be implemented with water available in the BP-EWA with the aim of reinstating the 
target watering frequency for the various ecological communities represented in the flow indicators. 
The modelling of the different Basin Plan scenarios can then be used to assess the level of success of 
reinstating the events represented by the flow indicators within the volume of water available to the 
environment in each scenario. 

This process requires the different components of the flow regime to be prioritised. The fresh and 
overbank requirements have been given the highest priority, as they have the strongest link to 
empirically measured ecosystem benefits (MDBA, in prep), and volumetrically are the dominant 
component. Water from the BP-EWA was allocated to the flow components in the following order: 

I. Overbank flows; 
II. Fresh events; 

III. Downstream (where applicable); and 
IV. Baseflows 

This section describes the process by which events were selected from the potential environmental 
watering event timeseries to produce final demand timeseries. 

4.2.3.1 Fresh and Overbank Flow Requirements 
The potential event timeseries for fresh and overbank flow requirements were filtered using a set of 
Environmental Event Selection Tools (known colloquially as ‘Pick-a-Box’). These are essentially semi-
analytic, spreadsheet-based tools developed by the MDBA specifically for this purpose, and are 
based on without development and baseline model results. They allow the user to see how much 
water any event would take to reinstate and select potential events to be included in the final 
demand series for each site. Individual tools were constructed for each region, except for the main 
regions of the Southern System (the Murrumbidgee, Murray and Goulburn valleys), for which a 
single integrated tool was necessary due to its relatively high level of connectivity. Each of these 
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tools were operated at an annual time step, however the underlying calculations and final demand 
timeseries were at a daily resolution. 

The event selection process was designed to target a desired frequency of fresh/overbank events, 
however there is a degree of uncertainty associated with these environmental water requirements, 
particularly regarding the required frequency of flows to achieve the desired outcomes. For this 
reason, a desired frequency range was established, defined by the ‘low’ and ‘high’ uncertainty 
frequencies. The low uncertainty frequency indicates a high likelihood that the environmental 
objectives and targets will be achieved and is generally only a model deviation from the natural 
occurrance. The lower boundary of the desired range is referred to here as the high uncertainty 
target which is effectively the best estimate of the threshold, based on current scientific 
understanding, which, if not met, may lead to the loss of health or resilience of ecological 
communities, or the inability of species to reproduce frequently enough to sustain populations. 
These thresholds and tolerance ranges are not known for many species and for some communities 
and where there is information (for instance river red gum communities) our knowledge is evolving. 
The high uncertainty frequencies attempt to define the thresholds in relation to the specified 
ecological targets. For some ecological outcomes there might be a linear rather than threshold 
relationship between water provisions and environmental outcomes. For both threshold and linear 
relationships, if the high uncertainty targets are not achieved, the environmental outcomes may still 
represent substantial improvements compared to baseline conditions. The rationale for the 
frequency range is included in the EWR reports where information exists. 

The environmental event selection tools incorporate two important features: the BP-EWA and 
hydrologic connectivity. 

Firstly, the tools ensure that while seeking to reinstate a certain frequency of various events the 
demand volumes for fresh and overbank flow events for the multiple sites in a valley do not exceed 
the BP-EWA volume in a given year (except for a small number of years in which the volume is 
exceeded by 20% to indirectly include some allowance to utilise full allocation, potential carry over 
or trading activity). The volume required to order each flow event (the ‘cost’) was calculated as the 
difference between the demand series and the flow in the baseline scenario. Using this 
methodology, different Basin Plan scenarios were used to test the ability to meet the desired 
frequencies of flow indicators, which can be seen as a set of performance measures. 

Secondly, the tools allow for benefits to be obtained at multiple sites from a single flow event via 
hydrologic connectivity, and thereby increase water use efficiency. In essence, a volume of 
environmental water delivered to a site will also increase flows at other sites along the river and 
produce a range of ecosystem responses. Each river system in the Basin contains multiple hydrologic 
indicator sites and, where possible, the MDBA modelling techniques have taken advantage of 
hydrologic connectivity to address multiple targets with a single environmental water order. This 
was especially important in the southern connected Basin, for which there is a relatively high level of 
connectivity between the River Murray and its two main tributaries, the Murrumbidgee and 
Goulburn Rivers. 

Thus, using these two features, environmental events have been selected using logic similar to that 
applied by river operators: environmental watering opportunities were sequenced to target a 
hydrograph which meets the requirements of multiple sites. For instance, if a long-period bird-
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breeding event was selected for the Barmah-Millewa Forest in a given water year, then a similar 
event is likely to have been selected at the downstream Gunbower-Perricoota-Koondrook Forest. To 
incorporate hydrologic connectivity between sites, semi-analytic accounting and loss calculations 
(based on hydrological modelling outputs) were used to provide estimates of the volumetric use 
between sites and tributary inflows. These loss calculations include both water used at the upstream 
environmental site, and ‘transit’ losses between the upstream and downstream sites. 

The environmental event selection tools contain two inherent elements of foresight. Firstly, the user 
is able to take full advantage of unregulated and local inflows, and therefore knows the flow rate 
and total volume of storage releases required to re-instate each environmental event in each year. 
In practice, a river operator will not be able to accurately predict these inflows more than a few days 
in advance, and consequently some incomplete (or partially successful) watering events will occur. 
Secondly, the user can examine the entire 114-year sequence and re-instate an appropriate pattern 
of events to meet the desired frequency and minimise the length of dry spells. Although an effort 
was made to minimise this effect by re-instating events on a year-by-year basis without looking at 
future years, the use of a historical climate series necessarily implies some level of foresight (e.g. an 
experienced user will know that a dry spell occurs in the 1940’s, whereas the 1950’s were unusually 
wet). 

4.2.3.2 Downstream and Base Flow Requirements 
Demands for baseflows were only included in the model at locations where significant shortfalls 
were identified in the major water carrying streams of the Basin. Shortfalls were considered to be 
significant if they were greater than a few percent of the total baseflow requirement. 

Under the prioritisation process, baseflows were ranked last in terms of access to BP-EWA. Thus, in 
regulated regions where no downstream demand was required, baseflow demands were included in 
the model if the shortfall was significant and if some water remained in the BP-EWA after accounting 
for fresh and overbank flow. However, in the case of the Campaspe and Loddon valleys, baseflow 
demands were included in the model irrespective of shortfals, as there were no fresh/overbank flow 
demands included in these valleys.   

For those regulated regions with both downstream and baseflow demands (Gwydir, Macquarie, 
Murrumbidgee and Goulburn), the process was more complex. A downstream calculation tool was 
constructed for each of these regions to create a volume-limited demand timeseries at (or near) the 
end of system location for the relevant models. At the core of these downstream calculation tools 
lay the process of environmental accounting at the resolution of an annual time-step. Under this 
process, the in-valley fresh and overbank demands had the highest priority in terms of requesting 
water from the BP-EWA. Subsequently, any water remaining in the BP-EWA was allocated to the 
downstream demand. Following this allocation, any remaining water was allocated to meet the 
baseflow demands. If the desired flow exceeded the volume remaining in the BP-EWA in a given 
year, then the downstream and baseflow demand series in that year were reduced to match the 
available volume. 

The Basin Plan scenarios are simulating a scenario in which a proportion of irrigation licences have 
been recovered and are utilised to deliver environmental flows. However, the end of system 
demand sites are located downstream of most (or all) diversion sites in the model. Thus, it was 
necessary to make an allowance for the additional delivery losses between the storages and the end 
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of system site to minimise reliability impacts and to ensure that the storage pattern for the Basin 
Plan scenarios matched that of the baseline scenario. Furthermore, the use assigned to each in-
valley overbank and fresh event was an estimate only, and is less accurate than the loss functions 
included in the hydrologic models. 

These uncertainties were addressed by the ‘Delivery Ratio’, labelled ξD . This variable is intended to 
encompass all the unknown loss functions. As an example, a value of ξD = 0.8 indicates that, on 
average, 80% of the water called from the BP-EWA account in storage (after accounting for overbank 
and fresh event volumes) will arrive at the end of system location. Initially, the desired value of ξD  
was unknown for each model, thus it was estimated and a series of modelling iterations were 
completed to refine this factor (discussed in section 4.2.4 below). The final end of system demand 
series thus represented a BP-EWA constrained, loss-accounted amalgamation of downstream 
baseflow and, where relevant, overbank/fresh requirements. 

MDBA modelling has assumed that water can be ordered from upstream storages within tributaries 
to address downstream requirements in the Barwon-Darling and River Murray systems. This has not 
yet occurred in practice due to a high uncertainty regarding losses between the storage and the 
downstream location and because of river operating rules in many systems. 

4.2.4 Iterative Modelling and Analysis 

The BP-EWA volume is tied to the consumptive use volume of the purchased licences, thus a 
‘successful’ Basin Plan scenario must meet two requirements: the consumptive use must be limited 
so that it complies with the desired SDLs specified in the Basin Plan; and, there should be minimal 
impacts on reliability, so the long-term pattern of use of the recovered environmental water should 
be similar to that of irrigators in the baseline scenario, i.e. it retains the same characteristics as the 
original entitlement. As the environmental use is not explicitly accounted in all models, the MDBA 
has monitored the second criterion (minimal impact on reliability) using the overall long-term 
storage behaviour and reliability of supply, with the aim that they behave in the Basin Plan scenarios 
in a similar manner as in the baseline scenario. Any departure from this aim reflects modelling 
inaccuracies rather than any policy intent. 

As previously described, when trying to meet environmental targets, a set of pre-processing tools 
were used to combine and limit the environmental demand timeseries to the volume of water 
available in the BP-EWA. Unlike consumptive use where accounts are included within the models, 
this process has occurred externally to the modelling framework, and therefore can only estimate 
the effects of factors such as allocations, consumptive use and carry-over on the BP-EWA, and the 
resulting flows. As previously stated, the inclusion of environmental accounts into each modelling 
platform would be desirable, but this task would require years of additional work to change each 
model and therefore could not be completed for the proposed Basin Plan. An iterative modelling 
and analysis technique has therefore been used, in which the demand timeseries are progressively 
added to the model and refined based on model outputs, as given in the following generalised steps. 
Small adjustments to this process were made depending on the requirements of each model. 

• The ‘potential’ fresh and overbank demand timeseries was used to identify all possible 
additional events to meet the desired frequency. Subsequently, the selection of events to 
be included in the demand timeseries (to be included in the model) was limited by water 
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available in the BP-EWA on a yearly basis (Section 4.2.1). These fresh/overbank demands 
were then included in the first model iteration. The shortfalls in the environmental 
requirements are assessed, using post-processing tools and statistical analysis (indicators). 

• The addition of remaining demands (baseflow and downstream demands) was also limited 
by BP-EWA on a yearly basis, and the demands were adjusted based on the model results 
from the previous step and an estimate of the ‘Delivery Ratio’ (Section 4.2.3). These 
demands were progressively added into the model, and the Delivery Ratio refined, in further 
iterations of the model.  

• To complete the Scenario, consumptive demands were reduced with the aim of producing 
the desired SDL and maintaining the long-term behaviour of public storages as observed 
under the baseline scenario. If these aims are not met, the model outputs are used to refine 
the input variables, and the last two steps are repeated. 

Once a model run meets the above, it can be assessed to determine its success in providing for 
environmental outcomes (represented by the flow indicators) and other model runs may need to be 
done to explore how the volume available to the environment and the model assumptions affect the 
environmental success. 

4.2.5 Summary of Demands Included in the Basin Plan Scenarios  

The complete list of demand series sites used in the Basin Plan scenarios is given in Table 3. In total, 
122 hydrological indicator sites were used to monitor modelled environmental flows throughout the 
Basin (MDBA 2011a). Environmental demand timeseries were included in the models at 38 sites 
across the Basin (Table 4); note that four of these sites also included a downstream demand). 
Baseflow demand timeseries were created at the majority of the remaining 84 sites, but were only 
used for assessment purposes. In general, these were not included as demand series because of a 
series of reasons, including: 

• existing baseline flows largely meet the desired baseflow requirement, 
• limitations within the model, or  
• the nature of the system (for example, many of these sites are located in unregulated 

regions for which water cannot be deliberately ‘ordered’; these regions are discussed in 
detail in Section 4.3). 

The specific reasons for not including a demand series in each region are described in Section 5. 

Table 3: The locations and types of demand timeseries included in the Basin Plan scenarios. 

Region 

Location and Type of Demand Included 

Overbank In-Channel/ 
Fresh Baseflow Downstream 

Paroo 

Demand series cannot be included in these unregulated regions 

N
O

RT
HE

RN
 

BA
SI

N
  

Warrego 

Nebine 

Condamine-Balonne 

Moonie 
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Intersecting Streams Not modelled as distinct region 

Border Rivers — Mungindi1 — 

Gwydir — • Mallowa Creek 
• Yarraman Bridge1 

Downstream Copeton Dam 
— 

Bronte2 
(downstream demand series defined at Bourke) 

Namoi — Bugilbone • downstream Chaffey 
• downstream Keepit — 

Macquarie-Castlereagh Macquarie 
Marshes — 

downstream Burrendong — 

Model node near Macquarie End-of-System 
(downstream demand series defined at Bourke) 

Barwon-Darling Overbank/fresh events at Bourke 
(demand series included in upstream models) — — 

Lachlan 
Overbank/fresh events to meet requirements 

for Lachlan Swamp, Booligal Wetlands, and 
Great Cumbung Swamp 

• downstream Wyangala 
Dam 

• downstream Carcoar Dam 
— 

SO
U

TH
ER

N
 B

AS
IN

 

Murrumbidgee • Mid-Bidgee Wetlands 
• Low-Bidgee floodplain 

Balranald (including freshes, baseflow and downstream demand to 
Hattah/Chowilla/ Coorong, Lower Lakes and Murray Mouth (CLLMM)) 

Lower Darling — — Burtundy — 

Ovens Not included in the IRSMF 

Goulburn-Broken Lower Goulburn 
Floodplain Shepparton3 

• downstream Eildon 
• Trawool 
• upstream Goulburn Weir 
• Loch Gary 
• McCoys Bridge 
• Inflows Murray 

McCoy’s Bridge 
(downstream demand 
to Hattah/Chowilla/ 
CLLMM) 

Campaspe — — 

• Coliban@Lyell Rd 
• Downstream Eppalock 
• Rochester 
• Echuca 

— 

Loddon — — 

• downstream Cairn Curran 
• downstream Tullaroop 
• U/S Serpentine Weir 
• D/S Serpentine Weir 
• Appin South 

— 

Murray 

• Barmah-Millewa 
• Gunbower-Koondrook-

Pericoota 
• Hattah Lakes 
• Riverland-Chowilla 

Coorong/Lower 
Lakes/Murray 
Mouth (flow at SA 
Border) 

Flow at SA Border — 

Wimmera — — — — 
1Demand not included in the BP-2800 scenario. 

2Demand included in the BP-2800 scenario only. 
3In-valley SDL scenario only 

 

Table 4: Number of sites for which environmental demand timeseries have been included 

EWR 
demands 

Single-Demand Sites Multiple Demand Sites  

Baseflow 
Assessment 
Series Only Baseflow Freshes Overbank 

Baseflow 
and 

Freshes 

Baseflow, 
Freshes 

and 
Overbank 

Total 

Number of 
locations 23 3 7 2 3 38 84 
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The number of requested events, in addition to those observed under baseline conditions, to meet 
each of the fresh and overbank flow EWR targets is summarised in Table 5 for the northern Basin, 
and Table 6 for the southern Basin.  Section 5 presents results for each region, including the extent 
to which these events have been successfully delivered within the model scenarios. 
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Table 5: Number of fresh/overbank events, in addition to the baseline scenario, requested in the Basin Plan 
scenarios — northern connected Basin. 

Region Site Flow Indicator 
Number of Additional Events Requested 
(BP-2400, 2800, 3200 Scenarios unless 

otherwise stated) 

Border 
Rivers1 

Freshes in the 
Lower Macintyre 

(Mungindi) 

4,000 ML for 5 days (Oct – Dec) 
4,000 ML for 5 days (Oct – Mar) 
4,000 ML for 11 days (Jan – Dec) 

17 (2800 with Demand scenario) 
20 (2800 with Demand scenario) 
6 (2800 with Demand scenario) 

Gw
yd

ir 

Gwydir 
Wetlands1 

150 ML/d for 45 days 5 
1,000 ML/d for 2 days 

No events requested 

45,000 ML over 60 days 
60,000 ML over 60 days 
80,000 ML over 60 days 

150,000 ML over 60 days 
250,000 ML over 60 days 

Mallowa Creek 
4,500 ML over 92 days 57 

5,400 ML over 120 days No events requested 
    

Namoi  
Freshes in the 
Lower Namoi 
(Bugilbone) 

4,000 ML/d for 45 days 8 
1,800 ML/d for 60 days 3 
500 ML/d for 75 days 8 

    

Macquarie  Macquarie 
Marshes 

100,000 ML over 5 months 7 
250,000 ML over 5 months 13 
400,000 ML over 7 months 4 
700,000 ML over 8 months 1 

    

Ba
rw

on
-D

ar
lin

g2  

Talyawalka 
System 

(Wilcannia) 

30,000 ML/d for 21 days 

No demand series at these sites 

30,000 ML/d for 30 days 
2350,000 ML over 365 days 

Freshes (Louth) 
5,000 ML/d for 10 days 

10,000 ML/d for 10 days 
14,000 ML/d for 10 days 

Freshes (Bourke) 
10,000 ML/d for 5 days 29 

10,000 ML/d for 17 days 24 
20,000 ML/d for 5 days 31 

    

La
ch

la
n 

Booligal 
Wetlands 

300 ML/d for 25 days 28 
850 ML/d for 70 days 22 

2,500 ML/d for 50 days 4 

Great Cumbung 
Swamp 

700 ML/d for 25 days 13 
1,500 ML/d for 35 days 9 
2,700 ML/d for 30 days 4 

Lachlan Swamp 

850 ML/d for 20 days 11 
850 ML/d for 70 days 22 

1,000 ML/d for 60 days 6 
2,500 ML/d for 50 days 4 

1Demand not included in the BP-2800 scenario. 
2Not included explicitly in the Barwon-Darling model, but as a downstream demand in some tributary models. 
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Table 6: Number of fresh/overbank events, in addition to the baseline scenario, requested in the Basin Plan 
scenarios— southern connected Basin. 

Region Site Flow Indicator 
Number of Additional Events Requested 
BP-2400 BP-2800 BP-3200 

M
ur

ru
m

bi
dg

ee
 

Mid 
Murrumbidgee 

Wetlands 

26.85 GL/d for 45 days No events requested 
26.85 GL/d for 5 days 11 11 16 
34.65 GL/d for 5 days 13 13 13 

44GL/d for 3 day 12 11 15 
63.25 GL/d for 3 days 9 9 9 

Lower 
Murrumbidgee 

Floodplain 

175 GL during Jul-Sep 15 15 15 
270 GL during Jul-Sep 20 20 20 
400 GL during Jul-Oct 24 24 24 
800 GL during Jul-Oct 12 12 12 

1,700 GL during Jul-Nov 5 5 8 
2,700 GL during May-Feb 4 4 7 

      

M
ur

ra
y 

Barmah-Millewa 
Forest 

12.5 GL/d for 70 days 27 27 27 
16 GL/d for 98 days 19 19 20 
25 GL/d for 42 days 12 12 14 
35 GL/d for 30 days 9 9 11 
50 GL/d for 21 days 

No events requested 
60 GL/d for 14 days 

15 GL/d for 5 months 26 26 26 

Gunbower, 
Koondrook, 

Perricoota Forest 

16 GL/d for 3 months 44 45 45 
20 GL/d for 2 months 30 30 32 
30 GL/d for 2 months 7 8 13 
40 GL/d for 2 months 7 7 12 
20 GL/d for 5 months 23 23 26 

Hattah Lakes 

40 GL/d for 2 months 16 16 17 
50 GL/d for 2 months 22 22 26 
70 GL/d for 6 weeks 6 7 13 
85 GL/d for 1 month 4 4 7 
120 GL/d for 2 weeks 

No events requested 
150 GL/d for 1 week 

River-Chowilla 
Floodplain 

20 GL/d for 60 days No events requested 
40 GL/d for 30 days 25 25 25 
40 GL/d for 90 days 10 10 14 
60 GL/d for 60 days 10 10 14 
80 GL/d for 30 days 8 8 10 

100 GL/d for 21 days 
No events requested 

125 GL/d for 7 days 
      

Lower Goulburn Floodplain 

2.5 GL/d for 4 days 41 (In-valley SDL scenario) 
5 GL/d for 14 days 53 (In-valley SDL scenario) 
25 GL/d for 5 days 31 (In-valley SDL scenario) 
40 GL/d for 4 days 25 (In-valley SDL scenario) 
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4.3 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 region. The unregulated systems in the 
Basin are listed below. 

• Paroo; 
• Warrego; 
• Nebine; 
• Condamine-Balonne; 
• Moonie; 
• Barwon-Darling; 
• Kiewa; and 
• Ovens. 

Whilst water access rights vary from valley to valley, they 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 1.2 m and 1.4 m). As the unregulated flow event passes, a license holder is able to extract 
water in accordance to their licensed access right. Water in unregulated streams will be purchased 
or recovered through works and measures by the Commonwealth as part of Basin Plan water 
recovery activities, and in contrast to its historic use, the Commonwealth will seek to retain this 
water in the river to deliver environmental outcomes downstream rather than extract the water off-
stream. For the purposes of the Basin Plan scenarios, it has been assumed that: 

• a proportion of the entitlements in the region is acquired, such that the average annual 
yield equates to the targeted reduction in diversions required for the scenario; and 

• the long term average diversions from the valley will be reduced so that it aligns with the 
annual quantity of water permitted to be taken under the SDLs. 

EWRs in unregulated regions are expressed in the same manner as for the regulated regions (i.e. in 
terms of overbank events, freshes and baseflows). However, environmental demand timeseries 
were not used as water cannot be called from storage. Instead, the following process was used to 
develop the Basin Plan scenarios in the unregulated regions: 

• Generally, the entitlement purchase program has been simulated using a random buyback 
approach. Entitlements have been randomly deactivated, irrespective of their location, to 
achieve the targeted reduction in diversions (the SDL). (An alternative approach was trialled 
for the Condamine-Balonne, presented in Section 5.) 

• In the modelling it has been ensured that diversions in the unregulated systems and the 
Barwon-Darling are reduced by the volume of water to be recovered from these valleys. 
Where applicable, water access rights were modified to limit the usage at the SDL level. In 
the absence of detailed capacity to shepherd water, some increases in diversions in the 
lower parts of the catchment were observed, however the overall regional SDL was still 
achieved. Mechanisms to achieve SDL compliance require inclusion in future Water Sharing 
Plans. 
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• An upstream-to-downstream modelling sequence was undertaken (e.g. Condamine-Balonne 
before the Barwon-Darling) to achieve each of the tributary SDLs. 

• The flow statistics representing the EWRs at the hydrological indicator sites were assessed. 

Thus, the unregulated nature of these systems does not allow the application of the demand 
timeseries approach used elsewhere in the Basin. That is, water cannot be deliberately ordered from 
storage in these regions. As a result, the modelling has demonstrated that it is significantly more 
difficult to actively target the environmental water requirements (and their associated flow 
indicators) in these regions. Meeting the environmental needs may be possible with the recovered 
volume, however a level of collaboration will be required between the States, water users, and 
MDBA to develop strategies which optimise environmental outcomes and are acceptable to water 
users. 

 

5 Individual Valley Modelling for the Basin Plan  

This section of the report describes in detail the application of the modelling methodology described 
in Section 4 (as it applies specifically to each model or river system) together with the hydrologic 
results of the modelled scenarios. 

In viewing the model results it is important to recognise that the modelled scenarios represent one 
or a number of possible scenarios of water recovery and its use for targeting environmental 
outcomes. A range of potential alternative scenarios could be tested with different (but potentially 
as valid) assumptions and principles regarding water recovery, water accounting, and environmental 
water use. The settings for these parameters have been chosen to as closely as possible resemble 
the government policy for water recovery. The assumptions for accounting and use assume some 
changes to river operations and water accounting policy to enable efficient environmental water 
use. These modelling approaches were adopted for computational simplicity and do not reflect any 
change in policy. As such the modelling results presented are considered indicative of the hydrologic 
regime possible through implementation of the proposed Basin Plan and it may be possible to 
further optimise this hydrologic regime. 

5.1 Interpreting modelling results 

There are a number of different ways to analyse and present hydrological data and a wide range of 
model results are presented in this report. Presentation of modelling results within this section 
focuses on the ability to achieve environmental water requirements at hydrologic indicator sites 
throughout the Basin. The following notes are provided to assist in interpreting these results. This 
analysis was a key line of evidence used by MDBA to inform the ESLT and SDLs, and the underlying 
methods are described in the remainder of this subsection. 

In addition to the valley summaries in Section 5, further analysis of the hydrological data from the 
modelled scenarios is presented within Appendices A and B. Appendix A provides an analysis of the 
maximum period between events for a subset of the hydrological indicator sites where site-specific 
flow indicators have been developed. Appendix B presents an analysis of flow metrics for each of the 
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122 hydrological indicator sites across the Basin, whereby a suite of flow metrics represent different 
components of the entire flow regime. 

 

5.1.1 Hydrology and consumptive use results 

A range of general hydrology and consumptive results are presented to demonstrate the impacts of 
Basin Plan scenarios on water balances and flows in the river systems – i.e. change in river system 
losses/environmental use, change in consumptive diversions and end of system flows. 

The modelling has sought to limit, as much as possible within the limitations of the modelling 
systems, the use of environmental water use to that expected to be available to the environmental 
account. The MDBA has used water balance data to check that this has occurred, by ensuring that 
storage volumes were similar to the baseline conditions and consumptive diversions were not 
adversely affected. 

5.1.2 Environmental flows – freshes and overbank flows 

There are uncertainties and limitations inherent in various components of the modelling process 
(MDBA 2011a) that must be considered when assessing environmental flow results to accurately 
understand what the proposed Basin Plan could achieve. MDBA’s assessment of results has been 
structured to take into account these uncertainties. 

5.1.3 Fresh/Overbank Events 

Fresh and overbank flow events are generally modelled differently in regulated and unregulated 
catchments, as identified in Section 4 of this report. Owing to the differences in approach and 
associated uncertainties, the assessment of results is structured according to the modelling 
methodology. 

5.1.3.1 Regulated catchments 
In regulated catchments freshes and overbank flows are typically sought to be delivered through the 
use of an environmental demand timeseries. This demand timeseries represents the use of a 
notional environmental account to target specific flow events. The results of this process are best 
considered on an ‘event-by-event’ basis. The model results can be analysed to identify additional 
information about the desired events which are useful in interpreting the results. In regulated 
catchments the results have therefore been categorised according to different types of events, and 
an aggregate of successful environmental events is used as an overall performance measure. The 
event types, other than those already met under baseline conditions are: 

1. Ordered and fully delivered 
These events represent the targeted delivery of water to the specific indicator site. They fully 
achieve the flow criteria and are considered successful. 

2. Ordered and delivered within 10% 
These events also represent the targeted delivery of water to the specific indicator site. They nearly 
achieve the flow criteria (i.e. within 10% of flow magnitude and duration). 

For these events: 
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• The modelling process gives confidence there would be sufficient volume of water in the 
account – the event has been selected and included in the demand timeseries on the basis 
of there being sufficient volume of water to implement the event; 

• The near success of the model outcome indicates that delivery has not been significantly 
affected by delivery constraints. 

It is therefore considered likely that the event could be fully delivered with further optimisation of 
environmental water delivery in the model or with improved environmental flow delivery in 
practice. 

In river systems with monthly models (Murray, Goulburn-Broken, Campaspe and Loddon regions).. 
The failure to fully deliver the events may also be related to uncertainties introduced by the daily-to-
monthly aggregation of demands and the monthly-daily disaggregation of flows.  With these factors 
in mind these events are considered to contain sufficient volume to contribute to associated 
environmental targets and are therefore considered successful environmental events. 

3. Other successful events 
These events are not requested in the demand timeseries for the specific indicator site but they fully 
achieve the flow criteria. These events have occurred through one or a combination of the following 
mechanisms: 

• The upstream or downstream influence of events targeted at other indicator sites (e.g. 
outcomes at Gunbower-Koondrook-Perricoota associated with return flows from Barmah 
Millewa Forest and/or the Lower Goulburn Forest); 

• Additional spills from dams; and/or 
• Reduced take of water from flow events. 

Given that MDBA targeted many environmental assets to be watered in series, it can be expected 
that watering of one site with flow targeted to another site will occur frequently. These events are 
considered successful. 

4. Baseline events lost 
These are events that occurred in the baseline timeseries but do not occur in the respective Basin 
Plan scenario. These events have been affected by one or a combination of the following 
mechanisms: 

• Water has been released from storage to target a specific flow event, changing the nature of 
subsequent dam release or spills; and/or 

• Multiple smaller events have been enhanced into a single larger event (this is most relevant 
to in-stream freshes). 

These events are subtracted to recognise their loss from the model result timeseries. 

5. Total additional to baseline 
This is the sum of the previous 4 event types, and expresses the additional number of successful flow 
events compared to the baseline. 
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6. No. of additional years with events partially delivered 
Partially delivered events are considered to have delivered some environmental benefits, these 
benefits are generally not the same as those associated with the specified flow indicator. These 
events are divided into two categories: 

: 

• Events that were requested in the demand timeseries but did not achieve the flow criteria 
within 10%. These events are considered to have fallen too far short of the parameters of a 
flow indicator to consider the event to be successful ; or 

• Events that were not requested through a demand timeseries for that site, yet they nearly 
achieved the flow criteria (within 10%). These events are representative of an altered flow 
regime but there is uncertainty to the extent to which they could be augmented to deliver a 
successful environmental event. 

In unregulated systems, partially delivered events will consist solely of those in the second category, 
whereas results in the regulated regions will include events of both criteria. 

Events that fall into the first category were requested from storage through the Environmental Event 
Selector Tool, however they fell more than 10% short of the desired flow criteria This could be due 
to operational constraints or a range of other factors. There may be opportunities to enhance these 
events, but understanding the extent to which these opportunities exist requires a detailed analysis 
of each event and the associated operational context. . Overall, the delivery of these events is 
subject to significant uncertainty, hence they are considered only partially successful. 

The second category of event is similar to “other successful events” described at 3 above in that flow 
was not ordered for that site. In addition they do not achieve the flow criteria fully, but are within 
10% of the required flow magnitude and duration. These events are not considered successful 
because: 

• They may have been present in the baseline timeseries – if so their inclusion would 
overestimate the benefits provided by the Basin Plan (i.e. double counting); and 

• They are not present in the demand timeseries, hence they are not associated with the 
targeted application of environmental water. Consequently there is a lower level of 
confidence that they could be optimised to fully achieve the flow criteria (i.e. there may be 
insufficient water in the environmental account). 
 

Whilst partially delivered events are not considered successful, they would achieve some 
environmental outcomes, and it is useful to understand the extent to which these events exist in 
situations where the total number of successful events nearly achieves the target value.  

5.1.3.2 Unregulated catchments 
In unregulated catchments there is no demand timeseries and changes in flow in the Basin Plan 
scenarios occur as a result of reduced take. In these regions the analysis of results is simpler, as 
there are less event types to consider. The number of additional successful events is shown, 
together with partial events that are within 10% of the required flow magnitude and duration. 
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5.1.4 Baseflows 

As described in Section 4 above, the baseflow requirements are based on a relatively simple 
hydrologic approach which provides a minimum flow requirement on a daily timestep. Whilst this is 
a relatively simple approach, the MDBA considers this is fit for purpose as baseflow requirements 
are volumetrically small (when compared to other ecologically significant flow components) and any 
associated uncertainty will have a small impact on determination of the ESLT. 

Given that the baseflow method provides a daily flow requirement, it is not appropriate to assess 
the results on an event-by-event basis. Results are measured in terms of a shortfall; that is, a long-
term average measurement of additional volume that would be required to satisfy the baseflow 
assessment timeseries. These results are expressed either as a volume or as a percentage of the 
demand series. 

 

5.2 Condamine-Balonne 

5.2.1 Model description 

The Condamine–Balonne region (including the Nebine) is located predominantly in southern 
Queensland, extends about 100 km to the south-west into New South Wales. The Condamine-
Balonne region contributes about 8.5 percent of the total runoff in the MDB (CSIRO 200a).  

The construction of public storages in the mid and upper sections of the system has resulted in a 
degree of regulation, particularly of the Balonne River downstream of the Beardmore Dam.  
However the systems major public storages and weirs have a combined capacity of 234 GL (CSIRO 
2008a) and when compared to average surface water availability (1305 GL/year) (CSIRO 2008a), 
their capacity to regulate flows is relatively low compared to other parts of the Basin.  For the 
purposes of the adopted modelling approach, the Condamine-Balonne system has generally been 
considered to be an unregulated system. It is important to note that within the Condamine-Balonne 
system irrigation water is primarily retained in on-farm private storages; with these storages holding 
seven times the total volume of public storages. The Condamine–Balonne system is modelled using 
four separate models that have been linked together:  

• the upper Condamine (UCON) daily time step IQQM model  
• the middle Condamine (MCON) daily time step IQQM model 
• the St. George (STGE) daily time step capacity share model 
• the lower Balonne (LBON) daily time step IQQM model. 

The four models have been developed by DERM and are described in the following sections.  

5.2.1.1 Upper Condamine model   
The model represents the upper Condamine River from the Condamine headwater inflows into 
Killarney Weir to the Condamine River at Cecil Plains Weir gauge (422316A) and the North 
Condamine River at the Lone Pine gauge (422345A). The outflows from the upper Condamine are 
inflows into the middle Condamine system.  
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The model includes seven in-stream supply storages; two unregulated (Killarney Weir and Connolly 
Dam) and five regulated (Leslie Dam, Talgai Weir, Yarramalong Weir, Lemontree Weir and Cecil 
Plains Weir). In addition, off-stream storages for overland flow diversion are also included in the 
model.  

Modelled water use includes high priority supplemented users, medium priority supplemented 
users, unsupplemented users, overland flow diversion, high priority town water supplies and high 
priority stock and domestic users in Queensland. The upper Condamine system is operated under an 
annual allocation and accounting scheme with a maximum allocation level of 100%.  

5.2.1.2 Middle Condamine model  
The model represents the middle Condamine system from Cecil Plains Weir and Lone Pine gauge to 
the Beardmore Dam headwater gauge (422212B), including the Maranoa River. The outflows from 
middle Condamine are inflows into the lower Balonne model for the without development scenario 
and inflows into the St. George model for the baseline and Basin Plan scenarios.  

The model has 15 regulated storages (Tipton Weir, Cooby Dam, Loudon Weir, Bell Town water 
supply, Jandowae town water supply, Warra Weir, Chinchilla Weir, Condamine Weir, Rileys Weir, 
Tara town water storage, Freers Weir, Dogwood Creek Weir, Drillham Creek Weir, Surat Weir, and 
Neil Turner Weir). The model also has off-stream storages for water harvesting and overland flow 
diversion.  

Modelled water use includes high priority supplemented users, medium priority supplemented 
users, unsupplemented users, overland flow diversion, high priority town water supplies and high 
priority stock and domestic users in Queensland. The middle Condamine system is operated under 
two annual allocation and accounting schemes, both with a maximum allocation level of 100%.  

5.2.1.3 St. George model  
The St. George daily model has been built by DERM to simulate the St. George Water Supply Scheme 
(WSS). The model covers a section of the Balonne River from Beardmore Dam to the St. George Jack 
Taylor Weir (JTW) gauge (422201). It receives inflows from the middle Condamine model and 
provides outflows to the Lower Balonne model in the baseline and Basin Plan scenarios only.  

The St. George water supply scheme consists of Beardmore Dam, which is connected to Moolabah 
weir and Buckinbah weir by the Thuraggi Channel. The Dam and the three weirs (JTW, Moolabah and 
Buckinbah) are represented by a single storage in the model. The storage-area-volume curve used 
for the single storage is adjusted to account for the levels maintained in the weirs during normal 
operation of the combined storages. The model also includes off-stream storages for water 
harvesting and overland flow diversion. The system is operated using a capacity share allocation and 
accounting scheme and modelled with individual shares in the storage (CSIRO 2008a). 

5.2.1.4 Lower Balonne model  
The lower Balonne model represents the Balonne, Culgoa and Bokhara rivers with inflows from the 
St. George and Nebine models and including the Narran River and Narran Lakes.  

The lower Balonne system is unregulated and there are no regulated storages in the model. 
However, the model includes 14 storages to model natural water bodies and two large on-river 
storages that represent private water users. The model also includes storages for water harvesting 
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and overland flow diversion. Modelled water use in the Queensland portion of the model includes 
unsupplemented users, overland flow diversion, and two town water supplies. Use in the NSW 
portion includes unsupplemented users and three town water supplies.  

There is some overlap between the St. George model and the lower Balonne model. The St. George 
model ends at the bifurcation point downstream of JTW, whereas the lower Balonne model starts 
from JTW. This overlap is taken into account when reporting results for the Condamine-Balonne 
system.  

The lower Balonne model ends at the following three locations, where it flows into the Barwon–
Darling system:  

• Culgoa River downstream of Collerina (gauge 422006) 
• Bokhara River downstream of Goodwins (gauge 422005) 
• Narran Lake outflow downstream of Narran Park (gauge 422029). 

 

The spatial extent of the four models superimposed on the catchment is shown in Figure 6, along 
with the location of the hydrological indicator sites. This figure also includes the extent of the Nebine 
catchment. 
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Figure 6: Map of the Condamine-Balonne catchment, showing the spatial extent of the model and the 
location of the Hydrological Indicator Sites 
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5.2.2 Baseline Conditions 

The without development and baseline versions of all four models were provided by DERM and were 
used for the preparation of the ROP for the Condamine–Balonne (DERM, 2008c). The model 
scenarios presented in this report are based on these models. During the development of the Basin 
Plan updated versions of these models were supplied to MDBA. The Condamine–Balonne models are 
currently being audited by Bewsher Consulting for their suitability for setting the Cap and for annual 
Cap auditing.  

5.2.3 Environmental Water Requirements 

The Condamine-Balonne region includes seven hydrological indicator sites located at various points 
throughout the Condamine-Balonne System River (Figure 6).  Environmental watering requirements 
have been defined at five of the seven hydrologic indicator sites in the Condamine-Balonne region, 
as described below. 

The Lower Balonne system contains four of the seven hydrological indicators sites in this region, and 
includes the key environmental features of the Lower Balonne floodplain and the terminal lakes of 
the Narran River. 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. 
Environmental flows into this system are measured on the Culgoa River at Brenda (HIS No. 94), and 
in-channel fresh and overbank flooding requirements were defined at this site. 

Elements of the terminal lakes system of the Narran River are listed both in the Directory of 
Important Wetlands in Australia and the Ramsar Convention. Environmental flows at this site are 
measured on the Narran River at Wilby Wilby (HIS No 95), and the associated environmental flow 
indicators are listed below. 

Based on hydrologic analysis, baseflow requirements were defined at five sites (sites 90 – 92, 94 and 
95, as shown in Figure 6). Flows have been analysed but no defined environmental water 
requirements have been identified at the remaining two sites. 

5.2.3.1 Lower Balonne Floodplain 
Downstream of Jack Taylor Weir, the Balonne River splits into a series of distributary channels (the 
Culgoa, Bokhara and Narran Rivers, and other assorted creeks and rivers) with hydraulic 
characteristics similar to those displayed by a river delta. This forms the Lower Balonne Floodplain, a 
complex channel system which supports a variety of fish and macro-invertebrate species, and 
vegetation such as River Redgum, Black Box, Lignum and Coolibah. The site specific flow indicators 
listed in Table 7 (flows measured on the Culgoa River at Brenda) seek to meet a range of ecological 
targets as described in the environmental water requirements technical reports (MDBA, in prep). 
They are expressed in terms of required flow for a consecutive number of days. Unlike the majority 
of overbank flow indicators specified at other hydrologic indicator sites, the flow indicators for the 
Lower Balonne floodplain are expressed as number of events over the modelled 114-year period, 
rather than percentage of years with a successful event. This allows for the occurrence of multiple 
flooding events within a year, which extends the period of floodplain inundation and provides a 
variety of environmental benefits — a common feature of the natural flow regime of this asset 
(MDBA, in prep). 
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Table 7: Site Specific Flow Indicators for the Lower Balonne Floodplain, including low uncertainty (LU) and 
high uncertainty (HU) frequencies expressed as the maximum or long term average interval between events 

Flow 
Indicator 

Start 
Month 

End 
Month 

Threshold 
(ML/day) 

Duration 
(days) Criteria LU 

Frequency 
HU 

Frequency 

1 July June 1200 7 Max Interval (yr) 1.8 2.3 
No of events 198 192 

2 July June 12000 11 Long term avg. Interval (yr) 3 4 
No of events 38 28 

3 July June 18500 9 Long term avg. Interval (yr) 4 5 
No of events 28 23 

4 July June 26500 7 Long term avg. Interval (yr) 7 10 
No of events 17 12 

5 July June 38500 6 Long term avg. Interval (yr) 20 20 
No of events 8 6 

The principal performance measures for the flow indicators outlined above are the maximum and 
long term average interval between events. Results presented in future sections will focus on the 
interval between events rather than the number of events. 

5.2.3.2 Narran Lakes 
The eastern-most channel of the Lower Balonne Floodplain, the Narran River, terminates in a series 
of lakes and wetlands. A portion of the Narran Lakes site is Ramsar-listed, and is partially contained 
in the Narran Lakes Nature Reserve. In addition to the associated river and floodplain vegetation 
communities (including river red gum, lignum and coolibah woodland), during periods of extended 
inundation this site is an important colonial nesting waterbird breeding area. As flows increase, the 
four main lakes at this site fill in sequence (Clear Lake, Back Lake, Long Arm Lake, and finally Narran 
Lake). Environmental watering rules for Narran Lake are presented in Table 8, with the first three 
based on empirical studies linking flows and vegetation responses. Similarly, the fourth rule is based 
on a link between gauged flows and bird-breeding events. All rules are expressed as a total volume 
over a number of calendar months, and are based on flows measured at Wilby Wilby (MDBA, in 
prep). 
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Table 8: Environmental watering rules for Narran Lakes, including target low uncertainty (LU) and high 
uncertainty (HU) frequencies 

Flow 
Indic. 

Start 
Month 

End 
Month 

Total In-
flow 

Volume 
(GL) 

Maximum Period 
over which flows 

can occur 
(months) 

Criteria LU 
Frequencies 

HU 
Frequencies 

1 July June 25 2 
Long term avg. 
Interval (yr) 1 1.1 

No of events 115 108 

2 July June 50 3 
Long term avg. 
Interval (yr) 1 1.33 

No of events 115 86 

3 July June 250 6 
Long term avg. 
Interval (yr) 7 10 

No of events 13 10 

4 July June 100 12 Max Interval (yr) 6 8 
No of events 55 45 

5 July June 2 events 
of 50 3 Max Interval (yr) 7 10 

The principal performance measure for the flow indicators outlined above is the maximum or long 
term average interval between events. Results presented in future sections will focus on the interval 
between events rather than the number of events. 

5.2.3.3 Baseflows 
Baseflow requirements were defined at five locations throughout the Condamine-Balonne region. 
The baseflow assessment series were created using the method described in section 4. These were 
not placed as demand series in the Condamine-Balonne models, instead they were used as an 
assessment tool to characterise the required volumes to meet baseflow requirements. 

5.2.4 Modelling Methodology 

The Condamine Balonne system is highly complex with various types of entitlements (for extractive 
use) operating under different hydrologic flow conditions. Unlike the regulated systems located 
further South, environmental flows in the Condamine-Balonne cannot be primarily driven by storage 
releases. As such, the complexity of entitlement types, in combination with the generally 
unregulated nature of this system, suggests that the location and type of purchased entitlement will 
have a significant influence on the ability to meet the desired flow outcomes. A large number of 
possible combinations of entitlement purchase could be modelled in order to determine the most 
efficient types and locations to best achieve environmental targets. However, this stochastic process 
could not be followed due to time constraints, hence a limited number of scenarios have been 
modelled focusing on variations in the location of recovery.  The five different scenarios modelled 
are: 

• Linked BP-2800 scenario where a targeted reduction of 203 GL/y was sourced from all four 
interconnected valley models. 

• 60 GL/y, 100 GL/y and 130 GL/y targeted reductions, where the recovered water was 
sourced purely from the Lower Balonne 
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• 150 GL/y targeted reductions where 20 GL/y is sourced from the St. George region and 130 
GL/y is sourced from the LowerBalonne. 

These scenarios are further described below. 

203 GL/y Reduction (Linked BP-2800) Scenario  
Irrigation reductions were applied in this scenario using a combination of random and targeted 
recovery techniques for modelling purposes, depending on the region. In the Upper and Middle 
Condamine systems, irrigation entitlements were randomly ‘deactivated’ (i.e. purchased) 
irrespective of location, product type and efficiency in delivering water to the environmental sites or 
the end of system. This represents an untargeted recovery process. As a result, irrigation diversions 
in the Upper and Middle Condamine systems were reduced by a long term average of 73.7 GL/y. 

In the St George and Lower Balonne systems a strategic recovery approach was adopted for 
modelling purposes, consisting of the reduction on farm storage capacity in St. George and the 
purchase of unsupplemented and overland flow entitlements along the Narran, Culgoa, Balonne 
Rivers, and Briarie Creek upstream of the two overbank flow sites. The net reduction in diversions in 
St George and upstream of the Culgoa bifurcation was 1.7 GL/y. The total reduction in diversions in 
the Lower Balonne was 127.2 GL/y. 

60, 100 and 130 GL/y Targeted Reduction Scenarios 
Water recovery under these three scenarios was achieved by reducing diversions within the Lower 
Balonne region only. The individual method of recovery under each scenario is outlined below. 

• 60 GL/y Scenario: All unsupplemented users were deactivated along the Balonne River 
upstream of Bifurcation 2, in the Narran River upstream of the QLD-NSW border, and 
the Culgoa River (except one entity, where 16 GL/y of unsupplemented use was 
recovered). The overland flow licenses were converted to a multi-year volumetric limit. 

• 100 GL/y Scenario: All unsupplemented and overland flow licenses were deactivated 
along the Balonne River upstream of Bifurcation 2, the Narran River upstream of the 
QLD-NSW border, and the Culgoa River upstream of the border (except one entity, 
where the overland flow and approximately 10 GL/y of unsupplemented use was 
recovered). Multi-year volumetric limits were imposed on all other unsupplemented and 
overland flow licenses upstream of the border in Balonne minor, Bokhara River and 
Briarie Creek.  

• 130 GL/y Scenario: The recovered water was sourced from the Lower Balonne.  All 
unsupplemented and overland flow licenses were turned off along the Balonne River 
upstream of Bifurcation 2, the Narran River upstream of the QLD-NSW border and the 
Culgoa River upstream of the border (except three entities). Multi-year volumetric limits 
were imposed on all other unsupplemented and overland flow licenses upstream of the 
border in the Balonne minor, Bokhara River and Briarie Creek.  

150 GL/y Targeted Reduction Scenario 
In this scenario, 20 GL/y is sourced from the St. George region and 130 GL/y is sourced from the 
Lower Balonne, and the setup of the Lower Balonne model is equivalent to that described for the 
130 GL/y scenario. There were also some reductions in diversion from unsupplemented take 
upstream of Bifurcation 1 in the Balonne River. 
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5.2.5 Results and Discussion – Condamine-Balonne System 

5.2.5.1 Hydrological Results  
Table 9 shows the key water balance components for the Condamine-Balonne valley (excluding 
Nebine) comparing the five water recovery scenarios tested with baseline.  

The net increase in flow to Barwon-Darling system from the Condamine-Balonne system as a result 
of these upstream reductions represents the overall delivery efficiency to the EOS under each 
scenario. The delivery efficiency under the five water recovery scenarios is between 32 – 35% 
however this figure is highly dependent on from where water is recovered and could be as low as 
10% for water recovered from Upper Condamine.  

The pattern of annual diversions under each of the five scenarios is similar to that observed under 
baseline conditions as diversions have been reduced on a pro rata basis (Figure 7). The timeseries of 
annual end of system flows is shown in Figure 8, demonstrating the similar pattern of end-of-system 
flows (albeit with greater volumes) under the five water recovery scenarios in comparison to 
baseline conditions. As a consequence of the water recovery scenario, there is a small increase in 
Beardmore average storage volume in some years (Figure 9). 

Table 9: Key water balance results for the Condamine-Balonne system 

Water Balance 
Items 

Without-
development 

baseline 
GL/y 

60 GL 
GL/y 

100 GL 
GL/y 

130 GL 
GL/y 

150 GL 
(BP-2750) 

203 GL/y 
(BP-2800) 

Inflow 1707 1700 1701 1701 1701 1701 1701 
Diversion QLD 0 713 653 608 582 562 511 
Diversion NSW 0 1 1 1 1 1 1 
Loss* 1138 744 784 815 831 844 882 
Outflow 569 242 263 277 286 294 307 

* Loss includes unattributed loss in the model and change in storage. Loss also includes seepage and 
evaporation from storages and rivers as well as wetland and floodplain habitats. 
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Figure 7: Annual diversions in the Condamine-Balonne for the baseline and BP-2800 scenarios 

 

Figure 8: Annual end of system flows from the Condamine-Balonne system for the without development, 
baseline and BP-2800 scenarios 
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Figure 9: Average annual volume in storage in Beardmore Dam for the baseline and BP-2800 scenarios 

 

5.2.5.2 Environmental Results  

Results for the environmental flow indicators under the four scenarios are presented in Table 10 and 
Table 11. The tables show either the average period or maximum interval between events for each 
indicator, according to the environmental flow assessments undertaken.  

In assessing model results, the MDBA has also given consideration to events which are partially 
successful.  A partial event is an event that nearly achieves the flow event criteria.  In the case of the 
flow indicators specified for the Lower Balonne Floodplain, these are flow events that are within 10% 
of the required flow magnitude and duration.  In the case of the Narran Lakes these are flow events 
that are within 10% of the required volume. The frequency outcomes when partial events are taken 
into account are shown in brackets. 

Although they do not fully satisfy the environmental flow indicators parameters, an analysis of 
partial events gives a sense of events that could achieve some similar environmental outcomes.  
Partial events are also considered in recognition of the inherent uncertainties in assessing and 
modelling environmental water requirements. 

Flow Indicators for the Lower Balonne Floodplain 
Compared to baseline, the maximum period between events for the 1,200 ML/d flow indicator does 
not show an improvement under any of the five water recovery scenarios tested, and hence the 
desired maximum period of 1.8 – 2.3 years has not been achieved. This result reflects that the 
modelled water recovery options do not efficiently target this part of the flow regime, and multiple 
actions (including adjustment to operational rules) may be required to achieve this type of flow 
event. Existing stock and domestic flow releases have the potential to achieve similar environmental 
outcomes to those represented by this flow indicator, and need further assessment. 

The average period between events for the 12,000 ML/d, 18,500 ML/d, 26,500 ML/d and 38,500 
ML/d flow indicators show progressive improvement for the 60, 100 and 130 GL/y scenarios (Table 
10). The 130 GL/y and 150 GL/y reduction scenarios results show the same level of improvement for 
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the flow indicators, indicating that the extra 20GL recovered in the St George system is not achieving 
measurable outcomes for these flow indicators in this scenario (however a different spread of 
recovered entitlements may show different results).  The average period between events for the 
12,000 ML/d and 26,500 ML/d flow indicators show further improvement under the 203 GL/y 
reduction scenario when compared to the 130 and 150 GL/y scenarios. The results suggest that a 
recovered volume of 100 GL/y is not quite enough to achieve the desired frequency of 38,500 ML/d 
events, however the partial event analysis indicates that there are many potential events which 
could be achieved with implementation of appropriate policy settings such as targeted variations to 
access rules or refinement of the modelled water recovery strategies. 

Table 10: Achievement of the Lower Balonne Floodplain flow indicators (reported as the period between 
events) under without development and baseline scenarios and different levels of reduction in diversions in 
the Condamine Balonne. 

 Without 
development 

baseline Basin Plan 

Flow indicator (Flows gauged at Brenda on 
the Culgoa River) 

Maximum or 
long-term 
average 
period 

between 
events 
(years) 

Maximum 
or long-

term 
average 
period 

between 
events 
(years) 

60 
GL/y 

100 
GL/y 

130 
GL/y 

150 
GL/y 

203 
GL/y 

Flow event - 
threshold, 
duration, season 

Target 
Freq: 

Maximum 
period 

between 
events 
(years) 

Target Freq: 
Long-term 

average 
period 

between 
events 
(years) 

Freq: maximum or long-term 
average period between events 
(years; the bracketed numbers 

include partial event analysis see 
Section 5.1.3.2) 

1,200 ML/Day for 
7 consecutive 
days anytime in 
the water year 

1.8 - 2.3 NA 1.7 3.5 3.5 
(3.5) 

3.5 
(3.5) 

3.5 
(3.5) 

3.5 
(3.5) 

3.5 
 (3.3) 

12,000 ML/Day for 
11 consecutive 
days anytime in 
the water year 

NA 3 - 4 1.7 6.7 5.7 
(4.1) 

5.4 
(3.5) 

4.5 
(3.0) 

4.5 
(3.0) 

4.2  
(3.0) 

18,500 ML/Day for 
9 consecutive 
days anytime in 
the water year 

NA 4 - 5 2.4 8.7 8.7 
(5.9) 

7.6 
(5.7) 

7.1 
(5.1) 

7.1 
(5.1) 

7.1  
(5.1) 

26,500 ML/Day for 
7 consecutive 
days anytime in 
the water year 

NA 7 - 10 4.5 8.7 11.4 
(7.7) 

8.7 
(6.7) 

8.1 
(6.7) 

8.1 
(6.7) 

7.6  
(6.0) 

38,500 ML/Day for 
6 consecutive 
days anytime in 
the water year 

NA 20 10.3 28.5 38 
(20.2) 

22.8 
(10.3) 

16.3 
(8.7) 

16.3 
(8.7) 

16.3  
(8.7) 

NA – Not applicable to flow indicator 

Achievement of the Narran Lakes Targets 
For each of the five Basin Plan scenarios, all Narran Lakes flow indicators show improvement in 
either the average period between events or the maximum period between events when compared 
to baseline (Table 11). When the results for fully successful events are compared, only limited 
variation can be seen between the 60, 100, 130 and 150 GL/y scenarios. The results suggest that a 
recovered volume of 203 GL/y is required to achieve a maximum period between events which is 
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within the target range for the 100 GL in 12 months flow indicator. However, similar to the Lower 
Balonne results above, the partial event analysis indicates that there are many potential events 
which occurred in the other scenarios which would require the addition of a relatively small volume 
to fully meet the flow indicator requirements. In practice, these partial events could be improved 
with implementation of appropriate policy settings such as targeted variations to access rules, 
refinement of the modelled water recovery strategies or supplemented with additional volume. 

Table 11: Achievement of the Narran Lakes flow indicators under the without development and baseline 
scenarios, and different levels of reduction in diversions in the Condamine Balonne. 

 Without 
development 

baseline Basin Plan – potential water recovery 
scenarios 

Flow indicator - Flows gauged at Wilby Wilby 
on the Narran River) 

Freq: 
maximum or 

long-term 
average 
period 

between 
events 
(years) 

Freq: 
maximum 
or long-

term 
average 
period 

between 
events 
(years) 

60 
GL/y 

100 
GL/y 

130 
GL/y 

150 
GL/y 

203 
Gl/y 

In-flow volume, period 
and season 

Target 
freq: 

Maximum 
period 

between 
events 
(years) 

Target 
freq: 

Long-
term 

average 
period 

between 
events 
(years) 

Freq: maximum or long-term average 
period between events (years; the 
bracketed numbers include partial 
event analysis See Section 5.1.3.2) 

Total inflow volumes of 
25 GL over 2 months 

NA 1 - 1.1 0.7 1.4 1.1 
(1.1) 

1.1 
(1.1) 

1.1 
(1.1) 

1.1 
(1.0) 

1.0 
(1.0) 

Total inflow volumes of 
50 GL over 3 months 

NA 1 - 1.33 0.9 2.0 1.5 
(1.4) 

1.5 
(1.4) 

1.5 
(1.4) 

1.4 
(1.4) 

1.4 
(1.3) 

Total inflow volumes of 
250 GL over 6 months 

NA 8 - 10 7.2 15.9 11.1 
(9.1) 

11 
(8.4) 

11 
(8.4) 

11 
(7.8) 

11 
(7.8) 

Total inflow volumes of 
100 GL over 12 months 

6 - 8 NA 3.1 16.0 10 
(9.9) 

9.9 
(8.0) 

9.9 
(8.0) 

9.9 
(6.8) 

6.8 
(6.8) 

2 events annually each 
with a total inflow 
volume of 50 GL over 3 
months 

7 - 10 NA 6 18 18 
(12) 

12 
(12) 

12 
(12) 

12 
(12) 

12 
(12) 

 

Baseflows  
The achievement level of desired baseflows were assessed via volumetric shortfalls — that is, the 
mean annual volume of additional water required at each site to meet the baseflow assessment 
series. These results are listed in Table 12. By definition, the without development model meets all 
baseflow requirements. 

Under baseline conditions, the two most downstream sites (Brenda on the Culgoa River, and Wilby 
Wilby on the Narran River) are the most impacted of the five sites — baseflows have been reduced 
compared to the values under without development conditions. The results (Table 12) indicate that 
an additional 2.4 GL/y and 1.4 GL/y respectively (14% of the total baseflow demand for each site) 
were required to meet the target baseflows. This is a reflection of the irrigation extraction upstream 
of these sites, which has significantly altered the low flow component of the flow regime. The 
improvement displayed under the BP-2800 scenario was marginal, however it could be increased if, 
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in practice, environmental flow requirements are met through an event management based 
approach or if irrigator access conditions are changed. There is little variation when comparing these 
results to the other four diversion reduction scenarios (Table 13). 

Table 12: The shortfall (in GL/y), at each site to meet the baseflow demand series in the Condamine-Balonne 
under without development, baseline and BP-2800 (or a recovery of 203 GL/y) conditions. 

Site without 
development 

Average Shortfall Volume (GL/y) 
(% of total baseflow demand) 

baseline BP-2800 
(i.e. 203 GL/y) 

422310 – Condamine@Warwick 0.0 0.3 (6.2%) 0.2 (5.5%) 
422308 – Condamine@Chinchilla Weir 0.0 0.1 (4.4%) 0.1 (3.1%) 
422213 – Balonne@Weribone 0.0 0.1 (1.7%) 0.1 (1.3%) 
422015 – Culgoa@Brenda 0.0 2.4 (14%) 2.1 (12.3%) 
422016 – Narran@Wilby Wilby 0.0 1.4 (14%) 1.1 (10.6%) 

 

Table 13: The shortfall (in GL/y), at each site to meet the baseflow demand series in the Condamine-Balonne 
under four of the reduced diversion scenarios. 

Site 
Average Shortfall Volume (GL/y) 

(% of total baseflow demand) 
60 GL/y 100 GL/y 130 GL/y 150 GL/y 

422310 – Condamine@Warwick 0.3 (6.2%) 0.3 (6.2%) 0.3 (6.2%) 0.3 (6.2%) 
422308 – Condamine@Chinchilla Weir 0.1 (4.4%) 0.1 (4.4%) 0.1 (4.4%) 0.1 (4.4%) 
422213 – Balonne@Weribone 0.1 (1.7%) 0.1 (1.7%) 0.1 (1.7%) 0.1 (1.7%) 
422015 – Culgoa@Brenda 2.4 (14%) 2.4 (14%) 2.4 (14%) 2.4 (14%) 
422016 – Narran@Wilby Wilby 1.3 (13%) 1.3 (13%) 1.3 (13%) 1.3 (12%) 

 

5.2.5.3 Discussion  
The MDBA’s modelling of a range of water recovery options in the Condamine Balonne region and 
analysis of environmental water requirements of the Narran Lakes and Lower Balonne floodplain 
indicator sites was used by the Authority to inform the proposed SDL.  

Uncertainty regarding the capacity of various water recovery approaches to result in desired flow 
outcomes, and how to approach the spatial acquisition of water, led the Authority to consider an 
adaptive approach. As part of this approach, in-valley requirements were set at 100 GL/y of water 
recovery. The majority of this water is likely to come from the lower Balonne downstream of St. 
George, reflecting both the higher level of water use in this region and the location of key 
environmental sites. It is recognised that further improvements to flow outcomes could be achieved 
through varied policy settings or refinement of water recovery strategies.  

In addition to the specified local reduction, the Condamine-Balonne region may provide further 
contribution to shared reduction in the northern basin. These additional reductions may further 
improve the flow regime of the Condamine-Balonne region.  

5.2.6 Future Work 

The MDBA is yet to complete a fully linked model scenario for the Northern system based on revised 
SDLs for both the Condamine-Balonne systems and how they integrate with and provide input to the 
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shared downstream component.  Undertaking a full assessment of flow regime changes (particularly 
within the Barwon-Darling system) resulting from the scenarios described in this section is further 
work that has been identified.  

 

5.3 Border Rivers 

5.3.1 Brief Description of Model 

The Border Rivers region straddles the border between NSW and Queensland. The Border Rivers and 
Macintyre Brook systems are modelled separately using two models.  

5.3.1.1 Macintyre Brook model  
The Macintyre Brook model simulates the Macintyre Brook system from Coolmunda Dam to its 
confluence with the Dumaresq River. Outflows are the total of two modelled outflows, representing 
the regulated and unregulated components of flow at the Booba Sands gauge (416415). Coolmunda 
Dam is the only regulated storage in the model, in addition to two unregulated weirs, i.e. Whetstone 
and Ben Dor. The model is operated under an annual accounting scheme. Modelled water use 
corresponds to Queensland high and medium priority water allocations and town water supplies. 

5.3.1.2 Border Rivers model  
The Border Rivers model simulates the Border Rivers system from the headwater inflows of Pike 
Creek into Glenlyon Dam and the Severn River (NSW) into Pindari Dam. The water use in Queensland 
is modelled for high and medium priority water allocations, unsupplemented water allocations and 
town water supplies and in NSW for general security, supplementary access and high security town 
water supplies. NSW supplementary access is constrained by a 120 GL/y Cap. The model is operated 
under a continuous water accounting scheme. 

The natural weir pools and floodplains along the length of the Border Rivers are modelled as 
storages. Pindari Dam, Glenlyon Dam, and Boggabilla Weir are the regulated storages in the model. 
The model also includes unregulated system on-farm storage including overland flow harvesting.  

The model includes state sharing of Glenlyon Dam and Boggabilla Weir. There is also state sharing of 
inflows and surplus flows. Surplus flows are allocated on a state basis and any under-utilised water is 
accessible to the other state with a payback arrangement in Glenlyon Dam.  

The Border Rivers model flows into the Barwon–Darling system at three locations:  

• Mungindi gauge (416001)  
• Neeworra on Boomi River (416028)  
• Confluence of Little Weir River and the Barwon River. 

The baseline model as used by MDBA is the model corresponding to the Inter-Government 
Agreement (IGA) between NSW and QLD. The Border Rivers Cap model, including model calibrations 
and validations, is described in more detail in DERM (2008a). The Border Rivers and Macintyre Brook 
models are yet to be audited by an independent auditor for accreditation for setting and 
implementation of the Cap. Therefore, estimates of diversions reported herein may change as a 
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consequence of recommendations from the independent audit of the model. The spatial extent of 
the model superimposed on the catchment is shown in Figure 10 along with the location of the 
hydrological indicator sites. 

Figure 10: Map of the Border Rivers catchment, showing the spatial extent of the model and the location of 
the Hydrological Indicator Sites 

 

5.3.2 Baseline Conditions 

The Border Rivers Cap model is described in more detail in DERM (2008a). The baseline conditions 
model used by MDBA is the model corresponding to the Inter Government Agreement between 
NSW and QLD for inter-state water sharing. The baseline version of the model does not include 
water recovery/buyback by the Commonwealth or State governments. 

5.3.3 Environmental Water Requirements 

The Border Rivers region includes six hydrological indicator sites located at various points 
throughout the system (Figure 10) 

Environmental watering requirements have been defined at two of the regions’ hydrologic indicator 
sites; Mungindi and Goondiwindi. The requirements at Mungindi comprise both freshes and 
baseflows and have been defined based on an analysis of existing eco-hydrologic information 
available for the Lower Macintyre system.  The requirements specified at Goondiwindi comprised 
baseflows only. 
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As described below, two model scenarios are described for the Border Rivers. Both were based on 
the same entitlement buyback distribution, however only one of these scenarios included a demand 
timeseries to request water from the storages for environmental water requirements. The demand 
series at Mungindi included both fresh and baseflow components, as described below. Due to time 
constraints, and the added complication of introducing a second site to the water accounting 
process, a baseflow demand for the Goondiwindi site was not included. At the remaining hydrologic 
indicator sites, flows have been analysed but no defined environmental water requirements 
identified. 

5.3.3.1 In-Channel Freshes for the Lower Macintyre 

Three fresh flow indicators were defined for the Border Rivers region (Table 14). These are in-
channel events which aim to improve nutrient cycling, facilitate the migration and recruitment of 
native fish species, and maintain key riparian features such as benches and banks. Measured at 
Mungindi (416001), these targets require a flow of 4,000 ML/d (MDBA, in prep). They are expressed 
as ‘threshold-duration’ rules — that is, they require flows to exceed a given threshold for a pre-
defined number of days. Rule 3 requires that a successful year contains two of these events. The 
flow indicators are more fully described in the environmental water requirements technical reports 
(MDBA, in prep). 

A demand timeseries for the Lower Macintyre in-channel flows was designed to meet the flow 
indicators outlined in Table 14, using the process set out in Section 4.  

As a long-term average, the Lower Macintyre freshes demand series requested a volume of 6.0 GL/y 
in addition to baseline flows measured at Mungindi (note that this is a volumetric comparison of the 
demand series, it does not represent the entitlement that may be required to deliver these 
environmental outcomes). A baseflow component was added to this demand series, as described 
below. 

Table 14: Environmental watering rules for Mungindi freshes, including target Low and High Uncertainty (LU 
& HU) frequencies 

Rule Start 
Month 

End 
Month 

Threshold 
(ML/day) 

Duration 
(days) 

LU Freq 
(% years) 

HU Freq 
(% years) 

1 Oct Dec 4,000 5 32 24 
2 Oct Mar 4,000 5 59 45 
3 Two events per year 4,000 11 36 27 

 

5.3.3.2 Baseflows 

Baseflow requirements were defined at two locations in the Border Rivers region. The baseflow 
demand series at Mungindi was included with the freshes demand series described above. This 
added a long-term average volume of 0.3 GL/y to the demand series, bringing the total average 
requested volume at Mungindi to 6.3 GL/y (calculated as an addition to baseline flows). As described 
below, this demand series was included in only one of the two model scenarios. The requirement 
identified for Goondiwindi was not included as a demand in the models; instead it was used to 
assess the required volumes to meet baseflow targets. 
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5.3.4 Modelling Methodology 

The Border Rivers is a complex system with various types of entitlements operating under different 
hydrologic flow conditions. As such, the location and type of entitlement purchased or water 
recovery through infrastructure works and measures will have a large influence on the amount of 
water available, its subsequent use and degree of success in meeting specified environmental 
targets. A large number of possible combinations of type and location of purchase could be 
modelled in order to determine the most efficient types and locations to best achieve environmental 
targets. However, due to time constraints such a detailed analysis was not possible, and one possible 
combination was adopted for the Basin Plan modelling.  

Two key Basin Plan scenarios have been undertaken for the Border River Region: the BP-2800 and 
the BP-2800 (With Demand). The BP-2800 scenario was the first of the two and formed part of the 
Basin-wide BP-2800 scenario. The second model scenario (BP-2800 – With Demand) is based on 
different method of modelling environmental water requirements and better represents the in-
valley flow outcomes and was carried out to validate that in-valley environmental water 
requirements can be met with the proposed SDL. Both scenarios are described in more detail below: 

• BP-2800 – A reduction of entitlements and consumptive demand in a random manner across 
the valley to achieve a targeted level of reduction (i.e. 43 GL/y). No environmental water 
demands were included in the model but the performance of the change in hydrologic 
regime as a consequence of this reduction was assessed.  

• BP-2800 (With Demand) – A reduction of entitlements and consumptive demand in a 
random manner across the valley to achieve a targeted level of reduction as close as 
possible to 43 GL/y (achieving a long term average reduction of 38 GL/y) and the 
environmental water demands at Mungindi previously described were included in the 
model. The purchased entitlements in this scenario were equivalent to those represented in 
the BP-2800 scenario described above, however some of the supplementary access 
entitlements were re-activated to align the reduction in diversions more closely to the 
desired value. . 
 

For both scenarios: 

• All environmental flow rules as per baseline conditions are maintained in both Basin Plan 
scenarios.. 

• All minimum flow requirements, maximum flow constraints, channel capacity constraints, 
operating rules of the storages and weirs, off-take flow relationships and irrigation 
management rules are the same as per the Intergovernmental Agreement version of the 
model. 

• Environmental demands for the Barwon-Darling system were not explicitly included in either 
scenario.  
 

5.3.5 Results and Discussion – Border Rivers System 

Under the BP-2800 Scenario, the In-Channel flow indicators display an improvement when 
compared to the baseline results, however the high uncertainty target frequencies for all three flow 
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indicators have not been achieved. The two causes of this are the nature and type of entitlements 
which make up the proposed 43 GL/y reduction and the inability to ensure the water reaches the 
end of the system (Mungindi) in the desired pattern via shepherding.  

While the BP-2800 Scenario for the Border Rivers was critical in developing the overall modelling 
methodology and highlighted the need to include a demand series to utilise recovered entitlements, 
the scenario had limited ability to inform likely flow outcomes related to the specified reduction in 
diversions. Given this, the remaining sections of the Border Rivers chapter focus on the BP-2800 
(With Demand) scenario. The BP-2800 (With Demand) scenario is the scenario which the MDBA 
considers to represent the environmental outcomes which could be achieved with the level of 
change proposed in the draft Basin Plan. 

5.3.5.1 Hydrological Results  

Table 15 presents water balance information for the relevant modelled scenarios. In the BP-2800 
(With Demand) Scenario, a reduction of 38 GL in consumptive use leads to 30 GL increase in end of 
system flow. That is, 79% of reduction in consumptive use appears at the end of system sites as 
increased flows. The annual diversions and end of system flows under baseline and BP-2800 (With-
Demand) scenario are shown in Figure 11 and Figure 12 respectively. 

Table 15: Key water balance results for the Border Rivers region 

Mass Balance 
Items 

without 
development  

baseline BP-2800 With 
Demand 

GL/y GL/y GL/y 
Inflow 2002 2002 2002 
Diversion QLD 0 217 201 
Diversion NSW 0 191 169 
Loss* 1205 1081 1089 
Outflow 797 513 543 

* Loss includes unattributed loss in the model and change in storage. Loss includes seepage and evaporation 
from storages and rivers as well as wetland and floodplain habitats. 
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Figure 11: Annual diversions in the Border Rivers for the baseline and BP-2800 Scenarios 

 
Figure 12: Annual end of system flows from the Border Rivers system for the without development, baseline 
and BP-2800 Scenarios 

 
Average annual storage volumes in Pindari and Glenlyon are higher by 11 GL and 12 GL respectively 
(a total of 23 GL) in the with-demand BP-2800 Scenario as compared to baseline conditions (Figure 
13 and Figure 14). This increased average storage volume indicates that there may be potential to 
increase environmental releases to ensure that the scenario represents full utilisation of the 
recovered entitlements. 

Coolmunda Dam storage levels are unaffected (Figure 15) in any scenario, as the recovered irrigator 
entitlements do not rely on Coolmunda supply for their allocation. 
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Figure 13: Average annual volume in Glenlyon Dam in the Border Rivers system for the baseline and BP-2800 
Scenarios 

 
Figure 14: Average annual volume in Pindari Dam in the Border Rivers system for the baseline and BP-2800 
Scenarios 

 

0

50

100

150

200

250

300

18
95

19
00

19
05

19
10

19
15

19
20

19
25

19
30

19
35

19
40

19
45

19
50

19
55

19
60

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00

20
05

To
ta

l V
ol

um
e 

(G
L)

Water Year (July to June)

Mean Annual Volume in Glenlyon Dam
BASELINE BP - 2800 (With Demand)

0

50

100

150

200

250

300

350

18
95

19
00

19
05

19
10

19
15

19
20

19
25

19
30

19
35

19
40

19
45

19
50

19
55

19
60

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00

20
05

To
ta

l V
ol

um
e 

(G
L)

Water Year (July to June)

Mean Annual Volume in Pindari Dam
BASELINE BP - 2800 (With Demand)



 

61 
 

Figure 15: Average annual volume in Coolmunda Dam in the Border Rivers system for the baseline and BP-
2800 Scenarios 

 

5.3.5.2 Environmental Flow Results  

In-Channel Freshes for the Lower Macintyre  
The results for the Lower Macintyre in-channel flow indicators (as measured at Mungindi) are listed 
in Table 16 

In assessing the ability of the modelled flows to achieve flow outcomes, the MDBA has also given 
consideration to events which are close to meeting the desired flow indicator. A full description of 
this technique is given in Section 5.1. In the case of the flow indicators specified for Mungindi, flow 
magnitude and duration criteria are both relaxed by 10% to indicate near success. As described in 
Section 5.1.3.1, events which were included in the demand timeseries, and were within 10% of being 
successful are considered as successful events given the uncertainty in the modelling and its capacity 
to mimic demands (Table 14). 

A demand timeseries at Mungindi based on the flow indicators outlined in Table 14 has been 
included. Over the long-term the timeseries includes 6.3 GL/y of use, with demands to meet these 
flow indicators restricted to 30 of the 114 years. During these 30 years, the demand series requested 
an average of 22.7 GL/y in addition to baseline flows.  

Table 16 shows how the specified flow indicators for the Lower Macintyre In-Channel Freshes 
perform under this With-Demand scenario. There are a sufficient number of fully delivered events 
for the first and second indicators to meet the high uncertainty frequencies. However, the high 
uncertainty target was not met for the third indicator. Improvements in the frequency of flows 
associated with the third flow indicator are achieved when events that are met within 10% of 
specified flow event parameters are included, however the high uncertainty frequency is still not 
met. Further analysis has shown that a number of additional events associated with the third flow 
indicator (i.e. those in a further three years) could be ordered over the 114-year period, however it 
is unlikely that the desired frequency for the third flow indicator could be achieved due to the year-
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to-year volumetric constraint of an entitlement-based environmental watering account (i.e. the 
long-term average account contains sufficient volume, however it is difficult to meet the required 
environmental volumes within the account in a limited number of years).. 

The modelled reduction in diversions consisted of a cut of around 27 GL/y through 
regulated/supplemented river access entitlements, with the remaining reduction being made up of 
unregulated/unsupplemented water access entitlements. The year-to-year volume in the 
entitlement-based environmental watering account is constrained by the volume of regulated river 
access entitlements. Increasing the portion of regulated river access entitlements in the proposed 
diversion reductions can result in increases to the year-to-year account volume and the ability to 
achieve the high uncertainty frequency for the third flow indicator. Alternatively, it may be possible 
to maximise achievement of this target without change in long term average diversions of 
unregulated flows, by changing rules for access by other users to unregulated flows. 

The BP-2800 (With Demand) scenario does not seek to vary rules associated with supplementary 
water access entitlements. In some flow conditions the inability to shepherd un-regulated flows 
through the system impacts on the ability to meet the desired frequencies for the third flow 
indicator.  

As with some models representing other regions across the Basin, there is potential to improve the 
performance of the Border Rivers environmental flow indicators by improving the use of carryover 
provisions. The allocation process in the models inherently includes carryover provisions as 
expressed in the Water Sharing Plan, however the environmental demand timeseries are developed 
external to the model and this limits the full use of carryover provisions. Potential carryover is 
indirectly included by allowing the environmental demand volumes to exceed the BP-EWA account 
by 20% in a small number of years..Modifying the environmental demand timeseries for the Border 
Rivers flow indicators to more accurately represent carryover provision is a potential part of future 
work. However, current carryover rules in the Border Rivers limit use in any one year to 100% 
allocation, this would still limit the amount of water available in any one year for environmental use. 

The above factors provide confidence that the total volume of modelled reduction with appropriate 
policy settings (such as spatially targeted water recovery Strategy, shepherding and carry-over) are 
likely to achieve desired environmental outcomes.  
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Table 16: Achievement rates for the Border Rivers, Mungindi freshes under without development, baseline and BP-2800 (With Demand) scenario. 

 Without 
development 

baseline BP-2800 (With Demand) (see Section 5.1 for description of category 1-6) 

Flow indicator Proportion of 
years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
years with 

a 
successful 

event  

No. of years with additional successful events Total 
number of 
years with 

a 
successful 

event* 

Proportion 
of years 

containing 
a 

successful 
event*  

No. of 
additional 

years 
with 

events 
partially 

delivered 
(6) 

Flow event - 
threshold, 
duration, season 
(as gauged on the 
Barwon River at 
Mungindi) 

Target 
proportion 

of years 
with a 

successful 
event  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 
10% 
(2) 

Other 
successful 

events 
(3) 

baseline 
events 

lost  
(4) 

Total 
additional 
to baseline 

(5) 

4000 ML/Day for 5 
consecutive days 
between Oct & Dec 

24 – 32% 39% 17% 19 11 1 1 0 13 32 28% 6 

4000 ML/Day for 5 
consecutive days 
between Oct & Mar 

45 – 59% 74% 33% 38 13 3 3 0 19 57 50% 6 

Two events 
annually of 4000 
ML/Day for 11 
consecutive days 
between Jan & Dec 

27 – 36% 44% 13% 15 4 2 0 -1 5 20 18% 3 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).  
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Baseflows 
Baseflow requirements were defined at two locations throughout the Border Rivers region, Under 
baseline conditions, Mungindi is the more impacted of the two sites — baseflows have been 
significantly reduced when compared to without development conditions, especially in the naturally 
low flow season of April to August. The results (Table 17) indicate that an additional 0.5 GL/y was 
required to meet the target baseflows at Mungindi; the shortfall was reduced to 0.2 GL/y under the 
BP-2800 with demand Scenario.  

Table 17: shortfall, or required additional mean annual volume (in GL/y), at each site to meet the baseflow 
assessment time series under without development, baseline and both BP-2800 Scenarios. 

Site without 
development baseline 

BP 2800 
with 

demand 

BP 2800 
no 

demand 

416201 – Macintyre@Goondiwindi 0 0.4 0.2 0.3 
416001 – Barwon@Mungindi 0 0.5 0.2 0.5 

Contribution to Requirements in the Barwon-Darling 
Flow indicators for the Barwon-Darling were defined at three sites: Bourke, Louth and Wilcannia. 
Due to time constraints a demand timeseries for requirements in the Barwon-Darling system was 
not included as part of modelling of the Basin Plan 2800 GL (With Demand) Scenario in the Border 
Rivers. Under this scenario, storage levels are higher than that simulated under baseline conditions 
when the environmental demand timeseries was added to the model. This indicates there is still 
volume available to be called from storage to contribute to environmental flows, which provides 
confidence that improvements in Barwon-Darling flow indicators could be achieved using the 
proposed level of water recovery from the Border Rivers. 

5.3.6 Future Work 

The modelling for the Border Rivers could be further refined, as follows:   

• Inclusion of demand timeseries for requirements in the Barwon-Darling system. 

• The results represent only one possible scenario for the given level of reduction in 
diversions. Additional modelling could be undertaken to test a number of different 
environmental delivery patterns to explore the uncertainty in the results and to assess the 
potential for maximising environmental outcomes for a given level of water recovery. 

• The shepherding of water through the system has not been implemented in the model, as 
the details on how it will be operationalised are still being determined. Hence, any water 
recovered from upstream could be used by unregulated and supplementary access users 
further downstream. This could be addressed in future modelling. 

• Improvement of the estimate of inflows to the Border Rivers model at Farnbro Gauge (from 
the upstream Granite Belt model), as it currently does not include usage by unallocated 
entitlements of 5.0 GL/y (3.5 GL/y for irrigation and 1.5 GL/y for town water supplies) 
expected to be used in the Granite Belt. 
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5.4 Gwydir 

5.4.1 Brief Description of Model 

A daily time step IQQM model has been set up by the NSW Office of Water (NOW) which covers the 
regulated parts of the Gwydir Catchment. It covers the catchments of the Gwydir River from 
Stonybatter gauge (418029) to its confluence with the Barwon River. Towards the western end of 
the Gwydir Valley, the model covers the floodplains of the Mehi River, Mallowa Creek, Moomin 
Creek and Carole/Gil Gil Creeks. The model is connected to the Barwon-Darling model by three end 
of system flow locations: the Gwydir River at Collymongle gauge (418031), the Mehi River at 
Collarenebri gauge (418055) and Gil Gil Creek at Galloway gauge (416052), as well as return flows 
from the Gingham water course. During major floods, the accuracy of flow measurements at these 
gauges is relatively poor, and it is believed that some floods bypass these gauges; the estimated flow 
contributions due to these bypass flows are included in the Barwon-Darling model as additional 
floodplain flows. 

Gwydir general security users operate under a continuous accounting system and are permitted to 
hold up to 150% of their entitlement in storage, but in any one year they can use only 125% of their 
entitlement. They are also not permitted to take more than 300% in any three-year period. There is 
an environmental contingency allowance (ECA) entitlement of 45 GL/y of general security water 
which is used to supplement high flow events into key wetlands. The ECA annual entitlement can be 
carried to a maximum of 200% from one year to another. 

General security users in the Gwydir catchment are represented by 26 nodes in the model. Each 
node can represent the combined consumptive behaviour of multiple users within a reach of the 
river. The system has a single regulating storage (Copeton Dam) which has a full storage capacity of 
1362 GL. The Gwydir River regulated system is operated under a water order debiting system 
scheme where any water order by an irrigator is debited against their account. 

‘Surplus flow events’ upstream of the Mehi off-take are declared when the flow at this location is 
above 500 ML/d. The water in these events is shared such that 50% of the flow is allowed to be 
extracted for consumptive use, and the remaining 50% is allowed to pass through the system to the 
Gwydir Wetlands and Gingham Watercourse. Surplus flows are shared amongst consumptive users 
according to general security licence shares and usage is capped to 178 GL/y. In addition, any flows 
below 500 ML/d are also allowed to pass through to Yarraman gauge. The spatial extent of the 
model superimposed on the catchment is shown in Figure 16, along with the location of the 
hydrological indicator sites. 
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Figure 16: Map of the Gwydir catchment, showing the spatial extent of the model and the location of the 
Hydrological Indicator Sites 
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5.4.2 Baseline Conditions 

The model used for the Basin Plan modelling is the Water Sharing Plan version of the model supplied 
by NSW. There is no separate documentation of this model version, but environmental flow rules 
and water sharing arrangements in the model have been set up by NSW to correspond to the Gwydir 
Water Sharing Plan (DIPNR, 2004a). The Cap model setup is described in detail in DNR (2009) and 
this report provides information on model calibration and validation and details of processes 
modelled. The Cap version of the model has been reviewed as part of Cap Auditing (Bewsher, 2002a) 
and has been accredited for Cap implementation. 

The Water Sharing Plan version of the model does not include water buybacks by the 
Commonwealth and NSW governments since the start of the Water Sharing Plan. 

5.4.3 Environmental Water Requirements 

The Gwydir region includes eleven hydrological indicator sites located at various locations 
throughout the System (Figure 16). Environmental watering requirements have been defined at 
eight of the eleven hydrologic indicator sites in the region. One of the hydrological indicator sites 
(Gwydir River at Yarraman Bridge – HIS No. 60) represents the water requirements of the Gwydir 
Wetlands Ramsar site, which is made up of four discrete wetland areas in the Lower Gwydir system. 
The Ramsar site is part of a wider area of wetlands which originally covered over 200,000 ha, but has 
been reduced to just over 100,000 ha (SEWPAC, 2012). 

The southern part of the Gwydir Wetlands includes the Mehi River corridor and floodplain south of 
Gwydir Highway and the floodplains of Mallowa and Moomin Creeks (NSW Department of 
Environment, Climate Change and Water 2011). Mallowa Creek connects Moomin Creek to the Mehi 
River and for most of length has no defined channel (Pietsch 2006). While the flow pattern of 
Mallowa Creek has been altered, its banks still support river red gum woodlands and river cooba- 
lignum shrublands (NSW Department of Environment, Climate Change and Water 2011).  The flow 
indicators specified for the Mallowa Creek regulator (HIS No. 61) are aimed at providing flooding to 
the remaining lignum, coolibah and river red gum communities.   

The MDBA has undertaken a number of modelling scenarios which test various strategies to deliver 
environmental flows. The two most relevant modelling scenarios completed for the Gwydir region 
are the BP-2800 and ‘Gwydir-ECA’ scenarios and are further described in Section 1.1.4.  

5.4.3.1 Gwydir Wetlands: Lower Gwydir and Gingham channel management unit 

Seven flow indicators have been defined for the Lower Gwydir and Gingham channel system (Table 
18) and are measured at Yarraman Bridge on the Gwydir River. The seven flow indicators seek to 
meet a range of ecological targets and are more fully described in the environmental water 
requirements technical reports (MDBA, in prep).  

The first and second flow indicators (which stipulate a required flow for a specified number of 
consecutive days) aim to provide stable flows to ensure fish spawning success. The remaining flow 
indicators (a total volume of flow over a pre-defined duration) target the maintenance of wetland 
vegetation and provide conditions conducive for colonial waterbird breeding events. 
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Table 18: Flow Indicators for the Lower Gwydir and Gingham channel system, including target High and Low 
Uncertainty (HU and LU) frequencies.  

Rule Start 
Month 

End 
Month 

Flow 
(ML/day) 

Duration 
(days) 

LU Freq 
(% years) 

HU Freq 
(% years) 

    Single Longest Threshold-Duration 
1 Oct Jan 150 45 85 85 
2 Oct Jan 1,000 2 85 85 
       

Rule Start 
Month 

End 
Month 

Volume 
(ML) 

Duration 
(days) 

LU Freq 
(% years) 

HU Freq 
(% years) 

    Total Volume 
3 Oct Mar 45,000 60 90 80 
4 Oct Mar 60,000 60 70 60 
5 Oct Mar 80,000 60 50 40 
6 Oct Mar 150,000 60 30 20 
7 Oct Mar 250,000 60 12 12 

At the time of modelling the full Basin BP-2800 scenario, a demand series had not been developed 
for the seven flow indicators specified. Furthermore, no additional storage release rules (other than 
those already existing in the baseline scenario) were put in place to actively deliver water from 
Copeton Dam to meet the flow indicators.. As a result, additional modelling was undertaken to 
explore the ability to manage the recovered water to achieve the desired environmental flow 
events. In the Gwydir-ECA scenario, the EWRs for the Gwydir wetlands were modelled by the use of 
environmental flow rules, rather than a demand timeseries. However, these rules do not effectively 
address flow indicator 1, for which a separate timeseries was developed and included in the model.   

5.4.3.2 Mallowa Creek Wetlands 

Table 19 lists the flow indicators defined for the Mallowa Creek wetlands, including both the target 
high and low uncertainty frequencies. There are two indicators: both stipulate a total volume within 
the desired season. The 5.4 GL replenishment flow (first flow indicator) is already delivered as part of 
the Gwydir Regulated Water Sharing Plan, and is partly an environmental flow (DIPNR 2004a). 
However, an additional 4.5 GL has been identified to improve the condition of wetlands containing 
red gum, lignum and coolabah along Mallowa Creek. The flow indicators are more fully described in 
the environmental water requirements technical reports (MDBA, in prep). 

Table 19: Flow Indicators for the Mallowa Creek Wetlands 

Indicator Start 
Month 

End 
Month 

Volume 
(ML) 

Duration 
(days) 

LU Freq 
(% years) 

HU Freq 
(% years) 

1 Nov Jan 4,500 92 50 40 
2 Feb/Aug and Mar/Sep 5,400 120 95 95 

Given that the first flow indicator is already included in the Gwydir baseline model, a demand 
timeseries was constructed to address the second indicator only, using the process set out in Section 
4.  

5.4.3.3 Baseflows 

Baseflow assessment timeseries was requirements were defined at six locations throughout the 
Gwydir region (HIS numbers 57, 58, 59, 62, 64 and 65 as shown in Figure 16). An initial analysis 
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showed baseflow shortfalls at three of the six sites only (immediately downstream of Copeton Dam, 
Collymongle on the Gwydir and Mehi River at Bronte). Initial modelling revealed that the inclusion of 
a demand series at Collymongle led to an unintended impact on diversions. Therefore, baseflow 
demands were only included at Copeton Dam (and at Bronte as part of the downstream demand, 
which was in the BP-2800 scenario only). The baseflow demand series were created using the same 
method described in Section 4.  

5.4.3.4 Downstream Demand 

For the BP 2800 Scenario, some flow was sought from the Gwydir River to meet the environmental 
water requirements at Bourke. This was modelled by the inclusion of flow requirements in the 
model at Bronte, which is the most downstream location on the main channel (Mehi River) at which 
water can be requested without passing additional flows through Moomin and Mallowa Creeks. The 
Bourke environmental water requirements were included with a 14-day lag to allow for the travel 
time.  

The sourcing of environmental water requirements of Barwon-Darling from Gwydir in the BP-2800 
scenario resulted in a negative impact on the in-valley indicators specified for the Gwydir Wetlands. 
Therefore, the Gwydir-ECA scenario did not include the downstream environmental demands and 
the proposed Basin Plan considers Gwydir to be a disconnected system.  

5.4.4 Modelling Methodology 

5.4.4.1 BP 2800 Scenario 

In this scenario, a reduction in diversions of 52 GL/y was modelled. This was based on a preliminary 
estimate of average usage of the entitlements already recovered for environmental use. At the time 
of this scenario, no Yarraman Bridge demand timeseries had been developed for the Gwydir 
Wetlands. The scenario only includes demands for the Mallowa Creek Wetlands, baseflow demands 
and downstream demands. Furthermore, no additional storage release rules (other than those 
already existing in the baseline scenario) were put in place to actively deliver water from Copeton 
Dam to meet the flow indicators. 

Without either a demand timeseries or additional storage release rules, water was not delivered 
from storage in a pattern that efficiently delivered environmental flows. As a result, and partly due 
to the downstream demand timeseries included at Bronte on the Mehi River, the flow indicator 
frequencies achieved under the BP 2800 Scenario were less than that achieved under the baseline 
scenario. This scenario was critical in developing the overall modelling methodology and highlighted 
the difficulty in delivering environmental flows to end of system locations, but had limited ability to 
inform likely flow outcomes related to the specified reduction in diversions. Given this, the 
remaining sections of the Gwydir chapter focus on the ‘Gwydir-ECA’ scenario.    

5.4.4.2 Gwydir-ECA Scenario 

This scenario represents a reduction in diversions of 42 GL/y, based on an updated estimate of the 
long term average usage of entitlements already recovered. The scenario was undertaken to better 
assess the adequacy of the existing recovered water to meet the environmental water requirements.  
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This scenario including the recovered entitlements for the environment in an environmental account 
(the Environmental Contingency Allowance (ECA) account), and used environmental watering rules 
to achieve the EWRs of the Gwydir wetlands, measured at the Yarraman Bridge gauge. This enabled 
the water allocation calculations in the model to keep track of the water used by the environment as 
the water year progressed.  The ECA account used in the model is part of the Gwydir Water Sharing 
Plan, and accounts for environmental water set aside in Copeton Dam. Under this plan, whenever a 
water availability determination is made for regulated (general security) access license holders, the 
ECA account is credited with a volume equal to the lesser of: 

• 45,000 ML multiplied by the number of ML per unit share specified in that available water 
determination; and  

• 90,000 ML minus the volume currently in the account. 
 

The water from the ECA account is released every year according to the advice of the ECA 
Operations Advisory Committee to maximise the environmental benefit of the available ECA volume 
(DIPNR, 2004a). 

In order to simulate the actual ECA releases in the best possible manner, the following 
environmental flow rules were included in the baseline model to model the Basin Plan: 

• Whenever the total flow past the Yarraman Bridge gauge since the start of the water year 
has exceeded 80 GL for seven days, but was less than 150 GL, then releases were made 
from Copeton Dam to maintain a target flow of 300 ML/d at the Yarraman Bridge gauge.  

• When the total flow past the Yarraman Bridge gauge is between 150 GL and 250GL for 
seven days, then after a month of this condition being met, releases from Copeton Dam are 
made to maintain a target flow of 300 ML/d at Yarraman.  

• These additional targeted flows from Copeton are stopped when the accumulated flow 
volume during last seven days is greater than 250 GL.  

These flow rates are designed to initiate or complete a bird breeding event. However, in practice the 
flow rates and starting and ending of use of ECA will be determined through an adaptive process 
considering prevailing climatic, flow and other relevant local conditions. 

The Gwydir-ECA scenario utilises the above ECA rules to try and achieve the flow indicators of the 
Gwydir Wetlands. Other details of the methodology used for the Gwydir-ECA scenario are: 

• General Security entitlements in the model were reduced. These entitlements were 
recovered from across in the valley on a pro-rata basis. Most of the recovered entitlements 
were added to the General Security ECA account, to be used for meeting the Gwydir 
Wetlands requirements. The volume associated with the remaining entitlements was used 
to meet the other smaller demands that were included as timeseries. 

• A number of exploratory runs were carried out by changing the various parameters of ECA 
rules, such as the volume thresholds at which flows should be augmented and the flow 
rates at Yarraman Bridge, in order to maximise the achievement of the EWR targets.  

• The environmental demand timeseries for the first flow indicator specified at Yarraman 
Bridge (Table 18), the Mallowa Creek Regulator (Table 19) and the baseflow demand at 
Copeton Dam were included as minimum flow requirements at these locations.  
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• No demands for Barwon-Darling system have been sourced from the Gwydir valley in the 
Gwydir-ECA Scenario. 

5.4.5 Results and Discussion  

As mentioned earlier, BP-2800 scenario results have been superseded by more detailed work 
undertaken for the Gwydir-ECA scenario. For this reason the following section discusses results for 
only the Gwydir-ECA scenario.  

5.4.5.1 Hydrological Results 

Table 20 presents the key water balance results for the relevant scenarios investigated for the 
Gwydir. The reduction in diversions for Gwydir valley modelled was 42 GL/y, consistent with the 
targeted reduction in diversions in this scenario. 

Table 20: Key water balance results for the Gwydir region, including the Gwydir ECA scenario  

Water Balance Items Without 
Development 

(GL/y) 

Baseline 
 

(GL/y) 

Gwydir ECA 
scenario 
(GL/y) 

Inflow 996 996 996 

Diversion 0 314 272 

Loss* 629 508 538 

Outflow 368 174 186 

*Loss includes unattributed loss and change in storage 

The storage behaviour in Copeton Dam has not been significantly changed (Figure 19), 
demonstrating that the reductions can be applied in a pattern which is able to generally achieve the 
specified Gwydir Wetlands flow indicators without third party impacts as measured in terms of 
reliability of supply and water availability during dry and wet years.  
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Figure 17: Total annual diversions in the Gwydir system for the baseline and Gwydir ECA scenarios.  

 

Figure 18: Annual end of system flows from the Gwydir system for the without development, baseline and 
Gwydir ECA scenarios.  
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Figure 19: Average annual volume in Copeton Dam in the Gwydir system for the baseline and Gwydir ECA 
scenarios.  

 

5.4.5.2 Environmental Flow results  

Flow Indicators for the Gwydir Wetlands  
The results for the Gwydir Wetlands flow indicators (as measured at Yarraman Bridge and Mallowa 
Creek regulator) are listed in Table 21 and Table 22. The tables present modelling results for 
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The identified low and high uncertainty frequencies for the flow indicator have also been specified. 
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demand series could achieve the target frequency for this indicator. 

When adequate consideration is given to partially delivered events and the potential to further 
refine the demand timeseries, the MDBA is confident that the total volume of the modelled 
reduction is sufficient to meet the high uncertainty frequencies specified for the nine flow indicators 
specified for the Gwydir wetlands. 
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Table 21: Achievement of flow Indicators for the Lower Gwydir and Gingham channel system (gauged at Yarraman Bridge) under without development, baseline and 
Gwydir ECA Scenarios 

 
Without 
development 

baseline Gwydir ECA Scenario (see Section 5.1 for description of category 1-6) 

Flow indicator (Flows gauged at Yarraman 
Bridge on the Gwydir River)  

Proportion 
of Years 

containing a 
Successful 

Event  

Proportion 
of Years 

containing a 
Successful 

Event  

No. of 
years with 

a 
successful 

event  

No. of years with additional successful events Number of 
Years with 

a 
successful 
environme
ntal event 

Proportion 
of Years 

containing a 
Successful 

environment
al Event  

No. of 
additional 
years with 

events 
partially 

delivered  
(6) 

Flow event - threshold, 
duration, season  

Target 
proportion of 

years containing 
a successful 

event - high to 
low uncertainty  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 10%  

(2) 

Other 
successful 

events 
(3) 

baseline 
events 

lost 
(4) 

Total 
additional 
to baseline 

(5) 

1 150 ML/Day for 45 
consecutive days 
between Oct & Jan 

85% 38% 81% 92 5 0 3 0 8 100 88% 0 

2 1000 ML/Day for 2 
consecutive days 
between Oct & Jan 

85% 89% 85% 97 0 0 1 -1 0 97 85% 4 

3 A total in-flow 
volume of 45 GL 
during October & 
March  

80 – 90% 67% 70% 80 0 0 12 -2 10 90 79% 4 

4 A total in-flow 
volume of 60 GL 
during October & 
March  

60 – 70% 57% 63% 72 0 0 7 -4 3 75 66% 11 

5 A total in-flow 
volume of 80 GL 
during October & 
March  

40 – 50% 50% 46% 52 0 0 7 -2 5 57 50% 12 

6 A total in-flow 
volume of 150 GL 
during October & 
March  

20 – 30% 29% 20% 23 0 0 1 0 1 24 21% 6 

7 A total in-flow 
volume of 250 GL 
during October & 
March 

12 – 12% 14% 11% 12 0 0 2 0 2 14 12% 1 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).  



 

75 
 

 

Table 22: Achievement of flow Indicators for the Mallowa (gauged at Mallowa Creek Regulator) under without development, baseline and Gwydir ECA Scenarios 

 Without 
developme
nt 

baseline Gwydir ECA Scenario (see Section 5.1 for description of category 1-6) 

Flow indicator (Flows gauged at the 
Mallowa Creek regulator)  

Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing a 
successful 

event  

No. of 
years with 

a 
successful 

event  

No. of years with additional successful events Number of 
Years with 

a 
successful 
environme
ntal event* 

Proportion 
of Years 

containing a 
Successful 

environment
al Event*  

No. of 
additional 
years with 

events 
partially 

delivered  
(6) 

Flow event - threshold, 
duration, season  

Target 
proportion of 

years containing 
a successful 

event - high to 
low uncertainty  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 10%  

(2) 

Other 
successful 

events 
(3) 

baseline 
events 

lost 
(4) 

Total 
additional 
to baseline 

(5) 

1 A total in-flow 
volume of 5.4 GL 
during February to 
March and August 
to September for 
91% of years  

91% 17% 91% 104 0 0 1 -13 -12 92 81% 15 

2 A total in-flow 
volume of 4.5 GL 
during November & 
January for 40% of 
years  

40 – 50% 15% 1% 1 52 5 0 0 57 58 51% 1 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).  
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Achievement of Baseflows Targets 
Baseflow requirements were defined at six locations throughout the Gwydir region, but in the Gwydir-
ECA scenarios demands were only included downstream of Copeton Dam.  The results under the 
baseline and Gwydir-ECA scenarios are shown in Table 23. There are minor improvements under the 
Gwydir-ECA scenario, resulting from the adjustment to the ECA rules.  

Table 23: The shortfall, or required additional mean annual volume (in GL/y), at each site to meet the baseflow 
assessment demand series under baseline and Gwydir-ECA scenarios. 

Site baseline Gwydir-ECA 
418029 – Gwydir@Stonybatter 0.0 0.0 
418026 – Gwydir@D/S Copeton Dam 0.1 0.1 
418001 – Gwydir@Pallamalawa 0.1 0.1 
418031 – Gwydir@Collymongle 3.9 3.7 
418058 – Mehi@Bronte 1.8 1.6 
418055 – Mehi@Collarenebri 1.6 1.4 

In reviewing the above results the following points are to be considered: 

• The requirement specified at Collymongle is based on modelled flow data generated on a 
monthly time step. The use of monthly rather daily data results in increased uncertainty with 
regard to base flow requirements. 

• As a number of sites are hydrologically connected; the baseflow requirements are not 
cumulative. 

• Due to changes in the distribution of flows between the channels and anabranches that make 
up the Lower Gwydir system, the without development model may not accurately reflect 
natural flow patterns.  As baseflow requirements are based on modelled without development 
flows, the level of confidence in the estimate of these requirements in the Gwydir system is 
relatively low.  

• While the Gwydir ECA Scenario does not significantly improve baseflows, the shortfalls are 
small compared to the proposed reduction in the Gwydir and are likely to be improved with the 
available water. 
 

5.4.6 Future Work 

The following changes are planned for future modelling work:  

1. In the proposed Basin Plan model runs, the entitlements are bought from all the users of the 
valley on the basis of pro-rata share of their licence volumes. The model should be updated to 
reflect the location and amount of recovery already undertaken by commonwealth government 
and state agencies in the different reaches of the Gwydir River system.  
 

2. In the Gwydir IQQM model, used for the assessment of the Gwydir wetlands environmental 
water needs, the flow behaviour in different parts of the wetland is not modelled in detail. The 
MDBA understands that this model is being updated with the results of a hydrodynamic MIKE-
Flood study performed by Water Technology consultants. In this new IQQM model the 18 
ecologically important areas of the Gwydir wetlands are represented in the model, which will 
provide information about the flow distribution pattern in those areas. Once this new IQQM 
model is completed by the NOW, NSW, it will be adopted by MDBA to assess the future water 
needs of Gwydir wetlands for the Basin Plan. 
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3. The majority of the environmental demands of the Gwydir wetlands and Mallow Creek are 

properly accounted for in the model by the inclusion of an environmental account. For some 
demands, for example the demand series for Mallowa Creek, downstream of Copeton Dam 
demand, and the first flow indicator at Yarraman Bridge (Table 18), no environmental accounts 
are included in the model. However, the impact of this limitation has been minimised by 
restricting the water demands in any water year to the water allocated to the environmental 
entitlements under baseline conditions. There are number of policy issues yet to be resolved on 
accounting of environmental water especially that relate to maintaining baseflows and freshes 
at multiple sites. The accounting in models needs updating to reflect the future approach of 
accounting for environmental water use.  
 
 

 

5.5 Namoi 

5.5.1 Brief Description of Model 

For the regulated parts of the Namoi and Peel catchments, two separate daily time step IQQM models 
have been set up by NSW’s Office of Water (NOW). The two models are linked together in the IRSMF 
modelling framework. 

The Peel model covers the catchments of the Peel River from the headwater inflows into the Chaffey 
Dam to its confluence with the Namoi River downstream of the Keepit Dam. The flows from the Peel 
River at Carol Gap gauge (419006) are used as inflows to Namoi model from the Peel River. 

The Namoi model covers the catchments of the Manilla River from its headwater inflows into Split Rock 
Dam to the confluence with the Namoi River, and the catchments of the Namoi River from the North 
Cuerindi gauge (419005) to the lower floodplains of Namoi valley covered by Pian Creek and Namoi 
River and their anabranches. The Namoi River meets the Barwon River near Walgett Gauge (419057). 
The flows in Pian Creek at Waminda (419049) and Namoi River at Goangra (419026) are used as inflows 
to the Barwon-Darling model. The flows from Mooki River are included in the model as inflows at 
Breeza gauge (419027) and flows from Coxs Creek are included at Boggabri gauge (419032). 

The development of the Namoi and Peel Cap models is described in detail in DIPNR (2004d) and DNR 
(2006c). These models were reviewed as part of the Cap Auditing and are accredited for Cap 
implementation (Bewsher, 2006b and 2009). 

The Peel model is operated under an annual accounting system with a maximum allocation level of 
100%. There are two regulated storages in the model (Chaffey and Dungowan Dams). The Dungowan 
Dam is used to supply Tamworth, and Chaffey Dam is used to meet Tamworth and downstream users. 
The general security water users are generally lumped together in river reaches and are represented by 
five nodes in the model. The Tamworth demand of up to 22 ML/d is met from Dungowan Dam and any 
excess demand is met from Chaffey Dam. However, if the Dungowan Dam is at 3000 ML or below, all 
the demands are sent to Chaffey Dam to maintain water quality in Dungowan Dam. A stimulus flow is 
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released from Chaffey Dam during the period from March to August whenever the storage volume of 
Chaffey Dam is at or above 51 GL with a maximum daily limit of 2000 ML/d. 

The Namoi model is operated under a continuous accounting system. General security users can hold up 
to 200% of their entitlement in storage, but can use only up to 125% of their entitlement in any water 
year. They may use up to 300% of the entitlement over a three-year period. The Split Rock and Keepit 
Dams are the primary supply reservoirs having full storage volumes of 397.4 GL and 425.5 GL 
respectively, and Mollee Weir is used as a downstream re-regulating structure. The general security 
users are generally gathered together along the river reaches and are represented by 24 irrigation 
nodes in the model. The surplus flow events are declared when flows exceed the volume required to 
meet downstream demands and are available for extraction for consumptive use up to 10% from July to 
October and 50% during the rest of the year. In the lower end of Pian Creek the model also includes 
replenishment flows. If there is no flow over five months prior to March or five months prior to 
September then water is ordered at a daily rate of 250 ML/d for a period of four days to flow through 
the creek. The spatial extent of the model superimposed on the catchment is shown in Figure 20, along 
with the location of the hydrological indicator sites. 
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Figure 20: Map of the Namoi catchment, showing the spatial extent of the model and the location of the 
Hydrological Indicator Sites 

 

5.5.2 Baseline Conditions 

The models used for the Basin Plan modelling for the Namoi and Peel systems are the Water Sharing 
Plan versions of the models. There is no separate documentation of the Water Sharing version of the 
models, but environmental flow rules and water sharing arrangements in the models have been 
developed by NSW to correspond to the Namoi Water Sharing Plan (DIPNR, 2004d) and the Peel River 
Water Sharing Plan (DECCW, 2010). The Water Sharing Plan version of the Peel model has been updated 
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by NOW, by re-calibration of river losses, recalculation of the Dungowan Dam inflows and the inclusion 
of restrictions for Tamworth demands.  

The models do not include water buybacks by the Commonwealth and NSW governments since start of 
the Water Sharing Plans. 

5.5.3 Environmental Water Requirements 

The Namoi region includes 7 hydrological indicator sites located at various points throughout the Namoi 
System (Figure 20). Environmental watering requirements have been defined at the majority of the 
Namoi-Peel hydrologic indicator sites. For the Lower Namoi both in-channel flows (freshes) and 
baseflow requirements were defined at Bugilbone (HIS 73). In addition, baseflow requirements were 
defined for the five sites (HIS numbers 69, 70, 71, 72 and 74 as shown in Figure 20).  At the remaining 
hydrologic indicator site (Pian Creek at Waminda, HIS 75) flows have been analysed but no defined 
environmental water requirements derived.  

5.5.3.1 Lower Namoi in-channel flows  

Table 24 lists the site specific flow indicators for the Lower Namoi System. These indicators focus on in-
channel events which aim to improve nutrient cycling, facilitate the migration and recruitment of native 
fish species, and enhance anabranch connection and riverine woodlands. Measured at Bugilbone 
(419021), these targets are expressed as ‘threshold-duration’ rules — that is, they require flows to 
exceed a given threshold for a pre-defined number of days. The duration is listed as a total and a 
minimum, indicating that multiple smaller events can contribute to the total duration, however these 
smaller periods must comprise a minimum number of consecutive days during which the flow exceeds 
the threshold. For example, Rule 1 requires 45 days of flow above 4,000 ML/d, however this can be 
comprised of several smaller events with a minimum duration of seven consecutive days. 

Table 24: Environmental watering rules for the Lower Namoi (Bugilbone gauge) in-channel flows, including 
target Low (LU) and High Uncertainty (HU) frequencies 

Rule Start 
Month 

End 
Month 

Threshold 
(ML/d) 

Duration 
(days) 

LU Freq 
(% years) 

HU Freq 
(% years) 

1 Jul Jun 4,000 45 (7 min) 25 22 
2 Jul Jun 1,800 60 (6 min) 39 29 
3 Jul Jun 500 75 (25 min) 55 41 

A demand timeseries for the Lower Namoi in-channel flows was designed to meet the flow indicators 
outlined in Table 24, using the process set out in Section 4.  

5.5.3.2 Baseflows  

Baseflow assessment series were defined at five locations throughout the Namoi region (including two 
sites on the Peel River; Table 27). However, initial analysis showed significant baseflow shortfalls at two 
sites only (downstream of Chaffey Dam (HIS 69) and downstream of Keepit Dam (HIS 71)), hence 
baseflow demands were included only at these sites.  

5.5.4 Modelling Methodology 

The modelling approach adopted for the BP-2800 scenario is as follows: 
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1. No reduction in consumptive use from the baseline diversions was modelled in the Peel system. 

2. In the Namoi model general security entitlements were reduced to achieve 34 GL/y reductions 
in diversions. These entitlements were recovered from all irrigators of the valley on a pro-rata 
basis, i.e. the entitlement volume of each irrigator was reduced by an equal proportion. The 
corresponding irrigation demands were reduced to achieve the long term average reduction in 
diversions to the targeted level.  

3. All the planned environmental watering rules in the Namoi River (as per current Water Sharing 
Plan) are maintained in the Basin Plan scenario run. The requirement included at Bugilbone 
gauge is in addition to the existing environmental water requirements of Namoi River included 
in the Water Sharing Plan. 

4. All minimum flow requirements, maximum flow constraints, channel capacity constraints, 
operating rules of the storages and weirs, off-take flow relationships and irrigation management 
rules are the same as represented by the Water Sharing Plan model. 

5. The entitlements recovered for environmental use were included in the water allocation 
calculations by including a general security user with equivalent licensed volume and by 
including environmental flow requirements equivalent to the water allocated to this general 
security user.  

6. In-valley requirements for the Namoi River were modelled by including the baseflow demands 
downstream of Chaffey dam and Keepit dam and the combined baseflow and fresh demand at 
Bugilbone in the model. No downstream demand for the Barwon-Darling was included in the 
model, but the additional reduction in diversions required for the Barwon-Darling was achieved 
by adjusting irrigation demand so that diversions matched the targeted reduction in diversions. 

7. The development of the environmental demand timeseries assumes perfect foresight of river 
flows in the system, which may underestimate the volume required for environmental releases. 
However, the Namoi region is represented by a daily model and functions based on a water-
ordering system, thus releases from the storages are based on conservative estimates of 
expected inflows from the downstream unregulated tributaries. The model may therefore 
overestimate the required release volume from storages as compared to river operations. These 
factors demonstrate the uncertainties when interpreting the modelling results. 

5.5.5 Results and Discussion – Namoi and Peel System 

5.5.5.1 Hydrological Outcomes  

In the BP-2800 Scenario, the Namoi diversions reduced by 34 GL/y compared to the baseline scenario, 
resulting in an end of system flow increase of 18.4 GL/y (Table 25, Figure 21 and Figure 22). A significant 
portion of the available environmental water is unused in this scenario, and hence, in the model, 
remains in storage; the long term average storage volume of Split Rock Dam and Keepit Dams are 
respectively 32% and 7% more as compared to the baseline conditions (Figure 23). This indicates that 
the performance against the environmental flow indicators could be improved by a more active 
management of the available water. Any long-term changes to storage volumes in practice will be 
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dependent on the environmental watering rules adopted and the process by which water for the 
Barwon-Darling is sourced from the contributing valleys. Therefore, this increased storage capacities 
under BP-2800 scenario may not be reflective of post Basin Plan water recovery conditions. Table 25 
presents the key water balance results for the without development, baseline and BP-2800 scenarios for 
the Namoi-Peel river system. 

The high hydrologic connectivity provides confidence that recovered water can, if required, be delivered 
to the end of system as a contribution to the Barwon-Darling, indicating that flows from the Namoi will 
be able to contribute to meeting environmental flow water requirements of the Barwon-Darling system. 

Table 25: Key water balance results for the Namoi and Peel systems 

Water Balance Items without development 
GL/y 

baseline 
GL/y 

BP-2800 
GL/y 

Inflow 1883 1886^ 1886^ 
Diversion 0 265 231 
Loss* 1055 968 984 
Outflow 828 653 671 
* Loss includes unattributed loss and change in storage too 
^ Includes GW gain and Tamworth sewage return 

Figure 21: Annual diversions in the Namoi and Peel systems for the baseline and BP-2800 Scenarios 
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Figure 22: Annual end of system flows from the Namoi and Peel system for the without development, baseline 
and BP-2800 Scenarios 

 

Figure 23: Average annual volume in four storages in the Namoi and Peel systems (Chaffey, Dungowan, Split 
Rock and Keepit Dams) for the baseline and BP-2800 Scenarios 
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5.5.5.2 Environmental Results  

Lower Namoi In-channel Flow Indicators  
The results for the Lower Namoi in-channel flow indicators (as measured at Bugilbone) are listed in 
Table 26. The table presents modelling results for identified flow indicators under three scenarios 
(without development, baseline and Basin Plan). By analysing modelled flow data for the period 1895-
2009, the MDBA has determined the relative proportion of years that the key flow events occur under 
the three scenarios. The identified low and high uncertainty frequencies for the flow indicator have also 
been included.  
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Table 26: Achievement rates for In-channel Flow Indicators under without development, baseline and BP-2800 scenarios  

 Without 
development 

baseline Basin Plan (see section 5.1 for description of Category 1 – 6) 

Flow indicator Proportion of 
years containing 

a successful 
event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of years 
with a 

successful 
event  

No. of years with additional successful events Total 
number of 

years with a 
successful 

environment
al event 

Proportion of 
years 

containing a 
successful 

environmental 
event  

No. of 
additional 
years with 

events 
partially 

delivered 
(6)  

Flow event - 
threshold, duration, 
season 
(as gauged on the 
Namoi River at 
Bugilbone) 

Target 
proportion 

of years with 
a successful 
event – high 

to low 
uncertainty 

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 10% 

(2) 

Other 
successful 

events  
(3) 

baseline 
events 

lost 
(4) 

Total 
additional 
to baseline 

(5) 

500 ML/Day for a total 
duration of 75 days 
(with a minimum 
duration of 25  
consecutive days) 
between Jul & Jun 

41-55% 69% 33% 38 5 2 6 0 13 51 45% 5 

1,800 ML/Day for a 
total duration of 60 
days (with a minimum 
duration of 6 
consecutive days) 
between Jul & Jun 

29-39% 49% 30% 34 1 1 5 0 7 41 36% 5 

4,000 ML/Day for a 
total duration of 45 
days (with a minimum 
duration of 7 
consecutive days) 
between Jul & Jun 

22-25% 32% 16% 18 5 3 0 0 8 26 23% 7 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).  
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The high uncertainty frequencies for all flow indicators are met under the BP-2800 Scenario. Of the 
three flow indicators listed in Table 26, Rule 3 requires the largest volume, and is therefore the most 
difficult to meet within the modelled environmental entitlement portfolio (which has a long-term 
average use of 34 GL/y). Over the long-term, the total Lower Namoi freshes demand only requests 4 
GL/y on top of baseline flows, with this demand restricted to sixteen of the 114 years. During these 
sixteen years, the demand series for the freshes requested an average of 25 GL/y in addition to baseline 
flows, with the third rule generally requiring at least 30 GL/y. Of the eight 4,000 ML/day events included 
in the demand series, five were fully achieved (Table 26).  

During dry seasons the outlet capacity of the Keepit dam acts as a delivery constraint; Keepit Dam can 
only release up to 3270 ML/d when the storage volume is 106 GL. Analysis of model results reveals that 
the three remaining 4,000 ML/day events in the demand timeseries require water to be delivered from 
Keepit Dam during a period when the dam had low storage volumes. The increased long-term average 
storage value of Split Rock Dam under the BP-2800 scenario (Figure 23) provides confidence that 
additional events for the third performance indicator can be delivered, if a different strategy for 
transfers from Split Rock to Keepit Dam would be adopted. This is further supported by the number 
events partially achieved under the Basin Plan scenario (Table 26). 

Baseflows  
In the baseline scenario, the site immediately downstream of Keepit Dam is the most impacted of the 
five sites with baseflow requirements, especially in the naturally high flow season of January to May 
(Table 27). This is a seasonal inversion effect, in which naturally high baseflows are now captured by 
Keepit Dam. The results indicate that an additional 7.2 GL/y (40% of the total baseflow requirement) 
was required to meet the target baseflows downstream of Keepit Dam; this target was achieved under 
the BP-2800 scenario (Table 27).  

The inclusion of the demand timeseries at Goangra leads to only a minor reduction in the shortfall at 
that location, however the remaining shortfall is a relatively small volume. Similarly, a small shortfall (an 
average of 0.03 GL/y, or approximately 1% of the demand) was present downstream of Chaffey Dam 
under baseline conditions, and this was largely met under the BP-2800 scenario. 

A small shortfall remains at Piallamore on the Peel River, however it was not considered significant 
enough to warrant the development and inclusion of a demand timeseries. 

Table 27: The shortfall, or required additional mean annual volume (in GL/y), at each site to meet the baseflow 
demand series under without development, baseline and BP-2800 scenarios. 

Site without 
development baseline BP-2800 

419045 – Peel@Chaffey Dam 0.0 0.0 0.0 
419015 – Peel@Piallamore 0.0 0.4 0.4 
419041 – Namoi@ Keepit Dam* 0.0 7.2 0.0 
419039 – Namoi@Mollee 0.0 0.1 0.0 
419026 – Namoi@Goangra* 0.0 1.2 1.0 

*Demand timeseries were included in the BP-2800 Scenario for these sites. 
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Contribution to Requirements in the Barwon-Darling 
Flow indicators for the Barwon-Darling were defined at three sites: Bourke, Louth and Wilcannia. Due to 
time constraints a demand timeseries for requirements in the Barwon-Darling system was not included 
as part of modelling of the BP-2800 scenario in the Namoi. However, further utilisation of the recovered 
environmental water presented in the BP-2800 scenario (Figure 23) provides confidence that further 
improvements in these flow indicators could be achieved using water delivered from the Namoi. 

5.5.6 Future Work 

The following outlines modelling activities which could be undertaken in the future:  

1. Inclusion of demand timeseries for requirements in the Barwon-Darling system. 

2. Improvement of environmental water accounting by including it in models, rather than 
restricting environmental demands outside of the model. This is not a major limitation of the 
modelling undertaken as environmental demands are limited to water allocated to the 
environmental entitlements under baseline conditions.  

3. Include flow access rules of Interim Unregulated Flow Management Plan for the North West in 
models to assess their contribution to meeting the environmental objectives of the Basin Plan.  

4. The results are indicative of one possible suite of environmental benefits due to changes in the 
flow regime for the given level of reduction in diversions. Additional work could be undertaken 
to test a number of different environmental delivery patterns to explore the uncertainty in the 
results and the potential for optimisation. 

 

5.6 Macquarie-Castlereagh 

5.6.1 Brief Description of Model 

For regulated parts of the Macquarie River, and for unregulated parts of the Castlereagh and Bogan 
Rivers, a daily time step IQQM model has been developed by the NSW Office of Water (NOW). The 
model covers the Macquarie River from the headwater inflows into Chifley Dam to its confluence with 
the Barwon River and the Cudgegong River from the headwater inflows into Windamere Dam to its 
confluence with the Macquarie River at Burrendong Dam. Towards the lower end of the valley the 
model covers the Bogan River and the floodplain areas between the Macquarie River and the Bogan 
River. The model also covers the Castlereagh River Basin from Mendooran gauge to its confluence with 
the Macquarie River. 

The Macquarie outflows are inflows into the Barwon River. In the IRSMF modelling framework, flows at 
five gauging stations from the Macquarie-Castlereagh model are used as inflows to the Barwon-Darling 
model, i.e. Coonamble gauge in the Castlereagh River (420005), Carinda gauge in the Marthaguy Creek 
(421011), Carinda gauge in the Macquarie River (421012), Gongolgon gauge in the Bogan River (421023) 
and Billybingbone Bridge gauge in the Marra Creek (421107).  
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The development of the Macquarie River model, its calibration and validation and set up for Cap 
implementation is described in detail in DNR (2006b). This model was reviewed as part of the Cap 
Auditing and is accredited for Cap implementation (Bewsher, 2007).  

The general security users in the Macquarie model operate under an annual accounting system with 
100% maximum allocation level. The users are allowed to carry over 100% of their allocation to the next 
year. However, when Burrendong Dam spills the carry over water is forfeited. The environmental water 
for the Macquarie Marshes (known as ‘wildlife allocation’) is a general security allocation and is 
modelled in two components: 

• A 64 GL component which is released as a fixed pattern every year in June without any 
carryover provision. 

• A 96 GL component with 100% carryover provision used for translucent releases from 
Burrendong Dam from 15th March to 31st May and from 21st June to 30th November. These 
releases attempt to achieve flows between 500 and 4000 ML/d at Marebone gauge. These flows 
are not available if the tributary inflow downstream of Burrendong dam are above 1000 ML/d.  
 

In the model, the general security users are gathered together along the river reaches and are 
represented by 27 irrigation nodes. High security irrigation use is represented by 11 nodes. There are 
four storages in the model, representing Burrendong Dam, Windamere Dam, Warren Weir and Ben 
Chiefly Dam. The Macquarie Marshes are series of wetlands which are represented in the model by a 
single storage node. A flood mitigation zone (FMZ) is operated in Burrendong Dam to minimize the 
intensity of floods. The FMZ operating rules are: 

• if the water storage level is between 100% to 120%, water is released to target a maximum 
flow of 5000 ML/d at Warren Weir which is approximately equivalent to a river height of 5.5 
meters at Warren Town 

• if the water storage is between 120% to 130%, water is released to target a maximum flow of 
12,000 ML/d at Gin Gin, which is approximately equivalent to a river height of 6.5 meters at 
Warren Town 

• if the water storage is between 130% and 142%, water is released to target a maximum of 
18,000 ML/d at Gin Gin, which is approximately equivalent to a river height of 7.5 meters at 
Warren Town. 

 

The operations of Burrendong Dam during the flood mitigation zone are modelled by two different 
nodes in the model. The model also includes two replenishment nodes that order water to replenish 
Marra Creek (15 GL/y) and the lower Bogan River (15 GL/y). The spatial extent of the model 
superimposed on the catchment is shown in Figure 24, along with the location of the hydrological 
indicator sites. 
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Figure 24: Map of the Macquarie-Castlereagh catchment, showing the spatial extent of the model and the 
location of the Hydrological Indicator Sites 
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5.6.2 Baseline Conditions 

The model used for the Basin Plan modelling for the Macquarie, Cudgegong and Castlereagh systems is 
the Water Sharing Plan version of the model. There is no separate documentation of the Water Sharing 
Plan version of the model, but environmental flow rules and water sharing arrangements in the model 
have been developed by NSW and correspond to the Water Sharing Plans for the Macquarie and 
Cudgegong Rivers (DIPNR, 2004b) and Castlereagh River (DIPNR, 2004c). The Water Sharing Plan 
versions of the models for Macquarie, Bogan, Marra, Marthaguy and Castlereagh were linked for the 
MDBSY project and this linked version of the model has been used for the Basin Plan modelling. The 
model does not include water buybacks by the Commonwealth and NSW governments since the start of 
the Water Sharing Plan. 

5.6.3 Environmental Water Requirements 

The Macquarie region includes thirteen hydrological indicator sites located at various points throughout 
the Macquarie-Castlereagh Region (Figure 24). Environmental watering requirements have been 
defined at nine of the thirteen hydrologic indicator sites in the region. 

One of the hydrological indicator sites (Macquarie River at Marebone Break) represents the water 
requirements of the Macquarie Marshes as identified in the Directory of important wetlands in Australia 
(DIWA). The DIWA listed area includes the Macquarie Marshes Ramsar site, which is made up of the 
Macquarie Marshes Nature Reserve as well as the privately owned Wilgara Wetland and Mole Marsh, 
and covers 18,726 ha (SEWPAC, 2010). In addition, baseflow requirements were defined for the first 8 
sites listed in Figure 24. The individual components of these requirements are discussed in detail below. 

5.6.3.1 Macquarie Marshes  

Four flow indicators have been defined for the Macquarie Marshes. These are based partly on the work 
of the NSW Department of Environment, Climate Change and Water (2010), which identified key flow 
volumes (at Marebone Break) to inundate the floodplain. The flow indicators aim to maintain 
vegetation communities and provide flow conditions to support waterbird breeding events. All four 
rules are volume-based; that is, a successful event occurs if the required volume of water flows at 
Marebone Break in the desired season (Table 28). The durations are expressed as consecutive months, 
but are not limited to calendar months. Thus the first indicator requires 100 GL of flow over a 
consecutive 5 month (or approximately 150 day) period. 

Table 28: Flow Indicators for the Macquarie Marshes, including target Low and High Uncertainty (HU) 
frequencies 

Indicator Start 
Month 

End 
Month 

Volume 
(GL) 

Duration 
(months) 

HU Freq 
(% years) 

LU Freq 
(% years) 

1 Jun Apr 100 5 (150 days) 80 85 
2 Jun Apr 250 5 (150 days) 40 50 
3 Jun Apr 400 7 (210 days) 30 40 
4 Jun May 700 8 (240 days) 17 17 

A demand timeseries was developed for the Macquarie Marshes, which was designed to meet the flow 
indicators in Table 28. As a long-term average, the Macquarie Marshes demand series requested a 
volume of 16.2 GL/y in addition to baseline flows measured at Marebone Break.  
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5.6.3.2 Baseflows  

Baseflow assessment timeseries were defined at eight locations throughout the Macquarie-Castlereagh 
region. However, an initial analysis showed significant shortfalls at one site only (downstream of 
Burrendong Dam), hence an associated demand was included in the BP-2800 Scenario at this site only. 
However, the downstream demand (described below) also included a baseflow component.  

5.6.3.3 Contribution to Requirements in the Barwon –Darling System 

Flow indicators were defined at three sites in the Barwon-Darling; Bourke, Louth and Wilcannia. A 
demand series was defined at Bourke only, and a description of this demand series can be found in the 
Barwon-Darling section of this document. In addition to the demands to meet in-valley environmental 
watering requirements, the Macquarie-Castlereagh BP-2800 Scenario included a daily demand series to 
contribute to requirements in the Barwon-Darling region. 

This demand was added to the model just upstream of Macquarie Marshes on the main stem of the 
Macquarie River, at the most downstream site at which water can be requested from the two head 
water storages. Two nearby sites are better represented in the model (i.e. the Macquarie River at D/S 
Marebone Weir (421090) and Macquarie River at Carinda (421012)), but neither of these was suitable 
for this purpose. Firstly, Marebone Weir is located a significant distance upstream, which increases the 
travel time to the Barwon-Darling and would make it more difficult to synchronise the flow with flow 
from other tributaries. Secondly, placing a demand at Carinda is not possible, as orders cannot be 
passed upstream. Therefore, placing a demand just upstream of Macquarie Marshes provided the 
greatest capacity to deliver the desired downstream flows. 

The volume of water that can be delivered from the Macquarie River to downstream sites was limited 
by two constraints: the bankfull flow, and the volume remaining in the BP-EWA. This first constraint 
represents an upper limit for the downstream demand and was calculated to be 4,000 ML/day 
(approximately a one-year ARI volume) based on the without development modelling outputs. Including 
the second constraint required a multi-step approach. An interim BP-2800 Scenario was run to 
determine the increased flow at the downstream demand site due to the Macquarie Marshes demand 
only. The downstream demand volume was then calculated by comparing the demand series to the flow 
in this interim scenario. The annual Bourke demand volume put in the model upstream of the 
Macquarie Marshes was also subject to a ‘delivery ratio’ (𝜉𝜉𝐷𝐷 = [0: 1]; see Section 4) to represent losses 
incurred between the storages and the demand site. For those years in which the additional demand 
volume exceeded the water remaining in the BP-EWA, the Bourke demand was reduced such that the 
total use equalled the BP-EWA volume. 

To address any remaining baseflow requirements near the end of system, the Bourke downstream 
demand also included a baseflow component.  

5.6.3.4 Demand Series Summary 

An example of the environmental water accounting process is shown in Table 29. The use assigned to 
the three components was calculated by comparing the demand series to the baseline flows. As a long-
term average, 84 GL/y of recovered water is available in the BP-EWA. Measured as long-term averages 
in addition to baseline flows, the demand for the Macquarie Marshes is estimated to be 16 GL/y, the 
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downstream Barwon-Darling requirement is 28 GL/y, and baseflow requirements (as specified 
downstream of Burrendong storage) of 1.2 GL/y. Although the Macquarie Marshes demand series 
requires only 16 GL/y as a long-term average over the 114 years, this is not an accurate description of 
the entitlement required to deliver water to this site. Water is delivered in only 25 of the 114 years, 
during which it requires an average of 74 GL/y.  These demand volumes are not directly cumulative, as 
they are measured at three different sites, and cannot be aggregated to estimate the long-term ‘use’ of 
the BP-EWA.  

Table 29: An example of environmental water accounting in the Macquarie-Castlereagh region.  

Water Year BP-EWA 
Macquarie 
Marshes 
Demand 

Barwon-Darling Demand Baseflow Demand at 
Burrendong 

Maximum Delivered Maximum Delivered 

···
 

···
 

···
 

···
 

···
 

···
 

···
 

1946 – 1947 11 0 74 11 0.2 0.2 

1947 – 1948 73 0 73 73 0 0 

1948 - 1949 131 43 84 84 0 0 

 ···
 

···
 

···
 

···
 

···
 

···
 

AVERAGE 
(GL/y) 84 16 53 28 1.2 1.2 

All volumes are in GL. The mean annual demand volumes are additive in the order left-to-right — for example, 19 GL/y is 
requested for Barwon-Darling requirements in addition to the flows due to the Macquarie Marshes demands, and so on. 

5.6.4 Modelling Methodology 

The Macquarie-Castlereagh river system is modelled using an IQQM model which represents the Water 
Sharing Plan arrangements of Castlereagh, Cudgegong and Macquarie Rivers. The BP-2800 Scenario was 
carried out by: 

1. Reducing general security entitlements in the model to achieve 84 GL/y reductions in 
diversions. This level of reduction reflects the current volume of entitlements which have 
already been recovered in the Macquarie-Castlereagh region. This water recovery was 
represented in the model by reducing all the general security irrigators of the valley on a 
pro-rata basis — that is, the entitlement volume of each respective irrigator was reduced by 
an equal proportion. The corresponding irrigation demands were reduced to achieve the 
long term average reduction in diversions to the targeted level. This is a modelling 
assumption as information on the exact location of recovered entitlements was not 
available at the time of modelling. This assumption is considered to be reasonable for 
assessing the impact on environmental outcomes for a given level of reduction of 
consumptive use. 

2. Including a general security user with licensed volume equivalent to water recovered for the 
environment and including environmental flow requirements equivalent to the water 
allocated to this general security user. 

3. The environmental demand series to meet the Basin Plan environmental requirements of 
the Macquarie Marshes, and also to source water from Macquarie River to maintain the 
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healthy baseflow and freshes along the river channels of Barwon and Darling Rivers were 
included in the model. The Macquarie Marshes demand timeseries is included in the model 
at Marebone Break and the Barwon-Darling demand is included in the model at the 
modelling node 100 on the Macquarie River upstream of Carinda. A baseflow timeseries 
was added at the site immediately downstream of Burrendong Dam to improve the 
baseflow conditions. 

4. All the planned environmental water provisions of the Macquarie Marshes as per the 
current Water Sharing Plan are maintained in the BP-2800 Scenario. 

5. All minimum flow requirements, maximum flow constraints, channel capacity constraints, 
operating rules of the storages and weirs, off-take flow relationships and irrigation 
management rules are same as per Water Sharing Plan model. 

 

5.6.5 Results and Discussion – Macquarie-Castlereagh and Bogan System 

5.6.5.1 Hydrological Results  

In the BP-2800 scenario diversions are reduced by 84 GL/y as compared to the baseline scenario and 
consequently end of system flow increase by 30 GL/y, which represents a delivery efficiency of 36%. The 
timeseries plot of annual diversions and end of system flows are shown in Figure 25 and Figure 26 
respectively. The ability to increase end of system flows through utilisation of recovered water indicates 
that flows from the Macquarie will be able to contribute to meeting flow indicators in the Barwon-
Darling system. 

The storage volumes of Windamere Dam and Burrendong Dam are lower than the baseline condition at 
times (Figure 27). However, considering that some of the environmental outcomes have been achieved 
at higher than low uncertainty level (Table 31), it should be possible to manage the use of recovered 
water with no third party impacts and achieving the environmental objectives. 

Table 30: Key water balance results for the Macquarie-Castlereagh region 

Water Balance Items without development 
GL/y 

baseline 
GL/y 

BP-2800 
GL/y 

Inflow 2859 2628^ 2648^ 
Diversion 0 380 296 
Loss* 2099 1671 1745 
Outflow 760 577 607 

* Loss includes unattributed loss and change in storage 
^ Difference in inflow due to differences in floodplain flow contributions under various scenarios 

 



 

95 
 

Figure 25: Annual diversions in the Macquarie-Castlereagh and Bogan systems for the baseline and BP-2800 
Scenarios 

 
 
Figure 26: Annual end of system flows from the Macquarie-Castlereagh and Bogan systems for the without 
development, baseline and BP-2800 Scenarios 
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Figure 27: Average annual volume in three storages in the Macquarie-Castlereagh and Bogan systems 
(Windamere, Ben Chifley and Burrendong) for the baseline and BP-2800 Scenarios 

 
 

 

0

50

100

150

200

250

300

350

400

18
95

19
00

19
05

19
10

19
15

19
20

19
25

19
30

19
35

19
40

19
45

19
50

19
55

19
60

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00

20
05

To
ta

l V
ol

um
e 

(G
L)

Water Year (July to June)

Mean Annual Volume in Windamere Dam
BASELINE BP - 2800

0
2
4
6
8

10
12
14
16
18

18
95

19
00

19
05

19
10

19
15

19
20

19
25

19
30

19
35

19
40

19
45

19
50

19
55

19
60

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00

20
05

To
ta

l V
ol

um
e 

(G
L)

Water Year (July to June)

Mean Annual Volume in Ben Chifley Dam
BASELINE BP - 2800



 

97 
 

 

5.6.5.2 Environmental Flow Results  

Flow Indicators for the Macquarie Marshes 
The results for the Macquarie Marsh flow indicators (as measured at Marebone Break) are listed in 
Table 31. The table presents modelling results for identified flow indicators under three scenarios 
(Without development, baseline and Basin Plan). By analysing modelled flow data for the period 1895-
2009, the MDBA has determined the relative proportion of years that the key flow events occur under 
the 3 scenarios. The identified low and high uncertainty frequencies for the flow indicators have also 
been included. Table 31 shows that the high uncertainty frequencies for all indicators have been met 
under the BP-2800 Scenario. Notably, the percentage of successful years for the first and second 
indicators also meets the low uncertainty frequencies.  
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Table 31: Achievement rates for Macquarie Marshes Flow Indicators under without development, baseline and BP-2800 scenarios 

  
Without 

developmen
t 

baseline Basin Plan (see Section 5.1 for description of Category 1-6) 

Flow indicator Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
years with 

a 
successful 

event  

No. of years with additional successful events Number of 
years with 

a 
successful 
environmen

tal event* 

Proportion of 
years 

containing a 
successful 

environment
al event* 

No. of 
additional 
years with 

events 
partially 

delivered 
(6) 

Flow event - threshold, 
duration, season 
(as gauged on the Macquarie 
River at Marebone Break) 

Target 
proportion of 
years with a 
successful 

event  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 10% 

(2) 

Other 
successful 

events  
(3) 

baselin
e 

events 
lost 
(4) 

Total 
additional 

to 
baseline 

(5) 

Achieve a total in-flow volume 
of 100 GL over 5 months 
between Jun to Apr 

80-85% 91% 80% 91 7 0 2 -2 7 98 86% 3 

Achieve a total in-flow volume 
of 250 GL over 5 months 
during Jun to Apr 

40-50% 66% 35% 40 13 0 11 0 24 64 56% 9 

Achieve a total in-flow volume 
of 400 GL over 7 months 
during Jun to Apr 

30-40% 48% 27% 31 4 0 7 -1 10 41 36% 15 

Achieve a total in-flow volume 
of 700 GL over 8 months 
during Jun to May 

17% 18% 17% 19 1 0 0 0 1 20 18% 5 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).  
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Achievement of Baseflows  
Overall, the baseflows have significantly improved under the BP-2800 Scenario (Table 32). The 
remaining shortfalls are relatively small (2% or less of the total requirement). The shortfall 
immediately downstream of Burrendong Dam has increased slightly, however this is purely a result 
of the daily time-step of the baseflow shortfall calculation process; measured at a monthly time-
step, the shortfall has been completely removed by the demand series. Note that the quantitative 
link between the baseflow demand series and an ecological outcome is less substantiated than the 
link for other components of the flow regime (i.e. overbank/flooding and fresh events). 

Table 32: The shortfall, or required additional mean annual volume (in GL/y), at each site to meet the 
baseflow demand series under without development, baseline and BP-2800 Scenarios. 

Site without 
development baseline BP-2800 

420004 – Castlereagh@Mendooran 0.0 0.0 0.0 
420001 – Castlereagh@Gilgandra 0.0 0.0 0.0 
420005 – Castlereagh@Coonamble 0.0 0.0 0.0 
421007 – Macquarie@Bathurst 0.0 0.3 0.3 
421040 – Macquarie@D/S Burrendong Dam 0.0 1.2 1.3 
421001 – Macquarie@Dubbo 0.0 2.3 0.7 
421031 – Macquarie@Gin Gin 0.0 1.9 1.0 
421012 – Macquarie@Carinda 0.0 0.2 0.1 

5.6.6 Future Work 

1. In the Macquarie model the Macquarie Marshes are modelled as a single large storage 
which is unable to predict the flow distribution within the Marshes. The NSW Office of 
Water (NOW) is undertaking a project to provide more detailed modelling of Macquarie 
Marshes in the IQQM model, including a model recalibration. Once this work is finished the 
new model can be used for the future Basin Plan modelling work. 

2. No water accounts have been included in the Macquarie model for the environmental water 
allocations. However, the impact of this limitation has been minimised by restricting the 
environmental water demands in any water years to the water allocated that is allocated to 
the environmental entitlements under baseline conditions (the BP-EWA). Modelling could 
also be improved by including environmental use account and use of these accounts based 
on antecedent conditions of the Marshes.  

 

5.7 Barwon-Darling 

5.7.1 Brief Description of Model 

To represent flows and consumptive use in the Barwon-Darling system, a daily time step IQQM 
model has been developed by the NSW Office of Water (NOW). This model receives tributary inflows 
from the Gwydir, Namoi and Border-River models in the reach of the Barwon River between the 
Mungindi gauge (422004) and Walgett gauge (422001), and from the Warrego, Condamine–Balonne 
and Macquarie-Castlereagh models in the reach between the Walgett and Louth (425004) gauges. 
The lower end of the model extent covers the wetlands, lakes and billabongs of the Talyawalka 
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wetland system, ceasing upstream of Menindee Lakes. The spatial extent of the model 
superimposed on the catchment is shown in Figure 28, along with the location of the hydrological 
indicator sites. 

Figure 28: Map of the Barwon-Darling catchment, showing the spatial extent of the model and the location 
of the Hydrological Indicator Sites 
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5.7.2 Baseline Conditions 

The Barwon-Darling is an unregulated system and in-stream minimum flows are protected by 
specifying various flow thresholds for different irrigators with different licence classes. The three 
irrigation license classes included in baseline conditions are A Class, B Class and C Class licences. The 
model used for Basin Plan development is at 2007/08 level of irrigation development and 
incorporates the Cap accounting rules of July 2007 (i.e. reduced entitlements and continuous 
carryover). The use of end of system flow gauge data to measure inflows to the Barwon-Darling 
model leads to underestimation of flows at key gauging stations along the Barwon-Darling River and 
inflows to the Menindee Lakes. This is considered to be due to the quality of the rating tables for 
high flows as well as due to significant flood flows bypassing the most downstream gauges of the 
tributary catchments. The Barwon-Darling model therefore includes additional flows which are a 
contribution of local catchment inflows during extreme wet conditions, as well as flows which have 
bypassed the downstream gauging stations of tributary valleys. The model set up, calibration and 
validation is described in detail by DNR (2006a). This model is being reviewed by an Independent 
Auditor for accreditation as part of the Cap implementation process. 

The baseline versions of the models for all NSW contributing valleys do not include the Interim 
Unregulated Flow Management Plan for the North West. Thus, modelled inflows to the Barwon-
Darling from these contributing catchments understate additional freshes that are likely to occur as 
a consequence of this plan. Further, some components of the intersecting streams SDL area are 
included within the Barwon Darling model. However, diversions from these areas are not explicitly 
modelled but are included as losses. Toorale licences on the Warrego are one such example. The 
diversions by the Toorale licences on the Barwon Darling and Warrego (part of intersecting stream 
SDL area) are included in the baseline diversion limits. These licences are now part of the water 
recovered by the Commonwealth and would be available for bridging the gap between baseline 
diversion limits and SDL for the Barwon Darling and/or contribution to the shared component for the 
Northern system. 

5.7.3 Environmental Water Requirements 

As indicated in Figure 28, the Barwon-Darling River itself is the main feature of the region. 
Recognising this, five hydrological indicator sites have been identified at various points along the 
main river system (Figure 28). Furthermore, the Barwon–Darling provides flows to the important 
Talyawalka Anabranch wetland area. This wetlands system comprises wetlands of the Talyawalka 
Anabranch of the Darling River and its distributary Teryaweynya Creek and is located between 
Wilcannia and Menindee. Recognising the importance of this element of the system, an additional 
hydrologic indicator site was identified on the Talyawalka system, bringing the total number of 
Barwon-Darling hydrological indicator sites to six. 

Environmental watering requirements have been defined at five of the hydrologic indicator sites in 
the region. In-channel fresh flows were defined at Bourke and Louth while overbank flows were 
defined at Wilcannia. In addition, baseflow requirements were defined for four sites: Wilcannia, 
Bourke, Walgett, and upstream of Menindee Lakes. The Barwon-Darling receives the vast majority of 
its inflows from upstream tributaries; hence a large part of the environmental water is delivered by 
these regions. 
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5.7.4 In-Channel Freshes and Overbank Flows 

A total of nine flow indicators have been defined at three sites (Table 33). Six fresh flow indicators 
were defined at Bourke and Louth with a further three high or overbank flow indicators defined for 
Wilcannia. 

The fresh flow indicators are based on ‘threshold-period’ events — that is, a flow exceeding a given 
threshold for a pre-defined number of consecutive days (Table 33). These indicators aim to provide 
in-channel flows which maintain in-stream habitats and nutrient cycling requirements. Furthermore, 
an analysis of the hydrographs from the without development model found multiple in-channel flow 
pulse events per year, and this is reflected in the environmental watering requirements at these 
locations. These indicators were assessed in terms of successful years, where the target frequencies 
are listed in the final column of Table 33. When creating the demand timeseries containing multiple 
events per year, a preference was given to produce one event in summer/autumn and a second 
event in winter/spring (MDBA, in prep); however the assessment for successful years did not include 
this requirement. 

The three overbank flow indicators defined at Wilcannia are based on a known commence-to-flow 
threshold for the Talyawalka anabranches. Based on the identified threshold, the flow indicators 
either require a pre-determined volume (for flows above 30,000 ML/day) over the calendar year or 
are expressed as ‘threshold-period’ events. These flow indicators have been developed based on 
observed inundation patterns of billabongs and wetlands along the system, and aim to maintain 
River Red Gum and Black Box woodlands and to provide conditions conducive to successful breeding 
of colonial nesting waterbirds.  

Table 33: Environmental watering rules for the Barwon-Darling region, including target Low and High 
Uncertainty (LU and HU) frequencies   

Rule Start 
Month 

End 
Month 

Flow 
(ML/day) 

Duration 
(days) 

Events 
per Year 

LU Freq 
(% years) 

HU Freq 
(% years) 

Talyawalka System gauged at Wilcannia 
1 Jan Dec 30,000 21 1 25 20 
2 Jan Dec 30,000 30 1 18 15 
3 Jan Dec 30,000* 365 2350* 10 8 

In-Stream Habitat – Darling at Louth 
4 Jan Dec 5,000 10 2 70 55 
5 Jan Dec 10,000 10 2 50 40 
6 Jan Dec 14,000 10 2 40 30 

Nutrient Cycling – Darling at Bourke 
7 Jan Dec 10,000 5 2 64 48 
8 Jan Dec 10,000 17 2 40 30 
9 Jan Dec 20,000 5 2 40 30 

* This indicator is volume-based, requiring 2350 GL in a year whenever the flow is above or equal to 30,000 ML/d. 

Targeting environmental watering requirements in the BP-2800 Scenario was achieved by including a 
demand timeseries as a minimum flow requirement near the end of system of the connected 
tributary catchments. The demand series for each tributary was based on a requirement time series 
defined for the Barwon-Darling. The requirement  timeseries for the Barwon-Darling was created 
using an approach similar to that described in section 4. However, unlike other systems, flows in the 
Barwon-Darling rely almost entirely on upstream tributary inflows — there is almost no runoff within 



 

103 
 

the region itself, and environmental events cannot be deliberately ‘delivered’ due to a lack of river 
regulation. Thus, this requirement series was not included in the Barwon-Darling model itself; 
instead it was included as a demand series in a sub-set of upstream models.   

In the Border Rivers, major storages are located at 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. However, these storages regulate only a small portion 
(~15%) of total inflows. In addition, the outlet capacities of the Glenlyon and Pindari storages are 
only 3540 ML/d and 5000 ML/d respectively. At the time of undertaking the BP 2800 Scenario, the 
techniques to include a demand series in the Border Rivers model had not been fully developed. In 
the absence of this work, the demand timeseries for the Barwon-Darling was not included as part of 
the Basin Plan scenarios for the Border Rivers. 

In addition to the above limitations, time constraints did not allow the demand timeseries for the 
Barwon-Darling to be included as part of the BP-2800 scenario for the Namoi. These two factors 
meant that the Bourke demands were only mapped into the Gwydir (BP-2800 GL scenario only) and 
Macquarie-Castlereagh models. 

Given these constraints and criteria, a requirement timeseries was created for the Barwon-Darling 
following the steps outlined below. The complexity of this process, coupled with the limited 
timeframes, only allowed for it to be undertaken for the Bourke flow indicators. In time, this process 
will be extended to include the flow indicators at Louth. A combination of system constraints and 
long travel times mean that it is not possible to create a requirement timeseries targeting the 
Wilcannia flow indicators, hence these rules are only used to assess the environmental outcomes. 
The following steps outline the process by which the Bourke demand series was constructed: 

(i) All successful Bourke environmental events under baseline and without development 
conditions were isolated. 

(ii) The targets at Bourke require two events per year with the timing preferentially in 
summer/autumn and winter/spring — therefore, each year was divided into two semesters 
(Jan – Jun and July – Dec) which were allocated a success/fail measure under both the 
baseline and without development scenarios. For example, semester 1902.1 was successful 
under both scenarios, but semester 1902.2 was successful only under without 
development conditions. 

(iii) An interim linked Northern Basin model run was completed to determine the contribution 
of the four non-demand models (i.e. Warrego, Condamine-Balonne, Border Rivers and the 
Moonie) to the Bourke environmental targets. This model run included the non-demand 
models and the Barwon-Darling model under a BP-2800 Scenario, and the three remaining 
models included internal demands only (i.e. no downstream demand). Although the four 
non-demand regions did not provide any additional Bourke events, they increased the 
overall flow at Bourke and reduced the water required from the remaining tributaries. 

(iv) The relative volumetric ‘cost’ (in GL) of restoring each without development event was 
calculated by comparison to the interim Northern model flow at Bourke. 
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(v) An Environmental Event Selection Tool (Section 4.2.3.1) was used to re-activate without 
development events in a given semester, under the criterion that both this semester and 
year were unsuccessful in the interim Northern run described above. 

(vi) Events were selected for inclusion in the requirement timeseries based on several criteria 
— cost (in GL) of event restoration, the removal of dry periods of extreme length, the 
prioritisation of multiple-benefit events (i.e. some events will meet all three rules at 
Bourke), and the prioritisation of years requiring only a single additional event. 

(vii) A semi-analytic model was developed which estimated the success of achieving a given 
environmental event given the dual constraints of channel capacity and the BP-EWA in the 
three upstream demand models. This simple model included an estimate of flow travel 
times and losses between tributary inflows and Bourke, and allowed the removal of 
unachievable events without the need for a time-consuming connected Northern Basin 
model run. Several iterations were completed between this tool and the Environmental 
Event Selection Tool described in point (v) above to find an event sequence with a high 
likelihood of success. 

(viii) Once a final event sequence was determined, components were added to the start and 
end of each event in the requirement timeseries to represent hydrographic rates of rise 
and fall, determined using the same method applied at the Murray Hydrological Indicator 
Sites (Section 4). 

5.7.4.1 Baseflows  

Baseflow requirements were defined at four sites in the Barwon-Darling region. Assessment series 
were created for these sites (using the method described in Section 4). The baseflow shortfalls in the 
Barwon-Darling region are relatively small (Table 38). The site with the greatest shortfall is Walgett, 
where an additional 1.3 GL/y is required in addition to baseline flows. This represents only 2% of the 
total baseflow assessment series, and the shortfalls (in terms of percentage of the total 
requirement) for the other sites are similarly small. Hence, the baseflow requirements were not 
included in the BP-2800 Scenario, and were used for assessment purposes only. Similar to the 
Bourke requirements, baseflow demands could have been mapped into the upstream demand 
models, however these efforts would have produced relatively small returns, and would have been 
difficult to include given the difficulties of travel times from the upstream tributary storages. 

5.7.5 Modelling Methodology 

The Barwon-Darling River System is an unregulated system and is modelled using a daily IQQM 
model which represents the river system from Mungindi to Menindee Lakes. For the BP-2800 
scenario, the total reduction in diversions from baseline is 20 GL/y LTCE. The methodology adopted 
for modelling of reduction in consumptive use in the Barwon-Darling was: 

1. The water recovery in the Barwon-Darling system was modelled by changing the threshold 
at which water can be pumped from the river. Threshold-change is a substitute for future 
shepherding of recovered water, but this approach ensures that total diversions for 
consumptive use are consistent with the SDL. In practice, the approach for shepherding or 
accounting of environmental water in unregulated systems may be different. 
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2. The Barwon-Darling River System is divided into three reaches i.e. Mungindi to Walgett, 
Walgett to Bourke and Bourke to Wilcannia. The 20 GL/y reduction in diversions is 
proportionately recovered from all the three reaches on a pro rata basis depending upon the 
percentage of diversions in each reach to the total diversions of the valley in baseline model. 
The water already recovered, and any future water recovery, will not necessarily display the 
same distribution as represented by the model, hence this will be refined as further 
information becomes available regarding the locations of existing and future water recovery. 
 

3. All other parameters of the model are unchanged from the baseline model. This includes 
environmental demands, licence volumes and licence classes of irrigators, crop mixes, 
planting dates, areas and volumes of on farm storages, channel capacity constraints, loss 
functions of reaches, off-take flow relationships and irrigation management rules. 
 

4. Environmental watering rules in the Barwon-Darling were defined at three sites: Bourke, 
Louth and Wilcannia. However, environmental demands for Bourke were sourced from 
upstream tributary valleys. The Bourke series formed the basis of demand series for two 
upstream models — those representing the Gwydir (BP-2800 GL scenario only) and 
Macquarie-Castlereagh valleys. In addition, contributions to the shared reduction from the 
Namoi and Border Rivers systems were provided primarily through increased spill events. 

5.7.6 Results and Discussion – Barwon-Darling System 

5.7.6.1 Hydrological Results  

In the BP-2800 scenario, the environmental water sourced from tributary models increased inflows 
into Barwon-Darling model by 237 GL/y, which is 8.6% more than baseline inflows. The increased 
inflows resulted in an increase in losses of 60 GL/y (which includes losses due to flow entering the 
floodplain), i.e. 7.1% more than baseline losses. The diversions were reduced to the targeted level of 
178 GL/y, and the annual diversions for the baseline and BP-2800 are shown in Figure 29. The net 
effect at Menindee Lakes was an increase in long-term average inflows of 198 GL/y, which is an 
increase of 11.5% as compared to baseline conditions; the end of system flow for each year over the 
modelling period is shown in Figure 30. 

Table 34: Key water balance results for the Barwon-Darling region 

Water Balance Items without development  
GL/y 

baseline 
GL/y 

BP-2800 
GL/y 

Inflow 4402 2771 3008 
Diversion 0 198 178 
Loss* 1310 850 909 
Outflow 3092 1723 1921 
* Loss includes unattributed loss and change in storage 
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Figure 29: Annual diversions in the Barwon-Darling system for the baseline and BP-2800 Scenarios 

 
Figure 30: Annual end of system flows from the Barwon-Darling system for the without development, 
baseline and BP-2800 Scenarios 

 
 

5.7.6.2 Environmental Flow Results  

5.7.6.3 In-Channel Freshes and Overbank Flows 

The results for the in-channel fresh and overbank flow indicators at Bourke, Louth and Wilcania are 
listed in Table 35, Table 36 and Table 37 respectively. These tables present the modelling results for 
identified flow indicators under three scenarios (without development, baseline and BP-2800). 
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By analysing modelled flow data, the MDBA has determined the relative proportion of years that the 
key flow events occur under the three scenarios. The identified low and high uncertainty frequencies 
for the flow indicator have also been specified. 

The high uncertainty frequencies for one of the three flow indicators at Bourke are met under the 
BP-2800 Scenario. The first and third flow indicator gauged at Bourke narrowly fails to achieve the 
high uncertainty frequency. The principal reason for this result is the ‘removal’ of successful baseline 
events — that is, successful events which occur in the baseline scenario but are no longer present as 
successful events in the BP-2800 Scenario. An analysis of flows under the three scenarios indicates 
that this change occurs as a result of the way successful years are calculated (Text Box 3). 
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Box 3 The ‘removal’ of some baseline events despite an increase in flow 

 

The analysis of flows at Bourke provides confidence that the level of reductions proposed both 
within the Barwon-Darling system and more broadly across the other Northern Basin valleys is 
sufficient to provide significant environmental outcomes at Bourke. 

The demand timeseries developed for Bourke allows flows from key tributaries to be sequenced 
and, by doing so, maximise the ability to generate the desired pattern of flows. Without a demand 

The ‘Removal’ of baseline Events — An Artefact of Statistical Analysis 
The Bourke and Louth fresh flow indicators are based on the occurrence of two events per calendar year. For example, the first 
Bourke flow indicator requires two events in which the flows exceeds 10,000 ML/day for at least five consecutive days in order 
for a year to be recorded as successful.  However, the results suggest that there are ‘–1 partial events’ for this rule (Table 31)  
This result is an artefact of the analysis method defined by the flow indicators in this region. 
 
As can be seen below, the first Bourke flow indicator was satisfied under without development conditions in 1908 — a large 
event occurred during autumn, while a smaller event occurred in spring (blue line and shading), meeting the requisite two 
events. 
 
Despite a reduction in flows, 1908 is still recorded as a successful year under baseline conditions — the spring event has been 
removed, however the large autumn event which occurred under without development conditions has been split into two 
smaller events under baseline conditions (red line and shading, partly due to the changed timing of tributary inflows). This 
satisfies the two events per year requirement for this indicator. 
 
The BP-2800 scenario has increased flows compared to the baseline scenario, however 1908 is not registered as a successful 
year in this scenario.  Note that the increase in flow has restored the autumn event as a single event, as the flow no longer 
drops below the 10,000 ML/day mark (green line and shading).  However, the spring event is not restored, thus only a single 
10,000 ML/day flow event has occurred in this scenario in 1908, and this is registered as a ‘baseline event removed’ year. 
 
As shown in Table 31, this type of analytical anomaly occurs at least once for five of the six fresh flow indicators specified for 
Bourke and Louth, and highlights the need to look more broadly at the flow patterns rather than focusing solely on the 
performance of the flow indicators. 
 
Modelled flows at Bourke for the without development, baseline and BP-2800 Scenarios 
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timeseries in place for Louth, achievement of the desired flow pattern was reliant on the correlation 
of flow indicators between the Bourke and Louth sites. The improvement in the Louth flow 
indicators under the BP-2800 Scenario  

Further improvements to the pattern of flows at Louth could be expected with the inclusion of a 
demand timeseries at Louth. The mapping of the existing Bourke demand and a new Louth demand 
timeseries into the Namoi and Border Rivers models would also assist in achieving the high 
uncertainty frequencies specified for the Louth flow indicators.  

The baseline models covering the Northern Basin Valleys do not include in them some of the 
environmental flow requirements of the Barwon-Darling Valley already included in the Water 
Sharing Plans. For example, the flow thresholds, spans and timings for environmental water 
requirements are defined in the Barwon-Darling River System at Walgett, Brewarrina, Bourke, Louth 
and Wilcannia and are to be met by the Interim Unregulated Flow Management Plan for the North 
West. These flow requirements are met by the unregulated flows from the upstream contributing 
valleys and focus on in-channel fresh flows at those locations. Therefore, inclusion of these access 
rules, into both the baseline and future Basin Plan modelling scenarios should assist with the 
achievement of the high uncertainty frequencies specified for the fresh flow indicators at both Louth 
and Bourke.  

The following factors suggest that the achievement of the flow indicators specified at Wilcannia will 
be dependent on large unregulated flows. 

• The nature and extent of a range of system constraints across the Northern Basin valleys. 
• Relatively long travel times between upstream tributaries and Wilcannia. 
• The relatively high level of system losses. 

This conclusion is supported by the results shown in Table 37 which show no improvement in the 
Wilcannia flow indicators in the BP-2800 scenario compared to the baseline results. It is likely that 
the combination of the three factors above, rather than the volume of proposed reductions, limits 
the capacity to achieve the high uncertainty frequencies for the Wilcannia flow indicators. 
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Table 35: Achievement of Barwon-Darling flow indicators gauged at Bourke under without development, baseline and BP-2800 Scenarios  

  
Without 

development 
Baseline Basin Plan (see Section 5.1 for description of Category 1 – 6) 

Flow indicator   Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing a 
successful 

event  

No. of 
years with 

a 
successful 

event  

No. of years with additional successful events Number of 
years with a 
successful 

environment
al event* 

Proportion 
of years 

containing a 
successful 

environment
al event*  

No. of 
additional 
years with 

events 
partially 

delivered 
(6) 

Flow event - threshold, 
duration, season  

Target 
proportion of 

years 
containing a 
successful 

event - high to 
low 

uncertainty  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 10% 

(2) 

Other 
successful 

events  
(3) 

Baseline 
events 

lost 
(4) 

Total 
addition

al to 
baseline 

(5) 

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

48 – 64% 76% 40% 45 7 0 5 -3 9 54 47% -1 
(see text 
box 3) 

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

30 – 40% 48% 24% 27 6 3 2 -2 9 36 32% 0 

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

30 – 40% 47% 20% 23 2 2 4 -1 7 30 26% 1 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).  
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Table 36: Achievement of Barwon-Darling flow indicators gauged at Louth under without development, baseline and BP-2800 Scenarios 

  Without 
development 

Baseline Basin Plan (see Section 5.1 for description of Category 1 – 6) 

Flow indicator   Proportion 
of years 

containing a 
successful 

event  

Proportion 
of Years 

containing a 
Successful 

Event  

No. of 
years with 

a 
successful 

event  

No. of years with additional successful events Number of 
years with a 
successful 

environment
al event* 

Proportion 
of years 

containing a 
successful 

environment
al event*  

No. of 
additional 
years with 

events 
partially 

delivered 
(6) 

Flow event - threshold, 
duration, season  

Target 
proportion of 

years 
containing a 
successful 

event - high to 
low 

uncertainty  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 10% 

(2) 

Other 
successful 

events  
(3) 

Baseline 
events 

lost 
(4) 

Total 
addition

al to 
baseline 

(5) 

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

55 – 70% 82% 38% 43 0 0 12 2 10 53 46% 4 

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

40 – 50% 61% 29% 33 0 0 8 2 6 39 34% 5 

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

30 – 40% 47% 19% 22 0 0 6 0 6 28 25% 5 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).  
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Table 37: Achievement of Barwon-Darling flow indicators gauged at Wilcannia under without development, baseline and BP-2800 Scenarios 

  Without 
development 

Baseline Basin Plan (see Section 5.1 for description of Category 1 – 6) 

Flow indicator   Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing a 
successful 

event  

No. of 
years with 

a 
successful 

event  

No. of years with additional successful events Number of 
years with a 
successful 

environment
al event* 

Proportion 
of years 

containing a 
successful 

environment
al event*  

No. of 
additional 
years with 

events 
partially 

delivered 
(6) 

Flow event - threshold, 
duration, season  

Target 
proportion of 

years 
containing a 
successful 

event - high to 
low 

uncertainty  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 10% 

(2) 

Other 
successful 

events  
(3) 

Baseline 
events 

lost 
(4) 

Total 
addition

al to 
baseline 

(5) 

1 30,000 ML/Day for a 
total of 21 Days between 
January & December for 
20% of years 

20 – 25% 25% 14% 16 0 0 0 0 0 16 14% 7 

2 30,000 ML/Day for a 
total of 30 Days between 
January & December for 
15% of years 

15 – 18% 21% 12% 14 0 0 0 0 0 14 12% 6 

3 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 

8 – 10% 13% 7% 8 0 0 0 0 0 8 7% 7 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail). 
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Baseflows  
The largely untargeted increase in flows from the tributary valleys has improved the shortfalls on 
baseflow requirements in the BP-2800 Scenario (Table 38). The highest shortfall occurs at Walgett, 
however, as a long-term average, it is only 1.5% of the required volume. The shortfalls at the 
remaining three sites are negligible (i.e. << 1%). 

Table 38: The shortfall, or required additional mean annual volume), at each site to meet the baseflow 
assessment demand series under without development, baseline and BP-2800 Scenarios (in GL/y. 

Site without 
development baseline BP-2800 

422001 – Barwon River@Walgett 0.0 1.3 1.0 
425003 – Darling River@Bourke 0.0 0.4 0.2 
425008 – Darling River@Wilcannia 0.0 0.9 0.2 
425012 – Darling River@Menindee 0.0 0.6 0.1 

 

5.7.7 Future Work 

1. The modelling carried out for the Barwon-Darling system achieved a reduction in diversions 
by increasing pumping thresholds, and is therefore not consistent with the proposed Water 
Recovery program to bridge the gap between baseline diversions and proposed SDLs. 
However, the modelling is dependent on the water shepherding approach and their 
inclusion in the models. This is proposed to be undertaken as part of the proposed 2015 
review. However the approach adopted is reasonable for assessing environmental outcomes 
for a given level of reduction using buyback approach. 

2. Future Basin Plan scenarios will not source Bourke environmental water requirements from 
the Gwydir system because: 

i) The inclusion of the Bourke demand timeseries into the Gwydir model resulted in a 
negative impact on the in-valley indicators specified for the Gwydir Wetlands.  

ii) Analysis undertaken by Pietsch (2006) indicates that many of the streams that make up 
the distributary system of the Lower Gwydir contain reaches with low channel capacities 
resulting in frequent overbank events. For instance the bank-full capacity of the Mehi 
River can be is as low as 430 ML/d. It is likely that the low channel capacities result in 
high floodplain losses and low delivery efficiencies between Copeton Dam and the end-
of the system. 

3. The complexity of including Barwon-Darling demands into up-steam models coupled with 
the limited timeframes, only allowed for the methodology to be undertaken for the Bourke 
flow indicators. Extending this process to include the Louth flow indicators could be 
undertaken as part of future Basin Plan modelling scenarios. 

4. A longer term priority would be to work in conjunction with the NSW Office of Water, to 
update baseline models so as to include the Interim Unregulated Flow Management Plan for 
the North West as the current model is likely to underestimate the achievement of desired 
flows. 
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5.8 Lachlan 

5.8.1 Brief Description of Model 

The Lachlan River is modelled with a daily timestep IQQM model from its headwater inflows into 
Wyangala Dam and Belubula River inflows to Carcoar Dam. The model ends at the Great Cumbung 
Swamp at the Oxley gauge (412026) and has no contribution to any of the downstream models. The 
model includes key water regulation storages (i.e. Wyangala Dam, Carcoar Dam, Lake Cargelligo, 
Brewster Weir and Lake Brewster). Lake Cargelligo and Lake Brewster are off-river re-regulating 
storages. Two floodplains (near Brewster Weir and downstream of Willandra Weir) are also included 
in the model. 

The spatial extent of the model superimposed on the catchment is shown in Figure 31, along with 
the location of the hydrological indicator sites. 

The general security users operate under two annual accounting systems in the model, one in the 
Lachlan and the other in the Belubula River. The maximum allocations in the Lachlan and Belubula 
systems are 75% and 100% respectively. The general security consumptive users are lumped 
together in the river reaches and are represented by 22 nodes in the Lachlan system and one node 
in the Belubula system. Similarly the high security irrigators are represented by 6 nodes in the 
Lachlan system and one node in the Belubula system. There are six town water supply nodes, seven 
high security stock and domestic users and three wetland replenishment nodes. 

There are two environmental contingency allowance (ECA) accounts in the model associated with 
Wyangala Dam and Lake Brewster. Under the Water Sharing Plan, the ECA entitlements are 10 GL 
each for Wyangala and Lake Brewster. The long-term average of these entitlements is 5 GL/y, which 
is released from Wyangala Dam and Lake Brewster over 30 days with a reference demand of 166 
ML/d at the end of the water year in June. In addition to ECA releases there is also a translucent 
release rule. In the translucent release rule a portion of inflows is allowed to pass through the 
storage , subject to a range of criteria depending upon seasonal inflows and storage volume 
triggers). The translucent releases are made from Wyangala Dam between the 15th of May to the 
15th of November. Furthermore, there is a 20 GL/y water quality allowance account in the model 
which is released in January at a fixed daily rate. 

The model includes minimum flow requirements below Wyangala Dam (70 ML/d), Brewster Weir (20 
ML/d), at the end of the Belubula system (10 ML/d at Bangaroo gauge) and Booligal (100 ML/d). 
Several maximum flow constraints are also included in the model, for example Wyangala Dam (6,600 
ML/d), Jemalong Weir (2600 ML/d), Wallamundry Creek (390 ML/d), Goobang and Bumbuggan 
Creeks (1200 ML/d), Willandra Creek (500 ML/d), Willandra Weir (1500 ML/d), Merrowie Creek 
(1600 ML/d) and at Booligal (310 ML/d). The spatial extent of the model superimposed on the 
catchment is shown in Figure 31, along with the location of the hydrological indicator sites. 
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Figure 31: Map of the Lachlan catchment, showing the spatial extent of the model and the location of the 
Hydrological Indicator Sites 
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5.8.2 Baseline Conditions 

The development of the Lachlan Cap model is described in DLWC (2002). The model has been 
reviewed as part of the Cap Auditing and has been accredited for Cap implementation (Bewsher, 
2002b). There is no separate document describing the Water Sharing Plan version of the model, but 
environmental flow, irrigation demands and environmental flow rules in the model used for Basin 
Plan scenario modelling correspond to the Lachlan Water Sharing Plan (DIPNR, 2006e). The model 
does not include water buybacks by the Commonwealth Government since the start of the Water 
Sharing Plan. 

5.8.3 Environmental Water Requirements 

The Lachlan region includes 5 hydrological indicator sites located at various points throughout the 
Lachlan System (Figure 31).  

Environmental watering requirements have been defined at all of the regions hydrologic indicator 
sites. In-stream fresh and overbank flow indicators have been defined for the Booligal Wetlands, 
Great Cumbung Swamp, and the Lachlan Swamp (wetlands of national significance in the lower 
sections of the Lachlan system). Baseflow requirements have been defined for the five sites with HIS 
numbers 42, 43, 44 and 45, as shown in Figure 31.  

5.8.3.1 Lower Lachlan Fresh and Overbank Flow Indicators  
Downstream of Willandra Weir, the Lachlan River splits into a series of distributary creeks which 
supply water to multiple wetlands and swamps. Based on their ecological values, location and 
hydrology, MDBA selected Booligal Wetlands, Great Cumbung Swamp, and the Lachlan Swamp as 
sites to inform the desired flow regime for the range of wetlands and swamps occurring throughout 
the Lower Lachlan system. These three sites are hydrologically and ecologically inter-associated — 
they are components of a large floodplain system located towards the downstream end of the 
Lachlan River. Based on empirical assessments which have linked flows at this site to a variety of 
environmental responses, Booligal Weir was assessed as a suitable site to measure environmental 
flows for all three assets. 

As the flow regime for all three assets is measured at Booligal Weir, a single daily demand timeseries 
was developed to address their environmental watering requirements (Table 39). The demand series 
was generated using the process set out in Section 4. 

Booligal Wetlands 
The Booligal Wetlands are located on the floodplain of the Merrimajeel and Muggabah Creeks, 
which are distributaries of the Lachlan River. Three environmental flow indicators were defined for 
this asset (Table 39). The first and second flow indicators define flows to maintain flood-dependent 
vegetation in semi-permanent and permanent wetlands, and to maintain river redgum and lignum 
communities. These are based on empirical flow measurements at which Merrimajeel and 
Muggabah Creeks flow and broad flooding of the Booligal Wetlands occurs (MDBA, in prep). The first 
flow indicator requires 25 consecutive days at the desired flow, whereas the second flow indicator 
allows the days to be non-consecutive. The third flow indicator is associated with colonial waterbird 
breeding events, where a successful event requires 50 consecutive days of flows of at least 2,500 
ML/day — the duration and flow threshold are based on empirical studies connecting flooding 
events to the size of waterbird breeding events (MDBA, in prep). 
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Lachlan Swamp 
The Lachlan Swamp lies on the Lachlan River, and extends from a few kilometres downstream of 
Booligal Weir past the township of Oxley. It includes multiple lakes and shallow depressions, and the 
environmental flow indicators (Table 39) have been defined to maintain associated vegetation such 
as river redgums, blackbox and lignum shrublands. In addition, the asset supports a variety of 
waterbird species when flooded, and conditions conducive to waterbird breeding and nesting are 
associated with the fourth flow indicators. These flow indicators require a period of consecutive days 
at the desired flow, excluding the second flow indicator which allows these days to be non-
consecutive. 

Great Cumbung Swamp 
Located past the township of Oxley, the Great Cumbung Swamp is the terminal drainage swamp of 
the Lachlan River and the surrounding floodplain. A small effluent channel connects the swamp to 
the Murrumbidgee River, however this flows only during large floods. The swamp supports a variety 
of vegetation, such as reeds, redgum and lignum. The environmental flow indicators (Table 39) are 
based on empirical measurements of commence-to-flow and inundation flows (MDBA, in prep). 
Similar to the rules defined for the Booligal Wetlands and Lachlan Swamp, these are a mixture of 
consecutive (first and third flow indicators) and non-consecutive (third flow indicator) daily flows. 

Table 39: Environmental Flow Indicators (as measured at Booligal Weir) for the Booligal Wetlands, Lachlan 
Swamp and Great Cumbung Swamps including Low and High Uncertainty (LU & HU) frequencies.  

Flow 
Indicator 

Start 
Month 

End 
Month 

Threshold 
(ML/day) 

Duration 
(days) 

LUFreq 
(%years) 

HUFreq 
(%years) 

Booligal Wetlands 
1 Jun Nov 300 25 75 70 
2 Jun Nov 850 70(min1) 40 33 
3 Jun Nov 2,500 50 20 20 

Lachlan Swamp 
1 Jun Nov 850 20 60 50 
2 Jun Nov 850 70(min1) 40 33 
3 Jun Nov 1,000 60 30 20 
4 Jun Nov 2,500 50 20 20 

Great Cumbung Swamp 
1 Jun Nov 700 25 60 50 
2 Jun Nov 1,500 35(min1) 45 40 
3 Jun Nov 2,700 30 20 20 

5.8.3.2 Baseflows 
Baseflow assessment series were assessed at five locations throughout the Lachlan region. Initial 
analysis showed significant baseflow shortfalls at only two sites (downstream Of Carcoar and 
Wyangala Dams), hence demands were only created at these sites in the BP-2800 Scenario. The 
baseflow demand series were created using the same method applied for all other baseflow sites, 
and a detailed description is given in Section 4. 

5.8.4 Modelling Methodology 

The Basin Plan scenario was carried out following the steps below. 

1. General security entitlements were reduced to achieve a reduction in diversion of 48 GL/y. 
This level of reduction reflects the existing level of entitlements that have been recovered 
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compared to the baseline scenario. Within the model, the reductions in entitlements were 
distributed evenly across all regulated river (general security) access licences holders. The 
corresponding irrigation demands were reduced to achieve the long term average reduction 
in diversions to the targeted level. This is a modelling assumption as information on the 
exact location of recovered entitlements was not available at the time of modelling. This 
assumption is considered to be reasonable to assess the impact on environmental outcomes 
for a given level of reduction of consumptive use.  

2. A general security user with a licensed volume equivalent to water recovered for the 
environment was added to the model, and environmental flow requirements were included 
based on an entitlement equivalent to the water allocated to this general security user. 

3. A demand timeseries at Booligal Weir was included consistent with the environmental flow 
indicators specified for Booligal Wetlands, Great Swamp and Lachlan Swamp. Under baseline 
conditions, baseflow targets are already met at gauging stations at Jemalong Weir, Willandra 
Weir and Booligal gauge but not at the sites immediately downstream of Wyangala and 
Carcoar Dams. Therefore, baseflow demand timeseries were included downstream of 
Wyangala and Carcoar Dams. 

4. The environmental water requirement at Booligal is in addition to the existing 
environmental water requirements of assets included in the Water Sharing Plan. Therefore, 
the planned environmental water requirements of Booligal Wetland, Great Swamp and 
Lachlan Swamp as per the current Water Sharing Plan are maintained in the Basin Plan 
scenario run. Furthermore, the water quality allocation of 20 GL as per Water Sharing Plan 
and present in the baseline model is also kept in BP-2800 scenario. 

5. The environmental contingencies allowances held in Wyangala Dam and Lake Brewster and 
the translucent releases from Wyangala Dam as per water sharing plan present in baseline 
model are also kept in the BP-2800 scenario. 

6. All types of replenishment flows present in baseline model to improve environmental health 
of Willandra Creek, Marrowie Creek, Torrigany and Merrimajeel Creeks as outlined in Water 
Sharing Plan are maintained in the BP-2800 scenario. 

7. All minimum flow requirements, maximum flow constraints, channel capacity constraints, 
operating rules of the storages and weirs, off-take flow relationships and irrigation 
management rules are the same as under baseline. 

5.8.5 Results and Discussion – Lachlan System 

5.8.5.1 Hydrological Results  
The total reduction in diversions targeted in the BP-2800 scenario is 48 GL/y. The river and 
floodplain losses in the BP-2800 scenario are 4% higher than experienced under the baseline 
scenario, as seen in Table 40.  

The annual storage volume series of Wyangala Dam is relatively unchanged when comparing the 
baseline and BP-2800 scenarios. This is a direct effect of the adopted modelling method, which 
constrains the environmental demand series to the annual volume of use displayed by the recovered 
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licences under baseline conditions (described in Section 4). In the baseline model, the long term 
average storage volume over the simulation period is 689 GL, while in the BP-2800 scenario it is 691 
GL. The long term average storage volume of Lake Brewster slightly reduced to 45 GL in the BP-2800 
scenario run as compared to 46 GL in the baseline scenario, as seen in Figure 34. Total diversions as 
modelled in the Lachlan system are below and total end of system flows (comprised of a 
combination of Oxley and Willandra Creek) for the Lachlan are presented in Figure 33. 

Table 40: Key water balance results for the Lachlan region 

Water Balance 
Items 

without development 
GL/y 

baseline 
GL/y 

BP-2800 
GL/y 

Inflow 1424 1424 1424 
Diversion 0 287 240 
Loss* 1424 1138 1184 
Outflow 0 0 0 

* Loss includes unattributed loss, change in storage, environmental and wetland diversions 

Figure 32: Annual diversions in the Lachlan system for the baseline and BP-2800 Scenarios 
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Figure 33: Annual End-of-System flow in the Lachlan system for the baseline and BP-2800 Scenarios 

 

Figure 34: Average annual volume in two storages in the Lachlan system (Carcoar and Wyangala Dam) for 
the baseline and BP-2800 Scenarios 
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5.8.5.2 Environmental Flow Results  

Lower Lachlan Fresh and Overbank Flow Indicators 
The results for the environmental flow indicators focusing on fresh and overbank flows in the Lower 
Lachlan are listed in Table 41. The results show that all indicators have been achieved within the 
target frequency range 
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Table 41: Achievement of targets for the Lower Lachlan Fresh and Overbank Flow Indicators (Booligal Wetlands) under without development, baseline and BP-2800 
scenarios.  

 
  Without 

development 
baseline Basin Plan (see Section 5.1 for description of Category 1 – 6) 

Flow indicator - (Flows measured at 
Booligal Weir on the Lachlan River)  

Proportion of 
Years 

containing a 
Successful 

Event  

Proportion 
of Years 

containing 
a 

Successful 
Event  

No. of 
years with 

a 
successful 

event  

No. of years with additional successful events Number of 
years with 

a 
successful 
environme
ntal event* 

Proportion 
of years 

containing 
a 

successful 
environme
ntal event*  

No. of 
additional 

years 
with 

events 
partially 

delivered 
(6) 

Flow event - threshold, 
duration, season  

Target 
proportion of 

Years 
containing a 
Successful 
Event - high 

to low 
uncertainty  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 
10%  
(2) 

Other 
successf
ul events  

(3) 

Baseline 
events 

lost 

(4) 

Total 
additi
onal 

to 
baseli
ne (5) 

300 ML/Day for 25 
consecutive days between 
Jun & Nov 

70 – 75% 84.2% 50.0% 57 17 8 2 0 27 84 74% 5 

850 ML/Day for a total 
duration of 70 days 
between Jun & Nov 

33 – 40% 49.1% 22.8% 26 6 8 3 0 17 43 38% 10 

2500 ML/Day for 50 
consecutive days between 
Jun & Nov 

20% 22.8% 17.5% 20 3 1 1 0 5 25 22% 0 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail). 
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Table 42: Achievement of targets for the Lower Lachlan Fresh and Overbank Flow Indicators (Lachlan Swamps) under without development, baseline and BP-2800 
scenarios. 

   Without 
development 

baseline Basin Plan (see Section 5.1 for description of Category 1 – 6) 

Flow indicator - (Flows measured at 
Booligal Weir on the Lachlan River)  

Proportion of 
Years 

containing a 
Successful 

Event  

Proportion 
of Years 

containing 
a 

Successful 
Event  

No. of 
years with 

a 
successful 

event  

No. of years with additional successful events Number 
of years 
with a 

successf
ul 

environm
ental 

event* 

Proportion 
of years 

containing 
a 

successful 
environme
ntal event*  

No. of 
additional 
years with 

events 
partially 

delivered 
(6) Flow event - 

threshold, duration, 
season  

Target 
proportion of 

Years containing 
a Successful 

Event - high to 
low uncertainty  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 
10%  
(2) 

Other 
successf
ul events  

(3) 

Baseline 
events 

lost 
(4) 

Total 
additi
onal 

to 
baseli
ne (5) 

850 ML/Day for 20 
consecutive days 
between June & 
November  

50 – 60% 64.9% 47.4% 54 3 1 2 0 6 60 53% 9 

850 ML/Day for a total 
duration of 70 days 
between June & 
November  

33 – 40% 49.1% 22.8% 26 6 8 3 0 17 43 38% 10 

1000 ML/Day for 60 
consecutive days 
between June & 
November  

20 – 30% 29.8% 20.2% 23 4 1 1 0 6 29 25% 1 

2500 ML/Day for 50 
consecutive days 
between June & 
November  

20 – 20% 22.8% 17.5% 20 3 1 1 0 5 25 22% 0 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail). 
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Table 43: Achievement of targets for the Lower Lachlan Fresh and Overbank Flow Indicators (Great Cumbung Swamp) under without development, baseline and BP-
2800 scenarios. 

 
  Without 

development 
baseline Basin Plan (see Section 5.1 for description of Category 1 – 6) 

Flow indicator - (Flows measured at 
Booligal Weir on the Lachlan River)  

Proportion of 
Years 

containing a 
Successful 

Event  

Proportion 
of Years 

containing 
a 

Successful 
Event  

No. of 
years with 

a 
successful 

event  

No. of years with additional successful events Number of 
years with 

a 
successful 
environme
ntal event* 

Proportion 
of years 

containing 
a 

successful 
environme
ntal event*  

No. of 
additional 

years 
with 

events 
partially 

delivered 
(6) 

Flow event - 
threshold, duration, 
season  

Target 
proportion of 

Years containing 
a Successful 

Event - high to 
low uncertainty  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 
10%  
(2) 

Other 
successf
ul events  

(3) 

Baseline 
events 

lost 
(4) 

Total 
additi
onal 

to 
baseli
ne (5) 

700 ML/Day for 25 
consecutive days 
between Jun & Nov 

50 – 60% 69.3% 43.9% 50 6 3 3 0 12 62 54% 6 

1500 ML/Day for a 
total duration of 35 
days between Jun & 
Nov 

40 – 45% 55.3% 34.2% 39 8 0 3 0 11 50 44% 1 

2700 ML/Day for 30 
consecutive days 
between Jun & Nov 

20 – 20% 26.3% 18.4% 21 2 2 1 0 5 26 23% 4 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail). 
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Baseflows  
The achievement level of these desirable baseflow demands were assessed via volumetric shortfalls 
from a baseflow assessment series — that is, the mean annual volume of additional water required 
at each site to meet the baseflow demand series. These results are listed in Table 44. By definition, 
the without development model meets all baseflow requirements. 

Under baseline conditions, the site downstream of Wyangala Dam is the most impacted of the five 
sites — baseflows have been significantly reduced when compared to target values, especially in the 
naturally high flow season of June to October. This is a seasonal inversion effect, in which naturally 
high baseflows are now captured by Wyangala Dam. The results (Table 44) indicate that an 
additional 4.7 GL/y (17% of the total baseflow demand) was required to meet the target baseflows 
downstream of Wyangala Dam; this target was achieved under the BP-2800 Scenario. Minor 
shortfalls remain at Willandra and Booligal Weirs, however these volumes are relatively small (~1% 
of the total demand). Although volumetrically small, the monthly baseflow shortfall at Belubula 
under baseline conditions was 11% of the requirement. This requirement was also satisfied in the 
BP-2800 scenario. 

Table 44: The shortfall, or required additional mean annual volume (in GL/y), at each site to meet the 
baseflow assessment/demand series under without development, baseline and BP-2800 Scenarios. 

Site without 
development baseline BP-2800 

412077 – Belubula@Carcoar 0.0 0.0 0.0 
412010 – Lachlan@Wyangala Dam 0.0 4.7 0.0 
412036 – Lachlan@Jemalong Weir 0.0 0.0 0.0 
412038 – Lachlan@Willandra Weir 0.0 0.1 0.1 
412005 – Lachlan@Booligal Weir 0.0 0.6 0.3 

 

5.8.6 Future work 

At this stage, no explicit water accounts have been included in the Lachlan model for the 
environmental water allocations. However, the impact of this limitation has been minimised by 
restricting the environmental water demands in any water years to the water used by the recovered 
environmental entitlements under baseline conditions, achieved through the Environmental Event 
Selection Tool. This tool provides only an estimate of the water accounting process, hence it is 
proposed to include environmental water accounts as part of the 2015 review. 
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5.9 Murrumbidgee 

5.9.1 Brief Description of Model 

The hydrology of the Murrumbidgee region is represented by three models which relate 
characteristics such as river flows at specific sites, irrigation diversions, public storages, and 
evaporative and overbank losses. The three models of the Murrumbidgee modelling suite are: 

• the Snowy Scheme (SNAT under without development conditions, SNOW for all other 
scenarios); 

• the Upper Murrumbidgee model (UBID) represents the catchment from Tantangara Storage 
to Burrinjuck Dam; and 

• the Murrumbidgee model (BIDG) represents the main river from Burrinjuck and Blowering 
Dams to the ends of system at Balranald, Billabong Creek at Darlot and Forest Creek 

 

Flows from the Cotter and Googong storages were provided by ACTEW to represent usage in the 
ACT. This includes the Murrumbidgee to Googong transfer, an enlarged Cotter Dam and a projected 
ACT population of 396,000. ACT diversions are 40 GL/y, equal to cap. A separate document outlines 
the models and their linkages in more detail (MDBA, 2010a). The cap version of the Murrumbidgee 
model (BIDG) is described in DIPNR (2004f). The model has been reviewed as part of the Cap 
auditing and has been accredited for Cap Implementation (Bewsher 2010a). The spatial extent of the 
model superimposed on the catchment is shown in Figure 35, along with the location of the 
hydrological indicator sites. 
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Figure 35: Map of the Murrumbidgee catchment, showing the spatial extent of the model and the location 
of the hydrological indicator sites  
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5.9.2 Baseline Conditions 

Basin Plan modelling for the Murrumbidgee system is based on the Water Sharing Plan (DIPNR, 
2004f; DWE, 2009) version of the model and Snowy inflows are based on the pre-corporatisation 
version of the Snowy model. There is no separate documentation available for the Water Sharing 
Plan version of the model as provided to MDBA. However, model set up and calibration are 
discussed in detail in the documentation for the model set up for the Cap (NSW, 2007). This original 
model version did not include Water Recovery for TLM, River Bank or Water for Rivers for the Snowy 
Scheme, or water recovered by Commonwealth Environmental Water Holder (CEWH).  

The changes made to the Murrumbidgee model as compared to the Water Sharing Plan version 
before its usage for determining baseline diversions limits were as follows: 

1. The baseline Murrumbidgee model was linked to the Upper Murrumbidgee and Snowy 
Scheme models to derive a better representation of the ACT and Snowy scheme impacts on 
the Burrinjuck Dam and Blowering Dam inflows.  

2. The model has been extended to include the Jounama catchment upstream of Blowering 
Dam.  

3. Water recovery for TLM (48.9 GL/y average water use for Basin Plan modelling) was added 
to the baseline conditions model by MDBA and in conjunction with advice from the NSW 
Office of Water. TLM modelling was subsequently updated to include all purchases to date 
(52.1 GL/y average annual use) for the Legislative Instrument version of the baseline 
conditions model, however this update had occurred after the Basin Plan modelling effort 
described here was completed.  

4. For Basin Plan modelling, water recovery for Water for Rivers is not included in the model 
but is accounted externally by subtracting the impact of various water recovery programs on 
total modelled diversions which would lead to a reduction in Cap. The net Snowy transfers 
to the Murrumbidgee are reduced by the Cap equivalent of the water recovered under the 
Water for Rivers program.  

5. The Balranald end of system flow demand was updated to include the Water Sharing Plan 
minimum flow rule which has come in effect from 2008-09.  

6. Inputs from the Murray system which are utilised in the Murrumbidgee model (Finley 
Escape, along with Lake Victoria storage levels and Murray announced allocations for 
Lowbidgee diversion determination) were updated based on the most recent information 
produced by the MDBA Murray model. 

5.9.3 Basin Plan Scenarios 

Three Basin Plan scenarios were modelled for the Murrumbidgee, corresponding with 2400, 2800 
and 3200 GL/y Basin wide reduction in diversions including a pro-rata attribution of Murray shared 
reduction. For the BP-2800 scenario, a 593 GL/y reduction in diversion in the Murrumbidgee region 
represents the long-term average amount of water available for the environment in this scenario 
(BP-EWA). Similarly, a 502 GL/y and 714 GL/y reduction in diversions represents the 2400 and 3200 
GL scenarios respectively. These reductions in diversions include both the in-valley component (320 
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GL/y) with the remaining volume contributing towards the ‘shared component’ to meet downstream 
requirements. 

5.9.4 Environmental Water Requirements 

The Murrumbidgee region includes eight hydrological indicator sites located at various points 
throughout the Murrumbidgee System (Figure 35).  

Environmental watering requirements have been defined at seven of the eight indicator sites (no 
requirements have been defined for the Billabong Creek at Darlot hydrologic indicator site). Flow 
indicators for in-channel fresh and overbank flow events were defined for the Mid-Murrumbidgee 
Wetlands, the Lower Murrumbidgee Floodplain, and near the end of system site at Balranald.  
Baseflow requirements were defined and demand series created for the five sites with numbers 36 
(Murrumbidgee River at Burrinjuck Dam inflow), 37 (Tumut River at Oddy’s Bridge), 38 
(Murrumbidgee River at Wagga Wagga), 40 (Murrumbidgee River at Darlington Point)) and 47 
(Murrumbidgee River downstream of Balranald Weir) as shown in Figure 35.  

Delivery of water to meet environmental watering requirements in the model was achieved by 
including demand timeseries at Narrandera (Mid-Bidgee Wetlands), Maude Weir (Low-Bidgee 
Floodplain), and Balranald (instream flows for baseflows and freshes for the Murrumbidgee system, 
and a demand series to contribute flows to outcomes in the Murray system). The environmental 
watering requirements defined at Narrandera and Maude Weir stipulate a combination of in-
channel flows and overbank events, whereas the Balranald flow indicators are limited to in-channel 
flows. The Basin Plan scenarios representing the Murrumbidgee system therefore contained five 
demand series components located at three hydrological indicator sites. As described in Section 4, 
for regions with multiple demand series at multiple sites, these series were derived independently 
and then added sequentially to the model. In the Murrumbidgee system, they were added in the 
following order. 

• Mid-Murrumbidgee Wetlands, 
• Low-Bidgee Floodplain, 
• Contribution to overbank requirements in the Murray, 
• Baseflows and freshes in the Lower Murrumbidgee River, and 
• Contribution to baseflow and fresh requirements in the Murray. 

This sequence reflects the prioritisation of watering actions in the modelling process, and has been 
ascertained on the basis of hydrological processes, volumetric significance and strength of 
connection with environmental outcomes. 

5.9.4.1 Mid-Murrumbidgee Wetlands 
Five environmental flow indicators were defined for the Mid-Murrumbidgee Wetlands, measured at 
Narrandera (Table 45). The first flow indicator is associated with conditions conducive for colonial 
nesting waterbird breeding events. The duration is listed as a total and a minimum, allowing multiple 
smaller events to contribute to the total duration. The remaining four flow indicators are associated 
with the inundation of wetlands and surrounding vegetation communities and provide substantial 
river-to-wetland connectivity to enable fish movement as further described in (MDBA, in prep). The 
demand timeseries targeting the delivery of these flows was constructed using the process set out in 
Section 4. 
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Table 45: Environmental flow indicators for the Mid-Bidgee Wetlands, including target Low and High 
Uncertainty (LU & HU) frequencies expressed as proportion of years. 

Flow 
indicator 

Start 
Month 

End 
Month 

Threshold 
(ML/day) 

Duration 
(days) 

LU Freq 
(% years) 

HU Freq 
(% years) 

1 Jul Nov 26,850 45 (min 1) 25 20 
2 Jun Nov 26,850 5 60 50 
3 Jun Nov 34,850 5 40 35 
4 Jun Nov 44,000 3 35 30 
5 Jun Nov 63,250 3 15 12 

 

5.9.4.2 Low-Murrumbidgee Floodplain  
Six environmental flow indicators were defined for the Low-Bidgee Floodplain. These aim to 
maintain the wetlands and associated vegetation (including red gum), and provide conditions 
conducive to colonial nesting waterbird breeding. The indicators are volume-based; that is, they 
require a volume to flow past Maude Weir in the desired season (Table 46). Flow indicators are 
based primarily on work undertaken by the NSW Department of Environment, Climate Change and 
Water (DECCW 2010c) which identified inundation of flood dependent vegetation communities 
associated with flow volumes measured at Maude Weir. The flow indicators require a minimum flow 
of 5,000 ML/d to enable diversions from Maude Weir onto the floodplain (MDBA, in prep). Only days 
on which the flow exceeds this threshold contribute to the total Low-Bidgee volume over the 
season. 

Table 46: Environmental flow indicators for the Low-Bidgee Floodplain, including target Low and High 
Uncertainty (LU and HU) frequencies expressed as proportion of years. 

Flow 
indicator 

Start 
Month 

End 
Month 

Volume 
(GL) 

LU Freq 
(% years) 

HU Freq 
(% years) 

1 Jul Sep 175 75 70 
2 Jul Sep 270 70 60 
3 Jul Oct 400 60 55 
4 Jul Oct 800 50 40 
5 Jul Nov 1700 25 20 
6 May Feb 2700 15 10 

 

The Low-Bidgee demand timeseries was constructed using the process set out in Section 4 together 
with a set of logical steps. First amongst these steps, the flows were limited to without development 
flows, except on those days in which this flow had already been exceeded under baseline conditions. 
The flows were also limited to 20,000 ML/d, which represents bankfull flow at Maude Weir. This 
limit ensured that delivery losses were minimised and hence the volume of water was delivered 
efficiently (in reality it may be desirable to exceed this flow in some situations to water upstream 
assets). As a final step, the demand series was adjusted to provide the total required volume (within 
the required season) with the minimum increase on baseline flow.  

5.9.4.3 Balranald Demand Series 
The final demand location in the Murrumbidgee is the end of system site at Balranald. This was a 
multi-purpose demand series. It was designed to achieve the following aims. 



 

131  
 

• Contribute water towards downstream environmental assets on the River Murray (Hattah 
Lakes/Riverland-Chowilla). 

• Address in-channel baseflows and fresh requirements in the Lower Murrumbidgee. 
• Contribute water towards in-channel baseflows and fresh requirements in the River Murray. 

These contributions have been created semi-independently and then amalgamated. Similar to the 
Mid- and Low-Bidgee demand series described above, a maximum demand series was created for 
each of the three components and it was apportioned on a yearly basis depending on the volume 
remaining in the Murrumbidgee BP-EWA (after removing the estimated ‘use’ due to the Mid- and 
Low-Bidgee demand series described above). Furthermore, the annual Balranald demand volume 
was also subject to a ‘delivery ratio’ (𝜉𝜉𝐷𝐷 = [0: 1]; see section 4) to represent losses incurred 
between the storages and the demand site. Demand volumes were apportioned to the three 
components in the following order of priority: Hattah/Chowilla (highest), Murrumbidgee 
baseflow/freshes, and downstream in-channel (lowest). After several modelling iterations, the 
delivery ratios governing the Balranald demand series were set to be 𝜉𝜉𝐷𝐷 = 1.0 for the 
Hattah/Chowilla and Murrumbidgee baseflow/fresh demands, and 𝜉𝜉𝐷𝐷 = 0.35 for the downstream in-
channel component. 

Including this volume constraint required a multi-step approach — an interim run was completed to 
determine the increased flow at Balranald due to the Mid- and Low-Bidgee demands, and the 
downstream demand volume was calculated by comparing the demand series to this interim 
Balranald flow. The three components of the Balranald demand series are described separately 
below. 

Contributing to Overbank Requirements in the Murray 
The first component of the Balranald demand series aimed to contribute for flows towards the 
Hattah and Riverland-Chowilla indicator sites. The pattern of this contribution was defined by the 
demand series for these two downstream indicator sites, with the timing adjusted to account for 
flow travel times from Balranald (eight days to Hattah Lakes and fifteen days to Chowilla).The 
contribution was limited to the minimum of without development flows or 9,000 ML/day (channel 
capacity at this site) to reduce overbank losses. 

In-Channel Freshes and Baseflows 
Baseflow requirements were assessed at five locations throughout the Murrumbidgee region, 
however the largest requirement (in terms of volume in addition to baseline flow) was found at 
Balranald, hence a baseflow demand series was included only at this site. The model results were, 
however, assessed against the metrics for all five locations. The baseflow demand series at Balranald 
was created using the same method applied for all other baseflow sites, and a detailed description is 
given in section 4. 

Freshes were included in the Balranald demand series as 7-day events peaking at 1,100 ML/day in 
the low flow season and 4,000 ML/day in the high flow season, based on preliminary MDBA 
assessment of fresh requirements for the Lower Murrumbidgee River. These flows were based on in-
channel events which are associated with the maintenance of healthy fish populations by ensuring 
habitat connectivity and enabling fish migration and spawning. Additional fresh events were 
implicitly included as part of the downstream demand (which is limited to a bankfull flow of 9,000 
ML/day; described above). 
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In parallel with the modelling process, MDBA made some refinements to the fresh indicators to 
better represent the requirements of fish populations (Table 47). It was not possible to include these 
refined indicators as demands in the model, however assessment of preliminary model runs 
indicated that these refined indicators would likely be achieved through the combination of 
environmental flow delivery describe above. The model results are therefore assessed against the 
refined indicators, noting that they have not explicitly informed the demand timeseries. 

Table 47: Environmental flow indicators for the Balranald freshes, including Low and High Uncertainty (LU 
and HU) frequencies expressed as proportion of years. 

Flow 
indicator 

Start 
Month 

End 
Month 

Threshold 
(ML/day) 

Duration 
(days) 

LU Freq    
(% years) 

HU Freq   
(% years) 

1 Dec May 1,100 25 75 60 
2 Oct Dec 4,500 20 70 60 
3 Oct Mar 3,100 30 70 60 

 

Contribution towards Murray In-Channel Freshes and Baseflows 
The final step in this process was the inclusion of contributions for freshes in the Lower Murray.  This 
contribution was delivered during the Winter-Spring (July to November) and Autumn (March to 
June) months. The Murrumbidgee contribution was limited to 8,000 ML/day (or without 
development flows if they were less than 8,000 ML/d). 

5.9.5 Demand Series Summary 

An example of the environmental water accounting process within the Environmental Event 
Selection Tool is shown in Table 48, where the Mid- and Low-Bidgee use volumes are measured at 
Narrandera and Maude Weir respectively, and the downstream (Hattah/Chowilla and in-channel) 
and baseflow/fresh environmental account use are all measured at Balranald. A summary of the 
environmental demand volumes is included in the last row in Table 48. Expressed in LTCE terms for 
the 2800 GL/y scenario as an example, the BP-EWA contains 593 GL/y. The Mid- and Low-Bidgee 
assets together are estimated to have used 152 GL/y of this volume. In terms of additional flow at 
Balranald (compared to baseline flow), 146 GL/y has been allocated to the downstream Hattah and 
Chowilla assets, 62 GL/y to the baseflow/fresh demand at Balranald, and an additional 70 GL/y for 
downstream in-channel flows. These demand volumes are not directly cumulative, given that they 
are measured at three different sites. The Balranald demands are subject to the delivery ratio, and 
the multiple iterations based on several values of 𝜉𝜉𝐷𝐷  were conducted to produce a long-term 
environmental ‘use’ which matched the pattern displayed by consumptive users in the model. The 
volumes also do not include water used in delivering these volumes to the indicator sites. 
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Table 48: A three-year example of environmental water accounting in the Murrumbidgee region.  

Water Year BP-EWA Mid- and 
Low-Bidgee 

Murray Demand 
(Hattah/Chowilla) 

Baseflow/Fresh 
Demand at Balranald Downstream 

In-Channel Maximum Demand Maximum Demand 

···
 

···
 

···
 

···
 

···
 

···
 

···
 

···
 

1920 – 1921 518 268 344 250 53 0 0 

1921 – 1922 676 577 557 99 60 0 0 

1922 – 1923 730 388 49 49 11 11 60 

···
 

···
 

···
 

···
 

···
 

···
 

···
 

···
 

AVERAGE 
(GL/y) 593 152 171 146 81 62 70 

 

5.9.6 Modelling Methodology 

The Murrumbidgee model runs were carried out for three levels of reductions corresponding to BP-
2400 GL, BP-2800 and BP-3200 scenarios. The general approach adopted for all three scenarios was 
identical, however the reduction required for downstream environmental water requirements were 
changed and the environmental demands were modified based on the available volume of 
environmental water. The key modelling steps followed to assess environmental benefits due to the 
three basin plan scenarios were: 

1. For the Basin Plan 2800 GL scenario, reduce entitlements in the Murrumbidgee to achieve 
an average annual reduction in diversion of 593 GL/y (expressed as a long-term cap 
equivalent, the targeted reduction in diversion for the valley). This total reduction comprises 
a 320 GL/y reduction for the in-valley environmental water requirements and a further 273 
GL/y reduction as a pro-rata estimate of the contribution from the Murrumbidgee to the 
shared reduction in the southern connected basin.  

2. For the Basin Plan 2400 GL scenario, reduce entitlements to achieve an average annual 
reduction in diversions of 502 GL/y, including 182 GL/y for the Murrumbidgee share of 
contribution to the River Murray. 

3. For the Basin Plan 3200 GL scenario, reduce entitlements to achieve an average annual 
reduction in diversions of 714 GL/y including 394 GL/y for the Murrumbidgee share of 
contribution to the River Murray. 

4. Include these entitlements in the water allocation calculations by including an 
environmental user with an equivalent licensed volume to keep the total licence volume in 
the valley constant. 

5. Include the environmental water requirements for Mid-Murrumbidgee wetlands as a 
minimum flow demand at Narrandera gauge, and similarly for the Low-Bidgee floodplain at 
Maude Weir. Additional environmental water requirements for the Murray were added to 
the baseflow and freshes requirements at Balranald Weir. These demands constitute the 
flow required in addition to the baseline conditions flow, with the demand determination 
described previously. 
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6. Limit total irrigation diversions for the valley to the targeted diversions and thus restricting 
consumptive use to the baseline levels less long term Cap equivalent of the water recovered 
for the environment. 

The modelling also included the following stages and considerations: 

1. The demand timeseries as included in the model account for the travel time from the 
confluence of the Murrumbidgee and Tumut rivers to the site; e.g. Mid-Murrumbidgee 
Wetlands demand was lagged by five days, Lower Murrumbidgee Floodplain demand was 
lagged by 13 days and Balranald demands were lagged by 19 days.  

2. All the planned environmental water requirements (as per the current Water Sharing Plan) 
are maintained in the Basin Plan scenario runs. The included environmental flow 
requirements for the Mid Murrumbidgee wetlands and Low-Bidgee are in addition to the 
existing environmental flow provisions included. 

3. All minimum flow requirements, maximum flow constraints, channel capacity constraints, 
operating rules of the storages and weirs, off-take flow relationships and irrigation 
management rules are the same as per the Water Sharing Plan model. 

4. The water recovery has been modelled by reducing entitlements from all the irrigators of 
the valley on a proportional basis depending upon the ratio of their share of entitlement to 
the total entitlements of the valley in the baseline model. This is a modelling assumption and 
is reasonable considering that at this stage the location from where entitlements are 
purchased and type of entitlement purchased is unknown. 

5. At this stage no sensitivity analysis has been carried out to assess which entitlement may be 
best suited for meeting environmental requirements. Splitting of entitlement types requires 
processing model results external to the model, thus limiting the use of Murrumbidgee 
model for informing which entitlement product types are most beneficial for environmental 
buyback. This is not considered as a significant limitation for the objectives of the modelling 
carried out. 

6. Carryover rules decisions and resulting early season announced allocations will have a large 
bearing on the degree of success for environmental flow releases. Current carryover is hard 
coded at a 30% level for Murrumbidgee modelling and no sensitivity analysis has been made 
on this issue to date. In addition, carryover is not explicitly included in the environmental 
demand series process, as this is conducted external to the model. The annual volume of the 
demand series (measured as an addition to baseline flows) is allowed to exceed the yearly 
estimate of water availability by 20% in a small number of years. This allowance is a proxy 
for allowing full use of allocation, use of carryover or temporary trade. 

7. Analysis of flooding impacts at key gauge locations in the Murrumbidgee is a work in 
progress. However, flows at these key gauges include maximum flow operational constraints 
and these constraints have been preserved in the Basin Plan modelling. Preliminary results 
indicate that the frequency of flooding compared to the minor, moderate and major flood 
levels as defined by the Bureau of Meteorology are not increased to any significant degree  
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5.9.7 Results and Discussion – Murrumbidgee System 

5.9.7.1 Hydrological Results  
Table 49 presents a simple Murrumbidgee water balance comparing the without development, 
baseline and Basin Plan (2800 GL, 2400 GL, BP-3200) scenarios. The three Basin Plan scenarios show 
reductions in annual average gross diversions of 502 GL/y, 593 GL/y and 714 GL/y respectively, 
satisfying the targeted reduction in diversions.  

The annual diversions and end of system flow are shown in Figure 36 and Figure 37 respectively. 

The inter-annual pattern of annual diversions is similar to the baseline conditions as environmental 
water demands included have been deliberately designed to have an annual usage pattern similar to 
consumptive users. The timeseries plot of annual end of system flows also illustrates the similar 
inter-annual pattern of end of system flows to baseline conditions with outflows increasing 
proportionally to reductions in diversions. 

The change in inflow between the without development and baseline scenarios is due to the extra 
inflow from net Snowy transfers and Finley escape. For the three Basin Plan scenarios, losses and 
end of system flows are increased as a result of the reduction in consumptive use and the water 
ordering actions represented by the environmental demand series; approximately 85% of the 
reduction in consumptive diversion reaches Balranald. The increase in losses is due to an increase in 
high-flow events targeting environmental watering requirements, mainly those for the Mid- and 
Low-Bidgee. A portion of the increased end of system flow is due to these internal water delivery 
actions, however a significant fraction has been ordered in a pattern to help address downstream 
River Murray requirements.  

As can be seen in Figure 38, storage behaviour at Burrinjuck and Blowering Dams for the three basin 
plan scenarios closely resemble that modelled under baseline conditions. 

Table 49: Key water balance results for the Murrumbidgee region 

Water Balance 
Items 

without 
development 

GL/y 

baseline 
GL/y 

BP-2400 
GL/y 

BP-2800 
GL/y 

BP-3200 
GL/y 

Inflow 4236 4742 4741 4741 4741 
Diversion^ 0 2107 1605 1514 1393 
Loss* 1388 1090 1202 1222 1250 
Outflow+ 2848 1545 1934 2005 2098 

* Loss includes unattributed loss, change in storage and Forest Ck outflow, also includes irrigation area returns  
^ Gross diversions.. Based on feedback from the public consultation process, Murrumbidgee diversions were 
changed to net diversions for Baseline Diversion Limit (BDL) determination subsequent to the modelling effort 
described in this report. 
+ Outflow to Murray (Balranald+Darlot) without TLM 
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Figure 36: Annual diversions in the Murrumbidgee for the baseline and Basin Plan 2400, 2800 and 3200 GL 
scenarios 

 

 
Figure 37: Annual end of system flows from the Murrumbidgee system for the without development, 
baseline and Basin Plan 2400, 2800 and 3200 GL scenarios  
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Figure 38: Average annual volume in two storages in the Murrumbidgee system (Burrinjuck, top, and 
Blowering Dam, bottom) for the baseline and Basin Plan scenarios  

 

 

5.9.7.2 Environmental Flow Results  

Mid-Murrumbidgee Wetlands and Low Murrumbidgee Floodplain Flow Indicators 
The results overbank flows for the Mid Murrumbidgee Wetlands and the Low-Bidgee Floodplain are 
listed in Table 50 to Table 52 and Table 53 to Table 55 respectively.  

The low uncertainty frequencies have been met for all flow indicators for the Low-Bidgee Floodplain 
under all scenarios (Table 53 to Table 55).  

The results are more complex for the Mid-Bidgee Wetlands (Table 50 to Table 52). The high 
uncertainty frequencies for the second, third and fifth indicators are achieved under all three 
scenarios. However, the desired frequencies of the first and fourth indicators are not achieved.  
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The first flow indicator (26,850 ML/d for a total duration of 45 days) was not included in the demand 
timeseries, however subsequent analysis indicates the delivery of this event would not be 
significantly limited by constraints or volume of available environmental water. MDBA is therefore 
reasonably confident this indicator could be successfully achieved. 

The delivery of water to achieve the fourth flow indicator (44,000 ML/d for 3 consecutive days) was 
not been successful in any of the three Basin Plan scenarios (there has been some improvement on 
baseline) which are primarily due to upstream constraints represented in the model.  The most 
significant constraints in the context of these flows are: 

• A maximum flow constraint of 30,000 ML/d in the Murrumbidgee River at Gundagai, which 
is included in the model to reflect channel capacity constraints and the risk of flooding 
infrastructure; and  

• Outlet capacities of 27,000 ML/d for Burrinjuck Dam and 9,250 ML/d for Blowering Dam, and 
flows downstream of Blowering Dam limited to 9,000 ML/d to reflect operations to minimise 
bed and bank erosion. 

Flows of 44,000 ML/d at Narrandera can be successfully delivered when dam releases (within above 
constraints) are delivered to coincide with tributary inflows downstream of Gundagai, although 
optimising the timing of events would be challenging from an operational perspective. A more 
proactive approach would be to ‘fill’ the river channel in the lead up to anticipated rainfall and 
tributary inflows so that tributary flows, when they occur, achieve greater flows and outcomes. This 
would deliver optimal outcomes in some years, but may deliver less optimal outcomes in other 
years, and also involve some risk of third party impact. The feasibility of these types of actions 
requires more assessment.  If considered feasible it is likely they would lead to improve outcomes 
and potentially the achievement of the target frequencies for this flow event. 
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Table 50: Achievement of Mid-Murrumbidgee Wetlands flow indicators under without development, baseline and BP-2800 scenarios 

   
Without 

development 
baseline Basin Plan - 2800 GL(see Section 5.1 for description of category 1- 6) 

Flow indicator Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
years with 

a 
successful 

event  

No. of years with additional successful events Number of 
years with 

a 
successful 
environme
ntal event* 

Proportion 
of years 

containing 
a 

successful 
environme
ntal event*  

No. of 
additiona

l years 
with 

events 
partially 

delivered 
(6) 

Flow event - threshold, duration, 
season 
(as gauged on the Murrumbidgee 
River at Narrandera) 

Target 
proportion 

of years with 
a successful 
event – high 

to low 
uncertainty 

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 
10% 
(2) 

Other 
successful 

events 
(3) 

baseline 
events 

lost 
(4) 

Total 
additional 

to 
baseline 

(5) 

1 26,850 ML/Day for a total 
duration of 45 days between Jul 
& Nov 

20-25% 28% 11% 13 0 0 3 0 3 16 14% 12 

2 26,850 ML/Day for 5 
consecutive days between Jun 
& Nov 

50-60% 67% 46% 52 6 5 6 -2 15 67 59% 7 

3 34,650 ML/Day for 5 
consecutive days between Jun 
& Nov 

35-40% 57% 29% 33 7 3 3 0 13 46 40% 6 

4 44,000 ML/Day for 3 
consecutive days between Jun 
& Nov 

30-35% 44% 22% 25 3 5 0 -1 7 32 28% 8 

5 63,250 ML/Day for 3 
consecutive days between Jun 
& Nov 

11-15% 21% 11% 13 0 3 0 -1 2 15 13% 7 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail). 

  



 

140  
 

Table 51: Achievement of Mid-Murrumbidgee Wetlands flow indicators under without development, baseline and BP-2400 scenarios 

   
Without 

development 
baseline Basin Plan - 2400 GL(see Section 5.1 for description of category 1- 6) 

Flow indicator Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
years with 

a 
successful 

event  

No. of years with additional successful events Number of 
years with 

a 
successful 
environme
ntal event* 

Proportion 
of years 

containing 
a 

successful 
environme
ntal event*  

No. of 
additiona

l years 
with 

events 
partially 

delivered 
(6) 

Flow event - threshold, duration, 
season 
(as gauged on the Murrumbidgee 
River at Narrandera) 

Target 
proportion 

of years with 
a successful 
event – high 

to low 
uncertainty 

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 
10% 
(2) 

Other 
successful 

events 
(3) 

baseline 
events 

lost 
(4) 

Total 
additional 

to 
baseline 

(5) 

1 26,850 ML/Day for a total 
duration of 45 days between Jul 
& Nov 

20-25% 28% 11% 13 0 0 5 -1 4 17 15% 9 

2 26,850 ML/Day for 5 
consecutive days between Jun 
& Nov 

50-60% 67% 46% 52 7 4 5 -1 15 67 59% 7 

3 34,650 ML/Day for 5 
consecutive days between Jun 
& Nov 

35-40% 57% 29% 33 7 3 6 0 16 49 43% 6 

4 44,000 ML/Day for 3 
consecutive days between Jun 
& Nov 

30-35% 44% 22% 25 1 4 0 -2 3 28 25% 13 

5 63,250 ML/Day for 3 
consecutive days between Jun 
& Nov 

11-15% 21% 11% 13 0 3 0 -1 2 15 13% 7 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail). 
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Table 52: Achievement of Mid-Murrumbidgee Wetlands flow indicators under without development, baseline and BP-3200 scenarios 

   
Without 

development 
baseline Basin Plan - 3200 GL(see Section 5.1 for description of category 1- 6) 

Flow indicator Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
years with 

a 
successful 

event  

No. of years with additional successful events Number of 
years with 

a 
successful 
environme
ntal event* 

Proportion 
of years 

containing 
a 

successful 
environme
ntal event*  

No. of 
addition
al years 

with 
events 

partially 
delivered 

(6) 

Flow event - threshold, duration, 
season 
(as gauged on the Murrumbidgee 
River at Narrandera) 

Target 
proportion 

of years with 
a successful 
event – high 

to low 
uncertainty 

Ordered 
and fully 
delivere

d 
(1) 

Ordered 
and 

delivere
d within 

10% 
(2) 

Other 
successful 

events 
(3) 

baseline 
events 

lost 
(4) 

Total 
addition

al to 
baseline 

(5) 

1 26,850 ML/Day for a total 
duration of 45 days between Jul 
& Nov 

20-25% 28% 11% 13 0 0 6 0 6 19 17% 9 

2 26,850 ML/Day for 5 
consecutive days between Jun 
& Nov 

50-60% 67% 46% 52 9 7 4 -1 19 71 62% 5 

3 34,650 ML/Day for 5 
consecutive days between Jun 
& Nov 

35-40% 57% 29% 33 7 3 7 0 17 50 44% 4 

4 44,000 ML/Day for 3 
consecutive days between Jun 
& Nov 

30-35% 44% 22% 25 3 6 0 1 8 33 29% 10 

5 63,250 ML/Day for 3 
consecutive days between Jun 
& Nov 

11-15% 21% 11% 13 0 1 0 2 -1 12 11% 10 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail). 
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Table 53: Achievement of Low-Bidgee Floodplain flow indicators under without development, baseline and BP-2800 scenarios 

   
Without 

development 
baseline Basin Plan - 2800 GL (see Section 5.1 for description of category 1- 6) 

Flow indicator Proportion of 
years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
years with 

a 
successful 

event  

No. of years with additional successful events Number of 
years with 

a 
successful 
environmen

tal event* 

Proportion 
of years 

containing 
a 

successful 
environmen

tal event*  

No. of 
additional 
years with 

events 
partially 

delivered 
(6) 

Flow event – Total 
flow volume  
delivered within a 
period  
(as gauged on the 
Murrumbidgee River 
at Maude Weir) 

Target 
proportion of 
years with a 
successful 

event – high 
to low 

uncertainty 

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 
10% 
(2) 

Other 
successful 

events 
(3) 

baseline 
events 

lost 
(4) 

Total 
additional 
to baseline 

(5) 

1 Total volume of 
175 GL (flow > 
5000 ML/day) in 
Jul – Sep 

70-75% 94% 68% 77 14 1 13 0 28 105 92% 0 

2 Total volume of 
270 GL (flow > 
5000 ML/day) in 
Jul – Sep 

60-70% 92% 57% 65 17 0 15 0 32 97 85% 7 

3 Total volume of 
400 GL (flow > 
5000 ML/day) in 
Jul – Oct 

55-60% 92% 52% 59 15 2 17 0 34 93 82% 12 

4 Total volume of 
800 GL (flow > 
5000 ML/day) in 
Jul – Oct 

40-50% 78% 39% 44 4 0 16 0 20 64 56% 18 

5 Total volume of 
1700 GL (flow > 
5000 ML/day) in 
Jul – Nov 

20-25% 56% 18% 21 5 0 8 0 13 34 30% 4 

6 Total volume of 
2700 GL (flow > 
5000 ML/day) in 
May – Feb 

10-15% 44% 9% 10 4 0 5 0 9 19 17% 6 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail). 
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Table 54: Achievement of Low-Bidgee Floodplain flow indicators under without development, baseline and BP-2400 scenarios 

   
Without 

development 
baseline Basin Plan - 2400 GL(see Section 5.1 for description of category 1- 6) 

Flow indicator Target 
proportion of 
years with a 
successful 

event – high to 
low 

uncertainty 

Proportio
n of years 
containing 

a 
successfu

l event  

No. of years 
with a 

successful 
event  

No. of years with additional successful events Number of 
years with a 
successful 

environment
al event* 

Proportion 
of years 

containing 
a 

successful 
environme
ntal event*  

No. of 
additional 
years with 

events 
partially 
delivered 

(6) 

Flow event – Total 
flow volume  
delivered within a 
period  
(as gauged on the 
Murrumbidgee River 
at Maude Weir) 

Target 
proportion 

of years with 
a successful 
event – high 

to low 
uncertainty 

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 10% 

(2) 

Other 
successful 

events 
(3) 

baseline 
events 

lost 
(4) 

Total 
additional to 

baseline 
(5) 

1 Total volume of 
175 GL (flow > 
5000 ML/day) in 
Jul – Sep 

70-75% 94% 68% 77 14 1 7 0 22 99 87% 2 

2 Total volume of 
270 GL (flow > 
5000 ML/day) in 
Jul – Sep 

60-70% 92% 57% 65 16 1 12 0 29 94 82% 3 

3 Total volume of 
400 GL (flow > 
5000 ML/day) in 
Jul – Oct 

55-60% 92% 52% 59 15 2 16 0 33 92 81% 8 

4 Total volume of 
800 GL (flow > 
5000 ML/day) in 
Jul – Oct 

40-50% 78% 39% 44 4 0 15 0 19 63 55% 14 

5 Total volume of 
1700 GL (flow > 
5000 ML/day) in 
Jul – Nov 

20-25% 56% 18% 21 5 0 5 0 10 31 27% 5 

6 Total volume of 
2700 GL (flow > 
5000 ML/day) in 
May – Feb 

10-15% 44% 9% 10 4 0 4 0 8 18 16% 7 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail). 
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Table 55: Achievement of Low-Bidgee Floodplain flow indicators under without development, baseline and BP-3200 scenarios 

   
Without 

development 
baseline Basin Plan - 3200 GL (see Section 5.1 for description of category 1- 6) 

Flow indicator Proportion of 
years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of years 
with a 

successful 
event  

No. of years with additional successful events Number of 
years with a 
successful 

environment
al event* 

Proportion 
of years 

containing 
a 

successful 
environme
ntal event*  

No. of 
additional 
years with 

events 
partially 
delivered 

(6) 

Flow event - threshold, 
duration, season 
(as gauged on the 
Murrumbidgee River at 
Maude Weir) 

Target 
proportion 

of years with 
a successful 
event – high 

to low 
uncertainty 

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 10% 

(2) 

Other 
successful 

events 
(3) 

baseline 
events 

lost 
(4) 

Total 
additional 

to 
baseline 

(5) 

1 Total volume of 175 
GL (flow > 5000 
ML/day) in Jul – 
Sep 

70-75% 94% 68% 77 14 1 15 0 30 107 94% 1 

2 Total volume of 270 
GL (flow > 5000 
ML/day) in Jul – 
Sep 

60-70% 92% 57% 65 16 1 20 0 37 102 89% 5 

3 Total volume of 400 
GL (flow > 5000 
ML/day) in Jul – 
Oct 

55-60% 92% 52% 59 17 0 22 0 39 98 86% 10 

4 Total volume of 800 
GL (flow > 5000 
ML/day) in Jul – 
Oct 

40-50% 78% 39% 44 4 0 28 0 32 76 67% 13 

5 Total volume of 
1700 GL (flow > 
5000 ML/day) in Jul 
– Nov 

20-25% 56% 18% 21 8 0 8 0 16 37 32% 4 

6 Total volume of 
2700 GL (flow > 
5000 ML/day) in 
May – Feb 

10-15% 44% 9% 10 7 0 5 0 12 22 19% 6 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).
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Balranald Freshes Flow Indicators 
The results for fresh flows at Balranald are listed in Table 56 to  

Table 58. The desired frequencies are met for all Balranald fresh flow indicators under all three Basin 
Plan scenarios. The scenarios did not include a demand series specifically targeting these indicators; 
however they were indirectly targeted by the preliminary fresh demands included and also via other 
components of the demand timeseries, such as the contribution to downstream flow requirements. 
There is potential to improve these results by including a targeted demand series in future scenarios. 

Table 56: Achievement of Balranald fresh flow indicators under without development, baseline and BP-2800 
scenarios 

  Without 
development 

baseline Basin Plan - 2800 GL 

Flow indicator Proportion of 
years 

containing a 
successful 

event  

Proportion of 
years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
additional 
years with 

events 
partially 

delivered  

Flow event - threshold, duration, 
season 
(as gauged on the Murrumbidgee 
River at Balranald Weir) 

Target 
proportion of 
years with a 

successful event 
– high to low 
uncertainty 

1100 ML/Day for 25 consecutive 
days between Dec & May 

58-77% 96% 32% 68% 10 

4500 ML/Day for 20 consecutive 
days between Oct & Dec 

54-72% 90% 35% 69% 9 

3100 ML/Day for 30 consecutive 
days between Oct & Mar 

55-73% 91% 29% 68% 4 

 

Table 57: Achievement of Balranald fresh flow indicators under without development, baseline and BP-2400 
scenarios 

  Without 
development 

baseline Basin Plan - 2400 GL 

Flow indicator Proportion of 
years 

containing a 
successful 

event  

Proportion of 
years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
additional 
years with 

events 
partially 

delivered  

Flow event - threshold, duration, 
season 
(as gauged on the Murrumbidgee 
River at Balranald Weir) 

Target 
proportion of 
years with a 

successful event 
– high to low 
uncertainty 

1100 ML/Day for 25 consecutive 
days between Dec & May 

58-77% 96% 32% 62% 10 

4500 ML/Day for 20 consecutive 
days between Oct & Dec 

54-72% 90% 35% 64% 11 

3100 ML/Day for 30 consecutive 
days between Oct & Mar 

55-73% 91% 29% 65% 3 
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Table 58: Achievement of Balranald fresh flow indicators under without development, baseline and BP-3200 
scenarios 

  Without 
development 

baseline Basin Plan - 3200 GL 

Flow indicator Proportion of 
years 

containing a 
successful 

event  

Proportion of 
years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
additional 
years with 

events 
partially 

delivered  

Flow event - threshold, duration, 
season 
(as gauged on the Murrumbidgee 
River at Balranald Weir) 

Target 
proportion of 
years with a 

successful event 
– high to low 
uncertainty 

1100 ML/Day for 25 consecutive 
days between Dec & May 

58-77% 96% 32% 67% 9 

4500 ML/Day for 20 consecutive 
days between Oct & Dec 

54-72% 90% 35% 74% 11 

3100 ML/Day for 30 consecutive 
days between Oct & Mar 

55-73% 91% 29% 75% 6 

Achievement of Baseflows  
The achievement level of baseflow demands were assessed via volumetric shortfalls — that is, the mean 
annual volume of additional water required at each site to meet the baseflow demand series. These 
results are listed in Table 59.  

Baseflow shortfalls are reduced at four of the five hydrologic indicator sites for the three basin plan 
scenarios compared to baseline. The baseflow shortfalls show some minor differences between the 
three Basin Plan scenarios, however shortfalls did not decrease in a consistent way e.g. small variations 
in shortfalls for Tumut at Oddy’s Bridge and Murrumbidgee at Wagga Wagga hydrologic indicator sites. 
These variations are minor, and are due to changes in the water delivery pattern indirectly caused by 
differences in the demand series at the downstream sites. A demand series was not included at Tumut 
as this would have significantly complicated the environmental water accounting process external to 
the modelling framework. 

Under the baseline conditions, Balranald is site with the greatest shortfall in baseflow provision. 
Baseflows at this location have been significantly reduced when compared to the values under without 
development conditions, especially in the naturally high flow season of July to November. The shortfall 
under Basin Plan scenarios is much reduced, with the remainder partly an artefact of the environmental 
water accounting process, which prioritises the baseflow demand last and thus it was only partially 
included in some years. Although a shortfall remains at Balranald in the Basin Plan 2800 GL Scenario, the 
link between the baseflow demand series and an ecological outcome is less substantiated when 
compared to other components of the flow regime (i.e. overbank/flooding and fresh events), and given 
this uncertainty the shortfall is considered acceptable. 

The shortfall at Tumut is caused by the seasonal inversion of flows due to regulation. Under without 
development conditions the high flow season is July – September, yet these flows are now partially 
captured by Blowering Dam at the Tumut headwaters, thereby reducing the baseflows. Conversely, 
during the low flow season (January – May) the baseflows under baseline conditions are approximately 
five times their without development volume. The ability to address these seasonal inversion issues 
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downstream of Blowering Reservoir is limited by the need to supply consumptive downstream demands 
in the Murrumbidgee River. 

Table 59: The shortfall to meet the baseflow assessment demand series in the Murrumbidgee under without 
development, baseline, BP-2400, BP-2800 and BP-3200 scenarios. 

Site Without 
Dev’mnt baseline BP 2400 BP 2800 BP 3200 

410073 – Tumut@Oddy’s Bridge 0.0 46.3 34.9 35.8 33.5 
410131 – Murrumbidgee@Burrinjuck Inflows 0.0 0.6 0.6 0.6 0.6 
410001 – Murrumbidgee@Wagga Wagga 0.0 3.4 1.5 0.9 1.2 
410021 – Murrumbidgee@Darlington Point 0.0 14.6 4.9 4.0 3.8 
410130 – Murrumbidgee@Balranald Weir 0.0 122.8 30.8 26.7 20.3 

5.9.8 Future Work 

Various modifications and improvements have been identified as part of the ongoing Basin Plan 
modelling effort, both from MDBA analysis and the NSW Office of Water review into the modelling 
strategy. 

1. The environmental water is currently not explicitly accounted in the model, and is instead based 
on the Environmental Event Selection Tool methods previously described, which aligns 
environmental use to an estimate of water availability. MDBA is currently investigating the 
introduction of accounts in the model. 

2. As full environmental water accounting is not currently included in the model, the modelling 
undertaken to date has not been able to make full utilisation of existing carryover provisions. 
Utilisation of these provisions may enable enhanced environmental outcomes to be achieved, 
particularly for high flow events that require the greatest volumes of water. Carryover 
provisions will be particularly beneficial in increasing early season environmental water account 
volumes, when seasonal allocations can otherwise be low and provide a limit on environmental 
watering actions.  

3. Lowbidgee flows are simplistically modelled, and no explicit irrigation diversions are calculated 
by the Murrumbidgee model. Under baseline conditions, 50% of total Lowbidgee diversions are 
assumed to be due to irrigation. For MDBA scenario runs, Lowbidgee irrigation flows are 
calculated based on the average reduction of all other irrigators in the system, and are not 
explicitly output by the model. As such, this raises issues with respect to how consumptive use 
and environmental use are modelled under buyback scenarios. 

4. A new hydrological model of the Lowbidgee has been developed by the NSW Office of Water, 
which provides a more accurate and informative simulation of flows into and out of this region. 
It is expected that this model will help inform improved discussion and analysis of Lowbidgee 
flows and environmental outcomes. 
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5.10 Goulburn, Campaspe and Loddon 

5.10.1 Brief Description of Model 

The Goulburn-Broken, Campaspe and Loddon River systems are modelled together in the monthly 
‘Goulburn Simulation Model’ (GSM), because they are hydrologically linked. The Broken River flows into 
the Goulburn River near Shepparton, and the Goulburn, Campaspe and Loddon rivers are all linked via 
the Waranga Western Channel (WWC), which transfers water from the Goulburn River to the Campaspe 
and Loddon River catchments. The Waranga Western Channel continues on from the Loddon River 
catchment through to the Wimmera region. The GSM includes outflows from Casey’s Weir to Broken 
Creek, but does not model Broken Creek. Due to the links between the three different river systems, 
changes in one part of the GSM can affect flows and reliability of supply in other GSM river systems.  

The spatial extent of the GSM model superimposed on the Goulburn-Broken catchment is shown in 
Figure 39, along with the location of the hydrological indicator sites. Similarly, Figure 40 displays the 
extent of the GSM model superimposed on the Campaspe catchment, and Figure 41 on the Loddon 
catchment. In the IRSMF modelling framework, the GSM model has been linked to the Murray model, 
whereby end of system flows for the Goulburn (McCoys Bridge), Campaspe (Rochester) and Loddon 
(Appin South) are used as inflows into the Murray system (MDBA, 2010a). 

The configuration of the GSM REALM model is described in the Cap report (DSE, 2005). This model was 
audited and accredited for use for Annual Cap Auditing (Bewsher, 2006a). An updated description of the 
model configuration can be found in DSE (2007). The GSM model inputs have been updated and cover 
the period of May 1891 to June 2009 (SKM, 2009a). 
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Figure 39: Map of the Goulburn-Broken catchment, showing the spatial extent of the model and the location of 
the hydrological indicator sites 
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Figure 40: Map of the Campaspe catchment, showing the spatial extent of the model and the location of the 
hydrological indicator sites 
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Figure 41: Map of the Loddon catchment, showing the spatial extent of the model and the location of the 
hydrological indicator sites 

 

5.10.2 Baseline Conditions 

The GSM baseline model used as basis for the Basin Plan modelling scenarios was provided by the 
Victorian Department of Sustainability and Environment (DSE) in April 2010. This model represented the 
level of development and water sharing rules as of 2009 (with some exceptions as explained below). 
The water sharing rules are documented in the relevant bulk entitlements for the Goulburn, Broken, 
Campaspe and Loddon Rivers (DSE, 2010). Water recovery and Inter-Valley Trade included in the 2009 
baseline model are summarised in Table 60. Basin Plan scenarios were run using the 2009 baseline 
model and hence this report compares results against this baseline.  

Some other key features of the baseline model used for Basin Plan modelling are:  

• It includes Winton Wetlands (27 GL capacity), which was previously the site of Lake Mokoan 
(365 GL capacity) which has been decommissioned;  

• The model does not represent the 225 GL/y of water savings and infrastructure changes under 
the Northern Victoria Irrigation Renewal Project (NVIRP). Part of NVIRP is the Sugarloaf 
Interconnector pipeline to Melbourne, which will deliver up to 75 GL/y from the Goulburn River 
downstream of Lake Eildon to Melbourne and as such, this is not represented in the model;  
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• The proposed decommissioning of irrigation supplies to the Campaspe Irrigation District (19.5 
GL HRWS and 10.2 GL LRWS entitlement) is not represented in the model;  

• The connection of the town of Axedale to the Bendigo water supply system is not represented 
in the model. In the model the town is assumed to source its 0.1 GL/y from the Campaspe River;  

• The Goldfields superpipe, which supplies water to Ballarat (up to 18 GL/y) and Bendigo (up to 20 
GL/y) is not represented in the model. The pipe runs from the Waranga Western Channel near 
Colbinabbin to Sandhurst Reservoir in the Bendigo urban system then to White Swan Reservoir 
in the upper reaches of the Barwon River basin in southern Victoria; and 

• It includes constraints on the releases from Eildon in order to avoid flooding of areas around 
Trawool and Seymour. The release constraints are modelled as:  

− The sum of the release and inflows between Eildon and Seymour cannot exceed 
365,000 ML/Month (based on 12,000 ML/day); 

− If there are releases 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). 
 

Table 60: Water recovery and inter-valley trade included in the GSM baseline model used for Basin Plan 
scenarios 

Description HRWS1 (GL) LRWS2 (GL) Total (GL) 
Goulburn-Broken    
Water recovery for TLM:    

Living Murray account Reconfiguration 19.2  19.2 
Shepparton modernisation 20.5 15.8 36.2 
20% sales water  141.2 141.2 

Water for Rivers water recovery    
Normanville 3.9  3.9 
IMSVID 10.9  10.9 
Strategic Measurement Project 0.5  0.5 

Victorian government water recovery    
     Green McCoys 4.3 13.5 17.8 
     Shepparton modernisation 5.6 6.4 12.0 
Inter-valley trade:    

Permanent trade 110.2  110.2 
Campaspe    
Water recovery for TLM    

Account reconfiguration 0.1  0.1 
20% of sales water  5.0 5.0 

Inter-valley trade    
Exchange rate trade till June 2007 1.2  1.2 

Loddon    
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Victorian government water recovery    
Boort Wetlands 2.0  2.0 
20% of sales water  2.0 2.0 

1 HRWS – high reliability water share  
2 LRWS – low reliability water share  
 
An updated baseline model was provided by DSE in August 2011, as it was noted that the 2009 baseline 
model did not exactly correspond to the description of the baseline circulated to the states in the draft 
Basin Plan, which specified that the model should reflect 2009 conditions, including all water recovery 
for TLM and Water for Rivers. Changes that were made in this updated version of the baseline model 
include: 

o Water purchases for TLM and Water for Rivers were updated. 

o Goulburn Irrigation loss equations were improved. These changes have also been added to 
the Cap model and a Cap revision process has been initiated. 

o Savings in excess of TLM and Water for Rivers (i.e. the Victorian government water recovery 
as shown in Table 60) were removed.  

o The additional Goulburn reserve has been removed, as it was introduced after 30 June 
2009. 

o Irrigation demands have been adjusted, so that diversions are "on Cap", whereby the Cap 
has been reduced for TLM and Water for Rivers recovery and permanent trade out of 
Goulburn. 

This updated model was used to set the Baseline Diversion Limit (BDL) published in the proposed Basin 
Plan (MDBA, 2011b). Annual average diversions modelled with the new baseline model are lower than 
the initial baseline diversions presented in this report (by 14 GL/y, 1.5 GL/y and 5.0 GL/y for the 
Goulburn-Broken, Campaspe and Loddon respectively). The MDBA has not assessed or quantified 
whether the water recovery changes or relatively small variations in baseline diversions between the 
two baseline models have any material effect on the proposed SDLs and further work may inform the 
2015 review of the Basin Plan.  

5.10.3 Environmental Water Requirements 

The Goulburn-Broken, Campaspe and Loddon region includes: 

1. A wide variety of environmental assets including nationally significant permanent and 
temporary wetlands within the floodplain that support waterbird breeding events; 

2. Important riparian vegetation communities dominated by river red gum; and 
3. A diverse range of native freshwater fish species including areas which provide refuge for 

aquatic species in times of drought. 

The Victorian Northern Region Sustainable Water Strategy (SWS) covers Victoria’s share of the River 
Murray and major Victorian tributaries including the Goulburn River (DSE 2009). The Strategy was 
released in 2009 and was the result of an 18 month consultative process involving government 
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departments, independent experts, key water industry stakeholders and the broader community. The 
SWS utilises 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. 
(DSE 2008).  

The MDBA has adopted water recovery targets specified within the Northern Region SWS to inform 
proposed SDLs for the Goulburn-Broken, Campaspe and Loddon regions (MDBA, 2011a). Consistent with 
the proposed SWS water recovery targets, the in-valley component of the regional SDLs are 344 GL/y 
for the Goulburn-Broken, 18 GL/y for the Campaspe River and 12 GL/y for the Loddon River. Note that 
the SWS recommends a water recovery target of 250 GL/y for the Goulburn-Broken however that figure 
already accounts for 94 GL/y of savings under the Northern Victoria Irrigation Renewal Project (NVIRP) 
which the MDBA has excluded from the baseline, and as such the SWS figure and the MDBA figure are 
the same 

The environmental water requirement modelling approach adopted by MDBA varied between the three 
valleys. A detailed assessment of environmental water requirements for the Goulburn River was 
undertaken for two key reasons: 

• The 344 GL/y proposed water recovery targets for the Goulburn-Broken is a significant volume 
and accordingly, independent analysis and modelling to verify and validate that undertaken by 
the Victorian Department of Sustainability and Environment was considered highly desirable; 
and 

• The Goulburn-Broken region contributes significantly to the water resources of the Basin and it 
was recognised that at certain times and locations a significant portion of the water required for 
some River Murray environmental assets would be sourced from the Goulburn catchment. 
Therefore, a modelling approach was developed that represented in-valley environmental 
water requirements while also ensuring integration of flows from the Goulburn into the River 
Murray modelling framework. 

In contrast, the MDBA has not undertaken detailed modelling of environmental water requirements of 
the Campaspe and Loddon region. The primary objective of the modelling approach in these valleys has 
been to represent the proposed reduction in diversions as in the NRSWS to inform the contribution of 
water to achieve downstream targets in the River Murray, rather than explicit modelling of 
environmental demands and outcomes in these regions per se. The expected environmental outcomes 
for the Campaspe and Loddon regions therefore rely upon descriptions contained with the Northern 
Region SWS (DSE, 2008).  

Twenty three hydrologic indicator sites were located at various points throughout the Goulburn-Broken, 
Campaspe and Loddon regions (Figure 39 to Figure 41). Consistent with the concept of ecologically 
significant components of the flow regime (section 4), environmental watering requirements were 
defined at twenty two of the twenty three hydrologic indicator sites across the Goulburn-Broken, 
Campaspe and Loddon regions. To inform the desired flow regime for floodplain and in-channel 
environments of the Lower Goulburn River, a range of flow indicators were defined at either McCoys 
Bridge or Shepparton on the Goulburn River. Using hydrologic analysis, desirable baseflows 
requirements were defined for 22 hydrologic indicator sites (all sites listed in Figure 39, Figure 40 and 
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Figure 41 except Goulburn River upstream of Shepparton) with baseflow demand series explicitly 
included in the models at fifteen of these sites.  

The generation of environmental demand timeseries is closely linked to the particular reduction in 
diversions or SDL scenario being modelled whereby this directly affects the volume of water available in 
the BP-EWA. Four key Basin Plan scenarios have been run in the Goulburn-Broken/Campaspe/Loddon 
model. As with other valleys within the southern connected system, three Basin Plan modelling 
scenarios have been completed to represent Basin wide reductions of 2400, 2800 and 3200 GL/y (see 
Section 3). The three scenarios differed in the level of reduction in diversions and hence the available 
water in the BP-EWA (Table 60). To validate that in-valley environmental water requirements can be 
met with the water recovery targets proposed with the Northern Region SWS a fourth Basin Plan 
modelling scenario was completed that represents only the in-valley component of the SDL for the 
three regions. 

With changes to the annual volume available within the BP-EWA, the ability to re-instate events present 
under without development conditions varies. The process of selecting events for re-instatement was 
repeated for each of the different modelling scenarios to reflect changes in the BP-EWA. Variations in 
the amount of water available within the environmental account either requires or enables the 
sequence and overall number of events associated with each flow indicator to be altered. Changes to 
either the sequence and/or the total number of event selected will alter the environmental demand 
timeseries generated. Accordingly while the approach to generating environmental demands remains 
static across the Basin Plan scenarios, the subset of events selected for re-instatement varies in 
response to differences in water availability within the BP-EWA. The number of events added for the In-
valley SDL scenario are listed in Table 6. 

As a result of differences in the BP-EWA and amendments to flow indicators over time as described in 
section 5.10.2.1, new environmental demands for the four alternative scenarios were derived using a 
similar method as described in Section 4.2. A more detailed description of environmental water 
requirements and development of demand timeseries for different parts of the flow regime is provided 
below. 

Table 61: The baseline diversions and required reduction in diversions for the Basin wide BP-2400, BP-2800 and 
BP-3200 scenarios and the In-valley SDL scenario (GL/y).  

  

Baseline diversions 

Reduction in diversions 

  
BP-2400  BP-2800  BP-3200  In-valley 

SDL 
In-valley plus shared downstream contribution 

Broken 13.2 0 0 0 0 
Goulburn 1566.0 388 458 552 344 
Campaspe 112.3 28 32 40 18 
Loddon 93.5 23 27 33 12 
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5.10.3.1 Lower Goulburn River – in-channel freshes and floodplain water requirements 

In-valley SDL scenario 
Four flow indicators were defined for the Lower Goulburn River Floodplain and in-channel freshes, 
measured at Shepparton (Table 62). The Lower Goulburn River Floodplain (LGFP) key environmental 
asset extends from Shepparton to the Goulburn-Murray junction. Flow indicators are based primarily on 
recent work of Cottingham et al. (2010), Water Technology (2010) and Victorian Department of 
Sustainability and Environment (2011b) that provide information and recommendations regarding a 
desirable floodplain inundation regime and in-channel flow requirements (MDBA, in prep). The bankfull 
and overbank flow indicators aim to maintain wetlands and vegetation communities and provide flow 
conditions to support waterbird breeding events. The in-channel fresh flow indicators aim to inundate 
key habitat features and sustain important native fish populations.  

All four flow indicators are threshold-based, that is, a successful event occurs if the required flow 
threshold is met or exceeded for the desired duration during the desired season. For example, flow 
indicator one requires flows equal to or exceeding 2,500 ML/d for a total duration of 8 days between 
December and April. The 25,000 ML/d and 40,000 ML/d flow indicators related to floodplain inundation 
are specified as median duration and also express targets for maximum period between events (Table 
62). 

For the In-valley SDL modelling scenario, a daily demand timeseries was developed at Shepparton based 
on the four flow indicators as defined in Table 62. The primary objective of this model scenario was to 
verify and validate that the 344 GL/y water recovery target for the Goulburn-Broken proposed by the 
Northern Region SWS and adopted by MDBA as the proposed SDL was sufficient to achieve desired 
environmental outcomes. 

Table 62: Flow indicators for the Lower Goulburn River in-channel and floodplain used during in-valley SDL 
modelling, including target Low and High Uncertainty (LU & HU) frequencies expressed as a proportion of years.  

Flow 
indicator 

Start 
Month 

End 
Month 

Threshold 
(ML/day) –at 
Shepparton 

Duration (days) LU Freq 
(% years) 

HU Freq 
(% years) 

Maximum 
period between 
events (years) 

1 Dec Apr 2,500 8 (2 events min 
4 days duration) 48 36 NA 

2 Oct Nov 5,000 14 (min 14) 66 49 NA 
3 Jun Nov 25,000 ≥ 5 (median) 80 70 3 
4 Jun Nov 40,000 ≥ 4 (median) 60 40 5 

 

Basin-wide scenarios 
For the BP-2400, BP-2800 and BP-3200 Basin-wide modelling scenarios a demand timeseries to achieve 
the flow indicators defined in Table 62 was not completed prior to the publication of this report. 
Instead, an initial set of flow indicators defined for the Lower Goulburn River Floodplain measured at 
McCoys Bridge (Table 63) was used to generate a daily demand timeseries for the three Basin wide 
scenarios. These flow indicators were based primarily on earlier work by Cottingham et al. (2003), 
Cottingham et al. (2007) and Water Technology (2010), see Volume 2 Part II of the Guide to the Basin 
Plan (MDBA 2010c) for further detail. The existence of two sets of flow indicators for the Lower 
Goulburn River reflects that knowledge of environmental water requirements has evolved over time in 
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parallel with the Basin Plan modelling process. The more up to date and robust flow indicators defined 
at Shepparton can be used as performance indicators for the Basin wide scenarios, but given the 
demand sequence for these runs was based on the original indicators, the model runs would not 
accurately show if the indicator can be met.  

Table 63: Initial set of flow indicators for the Lower Goulburn River Floodplain used during Basin-wide BP-2400, 
BP-2800 and BP-3200 modelling, including target Low and High Uncertainty (LU & HU) frequencies expressed as 
a proportion of years. Duration is expressed as total duration whereby ‘min 1’ means that these days do not 
need to be consecutive.  

Flow 
indicator 

Start 
Month End Month Threshold (ML/day) 

– at McCoys Bridge 
Duration 

(days) 
LU Freq 

(% years) 
HU Freq 

(% years) 
1 Jun Nov 25,000 7 (min 1) 60 50 
2 Jun Nov 30,000 7 (min 1) 50 40 
3 Jun Nov 30,000 14 (min 1) 40 33 
4 Jun May 45,000 7 (min 1) 35 25 
5 Jun May 60,000 7 (min 1) 20 15 
6 Jun Nov 30,000 30 (min 1) 30 30 

 

5.10.3.2 Baseflows (Basin-wide and In-valley SDL scenarios) 

Baseflow requirements based on a hydrologic analysis of modelled without development flows were 
assessed at twenty-two of the twenty-three hydrologic indicator sites throughout the Goulburn-Broken, 
Campaspe and Loddon regions; 11 sites in the Goulburn-Broken region, 6 sites in the Campaspe region 
and 5 sites in the Loddon region. The baseflow assessment series was created using the same method 
applied for all other sites where a baseflow requirement has been identified, see Section 4 for a detailed 
description. 

Model results have been assessed against the baseflow requirements for all sites, but the baseflow 
assessment series was only included in the model as a demand at fifteen sites, as the model does not 
have the capacity to include demands for all sites. In addition, no baseflow demands were included in 
the model for the Broken River, as no reduction in diversion has been proposed. Baseflow demand 
timeseries were included for six sites in the Goulburn, four sites in the Campaspe and five sites in the 
Loddon. The baseflow demands were combined with the in-channel and floodplain water requirements 
at the site for which the Lower Goulburn River environmental demand was developed (McCoys Bridge 
or Shepparton). Contribution to requirements in the River Murray for the Basin-wide scenarios 

Flow indicators have been defined at a number of sites along the River Murray (Section 5.15). It is 
recognised that the Goulburn-Broken region is likely to be an important contributor to achieving 
downstream environmental water requirements in the River Murray given the high degree of 
connectivity between the Goulburn and Murray systems and relative importance of the Goulburn-
Broken region to overall water availability of the Basin. Therefore, in addition to the demands to meet 
in-valley environmental watering requirements, Basin wide modelling included a daily demand series in 
the Goulburn to address requirements in the River Murray. 

The Goulburn-Broken contribution to downstream requirements was added to the demand series 
developed at McCoys Bridge on the Goulburn River for the BP 2400, 2800 and 3200 GL/y scenarios. That 
is, water requested for downstream as part of the shared reduction in diversions is the third component 
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of the demand series in addition to the in-valley baseflow and LGFP demands as described above. 
McCoys Bridge was selected as it is the point of outflows from the GSM model into the River Murray 
MSM model. The pattern of this downstream demand was defined by the demand series for the Hattah 
Lakes and Riverland-Chowilla hydrologic indicator sites, but lagged to account for flow travel times from 
McCoys Bridge (28 days to Hattah Lakes and 35 days to Riverland-Chowilla).  

The volume of water that can be delivered from the Goulburn River to downstream sites was limited by 
two constraints: the bankfull flow, and the volume remaining in the BP-EWA. The first constraint of 
20,000 ML/day represents an upper flow threshold for the downstream demand to reduce overbank 
losses and minimise flooding. The Murray demands were limited to the minimum of without 
development flows or 20,000 ML/day.  

Constraining the downstream demand timeseries to the volume available in the environmental account 
required a multi-step approach. As described in modelling methodology (Section 5.10.4), the GSM 
model used for Basin Plan scenarios includes an environmental water account with current Victorian 
carry-over rules. Analysis of preliminary modelling iterations identified that the volume of water in the 
carry-over account became large and large amounts of water remained in Lake Eildon. This potentially 
underestimates the environmental benefits from the proposed reduction in diversions by leaving water 
in storage, albeit it is recognised that some environmental outcomes may also be achieved through 
increased storage spills. 

In an attempt to partly address this issue, additional downstream demands were generated through 
implementation of a rule in the model to increase the total demand at McCoys Bridge, when the volume 
in the carry-over account was more than 180 GL. . The additional demands were informed by 
preliminary analysis of years in which the CLLMM requires additional flow to meet barrage flow and/or 
salinity indicators (see Table 84). These additional downstream demands were only added to the total 
demand when the carry-over account contained more that 180 GL in order to strike a balance between 
maintaining water within the account to meet other environmental demands in the Goulburn and 
Murray with allowing additional water in the account to flow to the Murray in periods when other 
demands were low. 

The modelling scenario with only the in-valley component of the SDL for the Goulburn-Broken, 
Campaspe and Loddon regions did not include an explicit demand series to contribute to downstream 
requirements.  

5.10.3.3 Demand Series Summary 

The three components (baseflow, Lower Goulburn Floodplain and downstream contribution) of the 
McCoy’s Bridge daily demand used during Basin-wide modelling were compiled using a custom-made 
tool which included an environmental water accounting process. The targeted reduction in diversions in 
the Goulburn (Table 61) represents a mean annual reduction in total diversions of 25%, 29% and 35% 
for the BP-2400, BP-2800 and BP-3200 scenarios respectively. Therefore, the volume available for the 
environment in each year (BP-EWA) was calculated as 25%, 29% and 35% of the diversions in each year. 
Given a yearly available volume, demand volumes were apportioned to the three components in the 
following order of priority: Lower Goulburn Floodplain (highest), downstream demands, and baseflow 
(lowest). 
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A three-year example of this environmental water accounting process is shown in  

Table 64 for the BP-2800 scenario. The volume assigned to each of the three components was 
calculated as the difference between the demand series and baseline flows. The long term average 
volume of water available in the BP-EWA is 458 GL/y (Table 61). The demand for the Lower Goulburn 
River Floodplain in terms of additional flow downstream of McCoy’s Bridge is estimated to be 149 GL/y. 
An additional 154 GL/y has been allocated to the downstream Hattah and Chowilla assets, and 33 GL/y 
to the baseflow demand at this location. These volumes do not include the additional CLLMM volumes 
or the water used in delivering these volumes to the indicator site, which are calculated by the model. 
The demand volumes are cumulative in the order left-to-right — for example, 154 GL/y is requested for 
the Hattah/Chowilla sites in addition to the demand for the Lower Goulburn, and so on. 

Table 64: A three-year example of environmental water accounting in the Goulburn-Broken region for the BP-
2800 scenario (all volumes are in GL).  

Water Year BP-EWA LGFP 
Murray Demand 

(Hattah/Chowilla) 

Baseflow/Fresh 
Demand at McCoys 

Bridge 
Maximum Demand Maximum Demand 

···
 

···
 

···
 

···
 

···
 

···
 

···
 

1921 – 1922 481 376 333 105 38 0 

1922 – 1923 499 0 349 349 65 65 

1923 – 1924 528 441 271 86 98 0 

···
 

···
 

···
 

···
 

···
 

···
 

···
 

AVERAGE 
(GL/y) 458 149 256 154 53 33 

 

For the In-valley SDL modelling scenario a similar approach was adopted, however only two 
components (baseflow, Lower Goulburn Floodplain and in-channel freshes) of the Shepparton daily 
demand were compiled using a custom-made tool which included an environmental water accounting 
process. 

Further work is needed to optimise the demand timeseries. For all of the four Basin Plan modelling 
scenarios, the annual average total demand on top of baseline is less than the volume available in the 
BP-EWA. Opportunities exist to enhance the distribution to in-valley and downstream flow indicators 
that have not yet been achieved (for example through greater use of existing carryover provisions). The 
model also does not currently include loss calculations downstream of Goulburn Weir and consequently 
environmental water use may currently be underestimated in the model. Development of a demand 
timeseries targeting the most up to date Lower Goulburn River flow indicators specified at Shepparton 
for inclusion in a Basin-wide scenario would also provide information on variations in the pattern of 
downstream contribution (noting that volumetrically downstream contributions are considered likely to 
be comparable to the existing Basin wide modelling scenarios). 
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5.10.4 Modelling Methodology 

A similar modelling approach was adopted for the four Basin Plan scenarios (In-valley SDL, BP-2400, BP-
2800 and BP-3200), with the only differences being the modelled reduction in diversions (Table 61) and 
the environmental demands, as described in section 5.10.3. Water recovery was simulated by reducing 
the irrigation and private diversion entitlements and demands. In the Goulburn, the water recovered 
was added to an environmental account from which Basin Plan environmental demands are delivered. 
Changes made to the GSM model and the methods used to model the BP scenarios are described in 
further detail below: 

1. An environmental account for the Goulburn system was implemented in the model as a 
Spillable Water account, which includes both a current account and a carry-over account. Any 
volume left in the current account at the end of the water year was transferred to the carry-
over account. When Eildon storage spilled, water in the carry-over account spilled (together 
with carry-over in the TLM account, proportional to volume of water in these accounts). The 
total volume in the current and carry-over accounts could be used to supply all environmental 
demands along the Goulburn.  

2. The Victorian government’s environmental entitlements that were modelled under baseline 
(9.9 GL HRWS and 19.9 GL LRWS, Table 60) were included in the new spillable water account, so 
that they contributed towards the environmental water demands, rather than being released in 
a fixed monthly pattern (as under baseline). No changes were made to the TLM accounts.  

3. In all valleys, the irrigation and licensed private diversion entitlements (excluding stock and 
domestic and urban entitlements) were reduced, so that the total volume of all entitlements in 
the valley was reduced by the percentage reduction in diversions as required to achieve the SDL 
of the relevant BP run. This was achieved by reducing the volumes of the limit curves for both 
high reliability and low reliability water shares and the corresponding demands by the same 
percentage.  

4. For the Goulburn system, the volume by which the entitlements were reduced was added to the 
environmental spillable water account.  

5. No environmental accounts were developed for the Campaspe and Loddon valleys; hence in 
these valleys the model met environmental water demands without account limitation. 
However, given that for these valleys only baseflow demands were included, a large part of the 
recovered water was left in the storages to spill.  

6. For each scenario, an initial model run whereby demands were reduced by the same percentage 
was applied to the irrigation entitlements, was carried out. These runs generally showed that 
diversions in each valley were somewhat different from targeted diversions. For example, for 
the BP-2800 scenario, diversions in Goulburn were slightly higher (by about 10 GL/y) than the 
targeted level, while Loddon diversions were lower (by about 6 GL/y) than the targeted level. To 
achieve total diversions that matched the targeted level, the demands in the valleys were 
further adjusted through iteration of the previous steps. In addition, adjustments were also 
made to the supplement from the Loddon to the Waranga Western channel, whereby the 
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supplement rules were replaced by a supplement timeseries based on the baseline supplements 
and factored down until total diversions in the Loddon catchment matched the SDL.  

7. As under baseline, The Living Murray (TLM) entitlements are modelled with an extended use 
account, which delivers TLM water based on a monthly pattern. When the McCoys Bridge flow 
is passed into the Murray model, the TLM and inter-valley trade (IVT) components are 
subtracted from the flow. The Goulburn allocations calculated in the GSM are also passed into 
the Murray model, which then calculates the available TLM and IVT water and calls this water 
out based on its own needs. Hence, the McCoys Bridge flows as reported in the Murray model 
outputs will differ from the GSM outputs. However, the callout of TLM water in the Murray 
model is limited to a timeseries that represents the available channel capacity in the Goulburn, 
in order to make sure that the Murray model does not callout volumes of water that could not 
be delivered due to flood constraints. For the baseline and three BP scenarios reported here, 
this channel capacity timeseries was based on a baseline scenario that predated the baseline 
and BP scenarios reported here.  

8. The environmental demands (as described in section 5.10.3) were included in the model. Daily 
demands were aggregated to monthly by summing into total monthly volumes. However, 
before aggregation of the combined (overbank/fresh, downstream and baseflow) daily demand 
timeseries for the Goulburn were post-processed as described in Box 3.  

9. GSM model is a monthly model. However, the Murray (MSM-BIGMOD) model requires the 
inflows from the Goulburn, Campaspe and Loddon as daily flow timeseries. Therefore, monthly 
timeseries data is disaggregated into daily data. The method used to disaggregate the McCoys 
Bridge flow in the baseline scenario was based on splitting the flow into different components, 
whereby spills, tributary inflows and environmental releases (TLM and Green McCoys) were 
disaggregated using the without development pattern, while other releases and return flows 
were disaggregated uniformly (MDBA, 2010a). For the Goulburn, a similar method could not be 
applied to the BP Scenarios, as it was not possible to separate the Basin Plan environmental 
flows component from the remaining flow and to redistribute this component based on the 
demand pattern. Therefore, for the Basin wide BP Scenarios, the maximum of the 
environmental demand and baseline flow at McCoys Bridge was used as disaggregation pattern. 
For Campaspe and Loddon the same disaggregation method as used for baseline was applied.  

10. For the development of the demand timeseries for the In-valley SDL scenario, a disaggregation 
method for the flow at Shepparton has been developed using the same principles as used for 
the McCoys Bridge flow for baseline. For the Basin Plan scenario, the Shepparton flow was 
disaggregated using the maximum of the demand and baseline flow at Shepparton as the 
disaggregation pattern.  

11. The flood constraints, as included in the baseline model, have not been changed for the BP 
scenarios.  

12. Analysis of flooding impacts at key gauge locations in the Goulburn is a work in progress. 
However, the current operational constraints as modelled included in the baseline model were 
preserved in the Basin Plan modelling. Preliminary results indicate that the frequency of 
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flooding compared to the moderate and major flood levels as defined by the Bureau of 
Meteorology were not increased to any significant degree. Conversely, a small increase in the 
frequency of minor flooding may occur under the Basin Plan scenarios compared to baseline. It 
is worth noting that the frequency of minor flooding is still significantly lower than experienced 
under without development conditions. A more detailed and comprehensive analysis of 
flooding impacts along the length of the Goulburn is required to determine the full impact of 
changed flow patterns and this work may inform the 2015 review of the Basin Plan. 
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Box 3 Aggregation of daily demands to monthly demands 

Aggregation of daily demands to monthly demands 

Given that the GSM is a monthly model, the daily demand timeseries developed for Shepparton and McCoys Bridge had to be 
aggregated to a monthly demand timeseries. Similar to other valleys, it has been assumed during the development of 
environmental demands that baseline flows will not change significantly and hence that any events already achieved under 
baseline would be maintained. The environmental demands only represent the additional water required on top of baseline 
flows. Therefore, the daily demand timeseries was post-processed before aggregation. Hereby, the demands were taken as the 
maximum of the actual demand and baseline flow, for months that included at least one day with a demand larger than the 
baseline flow, so that the requested monthly volume would represent baseline flow plus the additional demand (shown 
schematically inFigure 42). If the daily demands were smaller than baseline flows for all days in the month, the monthly demand 
was set to zero (Figure 43). 

Figure 42: Schematic showing baseline flow and demand for one month. A = demand on top of baseline; A+B = the total 
demand (environmental flow requirement). After aggregation the total demand for this month would include A, B and C. 

 

This method assumes that peak flows occurring under baseline cannot be redistributed within the month to meet the daily 
environmental demands. This assumption may be valid if high flow peaks are coming from tributary inflows (e.g. the Broken 
River) and cannot be re-regulated. However, if the baseline flows were mainly based on regulated flows from Eildon, re-
regulation to meet the environmental demands may be possible. In such cases the targets may be able to be met with a smaller 
monthly volume Therefore, the monthly demands can be considered conservative estimates of the monthly volume required to 
meet the targets (Figure 43). 

Figure 43: Example demonstrating inclusion of baseline flow in the demand. In July and August 1909, there are demands for 
an event of 30,000 ML/day. The higher flow peaks in these months have been included in the aggregated monthly demand, 
assuming the flow peaks cannot be redistributed to contribute to the demand on other days in the month. In September 1909, 
the demand was smaller than baseline and has therefore been set to zero. 

 

A

B CC

Demand
Baseline
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5.10.5 Results and Discussion – Goulburn-Broken System 

Modelling results presented in this section vary depending on the primary purpose of the Basin Plan 
scenario. Accordingly, environmental results are presented for the In-valley SDL scenario, which is based 
on a demand series using the more recent and robust flow indicators for the Lower Goulburn River 
specified at Shepparton. In contrast, hydrological results are presented for all three Basin Plan 
scenarios. The Basin-wide BP-2400, BP-2800 and BP-3200 GL scenarios are presented as only these runs 
include the contribution to the Murray (as they take into account the shared downstream component of 
the SDL).  

5.10.5.1 Hydrological Results – Goulburn-Broken 

The four Basin Plan scenarios show reductions in annual average diversions of 336 GL/y, 391 GL/y, 459 
GL/y and 552 GL/y for the In-valley SDL, BP-2400, BP 2800 and BP 3200 scenarios respectively (Table 
65), which is close to the reduction in diversions proposed for the scenarios (Table 61). The change in 
modelled losses is relatively small and therefore the increase in outflows is similar to the reduction in 
diversions. For example, in the BP-2800 scenario end of system flows increase by 457 GL/y, which 
suggests a delivery efficiency of almost 100%. However, the GSM baseline model only simulates river 
losses in the reach between Eildon reservoir and Goulburn Weir. The intent of these loss functions is to 
capture losses associated with irrigation deliveries. The model does not explicitly model river losses in 
the reach between Goulburn Weir and the Murray.. Hence, a change in river losses due to increased 
river flows (particularly losses associated with overbank flows) is not represented in the model. 
Correcting this may mean that additional water needs to be called to meet the same desired 
environmental flow events, however as later identified the later scenarios showed that there was still 
uncalled water in the storages so these factors will cancel eachother to some degree. 

The pattern of annual diversions is similar to the baseline conditions as environmental water demands 
included have been deliberately designed through the use of the BP-EWA to have an inter-annual usage 
pattern similar to consumptive users (Figure 42). The timeseries plot of annual end of system flows 
shown in Figure 43 illustrates that the Basin Plan model scenarios have a similar pattern of end of 
system flows to baseline conditions with outflows increasing proportionally to reductions in diversions. 

Lake Eildon storage volumes are consistently higher for all three Basin-wide modelling scenarios and the 
In-valley SDL modelling (Figure 44). For example, the mean storage volume in Lake Eildon has increased 
from 2066 GL under baseline to 2383 GL under the BP-2800 scenario. Increased storage volumes under 
Basin Plan modelling indicates that not all of the water in the environmental water account was being 
used every year and hence being carried over for use in later years. While the modelling indicates that 
unused water within the environmental account remains in storage, not all downstream environmental 
flow indicators are met and so in reality the water would be called to assist in meeting those 
environmental water requirements and to cover the losses which, as described above, are currently not 
well modelled. Hence, further work is needed to optimise the demand timeseries. 
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Table 65: Water balance results for the Goulburn-Broken region (GL/y) 

Mass 
Balance 
Items 

Without 
development 

GL/y 

Baseline 
GL/y 

Basin wide modelling In-valley 
SDL 
GL/y BP-2400 

GL/y 

BP-
2800/y 

BP 3200  

GL/y 

Inflow 3378 3379 3379 3379 3379 3379 
Diversion 0 1579 1188 1120 1027 1243 
Loss* 10 153 156 155 153 156 
Outflow+ 3368 1647 2035 2104 2199 1980 

* Loss includes unattributed loss and change in storage  
+ Outflow at McCoy’s Bridge 

 

Figure 42: Total annual diversions in the Goulburn-Broken system for the baseline, BP-2400, BP-2800, BP-3200 
and In-Valley SDL scenarios.  
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Figure 43: Annual end of system flows from the Goulburn-Broken system (at McCoys Bridge) for the without 
development, BP-2400, BP-2800, BP-3200 and In-Valley SDL scenarios.  

 
 

Figure 44: Average annual volume in storage in Lake Eildon for the baseline, BP-2400, BP-2800, BP-3200 and In-
Valley SDL scenarios.  

 

 

5.10.5.2 Environmental Results – Goulburn 

Flow indicators for the Lower Goulburn River: In-channel and Floodplain 
By analysing modelled flow data for the period 1895-2009, the MDBA has determined the relative 
proportion of years that the key flow events occur under each scenario and compared these results to 
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the low and high uncertainty target frequencies. The information presented for the various modelling 
scenarios is based on an analysis of daily flow data obtained by disaggregating the modelled monthly 
flows at Shepparton. The analysis categorises the performance of model scenarios against flow 
indicators based on years containing a successful event. In assessing the ability of the modelled flows to 
achieve flow outcomes, the MDBA has also given consideration to events which were within 10% of the 
flow indicator parameters specified. This is particularly relevant to outputs from GSM, where additional 
uncertainty in assessing results is associated with monthly to daily data disaggregation. A full 
description of this technique is given in Section 5.1; in summary, events which were 10% of meeting the 
desired flow threshold and/or duration are considered likely to be able to be optimised to deliver 
environmental outcomes represented by the flow indicators. The results for the Lower Goulburn River 
Floodplain and in-channel flow indicators (as measured at Shepparton) are listed in Table 66 and Table 
67. Modelling results are shown for without development, baseline and the In-valley SDL Basin Plan 
scenario. This shows that at least the high uncertainty frequencies (expressed as proportion of years 
and number of events in an event year) for all indicators have been met. In addition, the median 
duration criteria were achieved for the 25,000 ML/d and 40,000 ML/d flow indicators, if the flow 
threshold is relaxed by 10%. 

The maximum period between events was the only flow indicator parameter specified not achieved by 
the In-valley SDL modelling (Table 67). The maximum period between 25,000 ML/d flow events was 
significantly reduced compared to baseline conditions from 8.8 to 4 years with the inability to achieve 
the desired target of 3 years explained by limitations in the environmental account (BP-EWA) as it was 
represented within the Environmental Event Selection Tool. That is, the demand timeseries did not 
meet this indicator as there was insufficient volume within the BP-EWA to re-instate critical flow events 
that would reduce the maximum dry period. Development of demand timeseries using improved carry-
over functionality within the Environmental Event Selection Tool to be more fully represent the carry-
over as represented in the model may improve this outcome. In contrast, the maximum period between 
40,000 ML/d flow events did not change compared to baseline conditions (12.7 years) despite being 
targeted in the demand timeseries generated by the Environmental Event Selection Tool. 

The inability to achieve the desired target of a maximum of 5 years between 40,000 ML/d events may 
be a result of modelling uncertainty, flood mitigation constraints or the under utilisation of water within 
the environmental account. Modelling limitations and uncertainty occur associated with modelling and 
assessing environmental outcomes based on daily flow indicators using a monthly model. By including 
baseline flows in the demands before aggregation (see Box 3), estimates of the monthly volumes 
required to meet the flow indicators are likely to be conservative and due to disaggregation of flow 
based on the demand pattern, even a small shortfall on the monthly demand would result in daily 
targets not being met. However, losses are not represented for all reaches of the GSM model and 
therefore the model currently underestimates the water required to be released to meet downstream 
environmental demands which will counteract at least in part the conservative aggregation method.  

Flood mitigation constraints as represented in the GSM model at Trawool and Seymour limit the 
amount of water that can be released from Lake Eildon (see Section 5.10.2). Given the current 
constraints, achieving the higher threshold flows at Shepparton are beyond the scope of a managed 
watering event and will be reliant on storage spills and augmenting of tributary inflows with regulated 
releases from Lake Eildon to achieve the desired flow thresholds and frequencies. In some years, flood 
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mitigation constraints downstream of Lake Eildon may limit the ability to augment tributary inflows and 
hence impede the ability to achieve flow indicators as specified. If flood mitigation constraints could be 
overcome through works and measures then it is possible that further improvements to flow indicators 
and overall environmental outcomes in the Goulburn River are possible. 

Further assessment is required to fully understand the relative importance of the various issues that 
may be influencing the ability to achieve the desired maximum period between events for the 25,000 
ML/d and 40,000 ML/d flow indicators in the Goulburn River. 

As indicated previously, results for the Basin wide 2400, 2800 and 3200 GL scenarios are not presented 
here as a demand timeseries to achieve the Lower Goulburn River flow indicators specified at 
Shepparton was not completed prior to this modelling being undertaken. However, given that 
additional water is available within the environmental account (BP-EWA) in these scenarios due to 
additional reductions in diversions to contribute to the shared downstream component of the SDL, 
results presented for the In-Valley SDL scenario represent the minimum likely achievement of flow 
indicators for the BP-2400, 2800 and 3200 scenarios.  
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Table 66: Achievement rates for Lower Goulburn River Floodplain and in-channel frequency flow indicators (expressed as proportion of years and number of events in 
an event year) under without development, baseline and In-valley SDL scenarios. Note there are differences in the format of this table compared to other regions as 
analysis of individual events has not been completed for these flow indicators and are not applicable to all flow indicator parameters specified. 

Flow indicator – threshold, 
duration, season (as gauged 
at Shepparton on the 
Goulburn River) 

Proportion of years (%) Mean number of events in an event year 

Target: high 
to low 

uncertainty 

Without 
develop-

ment 
Baseline 

Basin Plan: 
In-Valley 

SDL 

Basin Plan: 
In-Valley 

SDL within 
10% 

Target: high 
to low 

uncertainty 

Without 
develop-

ment 
Baseline 

Basin Plan: 
In-Valley 

SDL 

Two events annually of 2,500 
ML/d for 4 consecutive days 
between Dec and Apr 

36-48 60 10 46 60 NA 

5,000 ML/d for 14 consecutive 
days between Oct and Nov 

49-66 82 28 61 62 NA 

25,000 ML/d for median duration 
of 5 days between June and Nov 

70-80 90 57 84 84 2-3 3.6 3.0 2.8 

40,000 ML/d for median duration 
of 4 days between June and Nov 

40-60 72 38 47 54 1-2 3.3 2.6 2.4 
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Table 67: Achievement rates for Lower Goulburn River Floodplain and in-channel flow median duration and maximum period between events indicators under without 
development, baseline and In-valley SDL scenarios. 

Flow indicator – threshold, 
duration, season (as gauged 
at Shepparton on the 
Goulburn River) 

Median duration (days) Maximum period between events (years) 

Target 
Without 
develop-

ment 
Baseline 

Basin Plan: 
In-Valley 

SDL 

Basin Plan: 
In-Valley 

SDL within 
10% 

Target 
Without 
develop-

ment 
Baseline 

Basin Plan: 
In-Valley 

SDL 

Basin 
Plan: In-

Valley SDL 
within 10% 

25,000 ML/d for median duration 
of 5 days between June and Nov 

≥ 5 5 4 4 5 3 2.0 8.8 4.0 4.0 

40,000 ML/d for median duration 
of 4 days between June and Nov 

≥ 4 4 3 3 4 5 3.8 12.7 12.7 12.7 
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5.10.5.3 Achievement of Baseflows 
Volumetric shortfalls on baseflow requirements are presented in (Table 68). Under the baseline 
scenario, the site immediately downstream of Lake Eildon is the most impacted of the eight Goulburn 
hydrologic sites where baseflows were assessed. At this location baseflows have been significantly 
reduced when compared to the values under without development conditions, especially in the 
naturally high flow season of June to October. This is a seasonal inversion effect, in which naturally high 
baseflows are now captured by Lake Eildon. The results indicate that 186 GL/y in addition to baseline 
would be required to meet the target baseflows. Unregulated tributary inflows downstream of this site 
help restore a more natural baseflow regime; hence the shortfalls are significantly reduced at the next 
site located at Trawool. 

A similar effect is seen at Goulburn Weir. The shortfall immediately upstream of this site under baseline 
scenario is only 1.5 GL/y, yet the weir regulates flows such that the shortfall downstream of the weir is 
156.7 GL/y, or 21% of the total baseflow demand at this site. The shortfall here, however, is evenly 
matched between high and low flow seasons. Again, tributary inflows downstream of this site help 
maintain this element of the flow regime at downstream sites and hence smaller shortfall volumes with 
increasing distance downstream. 

Overall, the baseflow shortfalls have been significantly reduced for the In-valley SDL scenario (Table 68). 
All sites where a demand was modelled (excluding that immediately downstream of Lake Eildon) have a 
shortfall no greater than 1% of the total respective demand at that site. It is worth noting that the 
quantitative link between the baseflow demand series and an ecological outcome is less substantiated 
than the link for other components of the flow regime (i.e. overbank/flooding and fresh events). 
Shortfalls of 1% of the total demand need to be considered within this context. Moreover, the modelled 
baseflows are based on hydrologic analysis (i.e. based on 60% of the 80th percentile of without 
development flows). More comprehensive assessments for this element of the flow regime have been 
undertaken by Victoria as part of detailed environmental flow studies (FLOWS) and this has informed 
the SWS proposed water recovery targets. 

Table 68: The shortfall, or required additional mean annual volume (in GL/y), at each site to meet the baseflow 
demand series for baseline and In-valley SDL scenarios.  

Site1 Baseline BP In-valley 
SDL 

404206 – Broken@Moorngag 0.0 0.0 
FSR 40411 – Broken@U/S Casey's Weir 0.0 0.0 
404224 – Broken@Gowangardie 0.0 0.0 
   
405203 – Goulburn@D/S Eildon 186.0 88.0 
405201 – Goulburn@Trawool 5.7 2.5 
FSR 40512 – Goulburn@U/S Goulburn Weir 1.5 0.7 
405253 – Goulburn@D/S Goulburn Weir 156.7 44.7 
405272 – Goulburn@Mooroopna 102.1 24.2 
405276 – Goulburn@Loch Gary 50.6 8.2 
405232 – Goulburn@D/S McCoy's Bridge 48.4 7.6 
FSR 40501 – Goulburn inflows into Murray 48.5 7.5 

1 No baseflow demand was included for the sites marked in grey. 
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WORKING DRAFT 17/02/2012 

 

The combination of modelling and analysis of in-valley environmental water requirements for the In-
valley SDL scenario provides sufficient evidence to support that the proposed scale of reduction in 
diversions, as adopted from the Northern Region Sustainable Water Strategy, has sufficient volume to 
restore ecologically significant components of the flow regime.  

5.10.6 Results and Discussion – Campaspe System 

5.10.6.1 Hydrological Results - Campaspe  

The four Basin Plan scenarios show reduced annual average diversions of19GL/y, 28 GL/y, 32 GL/y and 
40 GL/y for the In-valley SDL, BP-2400, BP-2800 and BP-3200 scenarios respectively (Table 69), which is 
close to the reduction in diversions proposed for the scenarios (Table 61). The change in modelled 
losses is relatively small and therefore the increase in outflows is similar to the reduction in diversions. 
For example, in the BP-2800 scenario end of system flows increase by 29 GL/y, which represents a 
delivery efficiency of 91%. 

The pattern of annual diversions is similar to the baseline conditions as environmental water demands 
included have been deliberately designed through the use of the BP-EWA to have an inter-annual usage 
pattern similar to consumptive users (Figure 45). The timeseries plot of annual end of system flows 
shown in Figure 46 illustrates that the Basin Plan model scenarios have a similar pattern of end of 
system flows to baseline conditions with outflows increasing proportionally to reductions in diversions. 

Storage volumes in Lake Eppalock and Campaspe Reservoir are consistently higher compared to 
baseline for all three Basin wide modelling scenarios and the In-valley SDL modelling (Figure 47). For 
example, the mean combined storage volume in Lake Eppalock and Campaspe Reservoir has increased 
from 192 GL under baseline to 232 GL under the BP-2800 Scenario. Increased storage volumes under 
Basin Plan modelling is explained by relatively small demands (baseflow only) being placed in the model 
to actively call the water downstream. Further work is needed to improve the demand timeseries. 
Opportunities exist to include demands for other elements of the flow regime for in-valley requirements 
and to optimise for downstream flow indicators that have not yet been achieved.  

Table 69: Key water balance results for the Campaspe region (GL/y) 

Water 
balance 
Items 

Without 
Development 

GL/y 

Baseline 
GL/y 

Basin wide modelling In-valley 
SDL 
GL/y BP-2400 

GL/y 

BP 2800  

GL/y 

BP 3200  

GL/y 

Inflow 290 290 290 290 290 290 

Diversion 0 112 84 80 72 93 

Loss* 9 23 25 26 27 25 

Outflow+ 281 155 181 184 191 172 
* Loss includes unattributed loss and change in storage too 
+ Outflow at Rochester 
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Figure 45: Total annual diversions in the Campaspe system for the baseline, BP-2400, BP-2800, BP-3200 and In-
Valley SDL scenarios. 

 
 

Figure 46: Annual end of system flows from the Campaspe system (at Rochester) for the without development, 
baseline, BP-2400, BP-2800, BP-3200 and In-Valley SDL scenarios. 
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Figure 47: Average annual volume in Lake Eppalock and Campaspe Reservoir (combined total), in the Campaspe 
system, for the baseline, BP-2400, BP-2800, BP-3200 and In-Valley SDL scenarios. 

 

 

5.10.6.2 Environmental Results – Campaspe 

Achievement of Baseflows 
Volumetric shortfalls on baseflow requirements are shown in Table 70. Results show that baseflow 
shortfalls have been reduced to zero for the In-valley SDL modelling scenario.  

The ability to achieve baseflow demands was expected as this only represents one component of the 
flow regime intended to be enhanced by water recovery associated with the proposed 18 GL/y in-valley 
reduction in diversions, as adopted from the Northern Region Sustainable Water Strategy. As outlined in 
Section 5.14.3, MDBA has not undertaken detailed modelling to verify and validate that the proposed 
in-valley SDL for the Campaspe is sufficient to restore ecologically significant components of the flow 
regime. Instead, modelling focussed on representing the proposed scale of reduction in diversions 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 therefore rely upon descriptions contained with the 
Northern Region SWS (DSE 2008). 
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Table 70: The shortfall, or required additional mean annual volume (in GL/y), at each site to meet the baseflow 
demand series for baseline and In-valley SDL scenarios.  

Site1 Baseline In-valley SDL 

406215 – Coliban@Lyell Road 1.9 0.0 
406207 – Campaspe@Eppalock 3.8 0.0 
FSR 40602 – Campaspe@U/S Campaspe Weir 0.1 0.0 
406218 – Campaspe@D/S Campaspe Weir 1.1 0.0 
406202 – Campaspe@Rochester 1.2 0.0 
406265 – Campaspe@Echuca 1.3 0.0 

1 No baseflow demand was included for the sites marked in grey. 
 

5.10.7 Results and Discussion – Loddon System 

5.10.7.1 Hydrological Results - Loddon  

The four Basin Plan scenarios show a reduction in the annual average diversions of 21 GL/y, 24 GL/y, 27 
GL/y and 34 GL/y for the In-valley SDL, the BP-2400, BP-2800 and BP-3200 scenarios respectively (Table 
71), which is close to the reduction in diversions proposed for the scenarios (Table 61). Both losses 
(including flood breakouts) and flows at Appin South increase as the reduction in diversions increases. 
For example, in the BP-2800 scenario end of system flows increase by 13 GL/y, which represents a 
delivery efficiency of 48%. However, this only reflects the delivery efficiency to Appin South. The Appin 
South flows are passed into the Murray model, which models the Kerang Lakes, where additional losses 
occur. Hence, the delivery efficiency to the River Murray will be lower. This indicates that Loddon 
system connectivity and volumetric contribution to the River Murray is significantly lower compared to 
the Campaspe (Table 69) and Goulburn-Broken (Table 65) systems and as such, recovered water from 
the Loddon will make a relatively minor contribution to meeting flow indicators in the River Murray. 

The pattern of annual diversions is similar to the baseline conditions as environmental water demands 
included have been deliberately designed through the use of the BP-EWA to have an inter-annual usage 
pattern similar to consumptive users (Figure 48). The timeseries plot of annual end of system flows 
shown in Figure 49 illustrates that the Basin Plan model scenarios have a similar pattern of end of 
system flows to baseline conditions with outflows increasing proportionally to reductions in diversions. 

Storage volumes in Cairn Curran and Tullaroop Reservoirs are consistently higher compared to baseline 
for all three Basin wide modelling scenarios and the In-valley SDL modelling (Figure 50). For example, 
the mean storage volume in Cairn Curran Reservoir has increased from 74 GL under baseline to 99 GL 
under the BP-2800 Scenario. Increased storage volumes under Basin Plan modelling is explained by 
relatively small demands (baseflow only) being placed in the model to actively call the water 
downstream. Further work is needed to improve the demand timeseries. Opportunities exist to 
including demands for other elements of the flow regime for in-valley requirements. 
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Table 71: Key water balance results for the Loddon region 

Water 
balance Items 

Without 
development 

GL/y 

Baseline 
GL/y 

Basin wide modelling In-valley 
SDL 
GL/y BP-2400 

GL/y 
BP 2800  

GL/y 
BP 3200  

GL/y 

Inflow 255 255 255 255 255 255 

Diversion^ 0 94 70 67 60 73 

Loss* 110 100 112 114 118 110 

Outflow+ 145 61 73 74 77 72 
* Loss includes unattributed loss, change in storage, flood breakouts u/s of Appin South and environmental 
diversion to Boort wetlands 
^ Not including environmental diversion to Boort wetlands (±2 GL/y) 
+ Outflow at Appin South 

 

Figure 48: Total annual diversions in the Loddon system for the baseline, BP 2400 GL, BP-2800, BP-3200 and In-
valley SDL scenarios.  
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Figure 49: Annual end of system flows from the Loddon system (at Appin South) for the without development, 
baseline, BP 2400 GL, BP-2800, BP-3200 and In-valley SDL scenarios.  
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Figure 50: Average annual volume in storage in the two main storages of the Loddon system, for the baseline, 
BP-2400, BP-2800, BP-3200 and In-valley SDL scenarios. 

 
 

5.10.7.2 Environmental Results – Loddon  

Achievement of Baseflows 
Volumetric shortfalls on baseflow requirements are shown in Table 72 and results show that baseflow 
shortfalls have been reduced to zero for the In-valley SDL modelling for four the five hydrologic 
indicator sites. The 0.1 GL/y remaining shortfall at the Loddon river site downstream of Tullaroop 
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demand at that site.  
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The ability to achieve baseflow demands was expected as this only represents one component of the 
flow regime intended to be enhanced by water recovery associated with the proposed 12 GL/y in-valley 
reduction in diversions, as adopted from the Northern Region Sustainable Water Strategy. As outlined in 
Section 5.14.3, MDBA has not undertaken detailed modelling to verify and validate that the proposed 
in-valley SDL for the Loddon is sufficient to restore ecologically significant components of the flow 
regime. Instead, modelling focussed on representing the proposed scale of reduction in diversions 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 upon descriptions contained with the 
Northern Region SWS (DSE 2008). 

Table 72: The shortfall, or required additional mean annual volume (in GL/y), at each site to meet the baseflow 
demand series for baseline and In-valley SDL scenarios.  

Site Baseline In-valley SDL 

407210 – Loddon@D/S Cairn Curran 1.7 0.0 
407248 – Loddon@D/S Tullaroop 0.7 0.1 
407229 – Loddon@U/S Serpentine Weir 0.2 0.0 
407243 – Loddon@D/S Serpentine Weir 0.2 0.0 
407205 – Loddon@Appin South 0.9 0.0 

 

5.10.8 Future Work 

• Further work could be undertaken to optimise the use of recovered water for environmental 
outcomes. Opportunities exist to enhance the distribution to in-valley and downstream flow 
indicators that have not yet been achieved (for example through greater use of existing 
carryover provisions). 

• The Victorian government water recovery entitlements that were included in the initial baseline 
model used for the Basin Plan scenarios (30 GL/y in total; Table 60) were included in the 
environmental water account used to provide Basin Plan environmental water demands. 
However, this water recovery was taken out of the new baseline model  This means that there 
would have been less environmental water available in the account, if the new baseline model 
had been used. On the other hand, this volume was not used for deriving environmental 
demands. Future Basin Plan modelling based on the new baseline model is required to assess 
the implications of removing them. 

• The Murray model makes use of an estimate of available channel capacity in the Goulburn for 
delivery of TLM water. The timeseries used in the scenarios reported here was based on a 
results from a model run that predated the baseline scenario used in this report. The link 
between the GSM and Murray models has now been updated, so that for every future scenario 
the available channel capacity (for delivery of TLM and IVT) as calculated in the GSM model will 
be passed into the Murray model, which then limits the callouts to this capacity. This has no 
implication for results presented for the Goulburn system and has insignificant impact on 
outcomes for the watering through works and measures in the Murray system.  
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• The relationship between monthly volumes and achievement of Lower Goulburn River daily 
flow indicators could be explored and if appropriate monthly volume targets could be identified 
instead of daily targets, modelling limitations and uncertainties associated with data 
aggregation and disaggregation could be avoided. 

• Options to undertake detailed modelling of in-valley environmental water requirements for the 
Campaspe and Loddon valleys could be explored including generation of environmental demand 
series based on relevant environmental flow studies e.g. LREFSP, 2002; SKM, 2006. 

• Further Basin-wide modelling (BP-EWA with both in-valley and downstream SDL component) 
could be undertaken with demand series targeted at achieving revised set of flow indicators for 
Lower Goulburn River in-channel and floodplain environmental water requirements (fresh and 
bankfull/overbank elements of the flow regime). 

• The modelling of losses along the Goulburn River should be reviewed. Currently, the baseline 
model only includes losses between Eildon Reservoir and Goulburn Weir, which represent the 
increase in losses due to irrigation deliveries. River losses downstream of Goulburn Weir are not 
explicitly modelled and are included in the local catchment inflows. This does not allow for any 
variation in loss associated with changes in water delivery from upstream.  

• The ability to deliver environmental flows from the Loddon River to the River Murray is limited 
because of the high losses in the Loddon River between Loddon Weir and Kerang Weir. The 
operation of water deliveries to meet environmental water demands in the River Murray from 
Victorian tributaries could be optimised in future work to deliver this water along the Goulburn 
or Campaspe River rather than the Loddon River.  

• In the development of the McCoys Bridge demands, an assumption was made that the available 
water for the environment would be the equivalent to the required reduction in diversions on 
an annual basis. While this was done in order to maintain allocations and storage behaviour as 
under the baseline scenario, it may be changed by using the allocation against the 
environmental entitlements. However, preliminary analysis indicated that the differences are 
relatively small and would have had little or no material impact on the demand timeseries. 

• The GSM model includes 6.3 GL/y of demand from the Wimmera system at the end of the 
Warranga Western Channel. This does not match the assumptions in the current Wimmera 
system REALM model, which assumes no demands supplied from the Warranga Western 
Channel after the completion of the Northern Mallee and Wimmera Mallee pipelines. The 
representation of supply from the Warranga Western Channel to the Wimmera system should 
be updated to reflect current policy and practice. However, the magnitude of these flows is 
small and the impact on Basin Plan outcomes is expected to be minor. 
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5.11 Wimmera-Avoca 

5.11.1 Brief Description of Model 

The Wimmera model is a monthly REALM representation of the Wimmera River from the headwater 
inflows into the headworks system to the terminal wetlands; Lake Hindmarsh and Lake Albacutya. The 
Wimmera REALM model also includes the Glenelg River to downstream of Rocklands Reservoir, where 
they interact with the Wimmera headworks system, whereby transfers can be made from the Glenelg to 
the Wimmera. Similarly, the Avon-Richardson Rivers are represented in the Wimmera REALM model 
where they interact with the Wimmera supply system. The surface water of the Wimmera River is not 
connected to the River Murray and hence there are no downstream connections to other reporting 
regions in the Basin. 

The development of the Wimmera River model, its calibration and validation and set up for Cap 
implementation is described in detail by W&D Engineering and Legal Services (2009). This model was 
reviewed as part of the Cap Auditing and is accredited for Cap implementation (Bewsher, 2011b). The 
spatial extent of the model superimposed on the catchment is shown in Figure 51. 

A separate daily REALM representation exists for the lower Avoca River from Coonooer Bridge to 
downstream of Third Marsh as part of the Kerang Lakes REALM model. There are no major water 
storages on the Avoca River and there are no modelled surface water diversions in the Avoca catchment 
(CSIRO 2008b). Internationally important Ramsar listed wetlands located at the lower reaches of the 
Avoca River include First Marsh, Second Marsh, Third Marsh and Lake Bael Bael. First Marsh, Second 
Marsh, Third Marsh and Lake Bael Bael are natural lakes with no regulation of inflows (CSIRO 2008). Due 
to unregulated nature of the Avoca River and relatively intact flow regimes, no modelling of the Avoca 
River through the Kerang Lakes REALM model has been undertaken during development of the Basin 
Plan. 
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Figure 51: Map of the Wimmera catchment, showing the spatial extent of the model and the location of the 
Hydrological Indicator Sites 

 

5.11.2 Baseline conditions 

The model used for the Basin Plan modelling for the Wimmera system is the Bulk Entitlement version of 
the model provided by the Victorian Department of Sustainability and Environment. The baseline model 
represents the level of development and water sharing rules for the Wimmera and Glenelg Rivers as of 
2009 as documented in Victorian Department of Sustainability and Environment (2010). The model 
includes Stages 1 to 7 of the Northern Mallee pipeline and includes Supply Systems 1 to 6 (i.e. all supply 
systems) of the Wimmera-Mallee Pipeline. The model includes supply to the Wimmera Irrigation Area 
(19 GL/y Irrigation Product and 9 GL/y Irrigation loss entitlements), which has since been proposed to be 
decommissioned. The Wimmera Irrigation Area is also referred to as the Horsham irrigation district. 

There is 40.56 GL/y of regulated environmental water entitlement in the model, which includes 32.2 
GL/y from the Northern Mallee Pipeline Stages 1 to 7 water savings and 8.3 GL/y from the Wimmera-
Mallee Pipeline Supply Systems Stages 1 to 6. The allocations to these entitlements are managed as a 
combined volume, which is shared between the Wimmera and Glenelg systems.  

Environmental demands are incorporated in the baseline model, as described in Victorian Department 
of Sustainability and Environment (2011a): 

1. The environmental demands were configured in five streams consistent with key environmental 
flow reaches in the Wimmera and Glenelg river basins. These included: 
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• Glenelg River at Harrow; 
• MacKenzie River downstream of Dad and Dave Weir and downstream of Distribution Heads; 
• Burnt Creek Downstream Burnt Channel; 
• Mt William Creek downstream of Lake Lonsdale; and 
• Wimmera River at Lochiel. 

 
2. The environmental water which is available to meet environmental demands along the 

Wimmera River consists of unregulated and regulated flows. The model has been configured to 
track the water contributed from each of these sources to maximise the level of environmental 
demands met.  

3. Prioritised environmental demands in the river reaches listed above are expressed as “tiers”. 
Each demand tier is directly related to specific flow components obtained from the relevant 
environmental flows studies and are ranked in order of priority of delivery, in accordance with 
advice from the Glenelg-Hopkins and Wimmera Catchment Management Authorities on the 
ecological significance. 

4. For the purpose of modelling, the environmental allocation was distributed on a 40:60 ratio 
between the Glenelg and Wimmera systems, respectively. This ratio is for modelling purposes 
only and is not intended to influence future decisions by the Victorian Environmental Water 
Holder on distribution of the environment’s water between the Wimmera and Glenelg basins. 

5. An environmental entitlement operations account was used to ensure that sufficient water is 
reserved from the environment’s allocation to meet the demand in a tier for the full year, 
before commencing to meet the demand in the next tier. This approach prevents the 
environment’s allocation from being utilised in the first few months of each water year and 
potentially being used on lower priority flow components.  

6. The available water held in the account was used to define the level of demand (tier) which can 
be satisfied over the remainder of the year. Once the tier was selected, the monthly distribution 
of this tier across the whole season was used for release. 

7. Regulated releases of the environment’s water are made only if unregulated flows, including 
passing flows, are not sufficient to meet the environmental demand. 

8. The regulated releases are configured to be released from storages to meet the prioritised 
environmental demands. For water accounting purposes, water is released at specific locations, 
including Wartook Reservoir Outlet, Taylors Lake Outlet, Lake Lonsdale Outlet and Rocklands 
Reservoir Wall Outlet.  

9. Any unused environmental allocation is released from Lake Lonsdale in June of each year to 
ensure that it is fully utilised. In practice the Victorian Environmental Water Holder may decide 
to carry over the environment’s unused allocation. 
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5.11.3 Environmental Water Demands 

The Wimmera River terminates in a series of wetlands which rely on large infrequent flows to fill Lake 
Hindmarsh and, if large enough, Lake Albacutya via Outlet Creek. Lake Albacutya is internationally 
recognised as a Ramsar wetland. The Ramsar site covering 5,732 ha and is part of a wider system of 
wetlands listed in A directory of important wetlands in Australia. The Wimmera River includes five 
hydrological indicator sites located at various points throughout the region (Figure 51). 

Environmental watering requirements have been defined at all five of the hydrologic indicator sites in 
the region. Baseflow requirements were defined for the first 3 sites listed in Figure 51, however a 
demand series was not included in the model as existing environmental water delivery rules largely met 
these requirements. To further inform the desired inundation regime for the Wimmera River Terminal 
Wetlands a range of average recurrence intervals were defined to maintain Lake Hindmarsh and Lake 
Albacutya at full capacity for different durations.  

A 23 GL/y reduction in diversion was targeted in the Wimmera region under the BP-2800 scenario to 
meet in-valley environmental water requirements based on the long-term average volume associated 
with supply to the Wimmera Irrigation Area proposed for decommissioning by Wimmera Irrigators. 
There is no downstream shared component reduction in diversions due to the Wimmera River being 
disconnected from the River Murray. 

5.11.3.1 Wimmera River Terminal Wetlands  
Five flow indicators have been defined for the Wimmera River Terminal Wetlands; three flow indicators 
for Lake Hindmarsh and two flow indicators for Lake Albacutya (Error! Reference source not found.). 
These are based primarily on the work of Ecological Associates (2004) which assessed the water 
requirements of Lake Hindmarsh and Lake Albacutya (MDBA, in prep). The flow indicators aim to 
maintain fringing woodland communities, enable breeding success of fish and waterbirds and 
development of a mature and diverse aquatic ecosystem. Each of these ecological components are 
important for maintaining the ecological character of the Ramsar listed Lake Albacutya. 

All five flow indicators are specified as lake full events of different duration (ranging from 6 to 36 
months) that need to occur sufficiently frequently to support different ecological objectives. Flow 
indicator frequencies are expressed as average recurrence intervals (ARIs) as the interval between 
flooding events is critical rather than what happens in any given year (Ecological Associates 2004; SKM 
2011). Thus flow indicator one requires Lake Hindmarsh to be full (378GL) for 6 months duration on 
average every 5 years (ARI). 
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Table 73: Flow indicators for the Wimmera River Terminal Wetlands, including target frequency expressed as 
average recurrence intervals (ARIs) 

Flow 
Indicator 

Start 
Month 

End 
Month 

Lake full water 
level (GL) 

Duration 
(months) 

ARI 
target 
(years) 

Lake Hindmarsh 

1 Jul Jun 378 6 5 

2 Jul Jun 378 24 10 

3 Jul Jun 378 36 20 

Lake Albacutya 

1 Jul Jun 230 6 8 

2 Jul Jun 230 24 20 

 

A demand series was not constructed to meet flow indicators in the BP-2800 scenario. Instead, the 
entitlements recovered for the environmental were added to an existing environmental account and of 
rules as applied in the baseline model have been used for delivery of environmental water (as described 
in the modelling methodology section).  

5.11.3.2 Baseflows  
Baseflow requirements were assessed using hydrologic analysis at three locations on the Wimmera 
River using the same method applied for all other sites where a baseflow requirement has been 
identified, see Section 4 for a detailed description.  

An initial analysis showed negligible baseflow shortfalls at all three sites under baseline conditions, 
hence no baseflow demands were included in the model and baseflow targets were used as an 
assessment tool only. 

5.11.4 Modelling Methodology 

The targeted level of diversions in the BP-2800 scenario represents a long-term average reduction in 
diversion of 23 GL/y. The BP-2800 Scenario simulates buyback of the irrigation product and loss 
entitlements and this water is used towards the existing environmental rules and objectives as were 
already implemented in the baseline model. Details on how this was done are described by Victorian 
Department of Sustainability and Environment (2011a) are:  

1. In this scenario, the Horsham irrigation district was disconnected from the system and the 
irrigation entitlement, including losses (28 GL/y), was transferred to an environmental account.  

2. The total volume of the environmental allocation equalled to sum of allocations to the existing 
environmental entitlement of 40.56 GL and additional environmental entitlement of 28 GL from 
irrigation buyback. As in the base case, the total environmental allocation was used to satisfy 
the prioritised environmental demands at different reaches in the system. 

3. Items 1 to 8 under the baseline are also valid for the irrigator’s buyback modelling scenario, 
with the following exceptions: 
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a. Allocation of the entire irrigation entitlement buyback (100%) was used in the Wimmera 
system - the 40:60 split between the Glenelg and Wimmera systems was not used; and 

b. Unused environmental allocation was released earlier in the season as outlined below 
in dot point 4 (rather than only in June of each year). 

4. Preliminary modelling results indicated that with the addition of the irrigator’s allocation to the 
environmental allocation, it was not possible to release all unused environmental allocation 
from Lake Lonsdale in June of every year due to system constraints. Therefore, the model was 
configured to release water from Lake Lonsdale earlier in the season: 15 GL/m in July to Nov 
(both inclusive), 5 GL/m in Dec to May (both inclusive) and the remaining volume in June. 

5. As the model was configured to call water from the environmental account earlier in the 
season, it may result in insufficient water being set aside for high priority environmental 
requirements, thus not satisfying some of the high priority requirements at some sites.  

6. At the time of undertaking this scenario, the “whole of system” approach was considered 
acceptable for the purpose of modelling. However, it does not represent actual operation of the 
system.  

7. Carryover of environmental water and prioritised use of this water would allow for additional in 
river and end of system flow recommendations to be met and in turn lower expected risks to 
environmental assets. If done this work would provide a more definitive assessment of the 
value of environmental water recovery, including the value of irrigator and associated loss 
entitlements.  

5.11.5 Results and Discussion – Wimmera System 

5.11.5.1 Hydrological Results  
Annual average diversions have been reduced by 23 GL/y to 43 GL/y under the BP-2800 Scenario (Table 
74; Figure 52). Inflows vary between scenarios in the Wimmera system, due to changes in the transfers 
from the Glenelg system to the Wimmera (Table 74). Hence, inflows are largest under the baseline 
scenario and have reduced under the BP-2800 Scenario.  

The reduction in diversions has resulted in increased storage in the both Wimmera River Terminal 
Wetlands. The mean annual storage volume in Lake Hindmarsh (Figure 53) has increased from 303 GL to 
344 GL and the mean annual storage volume in Lake Albacutya (Figure 54) has increased from 67 GL to 
101 GL.  

Table 74: Key water balance results for the Wimmera region 

Water Balance Items without development 
GL/y 

baseline 
GL/y 

BP-2800 
GL/y 

Inflow 248 296 288 
Diversion 0 66 43 
Loss* 248 230 245 
Outflow 0 0 0 

* Loss includes unattributed loss, outflows to lakes and wetlands and change in storage  
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Figure 52: Annual diversions in the Wimmera system for the baseline and BP-2800 scenarios 

 

Figure 53: Average annual volume in Lake Hindmarsh in the Wimmera system for the baseline and BP-2800 
scenarios 

 
 

0

10

20

30

40

50

60

70

80

18
95

19
00

19
05

19
10

19
15

19
20

19
25

19
30

19
35

19
40

19
45

19
50

19
55

19
60

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00

20
05

Di
ve

rs
io

ns
 (G

L/
y)

Water Year (July to June)

Annual Wimmera Diversions
BASELINE BP - 2800

0

100

200

300

400

500

600

700

18
95

19
00

19
05

19
10

19
15

19
20

19
25

19
30

19
35

19
40

19
45

19
50

19
55

19
60

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00

20
05

To
ta

l V
ol

um
e 

(G
L)

Water Year (July to June)

Mean Annual Volume in Lake Hindmarsh
BASELINE BP - 2800



 

188 
 

WORKING DRAFT 17/02/2012 

Figure 54: Average annual volume in Lake Albacutya in the Wimmera system for the baseline and BP-2800 
scenarios 
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changing reliability for other users and ensuring other water dependent key environmental assets and 
key ecosystem functions within the Wimmera River system are also maintained. On balance, the MDBA 
is confident a range of substantial environmental benefits throughout the Wimmera River system can 
be delivered with proposed reduction in diversions and views that the desirability and necessity for the 
longer duration events and the impacts of obtaining them need further consideration. 

Table 75: Achievement rates for the Wimmera River Terminal Wetlands flow indicators under without 
development, baseline and BP-2800 scenarios. 

Flow indicator Average recurrence interval (ARI) - years 

Flow event - threshold, duration, season 
(Water levels at Lake Hindmarsh and 
Lake Albacutya)  

Average recurrence 
interval (ARI) - years 

without 
development 

baseline Basin Plan 

Maintain Lake Hindmarsh lake full (378 GL) 
for 6 months duration 

5 3 5 5 

Maintain Lake Hindmarsh lake full (378 GL) 
for 2 years duration  

10 7 12 10 

Maintain Lake Hindmarsh lake full (378 GL) 
for 3 years duration  

20 13 71 44 

Maintain Lake Albacutya lake full (230 GL) 
for 6 months duration 

8 7 44 15 

Maintain Lake Albacutya lake full (230 GL) 
for 2 years duration 

20 12 190 190 

Achievement of Baseflows  
The achievement of the baseflow requirements was assessed via volumetric shortfalls, that is, the mean 
annual volume of additional water required at each site to meet the baseflow demand timeseries. The 
results are shown in Table 76.  

Baseflow shortfalls were negligible at all three sites under baseline conditions, shortfalls representing 
less than 3% of the total baseflow demand. Accordingly, baseflow demand series were not included in 
the model as existing environmental water delivery rules within the baseline model have largely met 
these requirements. Baseflow shortfalls have been marginally reduced in the BP-2800 scenario and the 
remaining shortfalls are relatively small. Note that the quantitative link between the baseflow demand 
series and an ecological outcome is less substantiated than the link for other components of the flow 
regime (i.e. overbank/flooding and fresh events). 

Table 76: The shortfall, or required additional mean annual volume (in GL/y), at each site to meet the baseflow 
demand series under without development, baseline and BP-2800 conditions. 

Site 
Without 

Development 
Baseline BP-2800 

415201 – Wimmera@Glenorchy 0.0 0.0 0.0 

415246 – Wimmera@Lochiel 0.0 0.1 0.1 

415212 – Wimmera@Upstream Lake Hindmarsh 0.0 0.2 0.1 

 



 

190 
 

WORKING DRAFT 17/02/2012 

5.11.6 Future work 

Full implementation of the environmental water requirements recommended by Ecological Associates 
(2004) and adopted by MDBA may not be feasible with market mechanism based approach only due to 
the presence of significant a volume of re-regulating capacity and limited capacity to recover any further 
water from the valley. However, with a modification to current infrastructure, or a more targeted 
approach for flow management to address the terminal lakes environmental water requirements, it 
may be feasible to achieve these targets. 

 

5.12 Murray 

5.12.1 Brief Description of Model 

The Murray and Lower Darling systems are modelled using a monthly simulation model called MSM and 
a daily flow and salinity routing model, Bigmod. This modelling suite has been used for development 
and implementation of range of water resources planning and management policies and operating rules 
including the Cap on water use, Basin Salinity Management Strategy, development of optimal operating 
strategies for major storages, water accounting and resource assessment (MDBC, 2002a; MDBC, 2007; 
Bewsher, 2008). 

The model commences with headwater inflows from the Murray River about 40 km south of Mt 
Kosciusko and Darling River inflows into Menindee Lakes, and finishes at the barrages which separate 
the Lower Lakes from the sea (MDBC, 2002b). More recently, a hydraulic model developed for 
hydrodynamic behaviour and salinity in the Coorong by CSIRO (Webster, 2007) has been included in this 
modelling suite.  

The Murray model has been calibrated a number of times as it has been continually changed and 
improved to support policy development and water management. The current version of model is based 
on the latest calibration (MDBC, 2007 for MSM and MDBC, 2002 for Bigmod). 

The model receives inflows from the Snowy Mountain Hydro Scheme (SMHS) via releases through the 
Murray 1 Power Station (WAMC, 2002). It also receives inflows from a number of tributaries including:  

• Kiewa River at Bandiana;  
• Ovens River at Peechelba;  
• Goulburn River at McCoy’s Bridge;  
• Campaspe River at Rochester;  
• Loddon River at Appin South;  
• Billabong Creek at Darlot;  
• Murrumbidgee River at Balranald; and  
• Barwon-Darling as inflows to Menindee Lakes.  

MSM-Bigmod includes the four major storages: Dartmouth Dam on the Mitta Mitta River, Hume Dam 
on the Murray River, Menindee Lakes on the Lower Darling system and Lake Victoria (an off-river 
storage connected to the Murray River). The Menindee Lakes system is modelled as four major lakes: 
Wetherell, Pamamaroo, Menindee and Cawndilla. Also, a number of weir pools and natural wetlands 
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and floodplains are included in the model. A number of smaller weirs are not included as they do not 
impact on monthly operations (MDBC, 2007). Recently, as a part of The Living Murray (TLM) program, 
MSM has been extended from the SA border to Lower Lakes with three river reaches and two lake 
storages. Unlike the existing reaches these new reaches do not have routing functionality. The model 
simulates:  

o water sharing arrangements between the States, as per the Murray-Darling Basin 
Agreement (Schedule 1 to the Water Act, Commonwealth of Australia, 2007);  

o water accounting as per the Murray-Darling Basin Agreement; 

o allocation by States to groups of water users;  

o demand for water in the key regions throughout the system;  

o transfers required between storages to ensure that the demands can be met;  

o operation of various dams and structures including orders to meet forecast demands and 
pre-releases from each storage for flood mitigation.  

The spatial extent of the Upper Murray, Mid-Murray and Lower-Murray as modelled (plotted separately 
but modelled together), superimposed on the catchment is shown in Figure 55, Figure 56 and Figure 57 
respectively, along with the locations of the hydrological indicator sites. Similarly, Figure 58 displays the 
catchment and model network for the Lower Darling. 

Figure 55: Map of the Upper Murray catchment, showing the spatial extent of the model and the location of the 
hydrological indicator sites 
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Figure 56: Map of the Mid-Murray catchment, showing the spatial extent of the model and the location of the 
hydrological indicator sites 
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Figure 57: Map of the Lower Murray catchment, showing the spatial extent of the model and the location of the 
hydrological indicator sites 
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Figure 58: Map of the Lower Darling catchment, showing the spatial extent of the model and the location of the 
hydrological indicator sites 

 

5.12.2 Baseline Conditions 

The baseline conditions of the Murray and Lower Darling system that have been used are:  

1. Water sharing and management arrangements at June 2009 i.e. the Water Sharing Plan for NSW 
Murray and Lower Darling system (NSW, 2010) and Cap conditions for Victoria and SA. These 
have been adjusted for water recovery under TLM and Water for Rivers programs (MDBA, 
2011b). 
 

2. Water trade within the baseline includes permanent entitlement trade to June 2009. This level 
of trade is used for the entire modelling period. This includes increases or decreases in the 
NSW, Victorian and SA Cap as result of permanent trade. The model also includes the ability for 
Tandou to trade in up to 20 GL when required and when Menindee Lakes is in MDBA control. 
Apart from this, no inter-valley temporary trade is modelled.  

 
3. Provisions delivering water to the environment include: 

1.1. Additional dilution flows (ADF) as specified under the MDB Agreeement. These include 
flows of 3,000 ML/day, if certain storage conditions are meted in Menindee Lakes, 
Hume and Dartmouth Dams; 
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1.2. Darling anabranch environmental releases during periods of off-allocation on the Lower 
Darling; 

1.3. Environmental water allocation of up to 150 GL/y for Barmah-Millewa Forest, and the 
associated watering rules (MDBC 2006a, 2006b); 

1.4. A 486 GL long term cap equivalent (LTCE) water recovery for TLM initiative in the 
Southern connected system and environmental water delivery of the recovered water.  
Detailed break up of TLM water recovery measures included in the Baseline Diversion 
Limits provided in MDBA (2011d); and 

1.5. Recovery of 190 GL (LTCE) water for Water for Rivers and 70 GL River Murray Increased 
Flow (RMIF) from Snowy scheme. Detailed break up of Water for Rivers water recovery 
measures included in the Baseline Diversion Limits provided in MDBA (2011d). 
 

4. Calling available water from tributary TLM accounts is managed in the Murray model on an as 
need basis for watering of key sites through environmental works and measures. This is needed 
because the Southern connected system is modelled by three independent models and 
Goulburn/Broken-Campaspe-Loddon and Murrumbidgee models are run before MSM model is 
run. To assess potential environmental outcomes by calling out water as per the needs of 
environmental works and measures at key icon sites of Murray, modelling is carried out by: 

a. Subtracting volume released from the tributary TLM account from the end of system 
flows of the tributary; 

b. In parallel, the Murray model maintains a record of the tributary TLM accounts using 
the announced allocation in the tributary models and calls water out of the accounts 
when it is needed; and 

c. To ensure the deliverability of TLM water calls from the tributaries to the Murray, it is 
limited by a timeseries describing the available channel capacity in the Goulburn 
system. This check is not carried out for Murrumbidgee system as Hattah Lake system 
TLM works and measures demands are met by pumping water at low river flow 
thresholds and other key icon sites TLM water requirements may be moderated 
through use of Lake Victoria.  
 

5. TLM environmental works and measures included and operated as per Stage 2B modelling rules 
which are summarised as:  

a. Rostering the delivery of environmental water to relevant icon sites based on 
predefined rules for operating the proposed environmental works and measures and in 
accordance with water availability within available TLM and RMIF accounts. 

b. Although no structural options are proposed for the Coorong, Lower Lakes and Murray 
Mouth (CLLMM) site, a method was developed and applied to generate an 
environmental flow demand and this was rostered with the other icon site demands 
(Leda Consulting, 2009. This strategy is developed to address seasonal variations of lake 
levels as well as improve environmental outcomes (such as operation of fishways). 
 

TLM environmental works and measures are represented in both baseline and Basin Plan modelling 
scenarios and their operation is triggered in accordance with Stage 2B modelling rules. Section 5.12.3 
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provides further discussion of consideration given to TLM works and measures during the assessment of 
environmental water requirements consistent with the indicator site methodology. In summary, for 
Basin Plan purposes the presence of TLM environmental works did not result in modification of 
environmental water requirements (flow indicators) for TLM icon sites as it is evident that the flows 
would be required to meet environmental water requirements of a broader river reach (i.e. outside of 
the icon site that do not benefit from works). As such, while TLM works are represented in the model 
and in some years increased flows due to Basin Plan environmental water requirements will contribute 
to achieving enhanced environmental outcomes at icon sites, TLM works did not contribute to an offset 
in the proposed reduction in diversions. The implications of environmental works and measures in 
terms of potential SDL offsets needs further assessment and discussion with the states and this work 
will form a major input into the 2015 review of the Basin Plan. 

5.12.3 Environmental Water Requirements 

The Murray region includes:  

1. A wide variety of environmental assets including a number of internationally important Ramsar 
listed wetlands within the floodplain that support waterbird breeding events; 

2. Important riparian and floodplain vegetation communities including the largest remaining river 
red gum forests in Australia; and 

3. A diverse range of native freshwater fish species including areas which provide refuge for 
aquatic species in times of drought. 

Seventeen hydrologic indicator sites were located throughout the Murray and Lower Darling systems 
(see Figure 55, Figure 56, Figure 57and Figure 58; note that site 109 is part of the upstream Barwon-
Darling region). Consistent with the concept of ecologically significant components of the flow regime 
(Section 4), environmental watering requirements have been defined at twelve of the thirteen Murray 
region hydrologic indicator sites (all sites listed in Figure 55 to Figure 58 except River Murray at 
Morgan), and all four Lower Darling sites (110 – 113). Using hydrologic analysis, baseflow requirements 
were defined and demand series created for eleven of the Murray and Lower Darling hydrologic 
indicator sites (a baseflow requirement was not defined at site numbers 33, 110 – 112, 115 and 117). To 
further inform the desired flow regime required to support nationally and internationally significant 
wetlands, a range of flow indicators focusing on in-channel fresh and overbank events were defined for 
the Barmah-Millewa Forest, the Gunbower-Koondrook-Perricoota Forest, Hattah Lakes, the Riverland-
Chowilla Floodplain, the Edward-Wakool River System, and the Lower Darling system. 

Targeting the delivery of environmental water requirements for overbank events and in-channel freshes 
and baseflows in the model was achieved by including demand timeseries at specific locations (this 
method is described in Section 4). However, demand series were not included at every hydrological 
indicator site or for every element of the flow regime. Firstly, a baseflow demand series was included in 
the model at two sites only: on the Murray River at the South Australian Border, and on the Darling 
River at Burtundy. The demand series were not included at other nine sites where a demand series was 
created due to a variety of reasons (including complications with the environmental accounting process 
conducted external to the model), and were used for assessment purposes only. Secondly, demand 
series were not included to achieve the site-specific flow indicators for the Edward-Wakool River system 
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(measured at Deniliquin on the Edward River) and the Lower Darling River system (measured at Weir 32 
on the Darling River).  

Edward-Wakool demands covering in-channel baseflow and overbank flooding elements of the flow 
regime were not included because they are relatively small in volume and align to some extent with 
flows associated with Barmah-Millewa Forest. Consequently model development required to include 
them was seen as a low priority within the limited time available.  

The Lower Darling Floodplain demands covering in-channel fresh and overbank flooding elements of the 
flow regime were not included as the delivery of these demands would require changes in policy 
associated with the water accounting and operations in Menindee Lakes, which are outside of the remit 
of the MDBA and Basin Plan. Further development of the modelling approach would be needed to 
include these should these be necessary. 

In summary, the Murray demand series were included in the model at the following five hydrologic 
indicator sites: 

• downstream of Yarrawonga Weir for Barmah-Millewa Forest for overbank requirements;  
• downstream of Torrumbarry Weir for Gunbower-Koondrook-Perricoota Forests for overbank 

requirements;  
• downstream of Euston for Hattah Lakes for overbank requirements;  
• at the SA border (Lock 7) for a combination of in-channel baseflow and fresh requirements for 

the Murray, overbank requirements for the Riverland-Chowilla Floodplain and volume based 
requirements for the Coorong, Lower Lakes and Murray Mouth; and  

• at Burtundy on the Lower Darling for baseflow requirements.  

The generation of environmental demand timeseries is closely linked to the particular reduction in 
diversions or SDL scenario being modelled whereby this directly affects the volume of water available in 
the BP-EWA. As described in Section 3, in the southern connected system three key Basin Plan 
modelling scenarios have been completed representing Basin wide reductions in diversions of 2400, 
2800 and 3200 GL/y. The three scenarios differed in the level of reduction in diversions and hence the 
available water in the BP-EWA (Table 77).  

With changes to the annual volume available within the BP-EWA, the ability to re-instate events present 
under without development conditions varies. This variation either requires or enables the sequence 
and overall number of events associated with each flow indicator to be altered. Changes to either the 
sequence and/or the total number of event selected will alter the environmental demand timeseries 
generated. Accordingly while the environmental water requirements, flow indicators targets and the 
approach to generating environmental demands remain static across the Basin Plan scenarios, the 
subset of events selected for re-instatement varies in response to differences in water availability within 
the BP-EWA. 

As a result of differences in the BP-EWA, new environmental demands for the three alternative 
scenarios were derived using a similar method as described in Section 4.2, thereby preventing the 
over/under utilisation of available environmental water, and standardising assumptions and principles 
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associated with environmental water delivery. Numbers of events added or removed relative to the BP-
2800 scenario are listed in Table 6. 

Table 77: The baseline diversions and required reduction in diversions for the BP-2400, BP-2800 and BP-3200 
scenarios for the Murray and Lower Darling systems 

Diversions (GL/y) baseline BP-2800 BP-2400 BP-3200 
Murray 4017 2852 3107 2710 

     NSW 1696 1182 1302 1124 

     Victoria 1656 1159 1253 1082 

     South Australia 665 511 552 504 
Lower Darling 55 39 42 36 

 

5.12.3.1 Barmah-Millewa Forest 

Seven environmental flow indicators were defined for the Barmah-Millewa Forest, measured 
downstream of Yarrawonga Weir (Table 78). The hydrology of the Barmah-Millewa Forest is defined by 
the Barmah Choke, a narrowing of the river channel which reduces its carrying capacity and pushes 
water out across the floodplain. Progressively higher flows (indicators 1 – 6) allow the inundation of 
wetlands, red gum and black box woodland respectively. Additionally, the seventh flow indicator is 
associated with long duration events to provide conditions conducive to colonial nesting waterbird 
breeding and recruitment. These indicators are based on an analysis of existing literature, empirical 
data, and without development and baseline modelling data (MDBA, in prep).  

The Barmah-Millewa Forest demand series for the three Basin Plan scenarios was designed to achieve 
site-specific flow indicators by requesting events in addition to baseline to achieve the flow indicator 
target frequency. The demand timeseries did not attempt to reinstate flow indicator five or six based on 
MDBAs assessment of system constraints, which indicated that achieving 50,000 to 60,000 ML/d flows 
by active flow management would be difficult due to the existing flood mitigation constraints. These 
events are dependent on large inflow events from a number of tributaries and potential storage spills 
and are beyond the scope of a managed watering event. In reality, the 35,000 ML/d flow event would 
also be difficult to deliver for the target duration as only 25,000 ML/d can be called from Hume Dam 
and the tributaries above the Forest are unregulated. 
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Table 78: Environmental flow indicators for the Barmah-Millewa Forest, including High and Low Uncertainty (HU 
and LU) target frequencies expressed as proportion of years. Events not targeted with the demand series are 
marked in grey. 

Flow 
indicator 

Flow 
magnitude 

(ML/d) 

Duration 
(days) Start month End month LU Freq 

(% years) 
HU Freq 
(% years) 

1 12,500 70 (min 7) Jun Nov 80 70 
2 16,000 98 (min 7) Jun Nov 50 40 
3 25,000 42 (min 7) Jun Nov 50 40 
4 35,000 30 (min 7) Jun May 40 33 
5 50,000 21 (min 7) Jun May 30 25 
6 60,000 14 (min 7) Jun May 25 20 
7 15,000 150 (min 7) Jun Dec 30 30 

 

5.1.1 Edward-Wakool River System  

Five environmental flow indicators were defined for the Edward-Wakool River system, measured on the 
Edward River at Deniliquin (). This is a major anabranch and floodplain of the River Murray, and contains 
a complex network of interconnecting regulated streams and ephemeral wetlands, including billabongs, 
lagoons, depressions, creeks, flood runners and lakes. Flows into this system are heavily influenced by 
the Barmah Choke, a narrowing of the River Murray which directs water into the Edward-Wakool 
system. During significant floods, flows in this anabranch system can exceed those in the main stem of 
the River Murray. Flooding in this system is complex, and the duration of an event is critical, as the long 
ephemeral streams can require several weeks of inflow to inter-connect wetlands (MDBA, in prep). 

As described previously, Edward-Wakool demands were not included because they are relatively small 
in volume and align to some extent with flows associated with Barmah-Millewa Forest. Consequently 
model development required to include them was seen as a low priority within the limited time 
available, however this work may be completed in future modelling iterations. The flow indicators listed 
in Table 79 were used as performance indicators for different modelling scenarios. 

Table 79: Environmental flow indicators for the Edward-Wakool River System, including High and Low 
Uncertainty (HU and LU) target frequencies expressed as proportion of years. Grey shading denotes that these 
events were not targeted with a demand series. 

Flow 
indicator 

Flow 
magnitude 

(ML/d) 

Duration 
(days) 

Start 
month 

End 
month 

LU Freq 
(% years) 

HU Freq 
(% years) 

1 1,500 180 Jun Mar 100 99 
2 5,000 60 Jun Dec  70 60 
3 5,000 120 Jun Dec 40 35 
4 18,000 28 Jun Dec 30 25 
5 30,000 21 Jun Dec 20 17 
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5.1.2 Gunbower-Koondrook-Perricoota Forest 

Five environmental flow indicators were defined for the Gunbower-Koondrook-Perricoota Forests, 
measured downstream of Torrumbarry Weir (Table 85). A significant proportion of flows in the River 
Murray bypass this section of the river due to the influence of the Barmah Choke upstream, which 
directs some of the water north through the Edward-Wakool River system. By pushing water out onto 
the floodplain, the Choke also attenuates high flows, and significantly reduces the peak flow 
downstream. Hence the indicators listed in Table 80 are highly dependent on inflows from the Goulburn 
River. Flow indicators 1 – 4 relate to the inundation of wetlands, red gum and black box woodland, 
whilst the fifth indicator is associated with long duration inundation events to provide conditions 
conducive for colonial nesting waterbird breeding and recruitment. These indicators are based on an 
analysis of existing literature, empirical data, and without development and baseline modelling data and 
are further described in MDBA, in prep). 

The Gunbower-Koondrook-Perricoota demand series requested a volume in addition to the baseline 
flow downstream of Torrumbarry Weir to achieve the site-specific flow indicators. The Environmental 
Event Selection Tool includes a semi-analytic estimate of the contribution of flows from upstream 
environmental watering (i.e. return flows resulting from environmental watering of the Barmah-Millewa 
Forest). That is, the demand series generated take into account estimates of return flows from 
upstream environmental water deliveries in contributing to the achievement of the desired flow 
indicator frequency. 

 

It is noted that TLM environmental works at both Gunbower Forest and Koondrook-Perricoota Forest 
(built, under construction and/or proposed) could assist with meeting environmental outcomes through 
the delivery of water through works instead of through the delivery of high flows. The effect of using 
the works both at this site and for the broader River Murray environmental assets needs further 
assessment: Gunbower-Koondrook-Perricoota Forest may be able to be managed with less water to 
meet many of the same outcomes but if flows associated with outcomes that can be delivered by works 
are removed this could be detrimental to achieving environmental outcomes at sites outside of the 
command of the works.  

In the indicator site methodology, environmental water requirements specified at hydrologic indicator 
sites i.e. Gunbower-Koondrook-Perricoota Forest are intended to represent the broader environmental 
flow needs of river valleys or reaches. Accordingly, in the current proposed Basin Plan environmental 
water requirements for Gunbower-Koondrook-Perricoota Forest have not been modified to take into 
account the presence of works to ensure flow indicators are representative of reach-scale 
environmental water requirements. The implications of works at a particular site on broader 
environmental outcomes is a complex trade-off to consider. As such the MDBA will seek to make an 
informed assessment for input into the 2015 review of the Basin Plan. 
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Table 80: Environmental flow indicators for the Gunbower-Koondrook-Perricoota Forest, including High and 
Low Uncertainty (HU and LU) target frequencies expressed as proportion of years 

Flow 
indicator 

Flow 
magnitude 

(ML/d) 

Duration 
(days) Start month End month LU Freq 

(% years) 
HU Freq 
(% years) 

1 16,000 90 (min 7) Jun Nov 80 70 
2 20,000 60 (min 7) Jun Nov 70 60 
3 30,000 60 (min 7) Jun May 50 33 
4 40,000 60 (min 7) Jun May 33 25 
5 20,000 150 (min 7) Jun Dec 30 30 

 

5.1.3 Hattah Lakes  

Six environmental flow indicators were defined for Hattah Lakes, measured downstream of Euston. 
Inundation of the nineteen lakes in this system commences when flows in the River Murray exceed 
approximately 37,600 ML/day (SKM 2004). The indicators listed in Table 81 are associated with 
inundation of the various lakes and the maintenance of vegetation communities and habitats based on 
an analysis of digital mapping, hydrologic and hydraulic modelling, and empirical data (MDBA, in prep). 
Progressively higher flows provide for the inundation of wetlands, red gum and black box woodland 
respectively. 

The Hattah Lakes demand series requests a volume in addition to baseline flows measured downstream 
of Euston to achieve site-specific flow indicators. The Environmental Event Selection Tool includes a 
semi-analytic estimate of the contribution of flows from upstream environmental watering (i.e. return 
flows resulting from environmental watering of the Barmah-Millewa and Gunbower-Koondrook-
Perricoota Forests). The demand timeseries did not attempt to reinstate flow indicator five or six based 
on MDBAs assessment of system constraints, which indicated that achieving 120,000 to 150,000 ML/d 
flows by active flow management would be difficult due to the existing flood mitigation constraints. 
These events are dependent on large inflow events from a number of tributaries and potential storage 
spills and are beyond the scope of a managed watering event. 

It is noted that TLM environmental works at Hattah Lakes (built, under construction and/or proposed) 
could assist with meeting environmental outcomes through the delivery of water through works instead 
of through the delivery of high flows. The effect of using the works both at this site and for the broader 
River Murray environmental assets needs further assessment: Hattah Lakes may be able to be managed 
with less water to meet many of the same outcomes but if flows associated with outcomes that can be 
delivered by works are removed this could be detrimental to achieving environmental outcomes at sites 
outside of the command of the works.  

In the indicator site methodology, environmental water requirements specified at hydrologic indicator 
sites i.e. Hattah Lakes are intended to represent the broader environmental flow needs of river valleys 
or reaches. Accordingly, environmental water requirements for Hattah Lakes have not been modified to 
take into account the presence of works to ensure flow indicators are representative of reach scale 
environmental water requirements. Theimplications of works at a particular site on broader 
environmental outcomes is a complex trade-off to consider. As such the MDBA will seek to make an 
informed assessment for input into the 2015 review of the Basin Plan. 
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Table 81: Environmental flow indicators for the Hattah Lakes system, including High and Low Uncertainty (HU 
and LU) target frequencies expressed as proportion of years. Events not targeted with the demand series are 
marked in grey. 

Flow 
indicator 

Flow 
magnitude 
(ML/day) 

Duration 
(days) 

Start 
month 

End 
month 

LU Freq 
(% years) 

HU Freq 
(% years) 

1 40,000 60 (min 7) Jun Dec 50 40 
2 50,000 60 (min 7) Jun Dec 40 30 
3 70,000 42 (min 7) Jun Dec 33 20 
4 85,000 30 (min 7) Jun May 30 20 
5 120,000 14 (min 7) Jun May 20 14 
6 150,000 7 Jun May 13 10 

 

5.1.4 In-channel freshes and Lower Darling Floodplain  

Five environmental flow indicators were defined for the Darling Anabranch and Lower Darling River 
(Figure 58) based on the flow at Weir 32, downstream of the Menindee Lakes system. Lake level 
indicators have also been defined for Menindee and Cawndilla Lakes. Flow indicators are associated 
with the maintenance of in-channel and floodplain/lake connectivity, and the provision of feeding and 
roosting sites for birds and conditions enabling fish movement, see (MDBA, in prep) for more detail. 

Environmental water requirement demands for the Menindee Lakes and Lower Darling Floodplain were 
not included as their delivery would require changes in policy associated with the water accounting and 
operations in Menindee Lakes, which are outside of the remit of the MDBA and Basin Plan.  

Table 82: Environmental flow indicators for the Darling Anabranch and Lower Darling River, including High and 
Low Uncertainty (HU and LU) target frequencies expressed as proportion of years. Grey shading denotes that 
these events were not targeted with a demand series. 

Flow 
indicator 

Flow 
magnitude 
(ML/day) 

Duration 
(days) 

Start 
month 

End 
month 

LU Freq 
(% years) 

HU Freq 
(% years) 

1 20,000 30 Jan Dec 20 14 
2 25,000 45 Jan Dec 10 8 
3 45,000 2 Jan Dec 10 8 
4 7,000 10 Jan Dec 90 70 
5 17,000 18 Jan Dec 40 20 

 

5.1.5 Riverland-Chowilla Floodplain  

Seven environmental flow indicators were defined for the Riverland-Chowilla Floodplain and in-channel 
flows within the Lower River Murray, measured as flow at the South Australian border. The indicators 
listed in Table 83 which commence with flows of 40,000 ML/d are linked to the inundation of the 
mosaic of anabranch creeks, wetlands, lagoons, lakes, floodplains and flood dependent vegetation 
communities which comprise the Riverland Ramsar site and The Living Murray Chowilla Floodplain and 
Lindsay–Wallpolla Islands icon site, see MDBA, in prep) for further detail. Progressively higher flows 
provide for the inundation of progressively larger areas of wetlands, red gum and black box woodland 
respectively. The seventh flow indicator targets in-channel fresh events of 20,000 ML/day for 60 
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consecutive days; these events are intended to maintain important native fish populations including 
supporting fish spawning and recruitment (MDBA 2012). 

The Riverland-Chowilla demand series requests a volume in addition to baseline flows, measured at the 
SA border to achieve the site-specific flow indicators. The Environmental Event Selection Tool includes a 
semi-analytic estimate of the contribution of flows from upstream environmental watering. That is, the 
demand series generated take into account estimates of return flows from upstream environmental 
water deliveries in contributing to achievement of the desired flow indicator frequency. The demand 
timeseries did not attempt to reinstate flow indicator five or six based on MDBAs assessment of system 
constraints, which indicated that achieving 100,000 to 125,000 ML/d flows by active flow management 
would be difficult due to the existing flood mitigation constraints. These events are dependent on large 
inflow events from a number of tributaries and potential storage spills and are beyond the scope of a 
managed watering event. 

It is noted that TLM environmental works at Riverland-Chowilla floodplain key environmental asset 
(built, under construction and/or proposed) could assist with meeting environmental outcomes through 
the delivery of water through works instead of through the delivery of high flows. The effect of using 
the works both at this site and for the broader River Murray environmental assets needs further 
assessment: the Riverland-Chowilla floodplain and Lindsay-Mulcra-Wallpolla Islands may be able to be 
managed with less water to meet many of the same outcomes but if flows associated with outcomes 
that can be delivered by works are removed this could be detrimental to achieving environmental 
outcomes at sites outside of the command of the works.  

In the indicator site methodology, environmental water requirements specified at hydrologic indicator 
sites i.e. Riverland-Chowilla floodplain are intended to represent the broader environmental flow needs 
of river valleys or reaches. Accordingly, environmental water requirements for Riverland-Chowilla 
floodplain have not been modified to take into account the presence of works to ensure flow indicators 
are representative of reach scale environmental water requirements. The implications of works at a 
particular site on broader environmental outcomes is a complex trade-off to consider. As such the 
MDBA will seek to make an informed assessment for input into the 2015 review of the Basin Plan. 

Table 83: Environmental flow indicators for the Riverland-Chowilla Floodplain, including target High and Low 
Uncertainty (HU and LU) frequencies expressed as proportion of year. Events not targeted with the demand 
series are marked in grey. 

Flow 
indicator 

Flow 
magnitude 

(ML/d) 

Duration 
(days) 

Start 
month 

End 
month 

LU Freq 
(% years) 

HU Freq 
(% years) 

1 40,000 30 (min 7) Jun Dec 70 50 
2 40,000 90 (min 7) Jun Dec 50 33 
3 60,000 60 (min 7) Jun Dec 33 25 
4 80,000 30 (min 7) Jun May 25 17 
5 100,000 21 (min 1) Jun May 17 13 
6 125,000 7 (min 1) Jun May 13 10 
7 20,000 60 Aug Dec 80 72 
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5.1.6 Coorong, Lower Lakes and Murray Mouth 

Located at the downstream end of the Murray-Darling River system, the Coorong, Lower Lakes, and 
Murray Mouth (CLLMM) are a nationally and internationally significant wetland area with a diverse 
range of freshwater, estuarine and marine habitats which support unique plant and animal life. These 
assets and the associated biota are sensitive to salinity and water levels, which vary over time primarily 
in response to upstream freshwater inflows. Table 84 provides flow and salinity indicators developed for 
the CLLMM of which the first seven indicators monitor salinity behaviour in the Coorong, which is 
represented by a hydrodynamic model connected to the Murray hydrological model. Flows over the 
Barrages are closely related to salinity and water levels within the Coorong and Lower Lakes, salt export 
volumes and Murray Mouth opening, and these indicators are also shown in Table 84. A full description 
of the underlying rationale for these indicators is given in MDBA (in prep). 

Table 84: Environmental flow and salinity indicators for the Coorong, Lower Lakes, and Murray Mouth. 

Indicator Target 

Average salinity (g/L) in Coorong southern lagoon over model period less than 60 g/L 

Maximum salinity (g/L) in Coorong southern lagoon over model period less than 130 g/L 

Max period (days) salinity in Coorong southern lagoon is greater than 130 g/L 0 days 

Proportion of years salinity in Coorong southern lagoon < 100 g/L greater than 95% 

Average salinity (g/L) in Coorong northern lagoon over model period less than 20 g/L 

Maximum salinity (g/L) in Coorong southern lagoon over model period less than 50 g/L 

Max period (days) salinity in Coorong northern lagoon is greater than 50 g/L 0 days 

Proportion of years 3 year rolling average barrage flow greater than 1,000 GL/yr 100% 

Proportion of years 3 year rolling average barrage flow greater than 2,000 GL/yr greater than 95% 

 

5.12.3.2 Baseflows and further additions to Lower Murray demands (Flow SA) 

In addition to the Riverland-Chowilla Floodplain demand, the demand at the South Australian border 
was also designed to meet in-channel baseflow and fresh requirements, and to contribute to meeting 
the CLLMM requirements. These components were constructed separately and included iteratively into 
the models, as described below.  

A baseflow assessment was undertaken at eleven locations throughout the Murray region, including a 
single site on the Lower Darling at Burtundy. To simplify the modelling process and recognising the 
hydrological connectivity of sites, demands have only been included in the MSM model at two of the 
eleven sites; the SA border and Burtundy. The results were, however, tracked against the desired 
baseflow requirements for all eleven locations. The baseflow demand series at both sites were created 
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using the same method applied for all other baseflow sites, and a detailed description is given in Section 
4.  

An iterative approach to incorporating environmental demands for the CLLMM into the modelling was 
applied which takes into account the level to which water delivered to achieve environmental outcomes 
upstream will contribute to achievement of downstream environmental targets. In particular, it 
recognises that the spatial location of CLLMM at the end of the Murray Darling Basin allows it to accrue 
the benefits of return flows from upstream environmental water deliveries. The approach also reflects 
modelling limitations in the ability of demands placed at the downstream end of the model to be passed 
back upstream, particularly into tributary models. The adopted approach does not suggest that the 
water requirements of the CLLMM have lower priority than other key environmental assets and key 
ecosystem functions throughout the Basin but reflects the need to integrate water requirements at a 
Basin scale into the modelling process. 

The first modelling iteration incorporated demands for baseflow and overbank water requirements for 
all upstream hydrological indicator sites throughout the Basin (including Riverland-Chowilla). Outputs 
from this first modelling iteration were assessed to check whether modelled Murray diversions matched 
the targeted long-term average reduction in diversions (Table 77). Analysis of the first modelling 
iteration showed that both the long-term average diversions and annual Murray diversions were higher 
than the target reduction in diversions for the various SDL scenarios modelled.  

In addition, analysis of barrage flow and Coorong salinity indicators using hydrodynamic model outputs 
from the preliminary modelling iteration was also undertaken to determine years in which additional 
flow would enhance outcomes for the CLLMM.  

The second modelling iteration involved development of a demand timeseries at the SA Border to 
address these two issues. In most years, the demand time series sought to address the issue of 
modelled diversions exceeding the targeted reduction in diversions, while the number of years where a 
CLLMM requirement was identified represented a much smaller subset of the number of years. The 
delivery pattern for this demand was configured to enhance in-channel fresh flows to the Lower River 
Murray en route and minimise transmission losses that would occur if delivered as an overbank flow.  

Demands were only generated in years where water remained  within the BP-EWA (the volumetric 
difference between the modelled and targeted annual diversions). The application of BP-EWA 
volumetric constraint limited the ability to provide additional flows to Coorong, Lower Lakes and Murray 
Mouth in some years despite flow and/or salinity indicators not being met by the first modelling 
iteration.  

A secondary filter was applied prior to the inclusion of fresh demands at the SA border into the second 
modelling iteration whereby storage levels within the upper Murray were assessed to ensure sufficient 
water was available for release. In total, demands were included in a subset of nine years over the 114 
year model period. This demand series therefore only partially addresses the number of years where 
modelled diversions exceed the targeted reduction in diversions and represents a relatively minor part 
of the multi-step approach to achieve the target reduction in diversions involving reducing entitlements, 
including environmental demands and reducing irrigation water demands. 
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The preferred pattern of the freshes demand was to augment flows to deliver 20,000 ML/d for 30 days 
between October and November6

5.12.4 Modelling Methodology 

.  In some years where a requirement was identified the preferred 
criteria for fresh demands could not be achieved without exceeding without development flows or not 
use the entire volume remaining within the environmental account. In these years, the freshes criterion 
was relaxed whereby a demand timeseries was generated to augment flows to deliver 20,000 ML/d or 
without development flows (if less than 20,000 ML/d) at any time throughout the water year, again 
constrained to the annual volume available within the BP-EWA.  

The Murray and Lower Darling model run scenarios were completed for three levels of diversion 
reductions corresponding to long-term average Basin-wide reductions of 2400, 2800 GL and 3200 GL/y. 
The approach adopted for all three scenarios was identical except that the environmental demand 
timeseries was changed to take into account differences in the volume of water available in the 
environmental account (BP-EWA) which required or enables alterations to the number and/or sequence 
of environmental events selected for re-instatement. This effectively provides a test of how much a 
larger amount of water available to the environment helps to meet desirable environmental outcomes 
in the Basin. The methodology adopted for these scenarios in the Murray and Lower Darling system 
was: 

1. Irrigation entitlements in the Murray and Lower Darling were reduced to achieve the desired 
reduction in irrigation diversions for the Murray and Lower Darling specified in Table 77. The 
entitlement of all water products was reduced by the same percentage as the reduction in 
diversions desired to achieve the SDLs (except Metro Adelaide and Country Town water supply, 
which were not changed). This is a modelling assumption and reasonable for estimating 
environmental outcomes for a given level of reduction in consumptive use. In practice, the 
location from where entitlements are purchased and type of entitlement purchased will 
influence the amount of water available and its use. 

2. The Basin Plan environmental water requirements were included in the model as a minimum 
flow requirement at five locations (Section 5.12.3) in addition to the flow regime resulting from 
existing environmental flow rules.  

3. For Basin Plan modelling purposes, the environmental account created for TLM was increased 
by a volume equivalent to that by which irrigation entitlements were reduced (i.e. the TLM 
account was expanded to include water recovered for Basin Plan. This is a sensible modelling 
approach but does not reflect the separate governance and management arrangements of the 
two programs/initiatives.  

4. Environmental water ordered at a given site will contribute to desired events at upstream and 
downstream locations. Hence, water used for the Basin Plan environmental demands from the 
environmental account is calculated based on incremental water ordered at locations where the 

                                                           
6 The freshes component added to the demand series was developed prior to the seventh flow indicator 
listed in Table 83. The duration and seasonal discrepancies between the flow indicators and the demand 
series will be addressed in future model scenarios. 
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environmental demands are placed. This is an important component of the water accounting 
system, as it ensures that the environmental account is not debited on multiple occasions for 
the same quantum of water appearing at multiple sites. Instead, the ‘use’ at a downstream site 
is propagated to the upstream site, and only the additional volume present in the demand 
series is removed from the environmental account. 

The Event Selection Tool approach adopts an annual allocation level to estimate water 
availability for the environment i.e. it doesn’t replicate the monthly allocation process. Hence, 
the environmental water balance is allowed to go negative within a water year as long as the 
annual environmental water use matches the water within the BP-EWA. 

5. The rules for utilising the existing TLM water and delivering it to Icon Sites utilising TLM works 
are the same as in the baseline model. However, the need for these delivery activities and 
operation of works changes because of the additional high flow events generated to meet the 
Basin Plan environmental water requirements which are representative of water requirements 
for a broader river reach.  

6. Water will continue to be shared between States and users within the system will be managed 
as per water sharing arrangement represented by baseline conditions. 

7. All minimum flow requirements, maximum flow constraints, channel capacity constraints, 
operating rules of the storages and weirs, off-take flow relationships and irrigation management 
rules are the same as per the baseline model with an exception of the Barmah choke capacity. 
The choke is relaxed to 40,000 ML/day only for Basin Plan environmental water delivery. 

8. The use of environmental water will have a different pattern of use as compared to irrigation. 
As mentioned earlier, the long term average diversions have been limited to the SDL through a 
reduction in entitlements, inclusion of environmental water requirements and a reduction in 
irrigation demands. This reduction in diversions can be achieved by a number of different 
combinations of these three strategies and would depend on water sharing and water 
management policies adopted as part of the Water Sharing Plan. Furthermore, the 
environmental demand series are constrained by a BP-EWA which shares the same pattern of 
use across years as displayed by diverters under baseline conditions. In practice, environmental 
releases will be constrained by annual allocations rather than a consumptive use pattern. 

9. Environmental demands are included as a timeseries of minimum flow demand. The 
development of this demand timeseries assumes foresight of river flows in the system within a 
given year (ie no foresight beyond the current water year). Since water sharing and water 
management of the Murray system is modelled using a Monthly time step model, the 
aggregation of daily demand for use in monthly model was developed using the methodology 
described in Box 4 (for the Goulburn).   

10. If environmental demands are competing with irrigation demands for available channel 
capacity, it is assumed that the irrigation demands get priority. 

11. Analysis of flooding impacts at key gauge locations in the Murray is a work in progress. 
However, modelled flows, under various Basin Plan scenarios, are consistent with maximum 
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flow operational constraints (excluding relaxation of Barmah Choke capacity as described 
above). A more detailed and comprehensive analysis of flooding impacts along the length of the 
Murray is required to determine the full impact of changed flow patterns and this work may 
inform the 2015 review of the Basin Plan.  

5.12.5 Results and Discussion – River Murray System 

5.1.7 Hydrological Results  

The water balance for the River Murray system, under without development, baseline and the BP-2400, 
BP-2800 and BP-3200 Scenarios are summarised in Table 85. Inflows vary between scenarios, as a 
consequence of the reduction in diversions under the three BP Scenarios leading to increased tributary 
flows to the Murray of 1069, 1159 and 1358 GL/y respectively. For example, outflows from the 
Murrumbidgee region increase by 389, 460, and 553 GL/y respectively for the BP 2400, 2800 and 3200 
GL scenarios contributing to the overall modelled changes to inflow. 

A total reduction in diversions of 948, 1178, 1349 GL/y was achieved for the Murray and Lower Darling 
for the three scenarios respectively. Furthermore, as a result of delivering water for the environment 
and the reduction in diversions, flows over the barrages (outflows) are increased by an average of 1728, 
2068 and 2389 GL/y, respectively for the three scenarios indicating that a lot of the additional water 
that might be recovered for the environment will make it to the Murray Mouth even though it will be 
used by other environmental sites and benefit the river and its floodplain on the way. 

Table 85: Key water balance results for the Murray region 

Water balance 
 Items 

without 
development  

GL/y 

baseline 
GL/y 

BP-2400 
GL/y 

BP-2800 
GL/y 

BP-3200 
GL/y 

Inflow (GL/y) 16386 12383 13399 13542 13741 
   NSW 5940 3317 3905 3975 4069 
   Victorian 5782 3866 4294 4367 4472 
   Shared 4664 5200 5200 5200 5200 
Diversions (GL/y) 0 4070 3122 2892 2721 
   NSW Murray 0 1696 1277 1180 1099 
   NSW Lower Darling 0 55 42 40 36 
   Victoria 0 1654 1251 1161 1081 
   South Australia 0 665 522 511 504 
Loss (GL/y)* 4008 3225 3461 3494 3543 
Outflow (GL/y) 12377 5088 6816 7156 7477 

* Loss includes unattributed loss and change in storage  
 

As seen in Figure 59, the pattern of annual diversions is similar to the baseline conditions for Victoria 
and South Australia in the Basin Plan model runs. However, NSW diversions for 2400 GL model runs 
show a larger degree of variability as a result of the interaction between environmental demands and 
water management policies. These issues, if considered to be important, can be addressed through 
changes to water allocation policies such as carry over reserves or carryover by individual users. The 
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long term average diversions were reduced proportionately to the current level of diversions for each 
State 

Figure 59: Annual diversions in the River Murray System for the baseline, BP-2400, BP-2800 and BP-3200 
scenarios 
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Figure 60 presents the average annual volume in the major storages in the River Murray system for the 
baseline and BP scenarios. In general, the impact on average annual storage volume in the BP scenarios 
is minimal. The stored volume in Dartmouth Dam is slightly higher in the BP scenarios, and the opposite 
is the case in Hume Dam. This is because the model decision algorithm to transfer water from 
Dartmouth Dam to Hume Dam is made in the process of the resource assessment, and this process for 
the BP scenarios does not properly reflect the environmental water requirements and the consequent 
increase in withinchannel conveyance losses.  

On average, the storages in the Lower Murray (i.e. Lake Victoria and Menindee Lakes) are at a higher 
level than displayed under baseline conditions. This is mainly due to increased inflows to these lakes 
due to reduction in upstream consumptive use and reregulation of environmental flows and 
unregulated flows. In addition to increased inflow from the Barwon-Darling Menindee Lakes have higher 
volume due to most of the targeted high flow environmental water requirements for Riverland-Chowilla 
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floodplain being provided coincidentally by the environmental water requirements of key sites on the 
Murray upstream and as such there is less active call on Menindee Lake storages to meet downstream 
demands. As noted previously, some of the Riverland-Chowilla flow indicators (ie flow indicators 5, 6 
and 7 in Table 83) have not been targeted with a demand timeseries and Menindee Lakes would have 
been drawn down more if these flow requirements were actively targeted.  

As summarised in Figure 61 and Figure 62 river regulation and water extraction under baseline 
conditions has led to a reduction in flow at the end of the Murray-Darling system (barrages) by 59% 
compared to without development conditions. The end of system flow has increased under all three BP 
scenarios. Increasing the water recovery volume from a Basin-wide volume of 2400 GL to 3200 GL has 
increased the end of system flow by a long-term average of 661 GL/y. This change is not easily 
identifiable at a yearly time scale (Figure 62), however it is more clear when viewed at a daily time scale 
(Figure 63).  

Figure 67 shows that flow magnitude is increased and period with zero flow is decreased for the three 
BP scenarios compared to the baseline conditions. The increased flows under all three Basin Plan 
scenarios a make a substantial difference tor lake levels (measured at Milang) and salinities in the 
Coorong. In Figure 67, it is shown that the water recovery represented in the BP scenarios has 
prevented the lake levels from dropping below mean sea level in all scenarios. 

Changes in salinities in the Coorong are more prominent. As can be seen in Figure 64 and Figure 65, 
under baseline conditions salinity levels in the North and South Coorong exceeded the desired levels (50 
g/L and 130 g/L respectively) during the recent drought period. In contrast, these targets are not 
exceeded under the BP-3200 scenario. Under the BP-2800 scenario, the target at South Coorong has 
been met in all years, however the target maximum salinity level in the North Coorong has been 
exceeded by a small amount for two years (55.6 g/L at year 2007 and 55.8 g/L at year 2008). This 
frequency is increased by one more year under the BP-2400 scenario with the maximum reaching 75 g/L 
which is a more substantial shortfall from the 50 g/L target. Given the inherent uncertainty in the 
modelling and the uncertainty around the salinity thresholds of Ruppia megacarpa, on which the North 
Coorong targets are based the implications for the long-term health of the site from these exceedances 
in 2 years out of the 114 year modelling period in the BP-2800 scenario are not considered significant. 

The long term salt export from the basin has been estimated using modelled outcomes for the 1975-
2009 period (Period for which salinity data is available and is used as part of period used for the Basin 
Salinity Management Strategy) and comparison of flow conditions during this period with the long term 
period of 1895 to 2009 adopted for the Basin Plan. Consequently, the long term salt export from the 
basin is estimated to be 3.83 million tonnes per year under without development conditions and 1.66 
million tonnes per year under baseline conditions.  This salt export is estimated to increase to 1.91. 1.96 
and 2.00 million tonnes per year under BP-2400, BP-2800 and BP-3200 scenarios.  These salt load export 
estimates do not include the projected increase in salt mobilisation in future estimated by the Salinity 
Audit (MDBC , 1999) and updates by subsequent studies and thus it is considered that last 2 of these 
scenarios, if not all three will actually export more than 2 Million tonnes per year salt from the basin. 

Further, these salt export assessments are based on the assumption that salt accessions from 
floodplains and saline groundwater and salinity concentration of contributing tributaries to the Murray 
will remain at current levels under the baseline and all BP scenarios.  
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Figure 60: Average annual volume in four main storages in the River Murray System (Dartmouth, Hume, 
Menindee Lakes and Lake Victoria), and the combined total storage, for the baseline and BP-2800 Scenarios 
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Figure 61: Annual flows at the end of the River Murray System (barrages)for the without development, baseline 
and BP-2400, BP-2800 and BP-3200 scenarios 

 

Figure 62: Daily flows at the end of the River Murray System (barrages) for the without development, baseline 
and BP-2400, BP-2800 and BP-3200 scenarios for the period 1st July 2000 to 30th June 2009. 
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Figure 63: Daily water level (mAHD) at Lower Lakes for the baseline, BP-2400, BP-2800 and BP-3200 scenarios 
for the period 1st July 2000 to 30th June 2009. 

 
Figure 64: Daily salinity (g/L) at North and South Coorong Lagoons for the baseline, BP-2400, BP-2800 and BP-
3200 scenarios for the period 1975-2009. 
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Figure 65: Daily salinity (g/L) at North and South Coorong Lagoons for the baseline, BP-2400, BP-2800 and BP-
3200 scenarios for the period 1st July 2000 to 30th June 2009. 

 
 

5.12.6 Environmental Results  
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eventual SDLs under the Basin Plan. Any SDL offset that may arise from environmental works will feed 
into the 2015 review. 

5.12.6.1 Barmah-Millewa Forest 
For the BP-2800 scenario the target frequency expressed as proportion of years for the following flow 
indicators have been achieved (Table 86): 

• 12,500 ML/d for 70 days; 
• 16,000 ML/d for 98 days; 
• 25,000 ML/d for 42 days; and 
• 15,000 ML/d for 150 days. 

 
These flows are associated with outcomes for wetlands, near channel vegetation, low level floodplain 
communities (such as red gum forest), and conditions suitable for breeding of colonial nesting 
waterbirds. Some of the flow indicators perform “above” the low uncertainty frequency of events. This 
is because water called down the length of the River Murray to meet downstream environmental water 
requirements has to physically travel through the Barmah-Millewa Forest rather than the MDBA 
deliberately targeting a higher frequency. 

The achievement of the remaining flow indicators has been affected by upstream delivery constraints, 
particularly the 25,000 ML/d constraint between Hume and Yarrawonga (Table 86). Some improvement 
compared to baseline is noted in the proportion of years with a 35,000 ML/d for 30 day event, 
indicating it is possible to enhance flows at this level under some conditions when tributary inflows are 
occurring naturally (to deliver flow to Barmah-Millewa Forest the only storage from which water can be 
called is Hume Dam which has a constraint of 25,000 ML/d; other tributaries are unregulated so 35,000 
ML/d flows cannot be called from regulated releases which makes achieving the desired duration and 
frequency of events difficult to achieve). Further enhancement of flows at this level might be achievable 
with optimisation of the modelling or dealing with the constraints over time. 

Compared to the BP-2800 scenario, the BP-2400 scenario(Table 87) typically has a few less successful 
environmental watering events for most of the flow indicators over 114 years, and for the BP-3200 
scenario Table 88) there are typically a few more successful environmental water events. However, the 
broader outcome in terms of achieving or not achieving the target frequency does not change. 

5.12.6.2 Gunbower-Koondrook-Perricoota Forest 
For the BP-2800 scenario the target frequency expressed as a proportion of years have been achieved 
for the following indicators (Table 89): 

• 20,000 ML/d for 60 days; and 
• 30,000 ML/d for 60 days. 

 
These flows are associated with outcomes for near channel vegetation and low level floodplain 
communities such as red gum forest. There is also improvement in flows of 16,000 ML/d for 90 days 
from 31% to 68% and flows of 20,000 ML/d for 150 days, from 7% to 27% of years. These events are 
aimed at inundating permanent and semi-permanent wetlands and providing conditions suitable for 
colonial nesting waterbird breeding. Further analysis of partially delivered events shows a number of 
events that could potentially be optimised to meet the event parameters, or may deliver substantial 
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outcomes despite not achieving the desired parameters. One example is in the modelled year of 1942 
(Figure 66), when flows exceeded 20,000 ML/d for 150 days, however the event occurred slightly 
outside the preferred timing identified in the MDBA flow indicators (June to December), commencing in 
mid May. Another example is 1983 when flows exceeded 20,000 ML/d for 115 days, and 16,000 ML/d 
for 153 days. Whilst not optimal, this event may have retained water in key wetlands for a sufficient 
period of time to provide appropriate conditions for bird breeding. This underlines the point that the 
flow indicators are indicators only; they are not a complete representation of the environmental 
outcomes, hence a more thorough investigation of the flow timeseries is often useful in providing 
insight into broader changes to the flow regime and the likely environmental outcomes. 

A review of the events selected in the demand timeseries from the Environmental Event Selection Tool 
also shows a number of potential other events that could have been selected for delivery as sufficient 
volume of water was available in the BP-EWA in those years. In these situations water was targeted for 
other outcomes, but it is likely that the combination of events could be optimised to deliver more 
events of this type at Gunbower-Koondrook-Perricoota. When considered together these issues give a 
strong indication that these targets may be achievable with further optimisation of the modelling. 

There is also improvement in flows of 40,000 ML/d for 60 days, from 11% to 18% of years.  This event is 
more challenging to deliver because it will require carefully coordinated flow delivery in the Murray and 
Goulburn systems and is likely to be limited by delivery constraints in many years.  It also requires a 
greater volume of water available for delivery. 

Compared to the BP-2800 scenario, the BP-2400 scenario (Table 90) typically has a few less successful 
environmental watering events for most of the flow indicators over 114 years. However, the broader 
outcome in terms of achieving or not achieving the target frequency does not change except for the 
20,000 ML/d for 60 days flow indicator which does not achieve the higher uncertainty proportion of 
years for the BP-2400 scenario. 

Compared to the BP-2800 scenario, the BP-3200 scenario (Table 91) typically has a few more successful 
environmental watering events for all of the flow indicators over 114 years, which changes the ability to 
achieve the high uncertainty frequency for the 16,000 ML/d flow indicator. Improvements in the 40,000 
ML/d for 60 days and 20,000 ML/d flow indicators to within 1% of the target high uncertainty frequency 
in combination with a high number of partially successful events mean it is likely that with further 
optimisation of the modelling these flow indicators could also be achieved. As mentioned above, 
delivering the 40,000 ML/d flow would be challenging to deliver with current operating constraints and 
further analysis is needed to validate the effectiveness of the model in representing the delivery of this 
event. 
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Figure 66: Example of a flow event delivered to provide conditions suitable for bird breeding.  The required flow 
of 20,000 ML/d for 150 days occurred slightly outside the preferred timing of June to December, commencing in 
mid May. 

 

5.12.6.3 Hattah Lakes 
For the BP-2800 scenario the target frequency expressed as proportion of years were achieved for the 
following flow indicators (Table 92): 

• 40,000 ML/d for 60 days; and 
• 50,000 ML/d for 60 days. 

 
These flows are associated with outcomes for wetlands, near channel vegetation and low level 
floodplain communities such as red gum forest. 
 
Some improvement is noted in flows of 70,000ML/d for 42 days (from 11% to 18% of years). Analysis 
indicates that the demand timeseries included sufficient events to achieve the desired high uncertainty 
target of 20% of years, but despite being present within the demands a number of events were not 
successfully delivered in the model. In practice, delivering flows of this magnitude would be challenging 
with existing operational constraints, and the model results support this conclusion. Further 
enhancement of flows at this level might be achievable with optimisation of the modelling, targeting 
specific events/years where opportunities exist within constraints. 

Flows of 85,000 ML/d and above did not differ from baseline significantly for any of the three Basin Plan 
scenarios, primarily due to combined upstream constraints in the Murray, Goulburn and Murrumbidgee 
systems. Achievement of these flows would require constraints to be overcome, and potentially greater 
volumes of environmental water in priority years, through the increased provision of water to the 
environment, enhanced carryover and/or trade. 

Compared to the BP-2800 scenario, the BP-2400 scenario (Table 93) typically has a few less successful 
environmental watering events for some of the lower threshold flow indicators over 114 years. 
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However, the broader outcome in terms of achieving or not achieving the target proportion of years 
does not change. 

Compared to the BP-2800 scenario, the BP-3200 scenario (Table 94) typically has a few more successful 
environmental watering events for some of the lower threshold flow indicators over 114 years. 
However, the broader outcome in terms of achieving or not achieving the target frequency does not 
change except for the 70,000 ML/d for 42 days flow indicator which achieves the high uncertainty 
proportion of years for the BP-3200 scenario. As mentioned above, this flow would be challenging to 
deliver with current operating constraints and further analysis is needed to validate the effectiveness of 
the modelling (including the pre-processing of demand series) in representing the delivery of this event. 

As discussed in Section 5.12.2 and Section 5.12.3, the MDBA needs to do further work in collaboration 
with the States to identify how the achievement of environmental outcomes can be augmented by 
works being built as part of the Living Murray program and to assess if these works influence the 
eventual SDLs under the Basin Plan. SDL offset that may arise from environmental works will feed into 
the 2015 review. 

5.12.6.4 Riverland-Chowilla Floodplain 
For the BP-2800 scenario the target frequency expressed as proportion of years were achieved for the 
following flow indicators (Table 95): 

• 20,000 ML/d for 60 days;  
• 40,000 ML/d for 30 days; 
• 40,000 ML/d for 90 days; and 
• 60,000 ML/d for 60 days. 

These flows align with outcomes for native fish populations, wetlands, near channel vegetation and low 
level floodplain communities such as red gum forest.   

Flows of 80,000 ML/d and above did not differ from baseline significantly for any of the three Basin Plan 
scenarios, primarily due to combined upstream constraints in the Murray, Goulburn, Murrumbidgee 
and Lower Darling systems. Achievement of these flows would require constraints to be overcome, and 
potentially greater volumes of environmental water in priority years, through increased provision of 
water to the environment, enhanced carryover and/or trade. 

Compared to the BP-2800 scenario, the BP-2400 scenario (Table 96) typically has a few less successful 
environmental watering events over 114 years. However, the broader outcome in terms of achieving or 
not achieving the target frequency does not change except for the 60,000 ML/d for 60 days flow 
indicator which does not achieve the high uncertainty proportion of years for the BP-2400 scenario. 

Compared to the BP-2800 scenario,  the BP-3200 scenario (Table 97) typically has a few more successful 
environmental water events for some of the lower threshold flow indicators over 114 years. However, 
the broad outcome in terms of achieving or not achieving the target proportion of years does not 
change. 

5.12.6.5 Lower Darling and Edward-Wakool River systems 
The MDBA did not develop demand timeseries to target the modelled delivery of environmental water 
to the Lower Darling floodplain as delivery of this water would require policy changes to Menindee 
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Lakes operation (see Section 5.1.5). For the Edward-Wakool River system demands were not included 
because they are relatively small in volume and align with flows associated with the Barmah-Millewa 
Forest (see Section 5.1.2).. The results for these systems therefore show the outcomes due to other 
environmental demands within the modelling, primarily the targeted delivery of water to other sites 
and any associated changes in flows within the Lower Darling and Edward-Wakool River systems. Thus, 
the results are likely to underestimate what could be achieved under the proposed Basin Plan. 

For the Edward-Wakool River system the modelling indicates that it would be possible to meet the first 
three flow indicator target proportion of years. The volume of water required to deliver these events is 
relatively small, and they are not significantly affected by operational constraints. The remaining two 
events, particularly 30,000 ML/d for 21 days, would be difficult to deliver with existing constraints as 
only 25,000 ML/d can be supplied from Hume Dam as a regulated release. 

For the Lower Darling River system the modelling indicates that it would be possible to achieve three of 
the five flow indicator for the target proportion of years. In practice, the achievement of flow targets in 
the Lower Darling River system, particularly for Lakes Menindee and Cawndilla would be highly 
dependent on changed operation of Menindee Lakes. The investigations undertaken by the Department 
of Sustainability, Environment, Water, Population and Communities, and the NSW Government aim to 
develop a project to deliver a range of positive environmental outcomes for the lakes and Lower Darling 
River, together with considerable water savings.  
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Table 86: Flow indicator achievement for the Barmah-Millewa Forest under without development, baseline and BP-2800 scenarios. 

  Without 
developmen

t 

baseline Basin Plan - 2800 GL (see Section 5.1 for description of category 1 – 6) 

Flow indicator Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successfu
l event  

No. of 
years with 

a 
successful 

event  

No. of years with additional successful events Number of 
years with a 
successful 

environmenta
l event 

Proportion of 
years 

containing a 
successful 

environmenta
l event  

No. of 
additional 
years with 

events 
partially 

delivered 
(6)  

Flow event - threshold, 
duration, season 
(as gauged on the River 
Murray at Yarrawonga Weir) 

Target high and 
low uncertainty 
proportion of 
years with a 

successful event  

Ordered 
and fully 
delivere

d (1) 

Ordered 
and 

delivered 
within 10% 

(2) 

Other 
successfu

l events  
(3) 

baseline 
events 

lost  
(4) 

Total 
additional 
to baseline 

(5) 

12,500 ML/d for a total 
duration of 70 days (with min 
duration of 7 consecutive 
days) between Jun & Nov 

70 – 80% 87% 50% 57 27 0 14 -3 38 95 83% 1 

16,000 ML/d for a total 
duration of 98 days (with min 
duration of 7 consecutive 
days) between Jun & Nov 

40 – 50% 66% 30% 34 18 0 14 0 32 66 58% 12 

25,000 ML/d for a total 
duration of 42 days (with min 
duration of 7 consecutive 
days) between Jun & Nov 

40 – 50% 66% 30% 34 11 1 6 -2 16 50 44% 7 

35,000 ML/d for a total 
duration of 30 days (with min 
duration of 7 consecutive 
days) between Jun & May 

33 – 40% 53% 24% 27 7 0 4 -4 7 34 30% 4 

50,000 ML/d for a total 
duration of 21 days (with min 
duration of 7 consecutive 
days) between Jun & May 

25 – 30% 39% 18% 20 0 0 0 -2 -2 18 16% 1 

60,000 ML/d for a total 
duration of 14 days (with min 
duration of 7 consecutive 
days) between Jun & May 

20 – 25% 33% 14% 16 0 0 0 -3 -3 13 11% 4 

15,000 ML/d for a total 
duration of 150 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

30% 44% 11% 12 26 0 6 -1 31 43 38% 11 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).
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Table 87: Flow indicator achievement for the Barmah-Millewa Forest under without development, baseline and BP-2400 scenarios. 

  Without 
development 

baseline Basin Plan - 2400 GL (see Section 5.1 for description of category 1 – 6) 

Flow indicator Proportion of 
years 

containing a 
successful 

event  

Proportio
n of years 
containin

g a 
successfu

l event  

No. of 
years with 

a 
successfu

l event  

No. of years with additional successful events Number of 
years with a 
successful 

environmenta
l event 

Proportion of 
years 

containing a 
successful 

environmenta
l event  

No. of 
additional 
years with 

events 
partially 
delivered 

(6)  

Flow event - threshold, 
duration, season 
(as gauged on the River 
Murray at Yarrawonga 
Weir) 

Target high and 
low uncertainty 
proportion of 
years with a 
successful 

event  

Ordered 
and fully 
delivere

d (1) 

Ordered 
and 

delivered 
within 10% 

(2) 

Other 
successfu

l events 
(3) 

baseline 
events lost  

(4) 

Total 
additional 
to baseline 

(5) 

12,500 ML/d for a total 
duration of 70 days (with min 
duration of 7 consecutive 
days) between Jun & Nov 

70 – 80% 87% 50% 57 27 0 10 -3 34 91 80% 5 

16,000 ML/d for a total 
duration of 98 days (with min 
duration of 7 consecutive 
days) between Jun & Nov 

40 – 50% 66% 30% 34 13 2 14 0 29 63 55% 13 

25,000 ML/d for a total 
duration of 42 days (with min 
duration of 7 consecutive 
days) between Jun & Nov 

40 – 50% 66% 30% 34 9 1 7 -1 16 50 44% 10 

35,000 ML/d for a total 
duration of 30 days (with min 
duration of 7 consecutive 
days) between Jun & May 

33 – 40% 53% 24% 27 7 1 3 -6 5 32 28% 4 

50,000 ML/d for a total 
duration of 21 days (with min 
duration of 7 consecutive 
days) between Jun & May 

25 – 30% 39% 18% 20 0 0 0 -4 -4 16 14% 2 

60,000 ML/d for a total 
duration of 14 days (with min 
duration of 7 consecutive 
days) between Jun & May 

20 – 25% 33% 14% 16 0 0 0 -4 -4 12 11% 3 

15,000 ML/d for a total 
duration of 150 days (with 
min duration of 7 consecutive 
days) between Jun & Dec 

30% 44% 11% 12 26 0 5 -1 30 42 37% 8 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).
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Table 88: Flow indicator achievement for the Barmah-Millewa Forest under without development, baseline and BP-3200 scenarios. 

  Without 
development 

baseline Basin Plan - 3200 GL (see Section 5.1 for description of category 1 – 6) 

Flow indicator Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
years 
with a 

successf
ul event  

No. of years with additional successful events Number of 
years with a 
successful 

environmental 
event 

Proportion 
of years 

containing 
a 

successful 
environmen

tal event  

No. of 
additional 
years with 

events 
partially 

delivered 
(6)  

Flow event - threshold, 
duration, season 
(as gauged on the River 
Murray at Yarrawonga Weir) 

Target high and 
low uncertainty 
proportion of 
years with a 

successful event  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 10% 

(2) 

Other 
successful 

events 
(3) 

baseline 
events lost  

(4) 

Total 
additional 
to baseline 

(5) 

12,500 ML/d for a total 
duration of 70 days (with min 
duration of 7 consecutive 
days) between Jun & Nov 

70 – 80% 87% 50% 57 27 0 14 -3 38 95 83% 3 

16,000 ML/d for a total 
duration of 98 days (with min 
duration of 7 consecutive 
days) between Jun & Nov 

40 – 50% 66% 30% 34 19 0 16 0 35 69 61% 10 

25,000 ML/d for a total 
duration of 42 days (with min 
duration of 7 consecutive 
days) between Jun & Nov 

40 – 50% 66% 30% 34 14 0 7 -1 20 54 47% 7 

35,000 ML/d for a total 
duration of 30 days (with min 
duration of 7 consecutive 
days) between Jun & May 

33 – 40% 53% 24% 27 10 0 3 -5 8 35 31% 6 

50,000 ML/d for a total 
duration of 21 days (with min 
duration of 7 consecutive 
days) between Jun & May 

25 – 30% 39% 18% 20 0 0 1 0 1 21 18% 0 

60,000 ML/d for a total 
duration of 14 days (with min 
duration of 7 consecutive 
days) between Jun & May 

20 – 25% 33% 14% 16 0 0 0 -3 -3 13 11% 5 

15,000 ML/d for a total 
duration of 150 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

30% 44% 11% 12 26 0 4 -1 29 41 36% 16 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).
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Table 89: Flow indicator achievement for the Gunbower-Koondrook-Perricoota Forest under without development, baseline and BP-2800 scenarios. 

  Without 
development 

baseline Basin Plan - 2800 GL (see Section 5.1 for description of category 1 – 6) 

Flow indicator Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
years 
with a 

successf
ul event  

No. of years with additional successful events Number of 
years with a 
successful 

environmental 
event 

Proportion 
of years 

containing a 
successful 

environment
al event  

No. of 
additional 
years with 

events 
partially 
delivered 

(6)  

Flow event - threshold, 
duration, season 
(as gauged on the River 
Murray at Torrumbarry Weir) 

Target high and 
low uncertainty 
proportion of 
years with a 

successful event  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 
10% 
(2) 

Other 
successful 

events 
(3) 

baseline 
events lost  

(4) 

Total 
additional 

to 
baseline 

(5) 

16,000 ML/d for a total 
duration of 90 days (with min 
duration of 7 consecutive 
days) between Jun & Nov 

70 – 80% 86% 31% 35 25 10 8 0 43 78 68% 13 

20,000 ML/d for a total 
duration of 60 days (with min 
duration of 7 consecutive 
days) between Jun & Nov 

60 – 70% 87% 34% 39 16 6 7 0 29 68 60% 14 

30,000 ML/d for a total 
duration of 60 days (with min 
duration of 7 consecutive 
days) between Jun & May 

33 – 50% 60% 25% 28 3 4 8 0 15 43 38% 4 

40,000 ML/d for a total 
duration of 60 days (with min 
duration of 7 consecutive 
days) between Jun & May 

25 – 33% 39% 11% 13 3 2 4 -1 8 21 18% 11 

20,000 ML/d for a total 
duration of 150 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

30% 43% 7% 8 10 11 2 0 23 31 27% 7 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).
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Table 90: Flow indicator achievement for the Gunbower-Koondrook-Perricoota Forest under without development, baseline and BP-2400 scenarios. 

  Without 
developmen

t 

baseline Basin Plan - 2400 GL (see Section 5.1 for description of category 1 – 6) 

Flow indicator Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
years 
with a 

successf
ul event  

No. of years with additional successful events Number of 
years with a 
successful 

environmental 
event 

Proportion of 
years 

containing a 
successful 

environmental 
event  

No. of 
additiona

l years 
with 

events 
partially 
delivered 

(6)  

Flow event - threshold, 
duration, season 
(as gauged on the River 
Murray at Torrumbarry Weir) 

Target high and 
low uncertainty 
proportion of 
years with a 

successful event  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 
10% 
(2) 

Other 
successful 

events 
(3) 

baseline 
events lost  

(4) 

Total 
additiona

l to 
baseline 

(5) 

16,000 ML/d for a total 
duration of 90 days (with min 
duration of 7 consecutive 
days) between Jun & Nov 

70 – 80% 86% 31% 35 21 12 6 0 39 74 65% 14 

20,000 ML/d for a total 
duration of 60 days (with min 
duration of 7 consecutive 
days) between Jun & Nov 

60 – 70% 87% 34% 39 16 5 6 0 27 66 58% 11 

30,000 ML/d for a total 
duration of 60 days (with min 
duration of 7 consecutive 
days) between Jun & May 

33 – 50% 60% 25% 28 2 4 6 0 12 40 35% 6 

40,000 ML/d for a total 
duration of 60 days (with min 
duration of 7 consecutive 
days) between Jun & May 

25 – 33% 39% 11% 13 4 2 3 0 9 22 19% 10 

20,000 ML/d for a total 
duration of 150 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

30% 43% 7% 8 8 10 1 -1 18 26 23% 9 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).
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Table 91: Flow indicator achievement for the Gunbower-Koondrook-Perricoota Forest under without development, baseline and BP-3200 scenarios. 

  Without 
developmen

t 

baseline Basin Plan - 3200 GL (see Section 5.1 for description of category 1 – 6) 

Flow indicator Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
years 
with a 

successf
ul event  

No. of years with additional successful events Number of 
years with a 
successful 

environmental 
event 

Proportion of 
years 

containing a 
successful 

environmental 
event  

No. of 
additiona

l years 
with 

events 
partially 
delivered 

(6)  

Flow event - threshold, 
duration, season 
(as gauged on the River 
Murray at Torrumbarry Weir) 

Target high and 
low uncertainty 
proportion of 
years with a 

successful event  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 
10% 
(2) 

Other 
successful 

events 
(3) 

baseline 
events lost  

(4) 

Total 
additiona

l to 
baseline 

(5) 

16,000 ML/d for a total 
duration of 90 days (with min 
duration of 7 consecutive 
days) between Jun & Nov 

70 – 80% 86% 31% 35 27 10 9 0 46 81 71% 11 

20,000 ML/d for a total 
duration of 60 days (with min 
duration of 7 consecutive 
days) between Jun & Nov 

60 – 70% 87% 34% 39 21 4 6 0 31 70 61% 11 

30,000 ML/d for a total 
duration of 60 days (with min 
duration of 7 consecutive 
days) between Jun & May 

33 – 50% 60% 25% 28 8 3 5 0 16 44 39% 7 

40,000 ML/d for a total 
duration of 60 days (with min 
duration of 7 consecutive 
days) between Jun & May 

25 – 33% 39% 11% 13 5 5 4 0 14 27 24% 9 

20,000 ML/d for a total 
duration of 150 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

30% 43% 7% 8 11 11 3 0 25 33 29% 9 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).
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Table 92: Flow indicator achievement for Hattah Lakes under without development, baseline and BP-2800 scenarios. 

  Without 
developmen

t 

baseline Basin Plan – 2800 GL (see Section 5.1 for description of category 1 – 6) 

Flow indicator Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
years 
with a 

successf
ul event  

No. of years with additional successful events Number of 
years with a 
successful 

environmental 
event 

Proportion of 
years 

containing a 
successful 

environmental 
event  

No. of 
additiona

l years 
with 

events 
partially 
delivered 

(6)  

Flow event - threshold, 
duration, season 
(as gauged on the River 
Murray at Euston Weir) 

Target high and 
low uncertainty 
proportion of 
years with a 

successful event  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 
10% 
(2) 

Other 
successful 

events 
(3) 

baseline 
events lost  

(4) 

Total 
additiona

l to 
baseline 

(5) 

40,000 ML/d for a total 
duration of 60 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

40 – 50% 67% 30% 34 10 6 3 0 19 53 46% 7 

50,000 ML/d for a total 
duration of 60 days (with a min 
duration of 7 consecutive 
days) between Jun & Dec 

30 – 40% 47% 19% 22 6 7 1 0 14 36 32% 7 

70,000 ML/d for a total 
duration of 42 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

20 – 33% 38% 11% 13 2 3 2 0 7 20 18% 5 

85,000 ML/d for a total 
duration of 30 days anytime in 
the water year (with min 
duration of 7 consecutive 
days) 

20 – 30% 33% 10% 11 1 2 1 0 4 15 13% 4 

120,000 ML/d for a total 
duration of 14 days anytime in 
the water year (with min 
duration of 7 consecutive 
days) 

14 – 20% 23% 8% 9 0 0 0 0 0 9 8% 4 

150,000 ML/Day for 7 
consecutive days anytime in 
the water year 

10 – 13% 17% 5% 6 0 0 0 0 0 6 5% 3 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).
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Table 93: Flow indicator achievement for Hattah Lakes under without development, baseline and BP-2400 scenarios. 

  Without 
developmen

t 

baseline Basin Plan - 2400 GL (see Section 5.1 for description of category 1 – 6) 

Flow indicator Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
years 
with a 

successf
ul event  

No. of years with additional successful events Number of 
years with a 
successful 

environmental 
event 

Proportion of 
years 

containing a 
successful 

environmental 
event  

No. of 
additiona

l years 
with 

events 
partially 
delivered 

(6)  

Flow event - threshold, 
duration, season 
(as gauged on the River 
Murray at Euston Weir) 

Target high and 
low uncertainty 
proportion of 
years with a 

successful event  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 
10% 
(2) 

Other 
successful 

events 
(3) 

baseline 
events lost  

(4) 

Total 
additiona

l to 
baseline 

(5) 

40,000 ML/d for a total 
duration of 60 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

40 – 50% 67% 30% 34 8 6 3 0 17 51 45% 7 

50,000 ML/d for a total 
duration of 60 days (with a min 
duration of 7 consecutive 
days) between Jun & Dec 

30 – 40% 47% 19% 22 3 9 2 0 14 36 32% 16 

70,000 ML/d for a total 
duration of 42 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

20 – 33% 38% 11% 13 1 1 4 0 6 19 17% 5 

85,000 ML/d for a total 
duration of 30 days anytime in 
the water year (with min 
duration of 7 consecutive 
days) 

20 – 30% 33% 10% 11 1 2 0 0 3 14 12% 4 

120,000 ML/d for a total 
duration of 14 days anytime in 
the water year (with min 
duration of 7 consecutive 
days) 

14 – 20% 23% 8% 9 0 0 0 0 0 9 8% 4 

150,000 ML/Day for 7 
consecutive days anytime in 
the water year 

10 – 13% 17% 5% 6 0 0 0 0 0 6 5% 2 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).
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Table 94: Flow indicator achievement for Hattah Lakes under without development, baseline and BP-3200 scenarios. 

  Without 
developmen

t 

baseline Basin Plan - 3200 GL (see Section 5.1 for description of category 1 – 6) 

Flow indicator Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
years 
with a 

successf
ul event  

No. of years with additional successful events Number of 
years with a 
successful 

environmental 
event 

Proportion of 
years 

containing a 
successful 

environmental 
event  

No. of 
additiona

l years 
with 

events 
partially 
delivered 

(6)  

Flow event - threshold, 
duration, season 
(as gauged on the River 
Murray at Euston Weir) 

Target high and 
low uncertainty 
proportion of 
years with a 

successful event  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 
10% 
(2) 

Other 
successful 

events 
(3) 

baseline 
events lost  

(4) 

Total 
additiona

l to 
baseline 

(5) 

40,000 ML/d for a total 
duration of 60 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

40 – 50% 67% 30% 34 11 5 7 0 23 57 50% 8 

50,000 ML/d for a total 
duration of 60 days (with a min 
duration of 7 consecutive 
days) between Jun & Dec 

30 – 40% 47% 19% 22 8 6 2 0 16 38 33% 19 

70,000 ML/d for a total 
duration of 42 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

20 – 33% 38% 11% 13 4 5 2 0 11 24 21% 5 

85,000 ML/d for a total 
duration of 30 days anytime in 
the water year (with min 
duration of 7 consecutive 
days) 

20 – 30% 33% 10% 11 0 4 1 0 5 16 14% 6 

120,000 ML/d for a total 
duration of 14 days anytime in 
the water year (with min 
duration of 7 consecutive 
days) 

14 – 20% 23% 8% 9 0 0 0 0 0 9 8% 4 

150,000 ML/Day for 7 
consecutive days anytime in 
the water year 

10 – 13% 17% 5% 6 0 0 1 0 1 7 6% 2 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).
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Table 95: Flow indicator achievement for Riverland-Chowilla Floodplain under without development, baseline and BP-2800 scenarios. 

  Without 
developmen

t 

baseline Basin Plan – 2800 GL (see Section 5.1 for description of category 1 – 6) 

Flow indicator Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
years 
with a 

successf
ul event  

No. of years with additional successful events Number of 
years with a 
successful 

environmental 
event 

Proportion of 
years 

containing a 
successful 

environmental 
event  

No. of 
additiona

l years 
with 

events 
partially 
delivered 

(6)  

Flow event - threshold, 
duration, season 
(as gauged on the River 
Murray at SA Border) 

Target high and 
low uncertainty 
proportion of 
years with a 

successful event  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 
10% 
(2) 

Other 
successful 

events 
(3) 

baseline 
events lost  

(4) 

Total 
additiona

l to 
baseline 

(5) 

20,000 ML/d for 60 
consecutive days between 
Aug & Dec 

72 – 80% 89% 43% 49 0 0 33 0 33 82 72% 5 

40,000 ML/d for a total 
duration of 30 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

50 – 70% 80% 37% 42 12 10 5 0 27 69 61% 8 

40,000 ML/d for a total 
duration of 90 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

33 – 50% 58% 22% 25 4 7 6 -1 16 41 36% 9 

60,000 ML/d for a total 
duration of 60 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

25 – 33% 41% 12% 14 5 6 3 0 14 28 25% 4 

80,000 ML/d for a total 
duration of 30 days (with min 
duration of 7 consecutive 
days) anytime in the water 
year 

17 – 25% 34% 10% 11 0 3 1 0 4 15 13% 4 

100,000 ML/d for a total 
duration of 21 days anytime in 
the water year 

13 – 17% 19% 6% 7 0 0 0 -1 -1 6 5% 5 

125,000 ML/d for a total 
duration of 7 days anytime in 
the water year 

10 – 13% 17% 4% 5 0 0 0 0 0 5 4% 0 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).
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Table 96: Flow indicator achievement for Riverland-Chowilla Floodplain under without development, baseline and BP-2400 scenarios. 

  Without 
developmen

t 

baseline Basin Plan - 2400 GL (see Section 5.1 for description of category 1 – 6) 

Flow indicator Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
years 
with a 

successf
ul event  

No. of years with additional successful events Number of 
years with a 
successful 

environmental 
event 

Proportion of 
years 

containing a 
successful 

environmental 
event  

No. of 
additiona

l years 
with 

events 
partially 
delivered 

(6)  

Flow event - threshold, 
duration, season 
(as gauged on the River 
Murray at SA Border) 

Target high and 
low uncertainty 
proportion of 
years with a 

successful event  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 
10% 
(2) 

Other 
successful 

events 
(3) 

baseline 
events lost  

(4) 

Total 
additiona

l to 
baseline 

(5) 

20,000 ML/d for 60 
consecutive days between 
Aug & Dec 

72 – 80% 89% 43% 49 0 0 32 0 32 81 71% 5 

40,000 ML/d for a total 
duration of 30 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

50 – 70% 80% 37% 42 11 10 4 0 25 67 59% 8 

40,000 ML/d for a total 
duration of 90 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

33 – 50% 58% 22% 25 4 5 6 0 15 40 35% 7 

60,000 ML/d for a total 
duration of 60 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

25 – 33% 41% 12% 14 3 5 5 0 13 27 24% 5 

80,000 ML/d for a total 
duration of 30 days (with min 
duration of 7 consecutive 
days) anytime in the water 
year 

17 – 25% 34% 10% 11 1 2 1 0 4 15 13% 6 

100,000 ML/d for a total 
duration of 21 days anytime in 
the water year 

13 – 17% 19% 6% 7 0 0 1 -1 0 7 6% 3 

125,000 ML/d for a total 
duration of 7 days anytime in 
the water year 

10 – 13% 17% 4% 5 0 0 0 0 0 5 4% 1 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).



 

234 
 

WORKING DRAFT 17/02/2012 

 

Table 97: Flow indicator achievement for Riverland-Chowilla Floodplain under without development, baseline and BP-3200 scenarios. 

  Without 
developmen

t 

baseline Basin Plan - 3200 GL (see Section 5.1 for description of category 1 – 6) 

Flow indicator Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
years 
with a 

successf
ul event  

No. of years with additional successful events Number of 
years with a 
successful 

environmental 
event 

Proportion of 
years 

containing a 
successful 

environmental 
event  

No. of 
additiona

l years 
with 

events 
partially 
delivered 

(6)  

Flow event - threshold, 
duration, season 
(as gauged on the River 
Murray at SA Border) 

Target high and 
low uncertainty 
proportion of 
years with a 

successful event  

Ordered 
and fully 
delivered 

(1) 

Ordered 
and 

delivered 
within 
10% 
(2) 

Other 
successful 

events 
(3) 

baseline 
events lost  

(4) 

Total 
additiona

l to 
baseline 

(5) 

20,000 ML/d for 60 
consecutive days between 
Aug & Dec 

72 – 80% 89% 43% 49 0 0 36 0 36 85 75% 4 

40,000 ML/d for a total 
duration of 30 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

50 – 70% 80% 37% 42 14 8 5 0 27 69 61% 8 

40,000 ML/d for a total 
duration of 90 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

33 – 50% 58% 22% 25 8 6 5 0 19 44 39% 8 

60,000 ML/d for a total 
duration of 60 days (with min 
duration of 7 consecutive 
days) between Jun & Dec 

25 – 33% 41% 12% 14 6 7 4 0 17 31 27% 4 

80,000 ML/d for a total 
duration of 30 days (with min 
duration of 7 consecutive 
days) anytime in the water 
year 

17 – 25% 34% 10% 11 1 3 1 0 5 16 14% 9 

100,000 ML/d for a total 
duration of 21 days anytime in 
the water year 

13 – 17% 19% 6% 7 0 0 1 0 1 8 7% 4 

125,000 ML/d for a total 
duration of 7 days anytime in 
the water year 

10 – 13% 17% 4% 5 0 0 0 0 0 5 4% 2 

* Events which were included in the demand timeseries and were within 10% of the flow indicator parameters are considered as successful environmental events (see Section 5.1 for further detail).
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Table 98: Flow indicator achievement for the Edward-Wakool River system under without development, baseline and BP 2800, 2400 and BP-3200 scenarios. Note: 
these flow indicators have not been entered as demands in Basin Plan modeling scenarios, and consequently the results to not indicate the full extent of potential 
achievement under the proposed Basin Plan. 

  Without 
development 

baseline Basin Plan - 2800 GL Basin Plan – 2400 GL Basin Plan – 3200 GL 

Flow indicator   Proportion of 
years 

containing a 
successful 

event  

Proportion 
of years 

containing 
a 

successful 
event  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
additional 
years with 
partially 

successful 
events  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
additional 
years with 
partially 

successful 
events  

Proportion 
of years 

containing 
a 

successful 
event  

No. of 
additional 
years with 
partially 

successful 
events  

Flow event - threshold, duration, 
season 
(as gauged on the Edward River at 
Deniliquin) 

Target high 
and low 

uncertainty 
proportion of 
years with a 
successful 

event  
1,500 ML/Day for a total duration of 180 
days (with a minimum duration of 1 
consecutive day) between Jun & Mar 

99 – 100% 75% 96% 95% 1 94% 2 94% 0 

5,000 ML/Day for a total duration of 60 
days (with a minimum duration of 7 
consecutive days) between Jun & Dec 

60 – 70% 82% 39% 63% 12 61% 9 64% 11 

5,000 ML/Day for a total of 120 days (with 
a minimum duration of 7 consecutive 
days) between Jun & Dec 

35 – 40% 52% 22% 36% 16 36% 13 36% 15 

18,000 ML/Day for a total of 28 days (with 
a minimum duration of 5 consecutive 
days) between Jun & Dec 

25 – 30% 39% 15% 16% 2 14% 3 18% 2 

30,000 ML/Day for a total of 21 days (with 
a minimum duration of 6 consecutive 
days) between Jun & Dec 

17 – 20% 28% 12% 11% 3 11% 3 11% 3 
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WORKING DRAFT 17/02/2012 
Table 99: Flow indicator achievement for the Lower Darling River system under without development, baseline and BP 2800, BP 2400 and BP-3200 scenarios. Note: 
these flow indicators have not been entered as demands in Basin Plan modeling scenarios, and consequently the results to not indicate the full extent of potential 
achievement under the proposed Basin Plan. 

  Without 
development 

baseline Basin Plan - 2800 GL Basin Plan - 2400 GL Basin Plan - 3200 GL 

Flow indicator Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing a 
successful 

event  

Proportion 
of years 

containing a 
successful 

event  

No. of 
additional 
years with 

events 
partially 
delivered  

Proportion 
of years 

containing a 
successful 

event  

No. of 
additional 
years with 

events 
partially 
delivered  

Proportion 
of years 

containing a 
successful 

event  

No. of 
additional 
years with 

events 
partially 
delivered  

Flow event - threshold, duration, 
season 
(as gauged on the Darling River at 
Weir 32) 

Target high 
and low 

uncertainty 
proportion of 
years with a 
successful 

event  
20,000 ML/Day for 30 consecutive days 
between Jan & Dec 

14 – 20% 27% 10% 11% 5 11% 5 11% 4 

25,000 ML/Day for 45 consecutive days 
between Jan & Dec 

8 – 10% 14% 8% 8% 0 8% 0 8% 0 

45,000 ML/Day for 2 consecutive days 
between Jan & Dec 

8 – 10% 11% 8% 8% 1 8% 1 8% 1 

7,000 ML/Day for 10 consecutive days 
between Jan & Dec 

70 – 90% 95% 51% 60% 3 57% 1 60% 4 

17,000 ML/Day for 18 consecutive days 
between Jan & Dec 

20 – 40% 49% 18% 25% 1 25% 1 24% 1 
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5.12.6.6 Coorong, Lower Lakes and Murray Mouth 
For the BP-2800 scenario the MDBA considers that all flow and salinity indicators were achieved 
(Table 100), within the range of uncertainty inherent in the modelling and the eco-hydrologic 
understanding. 

Salinity indicators for the Coorong southern lagoon have all been met. 

Salinity indicators for the Coorong northern lagoon are effectively met, with average and maximum 
salinity values only just exceeding the targets. For instance, the average salinity for the BP-2800 
scenario was 21 g/L compared to a target of 20 g/L and the maximum salinity was exceeded in 2 
years of the 114 year modelling period. Given the uncertainty in the modelling and uncertainty 
around the salinity requirements of Ruppia megacarpa, on which the targets are based, the results 
are considered acceptable and unlikely to have implications for the long-term health of the Coorong. 

In terms of barrage flow indicators, the 3 year rolling average 2,000 GL/y in 95% of years indicator is 
met and the 1,000 GL/y in 100% of years indicator, which is the occurrence under without 
development conditions, is very nearly met occurring 99% of years for all three Basin Plan scenarios 
only failing in the period 2006-2008 water year. These indicators are secondary to the salinity 
indicators, and are broad measures of the flows required to achieve the salinity targets. 

For the BP-2400 scenario the average and maximum salinities were slightly higher, whilst the 3 year 
rolling average barrage flows are slightly lower compared to the BP-2800 scenario (Table 100). Many 
salinity indicators were not met but of these most were close to the target except the maximum 
salinity levels in the Coorong northern lagoon, which at 75 g/L was significantly higher than the 
target 50 g/L and could have an impact on Ruppia megacarpa populations for a limited number of 
years. 

For BP-3200 scenario the average and maximum salinities are slightly lower, whilst the 3 year rolling 
average barrage flows are slightly higher compared to the BP-2800 scenario (Table 100). All salinity 
indicators are met. 

Table 100: Flow and salinity indicator achievement for the Coorong, Lower Lakes and Murray Mouth site 
under without development, baseline and BP 2800, BP 2400 and BP-3200 scenarios. 

Indicator Target Without 
development baseline BP-

2400 
BP-
2800 

BP-
3200 

Average salinity (g/L) in Coorong 
southern lagoon over model period less than 60 g/L 24 62 47 44 41 

Maximum salinity (g/L) in Coorong 
southern lagoon over model period 

less than 130 
g/L 67 291 138 119 97 

Max period (days) salinity in Coorong 
southern lagoon is greater than 130 g/L 0 days 0 323 64 0 0 

Proportion of years salinity in Coorong 
southern lagoon < 100 g/L 

greater than 
95% 100% 82% 96% 96% 100% 

Average salinity (g/L) in Coorong 
northern lagoon over model period less than 20 g/L 12 29 22 21 20 

Maximum salinity (g/L) in Coorong 
northern lagoon over model period less than 50 g/L 49 148 75 56 47 

Max period (days) salinity in Coorong 
northern lagoon is greater than 50 g/L 0 days 0 604 163 75 0 
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Proportion of years 3 year rolling 
average barrage flow greater than 
1,000 GL/yr 

100% 100% 91% 99% 99% 99% 

Proportion of years 3 year rolling 
average barrage flow greater than 
2,000 GL/yr 

greater than 
95% 100% 79% 96% 98% 99% 

 

Figure 67 and Figure 68 below provide information on the modelled outcomes regarding Murray 
Mouth openness. The data presented are the Murray Mouth bed levels (m AHD, below sea level) 
from the hydrodynamic model. The data represents the level of the mouth bed, hence a lower (i.e. 
more negative) number indicates a greater mouth depth. 

Figure 67 shows an exceedance curve for the mouth bed level, covering the 114 years of simulation 
period. It demonstrates that there is a large difference in mouth openness between without 
development and baseline conditions. Each of the Basin Plan scenarios show a significant 
improvement in Murray Mouth bed depths compared to baseline conditions with slight differences 
between the BP-2400, BP-2800 and BP-3200 scenarios. 

Figure 67: Murray Mouth bed level exceedance curve. 

 

Figure 68 shows the timeseries of Murray Mouth bed level for the period January 2000 to June 2009. 
Once again the difference between without development conditions and baseline is large. All Basin 
Plan scenarios achieve significant improvements compared to baseline whilst the differences 
between BP-2400, BP-2800 and BP-3200 are relatively small. The most significant difference 
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between the three proposed Basin Plan scenarios is in the later part of the timeseries where under 
the BP-3200 scenario the mouth remained open (albeit to a fairly shallow depth) for a longer period 
than the other two scenarios. 

Figure 68: Murray Mouth bed level for period January 2000 to June 2009. 

 
 

Figure 66, Figure 63, Figure 64 and Figure 65 provide data for the period 1999-2009 showing the 
performance of the three Basin Plan scenarios in terms of barrage flows, water levels within the 
Lower Lakes and salinity levels within the north and south lagoons of the Coorong respectively. 
These illustrate that each of the Basin Plan scenarios demonstrate an ability to mitigate the impacts 
of the Millenium Drought. For example, Figure 66 shows that flow magnitude is increased and period 
with zero flow is decreased for the three BP scenarios compared to the baseline conditions. 
Similarly, water recovery represented in the BP scenarios has prevented the lake levels from 
dropping below mean sea level (Figure 63) avoiding acidification risks. Changes in salinities in the 
Coorong are more prominent with significant reductions in both the average and maximum salinity 
levels in both the North and South lagoons (Figure 65). For example, under the BP-2800 GL scenario 
the maximum salinity indicator for South Coorong (130 g/L) has been met in all years, compared to 
baseline conditions where modelled maximum salinity levels in the South Coorong reach 291 g/L 
during the recent drought period. 

Achievement of baseflows 
A baseflow assessment time series was defined for each of the eleven assessment sites in the 
Murray and Lower Darling regions, however only the demands at the SA border and Burtundy were 
included as described previously. In any event, the baseflows at each site are hydrologically inter-
dependent given that they are all based on the modelled without development flows, hence it can 
be assumed that including the SA Border demand will help meet the requirements at the other 
Murray sites. The achievement level of these baseflow demands was assessed via volumetric 
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shortfalls — that is, the mean annual volume of additional water required at each site to meet the 
baseflow demand series.  These results for the 2400, 2800 and 3200 GL scenarios are listed in Table 
101. 

Under baseline conditions, Wellington (in South Australia) was the most impacted of the five sites — 
baseflows have been significantly reduced when compared to the values under without 
development conditions, especially in the naturally high flow season of July to November. A 
baseflow requirement of an additional 325 GL/y on top of baseline flows was identified at 
Wellington. This represents 10% of the total baseflow demand i.e. 90% of the baseflow requirement 
was met under baseline conditions. The baseflow shortfall was reduced to 50 GL/y under the BP-
2800 scenario or 1.5% of the total baseflow demand. Similarly, baseflow shortfalls at other sites 
throughout the Murray were significantly reduced under the BP-2800 scenario compared to baseline 
however some shortfall remained at all sites. 

The shortfall on the Darling River at Burtundy was also significant. Under baseline conditions, an 
additional 46 GL/y (30% of the total baseflow demand) was required to meet the baseflow 
requirements, however this has been almost completely addressed by the demand series; the 
shortfall has reduced to 4 GL/y under the BP-2800 scenario, or 2.7% of the total requirement. 

Although a shortfall remains at a number of sites, the quantitative link between the baseflow 
demand series and an ecological outcome is less substantiated when compared to other 
components of the flow regime (i.e. overbank/flooding and fresh events). The modelling approach 
has taken this into account by assigning lower priority to re-instatement of this element of the flow 
regime and accordingly the modelling results do not represent the best possible outcome if a 
different modelling approach was adopted for baseflows. For example, future modelling scenarios 
may be able to include the demand series at Wellington and other sites along the Murray to further 
reduce these baseflow shortfalls. Given these factors and the relatively small proportion of the total 
baseflow requirement remaining as a shortfall, the MDBA does not consider that these results 
indicate an inability to achieve the desired outcomes for this element of the flow regime. 

Table 101: The shortfall, or required additional mean annual volume (in GL/y), at each site to meet the 
baseflow assessment demand series under without development, baseline and BP-2800 conditions. 

Site Without 
development baseline BP-2400 BP-2800 BP-3200 

401010 – Swampy Plains River at Khancoban 0 0 0 0 0 
401201 – River Murray at Jingellic 0 0 0 0 0 
409017 – River Murray at Doctor's Point 0 59.6 21.7 21.1 17 
409025 – River Murray at Yarrawonga Weir 0 8.4 2.1 3.4 2.9 
409207 – River Murray at Torrumbarry Weir 0 89.9 23.7 16.9 15 
414200 – River Murray at Wakool River 
Junction 0 32.8 4.5 2.7 1.8 

414203 – River Murray at Euston Weir 0 54.5 1.4 0.2 0.3 
425010 – River Murray at Wentworth 0 99.1 5.6 1.2 0.4 
426200 – River Murray Flow to SA 0 141.4 19.4 3.9 2.9 
426532 – River Murray at Wellington 0 325.2 96.2 50.3 39.5 
425007 – Darling River at Burtundy 0 46.4 11.1 4.2 4.3 
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5.12.7 Future Work 

The modelling carried out can be improved in future by addressing some of the limitations 
mentioned as follows: 

1. Updating the version of model used for the current study by including the carryover reserve 
policy for Victorian Murray (although a post-2009 policy it is expected to improve 
environmental outcomes), and improved modelling of environmental works and measures 
at key icon sites on the Murray. 

2. Recalibration of models to take into account recent dry period, and further enhancements 
for alignment between MSM model which is used for water sharing arrangements and 
Bigmod daily model which is used for assessment of success in meeting daily environmental 
watering targets and salinity impacts. 

3. Modelling of environmental water requirements based on environmental watering rules and 
agreed rules for accounting of environmental water use, including a review of how the use 
of environmental water for TLM and BP will interact. 

4. Improving linkage and interaction with tributary models especially for calling out 
environmental water. 

5. Improving the current water resources assessment by including environmental water 
requirements and their impacts on conveyance losses. 

 

5.13 Paroo 

The Paroo River is a free flowing river with ecologically significant elements of the flow regime 
relatively un-impacted by diversions. The proposed Basin Plan seeks to preserve existing 
environmental flows and ecological values in the Paroo by limiting diversions to current levels. 

The MDBA has consequently undertaken limited modelling of the Paroo. Modelling has been 
undertaken for the purpose of defining the water resource of the Paroo region, and to assess the 
impact of current water sharing on flows in the Paroo. As the MDBA considers the existing flow 
regime of the Paroo to be sustainable, there has been no need to model any water recovery 
scenarios. 

5.13.1 Brief description of model 

The Paroo River system is modelled with an IQQM model (DLWC, 1995) representing the Paroo River 
from the Yarronvale gauge (424202) to its inflow into Darling River. Whilst the Queensland 
Department of Environment and Resource Management (DERM) has included diversions and 
residual inflows into the NSW portions of the Paroo, Warrego, Nebine and Moonie IQQMs, DERM 
considers these representations to be indicative only and advises they should not be relied upon 
without further verification by the NSW Office of Water (NOW). 
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The Paroo system rarely flows to the Barwon-Darling system and in absence of sufficient end of 
system flow data to calibrate this contribution, inflows from the Paroo system to the Barwon-Darling 
system are currently assumed to be zero. However, flows within the Barwon-Darling have been 
calibrated to broadly take into account any contribution from the Paroo. The spatial extent of the 
model relative to the catchment is shown in Figure 69, along with the location of the hydrological 
indicator sites. 

Figure 69: Map of the Paroo catchment, showing the spatial extent of the model and the location of the 
Hydrological Indicator Sites 

 

 

The flow duration curve (Figure 70) for the Paroo River at Wanaaring shows no observable 
difference between without development and baseline conditions. 

5.13.2 Baseline conditions 

The baseline conditions for the Paroo system are based on the Resource Operations Plan (DERM, 
2006a). This Resource Operations Plan model version is described in detail in DERM (2006b). No 
changes have been made to the model by the MDBA. 



 

243 
 

The model was audited by Bewsher Consulting (Bewsher, 2010b) for its use for Cap Auditing and was 
found appropriate for use for this purpose. However, the audit did identify issues with the 
approximate nature of data available to model overland flows and recommended that a revised 
model be submitted by December 2012. 

Figure 70: Flow Duration Curves at Wanaaring on the Paroo River for without development and baseline 
Scenarios. 

 

5.13.3 Basin Plan modelling 

The water balances for the without development, baseline and BP-2800 scenarios are summarised in 
Table 102. The results for the BP-2800 and baseline scenarios are the same as there is no reduction 
in diversion in the Basin Plan scenario. Paroo system outflows to the Barwon-Darling are shown as 
zero as it contributes rarely and only during major flood periods. As previously discussed, the lack of 
observed flow data makes it difficult to quantify the contribution from the Paroo.  

Table 102: Key water balance results for the Paroo region 

Water Balance 
Items 

without development 
GL/y 

baseline 
GL/y 

BP-2800 
GL/y 

Inflow 678 675 676 
Diversion QLD 0.0 0.2 0.2 
Diversion NSW 0.0 0.1 0.1 
Loss* 678 675 676 
Outflow 0 0 0 

* Loss includes unattributed loss, change in storage and EOS flow 
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Figure 71 shows the flow in the Paroo River at Wanaaring for the without development, baseline and 
BP-2800 Scenarios. It shows that the current level of development does not have an observable 
impact. 

Figure 71: Annual flow at Wanaaring in the Paroo River. 

 

 

5.14 Warrego 

The Warrego River has a relatively intact flow regime with only minor impacts evident on low flows. 
Existing environmental water recovered as part of the Water for the Future program will assist in 
further protecting the existing flow regime. 

The MDBA has consequently undertaken limited modelling of the Warrego. Modelling has been 
undertaken for the purpose of defining the water resource of the Warrego region, assessing the 
impact of current water sharing on flows in the Warrego, and assessing the benefits of existing water 
recovery. As the MDBA considers the existing flow regime of the Warrego to be sustainable, there 
has been no need to model any additional water recovery scenarios. 

5.14.1 Brief description of model 

The Warrego River system is modelled using an IQQM model which has been developed and 
provided to the MDBA by the Queensland Department of Environment and Resource Management 
(DERM, 2006c).  

The model simulates the Warrego River system from the Augathella gauge (423204) to three 
terminal points:  

1. Warrego River at Ford’s Bridge (423001), upstream of the confluence with the Darling 

2. Widgeegoara-Noorama Creeks to the confluence with Nebine Creek 

3. Cuttaburra Creek, to the confluence with the Paroo  
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The Warrego system in Queensland crosses the Queensland-NSW border at following points:  

1. Warrego River at Barringun (423003) 

2. Widgeegoara-Noorama Creeks at the border 

3. Irrara Creek at the border 

4. Cuttaburra Creek at the border 

The spatial extent of the model superimposed on the catchment is shown in Figure 72, along with 
the location of the hydrological indicator sites. 

Allan Tannock Weir is the only regulated storage in the model. It provides a regulated water supply, 
which is shared between users via an annual allocation and accounting system. The model assumes 
that inflows up to 300 ML/day into Allan Tannock Weir will bypass the weir.  

The Warrego model provides input to the Barwon-Darling system as flows at Fords Bridge; diversions 
downstream of Fords Bridge and inflows into the Darling are represented within the Barwon-Darling 
model. 
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Figure 72: Map of the Warrego catchment, showing the spatial extent of the model and the location of the 
Hydrological Indicator Sites 

 

5.14.2 Baseline conditions 

The baseline model represents the Resource Operations Plan for the Warrego system (DERM, 2006a, 
2006c). The modelled diversions for the NSW part of the catchment are estimates only and have not 
been reviewed by NOW, NSW. 

The model was audited and recommended by Bewsher Consulting (Bewsher, 2010b) for its use for 
annual Cap Auditing. However, the audit identified issues with the approximate nature of data 
available to model overland flows and recommended that DERM would submit a revised model by 
December 2012 after the suggested improvements to the model have been made. 

The flow duration curve for Fords Bridge (Figure 73) indicates that the Warrego River has a relatively 
intact flow regime, however some impact from diversions is evident on the low flows.  
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Figure 73: Flow duration curves for Ford’s Bridge on the Warrego River for without development and 
baseline Scenarios. 

 

5.14.3 Basin Plan modelling 

In January 2010, the Queensland Government gave 4 GL of unallocated water from the Upper 
Warrego Water Management Area (WMA) and 4 GL of unallocated water from the Lower Warrego 
WMA to the Commonwealth Environmental Water Holder. 

The baseline model assumes that the 8 GL of unallocated water is consumptively used within the 
system. The Basin Plan scenario was carried out by deactivating the consumptive use of the 8 GL of 
unallocated water. No changes were made to water access rules or other model variables.  

The net impact of deactivating the consumptive use of the unallocated water entitlement is a 
reduction in diversions of 7 GL/y (Table 103; Figure 74) and an increase in total system outflows by 
2 GL/y (Table 103, Figure 75). This shows that the primary benefit of provision of unallocated water 
to the environment will be within-valley.  
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Table 103: Key water balance results for the Warrego system 

Water Balance Items without development 
GL/y 

baseline 
GL/y 

BP-2800 
GL/y 

Inflow 616 616 616 
Diversion QLD 0 45 38 
Diversion NSW 0 7 7 
Loss* 526 488 493 
Outflow 90 76 78 
* Loss includes unattributed loss and change in storage 

As would be expected, due to ephemeral nature of the Warrego River and associated variability in 
water use, reductions are higher in years of high flows and small during low flow years (Figure 74). 

Figure 74: Annual diversions in the Warrego for the baseline and BP-2800 Scenarios 
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Figure 75: Annual end of system flows from the Warrego system for the without development, baseline and 
BP-2800 Scenarios 

 

5.14.4 Future work 

The Water Sharing Plan for the Warrego may require mechanisms to ensure SDL compliance by 
preventing unintended use of the environmental water. Future modelling will involve reflection of 
these mechanisms in the model.  

 

5.15 Moonie 

The Moonie system is a relatively small water resource in the context of the Murray-Darling Basin, 
with inflows estimated at approximately 151 GL/y, or about 0.5% of total Basin inflows. End of 
system flows under baseline conditions are approximately 74% of without development.  

In January 2010, the Queensland Government gave 1.1 GL of unallocated water within the Moonie 
to the Commonwealth Environmental Water Holder. Preservation of this unallocated water for the 
environment increased end of system flows to approximately 77% of without development. MDBA 
considers this provides a relatively intact flow regime and proposes no further change to address in-
valley requirements. However, as with the modelling representation of other regions throughout the 
Basin, the Moonie reduction in diversions includes a pro-rata share of the volume to address 
downstream requirements in the Barwon-Darling region.  

The MDBA has consequently undertaken limited modelling of the Moonie. Modelling has been 
undertaken for the purpose of defining the water resource of the Moonie region, assessing the 
impact of current water sharing on flows in the Moonie, and to assess the benefits of existing water 
recovery with an additional pro-rata share of the downstream SDL volume. As the MDBA considers 
the existing flow regime of the Moonie to be sustainable, there has been no need to model any 
additional water recovery scenarios. 
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5.15.1 Brief description of model 

The Moonie River system is modelled using an IQQM model developed by the Queensland 
Department of Environment and Resource Management (DERM, 2006d). The without development 
and baseline versions of the models were provided by DERM.  

The model simulates the Moonie River system from Nindigully (417201) to Gundablouie (417001). 
The spatial extent of the model superimposed on the catchment is shown in Figure 76, along with 
the location of the hydrological indicator sites. 

Figure 76: Map of the Moonie catchment, showing the spatial extent of the model and the location of the 
Hydrological Indicator Sites 

 

5.15.2 Baseline conditions 

The baseline model represents the Resource Operations Plan for the Moonie (DERM, 2006d; 2008b). 
There are no regulated storages, but there are natural pools and water bodies along the length of 
the Moonie River that are included in the model. The 1.1 GL/y of unallocated water given to the 
Commonwealth is included in the model as a diversion.  

The model was audited by Bewsher Consulting (Bewsher, 2010b) and was accredited for Cap 
auditing purposes. However, the audit identified issues with the approximate nature of data 
available to model overland flows and recommended to submit a revised model by December 2012. 

The flow duration curves for the Moonie River at Gundablouie show the relatively unimpacted flow 
regime, although some alteration from diversions is evident particularly in the low flow elements 
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(Figure 77).  

Figure 77: Flow Duration Curves at Gundablouie on the Moonie River for without development and baseline 
Scenarios 

 

5.15.3 Basin Plan modelling 

In January 2010, the Queensland Government gave 1.1 GL of unallocated water within the Moonie 
WMA to the Commonwealth Environmental Water Holder. In addition to this, Basin Plan modelling 
has made an estimate of potential contributions from the Moonie to the shared reduction in the 
northern Basin. As for all other regions within the shared zone, this initial estimate is based on a pro-
rata contribution. Combined, this brings the total modelled reduction to 3.2 GL. This was modelled 
by deactivating the diversions against the 1.1 GL unallocated water entitlement and by reducing 
irrigation use of some irrigators downstream of Nindigully to zero (by setting the pumping capacity 
to zero).  

The water balance for the Moonie system for the three modelling scenarios is shown in Table 104. 
The diversion against the 1.1 GL unallocated water entitlement is 1.1 GL/y under baseline. The total 
reduction in diversions in the BP-2800 scenario is 3 GL/y, which leads to an approximate 3 GL/y 
increase in end of system flow at Gundablouie.  

0

2

4

6

8

10

12

14

16

18

20

0 2 4 6 8 10 12 14 16 18 20

Fl
ow

 (G
L/

d)

Proportion of Time Flow Exceeded (%)

Moonie River @ Gundablouie
WITHOUT DEVELOPMENT BASELINE



 

252 
 

Table 104: Key water balance results for the Moonie region 

Water Balance Items without development 
GL/y 

baseline 
GL/y 

BP-2800 
GL/y 

Inflow 151 151 151 
Diversion QLD 0 33 30 
Diversion NSW 0 0.8 0.8 
Loss* 55 46 46 
Outflow 96 71 74 

* Loss includes unattributed loss and change in storage 
 

The annual patterns of diversions and end of system flows over the 114-year modelling period are 
shown in Figure 78 and Figure 79 respectively. Total QLD and NSW diversions have reduced by 8.8% 
on average with more than average reduction in the period after 1953-1954. 

Figure 78: Annual diversions in the Moonie for the baseline and BP-2800 scenarios 
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Figure 79: Annual end of system flows from the Moonie system for the without development, baseline and 
BP-2800 Scenarios 

 

 

5.16 Nebine 

The Nebine system is a sub-catchment of the Condamine-Balonne system (CSIRO, 2008a). The 
Nebine River has a relatively intact flow regime with only minor impacts evident on low flows. 
Existing environmental water recovered as part of the Water for the Future program will assist in 
further protecting the existing flow regime. 

The MDBA has consequently undertaken limited modelling of the Nebine. Modelling has been 
undertaken for the purpose of defining the water resource of the Nebine region, assessing the 
impact of current water sharing on flows in the Nebine, and to assess the benefits of existing water 
recovery. As the MDBA considers the existing flow regime of the Nebine to be sustainable, there has 
been no need to model any additional water recovery scenarios. 

5.16.1 Brief description of model 

The Nebine model is an IQQM representation of the Nebine River from the headwater inflows at 
Wallam Creek, Mungallala Creek and the Nebine River and includes inflows from the Warrego River 
through the Widgeegoara and Noorama Creeks near the NSW border. The model ends at the 
confluence of Nebine and Warrego inflows. The outflows from the Nebine are inflows into the Lower 
Balonne system. The Nebine system is unregulated and has no regulated storages, but the model 
includes nine storages which model natural water bodies (such as waterholes and wetlands). 

The without development and baseline versions of the models were provided by the Queensland 
Department of Environment and Resource Management and were developed for the Resource 
Operations Plan for the Nebine (DERM, 2006a). 
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 The spatial extent of the model superimposed on the catchment is shown as part of the Condamine-
Balonne map (Figure 6), along with the location of the hydrological indicator sites. 

5.16.2 Baseline conditions 

The baseline model represents the Resource Operations Plan for the Nebine system (DERM, 2006e). 
The model supplied by DERM has been used in the IRSMF without any changes. 

The model was audited and recommended for use for annual Cap Auditing (Bewsher, 2010b). The 
audit identified issues with the approximate nature of data available to model overland flows and 
recommended that DERM submit a revised model by December 2012 after suggested improvements 
to the model have been made. 

The flow duration curve for Nebine end of system flow (Figure 80) shows that the Nebine River has a 
relatively intact flow regime, with some impact from diversions evident in the low flow component 
of the flow regime.  

Figure 80: Flow Duration Curves for End of System Flows for the Nebine System under without development 
and baseline Scenarios 

 

5.16.3 Basin Plan modelling 

In January 2010, the Queensland Government gave 1 GL of unallocated water from the Nebine 
catchment to the Commonwealth Environmental Water Holder. In the baseline scenario, the 
unallocated water is modelled as a consumptive diversion. In Basin Plan modelling the use of these 
entitlements has been deactivated and the water is left to pass through the system. The unallocated 
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water is considered to be recovered in equal amounts from three locations in the system, i.e. in 
Wallam Creek, Mungallala Creek and the Nebine River, where it was modelled as take under the 
baseline conditions. These three locations are all downstream of all other users in these three 
streams.  

Under baseline conditions, the diversions against the unallocated water entitlements are 0.99 GL/y. 
When the use of these entitlements is deactivated in the Basin Plan scenario, 35% of the recovered 
water is used by the environment or lost and the 64% reaches the end of the system. The water 
balances for the Nebine are included presented in Table 105. The annual Nebine diversions and 
annual end-of-system flow for both baseline and BP-2800 scenarios are presented in Figure 81 and 
Figure 82 respectively. 

 

Table 105: Key water balance information for the Nebine model 

Water Balance Items without development 
GL/y 

baseline 
GL/y 

BP-2800 
GL/y 

Inflow 94 94 94 
Diversion QLD 0 6 5 
Diversion NSW 0 0 0 
Loss* 39 39 39 
Outflow 55 49 50 

 

Figure 81: Annual diversions in the Nebine model for both baseline and BP-2800 scenarios. 
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Figure 82: Annual end-of-system flows for the Nebine model, for both baseline and BP-2800 scenarios. 

 

 

5.17 Ovens 

The Ovens River is a free flowing river with ecologically significant elements of the flow regime 
relatively un-impacted by diversions.  The proposed Basin Plan seeks to preserve existing 
environmental flows and ecological values in the Ovens by limiting diversions to current levels. 

The MDBA has consequently undertaken limited modelling of the Ovens. Modelling has been 
undertaken for the purpose of defining the water resource of the Ovens region, and to assess the 
impact of current water sharing on flows in the Ovens. As the MDBA considers the existing flow 
regime of the Ovens to be sustainable, there has been no need to model any water recovery 
scenarios. 

5.17.1 Brief Description of Model 

The Ovens system is modelled with a weekly REALM model that covers the entire Ovens River from 
the northern slopes of Mount Hotham and Mount Buffalo through the Ovens valley. The system is 
modelled to the confluence with the Murray River upstream of Yarrawonga Weir. The most 
downstream gauge on the Ovens River used as inflow to the Murray model is Ovens River at 
Peechelba (403241). 

The Ovens model was developed in 1995 and there have been various reviews and updates since 
then. The most recent review and recalibration is described in SKM (2008). The Ovens model was 
provided to MDBA by Victorian Department of Sustainability and Environment (DSE). The model 
inputs were last updated to December 2008 by SKM (2009b). 

The spatial extent of the model superimposed on the catchment is shown in Figure 83, along with 
the location of the hydrological indicator sites. 
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Figure 83: Map of the Ovens catchment, showing the spatial extent of the model and the location of the 
Hydrological Indicator Sites 

 

5.17.2 Baseline Conditions 

The REALM model of the Ovens River represents the current level of development and water sharing 
rules as of 2009. The water sharing rules are documented in the relevant bulk entitlements for the 
Ovens River (DSE, 2010). The model has only been updated to December 2008, and therefore does 
not cover the whole Basin Plan baseline modelling period.  

The version of the model used for the Basin Plan explicitly includes small catchment dams (farm 
dams) and the effects of groundwater pumping. Groundwater pumping is only modelled in the 
Upper Ovens River catchment in an area with a direct hydraulic connection to the river. Other 
groundwater impacts, which under most flow conditions will be small relative to streamflow 
volumes, are not explicitly modelled. 

The flow duration curve for the Ovens system (Figure 84) shows the flow regime is relatively 
unaffected by diversions.  
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Figure 84: Flow Duration Curves at Peechelba on the Ovens River for without development and baseline 
Scenarios 

 

 

5.17.3 Basin Plan modelling 

The Ovens model has been used to provide input data to the Murray (MSM-Bigmod) model. As the 
inputs for MSM-Bigmod are daily, the weekly Ovens flow and diversion data have been 
disaggregated to daily data. The weekly flow data was disaggregated using the daily pattern of flow 
at the long-term streamflow gauge at Wangaratta and the weekly diversions were uniformly 
disaggregated. 

As the Ovens model has only been updated to December 2008, the flow data for January to June 
2009 were obtained from gauged data at Peechelba. The diversions for 2009 were achieved by 
subtracting the modelled diversions for the period from July 2008 to December 2009 from the total 
2008-2009 diversion figure. Subsequently, these data were disaggregated using an average pattern, 
based on the modelled period.  

The water balance for the Ovens River, under without development, baseline and BP-2800 Scenarios 
are summarised in Table 106. The results for the BP-2800 Scenario and baseline conditions are the 
same, as the Basin Plan proposes no changes in the Ovens.  
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Table 106: Key water balance results for the Ovens region 

Water Balance Items without development^ 
GL/y  

baseline^ 
GL/y 

BP-2800^ 
GL/y 

Inflow 1753 1753 1753 
Diversion 0 25 25 
Loss* 18 35 35 
Outflow 1735 1693 1693 

^ LTA from July 1895 to Dec 2008 
* Loss includes modelled interception by Farm Dams 

 

The Ovens model used for estimating flows to the Murray has not undergone a Cap accreditation 
process, as for cap compliance a regression equation model developed by MDBA is used for 
estimating consumptive use in the Ovens system. This regression equation based model for 
estimating consumptive use is included in the Murray/Kiewa/Ovens Cap (Bewsher, 2008; MDBC, 
2007).  

Figure 85 shows the annual diversions for the baseline and BP-2800 scenarios. Given that there is no 
reduction in diversions in the Ovens, these two scenarios are the same.  

Figure 85 Annual diversions in the Ovens River for the baseline and BP-2800 Scenarios 

 

In Figure 86, the annual flow at Peechelba, at the end of the system, is shown. Given that diversions 
are on average only about 1.5 % of total outflow, the difference between the without development 
and baseline scenario flows is small. 
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Figure 86: Annual end of system flows from the Ovens River for the without development, baseline and BP-
2800 Scenarios 

 

5.17.4 Future work 

SKM (2008) noted in the previous update of the model that it overestimates the flow at Wangaratta 
during periods of low flow. This difference was attributed to the drawdown of Lake Buffalo and Lake 
William Hovell being overestimated, because the current REALM model operating rules do not 
reflect the actual operation of the storages nor what is specified in current bulk entitlements. 
Considering that system diversions are small as compared to total inflows, implications of the above 
issues on Murray environmental flow assessment is considered to be insignificant. However, these 
issues should be considered during development of the Water Sharing Plan. 
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A. Appendix A: Maximum Dry Periods 
Inundation of floodplains alleviates dry conditions, stimulates growth in flood-dependent species 
and assist in maintaining the health of floodplain ecosystems. Periods between inundation events 
are an important consideration when trying to determine ecosystem resilience or thresholds of 
irreversible change. Recognising the importance of maximum dry periods and their role in 
maintaining ecosystem resilience, reducing the maximum dry periods between successful 
ecologically significant events (flow indicators) was an objective (albeit a secondary one to long-term 
frequency) of hydrological modelling. 

Maximum dry statistics are reported for the BP-2800 scenario relative to without development and 
baseline conditions. Maximum dry statistics for the Basin Plan scenario are used as a performance 
indicator and do not necessarily represent potential outcomes in terms of ‘breaking the drought’. 
The MDBA (2011a) report ‘The proposed “environmentally sustainable level of take” for surface 
water of the Murray-Darling Basin: Method and Outcome’, provides a more comprehensive insight 
into the potential to reduce maximum dry outcomes that could be achieved based on an analysis 
undertaken outside of the hydrologic modelling framework. 
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Table 107: Overview of maximum dry periods between flow indicator events 

          
Maximum dry period in years 

Region Site name 
Flow 
indicator Flow indicator type 

Volume 
threshold 
(ML) 

Daily flow 
threshold 
(ML) Duration 

Minimum 
duration 

Start 
month 

End 
Month 

Without 
Develop-
ment 
Scenario 

Baseline 
Scenario 

2400 GL 
Scenario 

2800 GL 
Scenario 

3200 GL 
scenario 

                              
CONDAMINE-
BALONNE 

Lower 
Balonne 
Floodplain 

1 Single Longest 0 1,200 7 7 1 12 2 4 

NA 

4 

NA 
2 Single Longest 0 12,000 11 11 1 12 8 55 19 
3 Single Longest 0 18,500 9 9 1 12 11 55 55 
4 Single Longest 0 26,500 7 7 1 12 13 55 55 
5 Single Longest 0 38,500 6 6 1 12 55 55 55 

                              
CONDAMINE-
BALONNE 

Narran Lakes 1 Total Volume 25,000 0 2 1 7 6 3 8 

NA 

5 

NA 2 Total Volume 50,000 0 3 1 7 6 3 8 8 
3 Total Volume 250,000 0 6 1 7 6 30 54 54 
4 Total Volume 100,000 0 12 1 7 6 4 16 7 

                              
BORDER RIVERS Mungindi 1 Single Longest 0 4,000 5 5 10 12 7 14 

NA 
14 

NA 2 Single Longest 0 4,000 5 5 10 3 6 8 8 
3 Single Longest (x2) 0 4,000 11 11 1 12 7 29 29 

                              
GWYDIR Gwydir 

Wetlands 
1 Single Longest 0 150 45 45 10 1 12 5 

NA 

6 

NA 

2 Single Longest 0 1,000 2 2 10 1 3 4 3 
3 Total Volume 45,000 0 60 1 10 3 7 5 5 
4 Total Volume 60,000 0 60 1 10 3 7 6 8 
5 Total Volume 80,000 0 60 1 10 3 7 11 12 
6 Total Volume 150,000 0 60 1 10 3 12 15 15 
7 Total Volume 250,000 0 60 1 10 3 30 33 33 

                              
GWYDIR Mallowa Creek 1 Total Volume 4,500 0 92 1 11 1 21 100 NA 55 NA 2 Total Volume 5,400 0 120 1 2,8 3,9 29 3 2 
                              
NAMOI Bugilbone 1 Total Duration 0 500 75 25 7 6 9 14 

NA 
9 

NA 2 Total Duration 0 1,800 60 6 7 6 9 13 11 
3 Total Duration 0 4,000 45 7 7 6 11 18 15 

                              
MACQUARIE Macquarie 

Marshes 
1 Total Volume 100,000 0 153 1 6 4 2 3 

NA 
3 

NA 2 Total Volume 250,000 0 153 1 6 4 4 16 8 
3 Total Volume 400,000 0 214 1 6 4 8 16 12 
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Maximum dry period in years 

Region Site name 
Flow 
indicator Flow indicator type 

Volume 
threshold 
(ML) 

Daily flow 
threshold 
(ML) Duration 

Minimum 
duration 

Start 
month 

End 
Month 

Without 
Develop-
ment 
Scenario 

Baseline 
Scenario 

2400 GL 
Scenario 

2800 GL 
Scenario 

3200 GL 
scenario 

4 Total Volume 700,000 0 245 1 6 5 22 21 21 
                              
BARWON-
DARLING 

Bourke 1 Single Longest (x2) 0 10,000 5 5 1 12 3 8 
NA 

7 
NA 2 Single Longest (x2) 0 10,000 17 17 1 12 8 13 9 

3 Single Longest (x2) 0 20,000 5 5 1 12 7 13 10 
                              
BARWON-
DARLING 

Louth 1 Single Longest (x2) 0 5,000 10 10 1 12 3 11 
NA 

8 
NA 2 Single Longest (x2) 0 10,000 10 10 1 12 4 14 14 

3 Single Longest (x2) 0 14,000 10 10 1 12 8 17 9 
                              
BARWON-
DARLING 

Talyawalka 
Anabranch - 
Teryaweynya 
Creek system 

1 Single Longest 0 30,000 21 21 1 12 15 29 
NA 

29 
NA 2 Single Longest 0 30,000 30 30 1 12 15 29 29 

3 Total Volume 2,350,000 30,000 365 1 1 12 29 29 29 
                              
LACHLAN Lachlan 

Swamp 
1 Single Longest 0 850 20 20 6 11 8 9 

NA 

9 

NA 2 Total Duration 0 850 70 1 6 11 9 16 15 
3 Single Longest 0 1,000 60 60 6 11 11 16 15 
4 Single Longest 0 2,500 50 50 6 11 12 16 16 

                              
LACHLAN Great 

Cumbung 
Swamp 

1 Single Longest 0 700 25 25 6 11 4 9 
NA 

9 
NA 2 Total Duration 0 1,500 35 1 6 11 9 11 9 

3 Single Longest 0 2,700 30 30 6 11 16 16 16 
                              
LACHLAN Booligal 

Wetlands 
1 Single Longest 0 300 25 25 6 11 3 9 

NA 
9 

NA 2 Total Duration 0 850 70 1 6 11 9 16 15 
3 Single Longest 0 2,500 50 50 6 11 12 16 16 

                              
MURRUMBIDGEE Mid-Bidgee 

Wetlands 
1 Single Longest 0 26,850 5 5 6 11 4 9 9 11 9 
2 Single Longest 0 34,650 5 5 6 11 5 13 10 13 10 
3 Single Longest 0 44,000 3 3 6 11 9 16 14 14 14 
4 Single Longest 0 63,250 3 3 6 11 16 33 33 33 34 
5 Total Duration 0 26,850 45 1 7 11 11 21 16 19 17 

                              
                                                            MURRUMBIDGEE Low Bidgee 

Floodplain 
1 Total Volume 175,000 5,000 92 1 7 9 2 5 3 3 3 
2 Total Volume 270,000 5,000 92 1 7 9 3 9 4 4 3 
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Maximum dry period in years 

Region Site name 
Flow 
indicator Flow indicator type 

Volume 
threshold 
(ML) 

Daily flow 
threshold 
(ML) Duration 

Minimum 
duration 

Start 
month 

End 
Month 

Without 
Develop-
ment 
Scenario 

Baseline 
Scenario 

2400 GL 
Scenario 

2800 GL 
Scenario 

3200 GL 
scenario 

3 Total Volume 400,000 5,000 123 1 7 10 2 9 4 4 4 
4 Total Volume 800,000 5,000 123 1 7 10 4 13 9 9 5 
5 Total Volume 1,700,000 5,000 153 1 7 11 5 16 13 13 13 
6 Total Volume 2,700,000 5,000 303 1 5 2 9 21 16 16 16 

                              
MURRUMBIDGEE Balranald 1 Single Longest 0 1,100 25 25 12 5 2 14 4 5 6 

2 Single Longest 0 4,500 20 20 10 12 3 13 6 5 4 
3 Single Longest 0 3,100 30 30 10 3 3 13 5 5 4 

                              
MURRAY Barmah-

Millewa Forest 
1 Total Duration 0 12,500 70 7 6 11 4 7 4 4 4 
2 Total Duration 0 16,000 98 7 6 11 4 13 5 7 4 
3 Total Duration 0 25,000 42 7 6 11 5 12 10 10 10 
4 Total Duration 0 35,000 30 7 6 5 5 12 16 16 10 
5 Total Duration 0 50,000 21 7 6 5 11 22 22 22 22 
6 Total Duration 0 60,000 14 7 6 5 11 22 24 24 24 
7 Total Duration 0 15,000 150 7 6 12 6 21 6 6 6 

                              
MURRAY Gunbower-

Koondrook-
Perricoota 
Forest 

1 Total Duration 0 16,000 90 7 6 11 4 13 9 9 4 
2 Total Duration 0 20,000 60 7 6 11 4 13 9 9 4 
3 Total Duration 0 30,000 60 7 6 5 5 13 13 13 13 
4 Total Duration 0 40,000 60 7 6 5 9 22 17 21 21 
5 Total Duration 0 20,000 150 7 6 12 9 35 22 21 14 

                              
MURRAY Hattah Lakes 1 Total Duration 0 40,000 60 7 6 12 4 13 13 13 9 

2 Total Duration 0 50,000 60 7 6 12 6 13 13 13 13 
3 Total Duration 0 70,000 42 7 6 12 9 22 21 21 21 
4 Total Duration 0 85,000 30 7 6 5 11 22 22 22 22 
5 Total Duration 0 120,000 14 7 6 5 13 24 24 24 24 
6 Total Duration 0 150,000 7 7 6 5 14 38 38 38 24 

                              
                                                            MURRAY Edward 

Wakool River 
System 

1 Total Duration 0 1,500 180 1 6 3 4 3 4 3 3 
2 Total Duration 0 5,000 60 7 6 12 4 11 5 4 4 
3 Total Duration 0 5,000 120 7 6 12 5 13 11 11 11 
4 Total Duration 0 18,000 28 5 6 12 11 22 22 22 22 
5 Total Duration 0 30,000 21 6 6 12 11 35 38 24 24 
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Maximum dry period in years 

Region Site name 
Flow 
indicator Flow indicator type 

Volume 
threshold 
(ML) 

Daily flow 
threshold 
(ML) Duration 

Minimum 
duration 

Start 
month 

End 
Month 

Without 
Develop-
ment 
Scenario 

Baseline 
Scenario 

2400 GL 
Scenario 

2800 GL 
Scenario 

3200 GL 
scenario 

MURRAY Riverland 
Chowilla 
Floodplain and 
Lower Murray 
freshes 

1 Total Duration 0 40,000 30 7 6 12 4 13 9 9 9 
2 Total Duration 0 40,000 90 7 6 12 5 13 13 13 13 
3 Total Duration 0 60,000 60 7 6 12 9 22 22 22 21 
4 Total Duration 0 80,000 30 7 6 5 11 22 22 22 22 
5 Total Duration 0 100,000 21 1 6 5 13 24 38 38 24 
6 Total Duration 0 125,000 7 1 6 5 13 38 38 38 38 
7 Single Longest 0 20,000 60 60 8 12 4 11 4 4 4 

                              
LOWER DARLING Lower Darling 

Floodplain 
1 Single Longest 0 20,000 30 30 1 12 15 29 29 29 29 
2 Single Longest 0 25,000 45 45 1 12 29 29 29 29 29 
3 Single Longest 0 45,000 2 2 1 12 29 29 29 29 29 
4 Single Longest 0 7,000 10 10 1 12 2 8 7 7 7 
5 Single Longest 0 17,000 18 18 1 12 8 29 28 28 28 

                              
GOULBURN Lower 

Goulburn 
Floodplain 

1 Total Duration 0 25,000 7 1 6 11 5 13 9 9 9 
2 Total Duration 0 30,000 7 1 6 11 6 13 13 13 13 
3 Total Duration 0 30,000 14 1 6 11 9 13 13 13 13 
4 Total Duration 0 45,000 7 1 6 5 13 17 17 17 17 
5 Total Duration 0 60,000 7 1 6 5 13 38 38 38 38 
6 Total Duration 0 30,000 30 1 6 11 13 22 21 34 34 

                              
WIMMERA Lake 

Hindmarsh 
1 Lake Volume 378,000 0 6 6 7 6 12 29 

NA 
27 

NA 2 Lake Volume 378,000 0 24 24 7 6 17 33 32 
3 Lake Volume 378,000 0 36 36 7 6 22 90 57 

  
                    

 
  

 WIMMERA Lake 
Albacutya 

1 Lake Volume 230,000 0 6 6 7 6 28 61 NA 32 NA 2 Lake Volume 230,000 0 24 24 7 6 32 81 81 
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B. Appendix B: Flow Metrics 

B.1. Introduction 
The Water Act (2007) proscribed the need to include ‘key ecosystem functions’ when determining 
the environmentally sustainable level of take. There is a wide acceptance in the scientific community 
regarding the importance of ecosystem functions, and a description of these can be found in an 
associated report (MDBA 2011a). Changes to the flow regime due to human development and 
extraction have been partly measured through the use of hydrologic models, yet these models do 
not directly include an ecological component. Therefore, changes to the ecosystem functions have 
been partly measured through the use of flow metrics related to specific components of the flow 
regime. The development of these metrics is described by Alluvium (2010). 

Flow metrics can be described as a statistical analysis of the flow time series, and they provide a 
broad indication of the level of hydrologic alteration across the Basin. As part of the Basin Plan 
modelling program, these metric results were presented as a direct comparison between flows 
under without development conditions and flows under a developed scenario (i.e. baseline or a 
Basin Plan scenario). This assessment was predominantly used as a ‘first pass’ to identify locations at 
which considerable hydrologic alteration had taken place as a result of water resource development. 
The data presented in this Appendix are the computer model outputs of these flow metrics at all 
Hydrologic Indicator Sites (Table 108 and Figure 87) between different scenarios with respect to the 
without development (WOD) metric. 

The Basin Plan hydrologic modelling framework representing river behaviour in the Murray-Darling 
Basin is an amalgamation of several models which have been developed by State water 
management agencies and the MDBA (Section 1).  For this reason, not all of the models are based on 
the same computational platform, and there are differences in their processing techniques and 
output data (e.g. storage levels, consumptive use, flows at specific sites on the river, and so on).  
One of the most significant differences is the time-step adopted by each model.  As a general guide, 
the hydrologic models representing those regions north of the River Murray produce output data at 
a daily time-step, whereas the remaining model data is produced on a monthly time-step (although 
the River Murray model includes a monthly-to-daily disaggregation routine which can produce daily 
data for a limited number of parameters). For example, the output from a scenario will include daily 
flows on the Murrumbidgee River, but monthly flows on the Goulburn River. Not all of the metrics 
described by Alluvium (2010) are suitable for use with monthly time-step data, hence the flow 
metric results differ depending on the time-step of the appropriate model.  These differences are 
described below. 



 

276 
 

Figure 87: Location of HIS sites 

 

 

Table 108: Overview of HIS locations 

HIS 
No MDBA Region Site description Categories* 
1 Murray1 (upper) Swampy Plains River at Khancoban 2 
2 Murray1 (upper) Murray at Jingellic 2 
3 Murray1 (upper) Murray at Doctor's Point 1b 
4 Ovens King River upstream of Lake William Hovell 2 
5 Ovens Ovens River at Eurobin 2 
6 Ovens Ovens River at Wangaratta 2 
7 Ovens Ovens River at Peechelba 2 
8 Murray2 (central) Murray downstream of Yarrawonga Weir 1a 
9 Goulburn-Broken Goulburn River downstream of Eildon 1b 

10 Goulburn-Broken Goulburn River at Trawool downstream of Yea River 1b 
11 Goulburn-Broken Goulburn River upstream of Goulburn Weir 1b 
12 Goulburn-Broken Goulburn River downstream of Goulburn Weir 1b 
13 Goulburn-Broken Goulburn River at Mooroopna 1b 
14 Goulburn-Broken Broken River at Moorngag 2 
15 Goulburn-Broken Broken River upstream of Caseys Weir 2 
16 Goulburn-Broken Broken River at Gowangardie Weir 2 
17 Goulburn-Broken Goulburn River upstream of Shepparton 1a 
18 Goulburn-Broken Goulburn River at Loch Gary 1b 
19 Goulburn-Broken Goulburn River at McCoys Bridge 1a 
20 Goulburn-Broken Goulburn River inflows to Murray 1b 
21 Campaspe Coliban River at Leyll Road 2 
22 Campaspe Campaspe River at Eppalock 2 
23 Campaspe Campaspe River downstream of Campaspe Weir 2 
24 Campaspe Campaspe River upstream of Campaspe Weir 2 
25 Campaspe Campaspe River at Echuca 2 
26 Campaspe Campaspe River at Rochester Town 2 
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HIS 
No MDBA Region Site description Categories* 
27 Murray2 (central) Murray downstream of Torrumbarry Weir 1a 
28 Loddon Tullaroop Creek downstream of Tullaroop Reservoir 2 
29 Loddon Loddon River downstream of Cairn Curran Reservoir 2 
30 Loddon Loddon River upstream of Serpentine Weir 2 
31 Loddon Loddon River downstream of Serpentine Weir 2 
32 Loddon Loddon River at Appin South Gauge 2 
33 Murray2 (central) Edward River at Deniliquin 1a 
34 Murrumbidgee Billabong Creek at Darlot 2 
35 Murray2 (central) Murray at Wakool River Junction 1b 
36 Murrumbidgee Murrumbidgee River at Burrinjuck Dam inflow 1b 
37 Murrumbidgee Tumut River at Oddys Bridge 1b 
38 Murrumbidgee Murrumbidgee River at Wagga Wagga 1b 
39 Murrumbidgee Murrumbidgee River at Narrandera 1a 
40 Murrumbidgee Murrumbidgee River at Darlington Point 1b 
41 Murrumbidgee Murrumbidgee River at Maude Weir 1a 
42 Lachlan Lachlan River at  downstream of Wyangala Dam 1b 
43 Lachlan Belubula River at downstream of Carcoar Dam 1b 
44 Lachlan Lachlan River at Jemalong Weir 1b 
45 Lachlan Lachlan River at Willandra Weir 1b 
46 Lachlan Lachlan River at Booligal 1a 
47 Murrumbidgee Murrumbidgee River downstream of Balranald Weir 1a 
48 Murray3 (lower) Murray downstream of Euston 1a 
49 Murray3 (lower) Murray at Wentworth 1b 
50 Border Rivers Macintyre River at dam site 2 
51 Border Rivers Macintyre Brook-Dumaresq Confluence 2 
52 Border Rivers Macintyre River at Goondiwindi 1b 
53 Border Rivers Weir River at Gunn Bridge TM 2 
54 Border Rivers Weir River at Talwood TM 2 
55 Border Rivers Barwon River at Mungindi 1a 
56 Moonie Moonie River at Gundablouie 2 
57 Gwydir Gwydir River at Stoneybatter 1b 
58 Gwydir Gwydir River at downstream of Copeton Dam 1b 
59 Gwydir Gwydir River at Pallamallawa 1b 
60 Gwydir Gwydir at Yarraman Bridge 1a 
61 Gwydir Mallowa Creek Regulator 1a 
62 Gwydir Mehi River at Bronte 1b 
63 Gwydir Moomin River at Iffley  2 
64 Gwydir Mehi River near Collarenebri 1b 
65 Gwydir Gwydir River at Collymongle 1b 
66 Gwydir Gil Gil Creek at Galloway 2 
67 Gwydir Gil Gil Creek at Gingham Return Flow (no gauge) 2 
68 Barwon-Darling Barwon at Collarenebri 2 
69 Namoi Peel River downstream of Chaffey Dam 1b 
70 Namoi Peel River at Piallamore 1b 
71 Namoi Namoi River downstream of Keepit Dam 1b 
72 Namoi Namoi River at Mollee 1b 
73 Namoi Namoi River at Bugilbone 1a 
74 Namoi Namoi River at Goangra 1b 
75 Namoi Pian Creek at Waminda 2 
76 Barwon-Darling Barwon River at Dangar Bridge (Walgett) 1b 
77 Macquarie-Castlereagh Macquarie River at Bathurst Post Office 1b 
78 Macquarie-Castlereagh Macquarie River downstream of Burrendong Dam 1b 
79 Macquarie-Castlereagh Macquarie River at Dubbo 1b 
80 Macquarie-Castlereagh Macquarie River at  Gin Gin 1b 
81 Macquarie-Castlereagh Macquarie River at  Marebone Break 1a 
82 Macquarie-Castlereagh Macquarie River at ungauged location upstream of Macquarie Marshes  1b 
83 Macquarie-Castlereagh Macquarie River at  Carinda 1b 
84 Macquarie-Castlereagh Marthaguy Creek at Carinda 2 
85 Macquarie-Castlereagh Castlereagh River at Mendooran 2 
86 Macquarie-Castlereagh Castlereagh River at Gilgandra 2 
87 Macquarie-Castlereagh Castlereagh River at Coonamble 2 
88 Macquarie-Castlereagh Marra Creek at BillyBingbone Bridge 2 
89 Macquarie-Castlereagh Bogan River at Gongolgon 2 
90 Condamine-Balonne Condamine River at Warwick 1b 
91 Condamine-Balonne Condamine River at Chinchilla 1b 
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HIS 
No MDBA Region Site description Categories* 
92 Condamine-Balonne Balonne River at Weribone 1b 
93 Condamine-Balonne Balonne River at St George 2 
94 Condamine-Balonne Culgoa River at Brenda 1a 
95 Condamine-Balonne Narran River at Wilby Wilby 1a 
96 Condamine-Balonne Bokhara River at Bokhara (Goodwins) 2 
97 Barwon-Darling Darling River at Bourke 1a 
98 Warrego Warrego River at Augathella 2 
99 Warrego Warrego River at Wyandra 2 

100 Warrego Warrego River at Cunnamulla 2 
101 Warrego Warrego River at Barringun 2 
102 Warrego Warrego River at Fords Bridge 2 
103 Barwon-Darling Darling River at Louth 1a 
104 Paroo Paroo River at Yarronvale 2 
105 Paroo Paroo River at Caiwarro 2 
106 Paroo Paroo River at Willara Crossing 2 
107 Paroo Paroo River at Wanaaring 2 
108 Barwon-Darling Darling River at Wilcannia, main Channel 1a 
109 Barwon-Darling Talyawalka  Creek at Barrier Highway (Wilcannia) 2 
110 Lower Darling Darling River at Menindee Weir 32 1a 
111 Lower Darling Menindee Lakes, Lake Menindee storage 1a 
112 Lower Darling Menindee Lakes, Lake Cawndilla Storage 1a 
113 Lower Darling Darling River at Burtundy 1b 
114 Murray3 (lower) Murray flow to South Australia (below Rufus inflow) 1a 
115 Murray3 (lower) Murray at Morgan 2 
116 Murray3 (lower) Murray at Wellington 1b 
117 Murray3 (lower) Murray at Barrages 1a 
118 Wimmera-Avoca Wimmera River at Glenorchy 2 
119 Wimmera-Avoca Wimmera River at Lochiel Railway Br 2 
120 Wimmera-Avoca Wimmera upstream of Lake Hindmarsh 2 
121 Wimmera-Avoca Lake Hindmarsh 1a 
122 Wimmera-Avoca Lake Albacutya 1a 

* 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 

 

B.1.1. Daily flow metrics 
The selected daily metrics are shown in Table 109. These metrics can be divided into two groups: 
those which are restricted to certain flow seasons of the year (i.e. the cease-to-flow, baseflow and 
freshes metrics), and those which are measured using the entire year of flows (annual recurrence 
intervals and the seasonality metric). 

Season-dependent metrics have been calculated for both the high and low flow seasons in the year.  
The high flow season metrics have been measured in the five months of highest flow (long term 
median) and the low flow season metrics in the five months of lowest flow.  The determination of 
these flow seasons has been undertaken for each hydrologic indicator site location. In general, the 
high flow season is in winter/spring in the southern and eastern parts of the Basin, and in summer in 
the north. These metrics are typically based around flows of a magnitude defined by a probability of 
exceedance (expressed as a percentile), or sometimes described as a frequency of occurrence. The 
exceedance values have been determined based on analysis and relationships between the 
environmental flow recommendations from detailed environmental flows studies, particularly 
Victorian FLOWS studies (see Alluvium 2010). 

The 1.5 year Annual Recurrence Interval (ARI) was used to estimate bankfull flow based on 
Stewardson et al (2005) while the 2.5 and 5 year ARI were used to assess overbank flows based on 
Overton et al.( 2009). While Overton et al (2009) identified that the 1 in 1 year, 1 in 2 year, 1 in 5 
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year and 1 in 10 year ARI’s as being most applicable intervals for assessing wetland and floodplain 
inundation, to ensure the overbank event magnitudes are captured, a 2.5 year ARI metric was 
chosen to allow for a greater spread of flows as the 1.5 year ARI had been chosen to assess bankfull 
flows. The 10 year ARI flows are captured in the site specific environmental water demands 
developed for the indicator assets. 

The metrics are reported as a proportion of the without development (or natural) value: 

Metric Value =
Value under developed scenario (baseline or Basin Plan)

Value under without development scenario
 

The seasonality metric (SP) is one of the suite of monthly metrics used in the Sustainable Rivers 
Audit, Report 1 (Davies et al 2008) described below. This metric seeks to quantify the change in 
seasonal flows between developed (baseline and Basin Plan) and without development conditions. 

Table 109: Flow metrics used for hydrologic indicator sites with daily flow data 

Season Flow Component Metric (units) 

Low flow 
season 

Cease-to-flow  No. of years with at least one cease-to-flow spell 
(No.) 

Average number of cease-to-flow spells per year 
(No.) 

Average duration of cease-to-flow spells (No. of days) 

Baseflow  

Where base flow is a flow equivalent to 
80th %ile exceedence probability based 
on without development flows for 
season of interest. (zero flows are 
excluded if 90th%ile exceedence = zero) 

Flow rate (ML/d) 

Fresh 

Where a fresh is a flow that exceeds 
20th %ile exceedence probability based 
on without development flows for a 
season of interest. (ML/D). (zero flows 
are excluded if 90th%ile exceedence of 
without development flow = zero) 

No. of years with at least one fresh (No.) 

Average number freshes per season(No.) 

Average duration of freshes (No. of days) 

High flow 
season 

Cease-to-flow No. of years with at least one cease-to-flow spell 
(No.) 
Average number of cease-to-flow spells per year 
(No.) 
Average duration of cease-to-flow spells (No. of days) 

Base flow 

Where base flow is a flow equivalent to 
80th %ile exceedence probability based 
on without development flows for 
season of interest. (zero flows are 
excluded if 90th%ile exceedence of 
without development flow = zero) 

Flow rate (ML/d)  
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Season Flow Component Metric (units) 

Fresh 

Where a fresh is a flow that exceeds 20th 
%ile exceedence probability based on 
without development flows for season 
of interest. (ML/D). (zero flows are 
excluded if 90th%ile exceedence of 
without development flow = zero) 

No. of years with at least one  fresh (No.) 

Average number freshes per season (No.) 

Average duration of freshes (No. of days) 

Any 
season 

Bankfull Flow 1.5 year ARI flow rate (ML/d) 
(Based on a partial series analysis) 

Overbank Flow 2.5 and 5 year ARI flow rate (ML/d) 
(Based on a partial series analysis) 

Seasonality Sustainable Rivers Audit Seasonal Period Index (see 
Error! Reference source not found. for details)  

B.1.2. Monthly time-step metrics 
Where metrics must be calculated based on monthly data, the metrics used in the Sustainable Rivers 
Audit, Report 1 (Davies et al 2008) have been selected, with some variations. The SRA metrics are 
based on the Flow Stress Ranking metrics produced by SKM (2002) and have been assessed by Norris 
et al. (2007) as ‘the best option for the large-scale assessment of hydrological change’. 

The metrics used for the monthly time-step, for Victorian and River Murray hydrologic indicator sites 
only, rely on the similar principle as the daily time-step metrics where the degree of change from 
without-development flow reveals the state of the current flow regime (Davies et al 2008).  Each of 
these metric values ranges from 0 to 1, equivalent to 0–100% of without development flow 
conditions.   

The monthly time-step metrics used for Victorian and River Murray hydrologic indicator sites are 
outlined in Table 110; these metrics are derived from Davies et al (2008). The set of metrics in Error! 
Reference source not found.3 has been identified as being appropriate for monthly flow data, 
however it is recognised that the use of monthly flows introduces a level of uncertainty.  
Nevertheless, these metrics have been used to provide a general indication of flow alteration only, 
flagging the need for further investigations using other ecological and modelling techniques. 

Table 110: Flow metrics used for hydrologic indicator sites with monthly flow data 

Season Flow Component Metric 

Al
l s

ea
so

ns
 

Cease to flow 

Proportion of zero flow has been 
calculated by comparing the proportion 
of months with zero flow under current 
and without development conditions.  A 
zero flow month is defined as one which 
contains a flow less than the 99.5th 
percentile. 

The parameter PZc is the proportion of months under 
current conditions, and PZr is the proportion of months 
under without development conditions and PZ compares 
the proportion of months with zero flow under both 
scenarios, 

𝑃𝑃𝑃𝑃 = 1 − 2[max(𝑃𝑃𝑃𝑃𝑟𝑟 ,𝑃𝑃𝑃𝑃𝑐𝑐)
−  min(𝑃𝑃𝑃𝑃𝑟𝑟 ,𝑃𝑃𝑃𝑃𝑐𝑐)] 
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Season Flow Component Metric 

Base flow 

This metric compares the magnitude of 
low flow events under current 
conditions to those under without 
development conditions for the lowest 
(91.7th percentile) and second-lowest 
(83.3rd percentile) monthly flows.. 

The parameters 𝐿𝐿𝐿𝐿91.7 and 𝐿𝐿𝐿𝐿83.3 are ‘range-
standardised indices’ and 𝐿𝐿𝐿𝐿 is the mean of these 
two values: 

𝐿𝐿𝐿𝐿 = (𝐿𝐿𝐿𝐿91.7 + 𝐿𝐿𝐿𝐿83.3)/2 

 

Low Flow Fresh 

This metric compares the magnitude of 
flow events between the 41.7h%ile and 
50%ile under current conditions to 
those under without development 
conditions for flows between the 
41.7th%ile and the 50.0%ile monthly 
flows. 

The parameters 𝑀𝑀𝐿𝐿41.7 and  𝑀𝑀𝐿𝐿50.0 are ‘range-
standardised indices’ and 𝑀𝑀𝐿𝐿 is the mean of these 
two values: 

𝑀𝑀𝐿𝐿 = (𝑀𝑀𝐿𝐿41.7 + 𝑀𝑀𝐿𝐿50.0)/2 

High Flow Fresh, Bankfull and Overbank 
events 

This metric compares the magnitude of 
high flow events under current 
conditions to those under without 
development conditions by comparing 
the highest (8.3rd percentile) and second 
highest (16.7th percentile) monthly 
flows. 

The parameters 𝐻𝐻𝐿𝐿8.3 and 𝐻𝐻𝐿𝐿16.7 are ‘range-
standardised indices’ and 𝐻𝐻𝐿𝐿 is the mean of these 
two values: 

𝐻𝐻𝐿𝐿 = (𝐻𝐻𝐿𝐿8.3 + 𝐻𝐻𝐿𝐿16.7)/2 

 

Seasonality  

The seasonality index measures the 
shift in the maximum and minimum 
flow months between without 
development and current conditions.  
The flow histories for the current and 
without development conditions and 
determine the proportion of years in 
which each month displays the 
maximum and minimum flow.  This 
metric effectively measures the change 
in the system. 

𝑃𝑃𝐻𝐻𝑃𝑃𝑖𝑖  is the proportion of years in which the 𝑖𝑖th 
month has the highest current conditions flow, and 
𝑃𝑃𝐻𝐻𝑃𝑃𝑖𝑖  is the proportion of years in which the 𝑖𝑖th 
month has the highest without development flow. 
By taking the minimum of without development 
and current values for each month. The metric is 
calculated using the relation, 

𝑆𝑆𝑃𝑃 =  
1
2
��[min(𝑃𝑃𝐻𝐻𝑃𝑃𝑖𝑖 ,𝑃𝑃𝐻𝐻𝑃𝑃𝑖𝑖)]

𝑖𝑖

+  �[min(𝑃𝑃𝐿𝐿𝑃𝑃𝑖𝑖 ,𝑃𝑃𝐿𝐿𝑃𝑃𝑖𝑖)]
𝑖𝑖

�, 

B.2. Explanation of metric results 
As described above, the metrics presented for each region were dependent on the time-step of the 
associated model.  There are a large number of metrics that show results well over 100% of without 
development flow.  This occurs mainly at locations where seasonality has been modified significantly 
due to high summer flows and supply of irrigation water.  A percentage greater than 100% indicates 
that current flows are greater than those produced under without development conditions. In the 
assessment of these flows, results above 100% of without development also indicates a level of 
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hydrologic alteration that could negatively affect the ecosystems reliant on these river flows just as 
much as too little flow. 

In general, a ratio of 0% indicates that the event under consideration did not occur during the 
modelled period under baseline or Basin Plan conditions.  This is especially prevalent for the cease-
to-flow metrics, indicating that days of zero flow do not appear in many of the modelled flows over 
the modelling period.  Concomitantly, a value of zero under without development conditions (hence 
a ratio cannot be calculated) is indicated by the “-“ symbol in the tables. 

The flow metrics for the BP-2800 scenario only are shown in the Northern Basin, as the BP 2400 and 
3200 GL scenarios were equivalent for these regions. 
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B.3. Flow metric results for different flow scenarios 

B.3.1. Barwon-Darling 
Table 111: Base flow statistics in the Barwon-Darling region 

  Period: Low Season High Season 
  Metric: Baseflow Baseflow Baseflow Baseflow 

  Run: 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Barwon-Darling         
68 422003 – Barwon@Collarenebri 110% 115% 92% 99% 
76 422001 – Barwon@Walgett 59% 59% 61% 61% 
97 425003 – Darling@Bourke 100% 104% 74% 85% 

103 425004 – Darling@Louth 88% 100% 61% 78% 
108 425008 – Darling@Wilcannia (Main Channel) 60% 78% 39% 55% 
109 425018 – Talyawalka Creek@Barrier Highway (Wilcannia) 0% 0% 0% 0% 

Table 112: Cease-to-flow statistics (low flow season) in the Barwon-Darling region 
  Period: Low Season Low Season Low Season 

  Metric: 
years 

with  ≥1 
CTF spell 

years 
with  ≥1 
CTF spell 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS 
No Unit: % of 

WOD 
% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Barwon-Darling             
68 422003 – Barwon@Collarenebri 0% 0% 0% 0% 0% 0% 
76 422001 – Barwon@Walgett 0% 0% 0% 0% 0% 0% 
97 425003 – Darling@Bourke 0% 0% 0% 0% 0% 0% 

103 425004 – Darling@Louth 0% 0% 0% 0% 0% 0% 
108 425008 – Darling@Wilcannia (Main Channel) 0% 0% 0% 0% 0% 0% 

109 425018 – Talyawalka Creek@Barrier Highway 
(Wilcannia) 103% 103% 112% 111% 100% 100% 

Table 113: Fresh flow statistics (low flow season) in the Barwon-Darling region 
  Period: Low Season Low Season Low Season 

  Metric: 
years 

with  ≥1 
Fresh 

years 
with  ≥1 

Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS 
No Unit: % of 

WOD 
% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Barwon-Darling             
68 422003 – Barwon@Collarenebri 54% 65% 44% 55% 100% 98% 
76 422001 – Barwon@Walgett 61% 67% 59% 63% 90% 100% 
97 425003 – Darling@Bourke 61% 66% 57% 62% 93% 95% 

103 425004 – Darling@Louth 57% 63% 55% 59% 97% 100% 
108 425008 – Darling@Wilcannia (Main Channel) 53% 59% 45% 51% 114% 113% 

109 425018 – Talyawalka Creek@Barrier Highway 
(Wilcannia) 65% 70% 67% 67% 105% 109% 

 

  



 

284 
 

Table 114: Cease-to-flow statistics (high flow season) in the Barwon-Darling region 
  Period: High Season High Season High Season 

  Metric: 
years 

with  ≥1 
CTF spell 

years 
with  ≥1 
CTF spell 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

His 
No Unit: % of 

WOD 
% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Barwon-Darling             
68 422003 – Barwon@Collarenebri 0% 0% 0% 0% 0% 0% 
76 422001 – Barwon@Walgett 30% 10% 31% 8% 25% 25% 
97 425003 – Darling@Bourke 0% 0% 0% 0% 0% 0% 

103 425004 – Darling@Louth 0% 0% 0% 0% 0% 0% 
108 425008 – Darling@Wilcannia (Main Channel) 0% 0% 0% 0% 0% 0% 

109 425018 – Talyawalka Creek@Barrier Highway 
(Wilcannia) 103% 102% 110% 110% 101% 101% 

Table 115: Fresh flow statistics (high flow season) in the Barwon-Darling region 
  Period: High Season High Season High Season 

  Metric: 
years 

with  ≥1 
Fresh 

years 
with  ≥1 

Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS 
No Unit: % of 

WOD 
% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Barwon-Darling             
68 422003 – Barwon@Collarenebri 75% 79% 63% 64% 76% 83% 
76 422001 – Barwon@Walgett 74% 78% 61% 66% 93% 95% 
97 425003 – Darling@Bourke 58% 63% 53% 61% 95% 91% 

103 425004 – Darling@Louth 55% 59% 51% 56% 94% 96% 
108 425008 – Darling@Wilcannia (Main Channel) 54% 56% 51% 55% 95% 96% 

109 425018 – Talyawalka Creek@Barrier Highway 
(Wilcannia) 50% 50% 38% 41% 185% 176% 

Table 116: Annual Recurrence Interval (ARI) flow statistics in the Barwon-Darling region 
  Period: All Year All Year All Year 

  Metric: 
1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 year 
ARI 

5 year 
ARI 

5 year 
ARI 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS 
No Unit: % of 

WOD 
% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Barwon-Darling             
68 422003 – Barwon@Collarenebri 62% 64% 69% 70% 77% 79% 
76 422001 – Barwon@Walgett 56% 58% 61% 64% 67% 69% 
97 425003 – Darling@Bourke 56% 59% 57% 59% 62% 64% 

103 425004 – Darling@Louth 62% 64% 64% 65% 61% 63% 
108 425008 – Darling@Wilcannia (Main Channel) 64% 69% 90% 93% 89% 90% 

109 425018 – Talyawalka Creek@Barrier Highway 
(Wilcannia) 2% 2% 4% 5% 32% 36% 
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B.3.2. Border Rivers 
Table 117: Base flow statistics in the Border Rivers region 

  Period: Low Season High Season 
  Metric: Baseflow Baseflow Baseflow Baseflow 

  Run: 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD 
  Border Rivers         

50 416018 – Macintyre@Dam Site 159% 159% 240% 247% 
51 - – Macintyre-Dumaresq Confluence 127% 130% 195% 173% 
52 416201 – Macintyre@Goondiwindi 67% 75% 299% 321% 
53 416800 – Weir River@Gunn Bridge 100% 100% 0% 0% 
54 416202 – Weir River@Talwood 100% 100% 100% 100% 
55 416001 – Barwon@Mungindi 34% 41% 83% 80% 

Table 118: Cease-to-flow statistics (low flow season) in the Border Rivers region 
  Period: Low Season Low Season Low Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # CTF  
spells / 

year 

Ave. # CTF  
spells / 

year 

Ave. 
Duration 
CTF spells 

Ave. 
Duration 
CTF spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Border Rivers             

50 416018 – Macintyre@Dam Site 0% 0% 0% 0% 0% 0% 
51 - – Macintyre-Dumaresq Confluence - - - - - - 
52 416201 – Macintyre@Goondiwindi 150% 125% 100% 86% 24% 27% 
53 416800 – Weir River@Gunn Bridge 103% 103% 228% 228% 52% 52% 
54 416202 – Weir River@Talwood 100% 100% 140% 140% 72% 72% 
55 416001 – Barwon@Mungindi 179% 167% 226% 200% 75% 84% 

Table 119: Fresh flow statistics (low flow season) in the Border Rivers region 
  Period: Low Season Low Season Low Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Border Rivers             

50 416018 – Macintyre@Dam Site 110% 107% 162% 164% 62% 60% 
51 - – Macintyre-Dumaresq Confluence 106% 102% 120% 117% 77% 77% 
52 416201 – Macintyre@Goondiwindi 97% 97% 96% 94% 93% 95% 
53 416800 – Weir River@Gunn Bridge 101% 101% 97% 97% 106% 106% 
54 416202 – Weir River@Talwood 97% 97% 88% 88% 106% 106% 
55 416001 – Barwon@Mungindi 73% 77% 72% 81% 76% 75% 

Table 120: Cease-to-flow statistics (high flow season) in the Border Rivers region 
  Period: High Season High Season High Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # CTF  
spells / 

year 

Ave. # CTF  
spells / 

year 

Ave. 
Duration 
CTF spells 

Ave. 
Duration 
CTF spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

His No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Border Rivers             

50 416018 – Macintyre@Dam Site 0% 0% 0% 0% 0% 0% 
51 - – Macintyre-Dumaresq Confluence 0% 0% 0% 0% 0% 0% 
52 416201 – Macintyre@Goondiwindi 100% 0% 100% 0% 22% 0% 
53 416800 – Weir River@Gunn Bridge 119% 119% 185% 185% 121% 121% 
54 416202 – Weir River@Talwood 101% 101% 115% 115% 93% 93% 
55 416001 – Barwon@Mungindi 105% 105% 96% 96% 20% 12% 
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Table 121: Fresh flow statistics (high flow season) in the Border Rivers region 
  Period: High Season High Season High Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Border Rivers             

50 416018 – Macintyre@Dam Site 103% 105% 224% 237% 75% 66% 
51 - – Macintyre-Dumaresq Confluence 103% 103% 132% 122% 80% 79% 
52 416201 – Macintyre@Goondiwindi 103% 103% 151% 141% 65% 69% 
53 416800 – Weir River@Gunn Bridge 100% 100% 96% 96% 107% 107% 
54 416202 – Weir River@Talwood 91% 91% 83% 83% 109% 109% 
55 416001 – Barwon@Mungindi 52% 57% 46% 50% 88% 92% 

Table 122: Annual Recurrence Interval (ARI) flow statistics in the Border Rivers region 
  Period: All Year All Year All Year 

  Metric: 
1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 year 
ARI 5 year ARI 5 year ARI 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Border Rivers             

50 416018 – Macintyre@Dam Site 90% 89% 93% 93% 89% 89% 
51 - – Macintyre-Dumaresq Confluence 84% 85% 89% 91% 94% 95% 
52 416201 – Macintyre@Goondiwindi 82% 83% 89% 90% 94% 95% 
53 416800 – Weir River@Gunn Bridge 81% 81% 81% 81% 92% 92% 
54 416202 – Weir River@Talwood 71% 71% 81% 81% 91% 91% 
55 416001 – Barwon@Mungindi 62% 70% 73% 78% 79% 83% 
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B.3.3. Campaspe 
Table 123: Annual Recurrence Interval (ARI) flow statistics in the Campaspe region 

  Period: All Year All Year All Year 

  Metric: 
1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 year 
ARI 

2.5 year 
ARI 

2.5 year 
ARI 

5 year 
ARI 

5 year 
ARI 

5 year 
ARI 

5 year 
ARI 

  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  REALM model outputs                         
    Campaspe                          

21   406215 – Coliban@Lyell Road  21% 29% 29% 33% 62% 67% 69% 73% 84% 89% 90% 92% 
22   FSR 40609 – Campaspe Inflows into Lake Eppalock  100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
23   406207 – Campaspe@Eppalock  49% 33% 33% 32% 33% 59% 59% 62% 73% 85% 87% 88% 
23   406203 – Campaspe@D/S Campaspe Weir  30% 44% 46% 44% 45% 65% 70% 74% 77% 87% 88% 94% 
24   FSR 40602 – Campaspe@U/S Campaspe Weir  40% 47% 48% 46% 47% 71% 71% 74% 77% 87% 88% 94% 
25   406265 – Campaspe@Echuca  28% 39% 44% 41% 45% 65% 70% 74% 76% 87% 88% 93% 
26   406202 – Campaspe@Rochester  28% 40% 44% 41% 45% 65% 70% 74% 77% 87% 88% 93% 

These statistics should be used with great caution as they are based on monthly data. 
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Table 124: SRA flow statistics in the Campaspe region 1 
  Period: All Year All Year All Year 

  Metric: 
SRA 

Seasonal 
Periodicity 

SRA 
Seasonal 

Periodicity 

SRA 
Seasonal 

Periodicity 

SRA 
Seasonal 

Periodicity 
SRA HF SRA HF SRA HF SRA HF SRA LF SRA LF SRA LF SRA LF 

  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  REALM model outputs                         
    Campaspe                          

21   406215 – Coliban@Lyell Road  83% 88% 89% 90% 47% 55% 56% 58% 22% 22% 22% 22% 
22   FSR 40609 – Campaspe Inflows into Lake Eppalock  99% 99% 99% 99% 100% 100% 100% 100% 100% 100% 100% 100% 
23   406207 – Campaspe@Eppalock  38% 43% 44% 48% 59% 57% 57% 62% 45% 14% 14% 11% 
23   406203 – Campaspe@D/S Campaspe Weir  69% 83% 82% 81% 56% 68% 70% 74% 68% 72% 73% 73% 
24   FSR 40602 – Campaspe@U/S Campaspe Weir  48% 51% 53% 56% 64% 70% 74% 76% 26% 20% 20% 20% 
25   406265 – Campaspe@Echuca  84% 89% 89% 87% 51% 66% 67% 68% 83% 87% 87% 83% 
26   406202 – Campaspe@Rochester  82% 87% 85% 85% 51% 66% 67% 70% 75% 85% 85% 80% 

Table 125: SRA flow statistics in the Campaspe region 2 
  Period: All Year All Year All Year 

  Metric: SRA MF SRA MF SRA MF SRA MF SRA PZ SRA PZ SRA PZ SRA PZ SRA CV SRA CV SRA CV SRA CV 
  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  REALM model outputs                         
    Campaspe                          

21   406215 – Coliban@Lyell Road  75% 75% 75% 75% 78% 78% 78% 78% 56% 62% 62% 63% 
22   FSR 40609 – Campaspe Inflows into Lake Eppalock  100% 100% 100% 100% 97% 97% 97% 97% 100% 100% 100% 100% 
23   406207 – Campaspe@Eppalock  78% 43% 44% 33% 95% 99% 99% 98% 95% 88% 87% 86% 
23   406203 – Campaspe@D/S Campaspe Weir  77% 61% 54% 52% 98% 99% 98% 98% 75% 76% 77% 78% 
24   FSR 40602 – Campaspe@U/S Campaspe Weir  61% 7% 7% 6% 98% 99% 98% 98% 100% 92% 92% 90% 
25   406265 – Campaspe@Echuca  90% 93% 94% 88% 98% 99% 99% 98% 67% 72% 73% 74% 
26   406202 – Campaspe@Rochester  83% 78% 72% 65% 98% 99% 99% 98% 68% 73% 74% 75% 
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B.3.4. Condamine-Balonne 
Table 126: Base flow statistics in the Condamine-Balonne region 

  Period: Low Season High Season   
  Metric: Baseflow Baseflow Baseflow Baseflow     Run: 845 847 845 847     Scenario: Baseline 2800GL Baseline 2800GL   HIS No Unit: % of WOD % of WOD % of WOD % of WOD   
  Condamine-Balonne            

20 422310 – Condamine@Warwick 0% 0% 71% 71%   91 422308 – Condamine@Chinchilla Weir 0% 0% 0% 0%   22 422213 – Balonne@Weribone 0% 0% 0% 0%   93 422201 – Balonne@St George 5% 10% 6% 12%   96 422005 – Bokhara@Bokhara 170% 290% 97% 148%   23 422015 – Culgoa@Brenda 0% 0% 0% 0%   95 422016 – Narran@Wilby Wilby 0% 0% 0% 0%   96 422005 – Bokhara@Bokhara 170% 290% 97% 148%   

Table 127: Cease-to-flow statistics (low flow season) in the Condamine-Balonne region 
  Period: Low Season Low Season Low Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # CTF  
spells / 

year 

Ave. # CTF  
spells / 

year 

Ave. 
Duration 
CTF spells 

Ave. 
Duration 
CTF spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Condamine-Balonne             

20 422310 – Condamine@Warwick 458% 453% 500% 497% 212% 212% 
91 422308 – Condamine@Chinchilla Weir 193% 188% 240% 219% 142% 141% 
22 422213 – Balonne@Weribone 143% 139% 170% 162% 101% 103% 
93 422201 – Balonne@St George 124% 123% 136% 135% 113% 108% 
96 422005 – Bokhara@Bokhara 100% 100% 118% 120% 86% 82% 
23 422015 – Culgoa@Brenda 110% 110% 105% 104% 144% 143% 
95 422016 – Narran@Wilby Wilby 100% 100% 100% 102% 108% 104% 
96 422005 – Bokhara@Bokhara 100% 100% 118% 120% 86% 82% 

Table 128: Fresh flow statistics (low flow season) in the Condamine-Balonne region 
  Period: Low Season Low Season Low Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Condamine-Balonne             

20 422310 – Condamine@Warwick 85% 84% 80% 79% 94% 95% 
91 422308 – Condamine@Chinchilla Weir 50% 57% 47% 54% 78% 80% 
22 422213 – Balonne@Weribone 82% 85% 76% 85% 84% 81% 
93 422201 – Balonne@St George 85% 85% 83% 88% 86% 85% 
96 422005 – Bokhara@Bokhara 47% 53% 51% 60% 121% 116% 
23 422015 – Culgoa@Brenda 55% 59% 49% 53% 84% 93% 
95 422016 – Narran@Wilby Wilby 54% 70% 45% 60% 103% 112% 
96 422005 – Bokhara@Bokhara 47% 53% 51% 60% 121% 116% 
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Table 129: Cease-to-flow statistics (high flow season) in the Condamine-Balonne region 
  Period: High Season High Season High Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # CTF  
spells / 

year 

Ave. # CTF  
spells / 

year 

Ave. 
Duration 
CTF spells 

Ave. 
Duration 
CTF spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

His No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Condamine-Balonne             

20 422310 – Condamine@Warwick 152% 152% 173% 177% 130% 126% 
91 422308 – Condamine@Chinchilla Weir 200% 190% 197% 186% 215% 205% 
22 422213 – Balonne@Weribone 159% 154% 249% 237% 109% 109% 
93 422201 – Balonne@St George 128% 122% 155% 140% 125% 128% 
96 422005 – Bokhara@Bokhara 103% 103% 123% 118% 82% 81% 
23 422015 – Culgoa@Brenda 124% 124% 139% 140% 164% 156% 
95 422016 – Narran@Wilby Wilby 100% 100% 97% 94% 133% 131% 
96 422005 – Bokhara@Bokhara 103% 103% 123% 118% 82% 81% 

Table 130: Fresh flow statistics (high flow season) in the Condamine-Balonne region 
  Period: High Season High Season High Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Condamine-Balonne             

20 422310 – Condamine@Warwick 94% 94% 95% 95% 94% 94% 
91 422308 – Condamine@Chinchilla Weir 78% 84% 58% 62% 79% 84% 
22 422213 – Balonne@Weribone 96% 99% 86% 92% 85% 86% 
93 422201 – Balonne@St George 97% 98% 86% 93% 93% 91% 
96 422005 – Bokhara@Bokhara 54% 63% 42% 51% 79% 88% 
23 422015 – Culgoa@Brenda 47% 74% 38% 66% 84% 88% 
95 422016 – Narran@Wilby Wilby 50% 71% 45% 72% 88% 90% 
96 422005 – Bokhara@Bokhara 54% 63% 42% 51% 79% 88% 

Table 131: Annual Recurrence Interval (ARI) flow statistics in the Condamine-Balonne region 
  Period: All Year All Year All Year 

  Metric: 
1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 year 
ARI 5 year ARI 5 year ARI 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Condamine-Balonne             

20 422310 – Condamine@Warwick 97% 98% 94% 96% 98% 99% 
91 422308 – Condamine@Chinchilla Weir 68% 74% 78% 83% 78% 82% 
22 422213 – Balonne@Weribone 85% 89% 86% 90% 85% 90% 
93 422201 – Balonne@St George 90% 93% 91% 92% 92% 93% 
96 422005 – Bokhara@Bokhara 32% 48% 51% 58% 45% 53% 
23 422015 – Culgoa@Brenda 33% 58% 40% 65% 53% 78% 
95 422016 – Narran@Wilby Wilby 59% 87% 71% 92% 81% 93% 
96 422005 – Bokhara@Bokhara 32% 48% 51% 58% 45% 53% 

 

 



 

291 
 

B.3.5. Goulburn-Broken 
Table 132: Annual Recurrence Interval (ARI) flow statistics in the Goulburn-Broken region (monthly time step) 

  Period: All Year All Year All Year 

  Metric: 
1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 
year 
ARI 

2.5 
year 
ARI 

2.5 
year 
ARI 

5 year 
ARI 

5 year 
ARI 

5 year 
ARI 

5 year 
ARI 

  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  REALM model outputs                         
  Goulburn-Broken                         
9  405203 – Goulburn@D/S Eildon  103% 86% 81% 80% 79% 67% 65% 65% 63% 57% 58% 62% 

10  405201 – Goulburn@Trawool  69% 62% 61% 65% 52% 52% 53% 55% 45% 62% 63% 66% 
11  405259 – Goulburn@Goulburn Weir (Head Gauge)  60% 65% 65% 65% 50% 56% 56% 64% 54% 62% 63% 71% 
12  405253 – Goulburn@D/S Goulburn Weir (closed 1985)  35% 61% 62% 66% 49% 56% 56% 59% 52% 57% 59% 64% 
13  405271 – Goulburn@Shepparton  42% 59% 61% 61% 53% 59% 59% 60% 62% 65% 66% 68% 
14  404206 – Broken@Moorngag  85% 85% 85% 85% 90% 90% 90% 90% 98% 98% 98% 98% 
15  FSR 40411 – Broken@U/S Casey's Weir  92% 92% 92% 92% 96% 96% 96% 96% 99% 99% 99% 99% 
16  404224 – Broken@Gowangardie  87% 87% 87% 87% 88% 88% 88% 88% 94% 94% 94% 94% 
17  405272 – Goulburn@U/S Shepparton  39% 59% 61% 63% 51% 55% 57% 58% 58% 62% 62% 64% 
18  405276 – Goulburn@Loch Gary  42% 59% 61% 61% 53% 59% 59% 60% 62% 65% 66% 68% 
19  405232 – Goulburn@D/S McCoy's Bridge  42% 59% 61% 62% 54% 59% 59% 60% 62% 65% 66% 68% 
20  FSR 40501 – Goulburn inflows into Murray  42% 59% 61% 62% 54% 59% 59% 60% 62% 66% 66% 68% 

These statistics should be used with great caution as they are based on monthly data.     
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Table 133: SRA flow statistics in the Goulburn-Broken region (monthly time step) 1 
  Period: All Year All Year All Year 

  Metric: 
SRA 

Seasonal 
Periodicity 

SRA 
Seasonal 

Periodicity 

SRA 
Seasonal 

Periodicity 

SRA 
Seasonal 

Periodicity 
SRA HF SRA HF SRA HF SRA HF SRA LF SRA LF SRA LF SRA LF 

  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  REALM model outputs                         
  Goulburn-Broken                         
9  405203 – Goulburn@D/S Eildon  21% 24% 28% 38% 81% 75% 70% 68% 25% 67% 70% 63% 

10  405201 – Goulburn@Trawool  29% 47% 50% 56% 58% 49% 48% 51% 42% 39% 37% 42% 
11  405259 – Goulburn@Goulburn Weir (Head Gauge)  38% 53% 56% 61% 49% 56% 56% 62% 31% 27% 27% 31% 
12  405253 – Goulburn@D/S Goulburn Weir (closed 1985)  57% 73% 74% 76% 18% 33% 35% 43% 8% 16% 22% 32% 
13  405271 – Goulburn@Shepparton  64% 78% 76% 77% 31% 44% 50% 58% 8% 19% 28% 38% 
14  404206 – Broken@Moorngag  61% 61% 61% 61% 86% 86% 86% 86% 58% 58% 58% 58% 
15  FSR 40411 – Broken@U/S Casey's Weir  63% 63% 63% 63% 92% 92% 92% 92% 40% 40% 40% 40% 
16  404224 – Broken@Gowangardie  75% 75% 75% 75% 88% 88% 88% 88% 63% 63% 63% 63% 
17  405272 – Goulburn@U/S Shepparton  65% 75% 73% 77% 27% 39% 44% 49% 8% 24% 29% 44% 
18  405276 – Goulburn@Loch Gary  64% 78% 76% 77% 31% 44% 50% 58% 8% 19% 28% 38% 
19  405232 – Goulburn@D/S McCoy's Bridge  62% 78% 76% 77% 31% 45% 50% 59% 8% 23% 29% 49% 
20  FSR 40501 – Goulburn inflows into Murray  61% 78% 75% 75% 31% 45% 51% 59% 8% 23% 30% 51% 
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Table 134: SRA flow statistics in the Goulburn-Broken region (monthly time step) 2 
  Period: All Year All Year All Year 

  Metric: SRA MF SRA MF SRA MF SRA MF SRA PZ SRA PZ SRA PZ SRA PZ SRA CV SRA CV SRA CV SRA CV 
  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  REALM model outputs                         
  Goulburn-Broken                         
9  405203 – Goulburn@D/S Eildon  74% 75% 75% 76% 98% 98% 98% 98% 89% 72% 70% 69% 

10  405201 – Goulburn@Trawool  69% 68% 67% 69% 100% 99% 99% 99% 65% 64% 65% 67% 
11  405259 – Goulburn@Goulburn Weir (Head Gauge)  64% 62% 64% 71% 99% 99% 99% 99% 66% 68% 69% 71% 
12  405253 – Goulburn@D/S Goulburn Weir (closed 1985)  72% 74% 74% 77% 41% 85% 87% 91% 64% 80% 83% 87% 
13  405271 – Goulburn@Shepparton  73% 76% 78% 79% 62% 88% 89% 92% 69% 81% 84% 87% 
14  404206 – Broken@Moorngag  88% 88% 88% 88% 96% 96% 96% 96% 99% 99% 99% 99% 
15  FSR 40411 – Broken@U/S Casey's Weir  52% 52% 52% 52% 97% 97% 97% 97% 98% 98% 98% 98% 
16  404224 – Broken@Gowangardie  92% 92% 92% 92% 97% 97% 97% 97% 90% 90% 90% 90% 
17  405272 – Goulburn@U/S Shepparton  71% 76% 77% 79% 63% 89% 90% 93% 68% 81% 84% 87% 
18  405276 – Goulburn@Loch Gary  73% 76% 78% 79% 62% 88% 89% 92% 69% 81% 84% 87% 
19  405232 – Goulburn@D/S McCoy's Bridge  72% 76% 77% 80% 68% 89% 90% 93% 70% 82% 85% 87% 
20  FSR 40501 – Goulburn inflows into Murray  73% 76% 77% 81% 66% 89% 91% 94% 70% 82% 85% 88% 
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B.3.6. Gwydir 
Table 135: Base flow statistics in the Gwydir region 

  Period: Low Season High Season   
  Metric: Baseflow Baseflow Baseflow Baseflow     Run: 845 847 845 847     Scenario: Baseline 2800GL Baseline 2800GL   HIS No Unit: % of WOD % of WOD % of WOD % of WOD   
  Gwydir            

57 418029 – Gwydir@Stonybatter 100% 100% 100% 100%   58 418026 – Gwydir@D/S Copeton Dam 733% 740% 413% 425%   59 418001 – Gwydir@Pallamalawa 353% 355% 368% 313%   60 418004 – Gwydir@Yarraman Bridge 257% 257% 227% 196%   61 418049 – Mallowa Creek@Regulator 417% 417% 417% 417%   62 418058 – Mehi@Bronte 117% 127% 47% 63%   63 418054 – Moomin@Iffley 33% 40% 22% 19%   64 418055 – Mehi@Collarenebri 113% 130% 41% 57%   65 418031 – Gwydir@Collymongle 0% 0% 0% 0%   66 416052 – Gil Gil Creek@Galloway 550% 550% 550% 550%   67 - – Gil Gil Creek@Gingham Return Flow 111% 111% 94% 75%   

Table 136: Cease-to-flow statistics (low flow season) in the Gwydir region 
                
  Period: Low Season Low Season Low Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # CTF  
spells / 

year 

Ave. # CTF  
spells / 

year 

Ave. 
Duration 
CTF spells 

Ave. 
Duration 
CTF spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Gwydir             

57 418029 – Gwydir@Stonybatter 100% 100% 100% 100% 100% 100% 
58 418026 – Gwydir@D/S Copeton Dam 0% 0% 0% 0% 0% 0% 
59 418001 – Gwydir@Pallamalawa - - - - - - 
60 418004 – Gwydir@Yarraman Bridge - - - - - - 
61 418049 – Mallowa Creek@Regulator 100% 100% 47% 45% 164% 174% 
62 418058 – Mehi@Bronte - - - - - - 
63 418054 – Moomin@Iffley 101% 101% 186% 155% 52% 61% 
64 418055 – Mehi@Collarenebri - - - - - - 
65 418031 – Gwydir@Collymongle 100% 100% 98% 97% 111% 111% 
66 416052 – Gil Gil Creek@Galloway 137% 121% 195% 149% 34% 37% 
67 - – Gil Gil Creek@Gingham Return Flow - - - - - - 

Table 137: Fresh flow statistics (low flow season) in the Gwydir region 
                
  Period: Low Season Low Season Low Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Gwydir             

57 418029 – Gwydir@Stonybatter 100% 100% 100% 100% 100% 100% 
58 418026 – Gwydir@D/S Copeton Dam 94% 94% 72% 74% 160% 176% 
59 418001 – Gwydir@Pallamalawa 105% 103% 117% 118% 109% 110% 
60 418004 – Gwydir@Yarraman Bridge 104% 105% 129% 132% 75% 68% 
61 418049 – Mallowa Creek@Regulator 74% 36% 57% 22% 37% 60% 
62 418058 – Mehi@Bronte 98% 99% 144% 137% 42% 62% 
63 418054 – Moomin@Iffley 74% 65% 84% 76% 57% 62% 
64 418055 – Mehi@Collarenebri 89% 90% 115% 113% 45% 66% 
65 418031 – Gwydir@Collymongle 30% 30% 27% 27% 84% 90% 
66 416052 – Gil Gil Creek@Galloway 118% 118% 395% 379% 54% 56% 
67 - – Gil Gil Creek@Gingham Return Flow 94% 91% 104% 98% 41% 41% 
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Table 138: Cease-to-flow statistics (high flow season) in the Gwydir region 
  Period: High Season High Season High Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # CTF  
spells / 

year 

Ave. # CTF  
spells / 

year 

Ave. 
Duration 
CTF spells 

Ave. 
Duration 
CTF spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

His No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Gwydir             

57 418029 – Gwydir@Stonybatter 100% 100% 100% 100% 100% 100% 
58 418026 – Gwydir@D/S Copeton Dam 0% 0% 0% 0% 0% 0% 
59 418001 – Gwydir@Pallamalawa - - - - - - 
60 418004 – Gwydir@Yarraman Bridge - - - - - - 
61 418049 – Mallowa Creek@Regulator 100% 100% 37% 36% 233% 209% 
62 418058 – Mehi@Bronte - - - - - - 
63 418054 – Moomin@Iffley 101% 102% 176% 165% 48% 57% 
64 418055 – Mehi@Collarenebri - - - - - - 
65 418031 – Gwydir@Collymongle 100% 100% 102% 100% 110% 113% 
66 416052 – Gil Gil Creek@Galloway 129% 113% 155% 116% 29% 28% 
67 - – Gil Gil Creek@Gingham Return Flow 80% 60% 33% 25% 15% 15% 

Table 139: Fresh flow statistics (high flow season) in the Gwydir region 
  Period: High Season High Season High Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Gwydir             

57 418029 – Gwydir@Stonybatter 100% 100% 100% 100% 100% 100% 
58 418026 – Gwydir@D/S Copeton Dam 98% 95% 78% 78% 188% 193% 
59 418001 – Gwydir@Pallamalawa 102% 101% 119% 112% 113% 126% 
60 418004 – Gwydir@Yarraman Bridge 100% 99% 121% 120% 75% 64% 
61 418049 – Mallowa Creek@Regulator 78% 16% 73% 9% 34% 55% 
62 418058 – Mehi@Bronte 60% 75% 37% 63% 37% 109% 
63 418054 – Moomin@Iffley 59% 61% 59% 57% 58% 59% 
64 418055 – Mehi@Collarenebri 65% 77% 55% 73% 41% 86% 
65 418031 – Gwydir@Collymongle 25% 26% 22% 25% 85% 85% 
66 416052 – Gil Gil Creek@Galloway 113% 113% 460% 419% 41% 44% 
67 - – Gil Gil Creek@Gingham Return Flow 93% 91% 77% 77% 46% 45% 

Table 140: Annual Recurrence Interval (ARI) flow statistics in the Gwydir region 
  Period: All Year All Year All Year 

  Metric: 
1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 year 
ARI 5 year ARI 5 year ARI 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Gwydir             

57 418029 – Gwydir@Stonybatter 100% 100% 100% 100% 100% 100% 
58 418026 – Gwydir@D/S Copeton Dam 24% 23% 18% 18% 14% 18% 
59 418001 – Gwydir@Pallamalawa 81% 83% 89% 89% 81% 80% 
60 418004 – Gwydir@Yarraman Bridge 102% 105% 114% 115% 104% 106% 
61 418049 – Mallowa Creek@Regulator 45% 13% 67% 51% 88% 86% 
62 418058 – Mehi@Bronte 25% 34% 41% 43% 53% 53% 
63 418054 – Moomin@Iffley 68% 70% 67% 66% 56% 63% 
64 418055 – Mehi@Collarenebri 35% 37% 42% 43% 44% 46% 
65 418031 – Gwydir@Collymongle 26% 26% 26% 26% 25% 27% 
66 416052 – Gil Gil Creek@Galloway 85% 86% 87% 87% 93% 94% 
67 - – Gil Gil Creek@Gingham Return Flow 29% 29% 24% 24% 17% 17% 
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B.3.7. Lachlan 
Table 141: Base flow statistics in the Lachlan region 

  Period: Low Season High Season   
  Metric: Baseflow Baseflow Baseflow Baseflow     Run: 845 847 845 847     Scenario: Baseline 2800GL Baseline 2800GL   HIS No Unit: % of WOD % of WOD % of WOD % of WOD   
  Lachlan            

42 412067 – Lachlan@Wyangala Dam 1936% 1765% 31% 58%   43 412077 – Belubula@Carcoar 100% 100% 100% 100%   44 412036 – Lachlan@Jemalong Weir 1643% 1600% 123% 128%   45 412038 – Lachlan@Willandra Weir 1752% 1748% 101% 114%   46 412005 – Lachlan@Booligal Weir 355% 362% 57% 60%   

Table 142: Cease-to-flow statistics (low flow season) in the Lachlan region 
  Period: Low Season Low Season Low Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # CTF  
spells / 

year 

Ave. # CTF  
spells / 

year 

Ave. 
Duration 
CTF spells 

Ave. 
Duration 
CTF spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Lachlan             

42 412067 – Lachlan@Wyangala Dam 2% 2% 0% 0% 171% 135% 
43 412077 – Belubula@Carcoar 100% 100% 100% 100% 100% 100% 
44 412036 – Lachlan@Jemalong Weir - - - - - - 
45 412038 – Lachlan@Willandra Weir 100% 100% 100% 100% 667% 300% 
46 412005 – Lachlan@Booligal Weir 105% 95% 146% 103% 45% 47% 

Table 143: Fresh flow statistics (low flow season) in the Lachlan region 
  Period: Low Season Low Season Low Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Lachlan             

42 412067 – Lachlan@Wyangala Dam 114% 114% 166% 178% 255% 228% 
43 412077 – Belubula@Carcoar 100% 100% 100% 100% 100% 100% 
44 412036 – Lachlan@Jemalong Weir 115% 115% 241% 271% 109% 91% 
45 412038 – Lachlan@Willandra Weir 96% 97% 117% 120% 178% 161% 
46 412005 – Lachlan@Booligal Weir 55% 53% 50% 42% 66% 75% 

Table 144: Cease-to-flow statistics (high flow season) in the Lachlan region 
  Period: High Season High Season High Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # CTF  
spells / 

year 

Ave. # CTF  
spells / 

year 

Ave. 
Duration 
CTF spells 

Ave. 
Duration 
CTF spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

His No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Lachlan             

42 412067 – Lachlan@Wyangala Dam 5% 5% 6% 6% 22% 22% 
43 412077 – Belubula@Carcoar 100% 100% 100% 100% 100% 100% 
44 412036 – Lachlan@Jemalong Weir - - - - - - 
45 412038 – Lachlan@Willandra Weir - - - - - - 
46 412005 – Lachlan@Booligal Weir 113% 50% 128% 53% 38% 50% 

  



 

298 
 

Table 145: Fresh flow statistics (high flow season) in the Lachlan region 
  Period: High Season High Season High Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Lachlan             

42 412067 – Lachlan@Wyangala Dam 98% 101% 96% 122% 75% 71% 
43 412077 – Belubula@Carcoar 100% 100% 100% 100% 100% 100% 
44 412036 – Lachlan@Jemalong Weir 85% 89% 79% 85% 87% 87% 
45 412038 – Lachlan@Willandra Weir 65% 74% 63% 80% 116% 101% 
46 412005 – Lachlan@Booligal Weir 59% 72% 49% 60% 132% 124% 

Table 146: Annual Recurrence Interval (ARI) flow statistics in the Lachlan region 
  Period: All Year All Year All Year 

  Metric: 
1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 year 
ARI 5 year ARI 5 year ARI 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Lachlan             

42 412067 – Lachlan@Wyangala Dam 39% 40% 50% 47% 56% 56% 
43 412077 – Belubula@Carcoar 100% 100% 100% 100% 100% 100% 
44 412036 – Lachlan@Jemalong Weir 83% 83% 86% 86% 83% 83% 
45 412038 – Lachlan@Willandra Weir 81% 83% 83% 93% 83% 85% 
46 412005 – Lachlan@Booligal Weir 79% 83% 86% 88% 90% 90% 
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B.3.8. Loddon 
Table 147: Annual Recurrence Interval (ARI) flow statistics in the Loddon region 

  Period: All Year All Year All Year 

  Metric: 
1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 year 
ARI 

2.5 year 
ARI 

2.5 year 
ARI 5 year ARI 5 year ARI 5 year ARI 5 year 

ARI 

  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  REALM model outputs                         
   Loddon                          

28  407248 – Loddon@D/S Tullaroop  108% 88% 84% 79% 66% 57% 57% 53% 78% 82% 84% 86% 
29  407210 – Loddon@D/S Cairn Curran  68% 57% 56% 55% 47% 65% 70% 74% 74% 81% 82% 87% 
30  407229 – Loddon@U/S Serpentine Weir  55% 49% 52% 55% 52% 69% 71% 74% 80% 84% 87% 91% 
31  407243 – Loddon@D/S Serpentine Weir  53% 56% 57% 61% 58% 73% 75% 75% 79% 80% 83% 87% 
32  407205 – Loddon@Appin South  34% 49% 52% 56% 50% 57% 58% 69% 67% 74% 75% 77% 
32  407205 – Loddon@Appin South  34% 49% 52% 56% 50% 57% 58% 69% 67% 74% 75% 77% 

These statistics should be used with great caution as they are based on monthly data.          

Table 148: SRA flow statistics in the Loddon region 1 
  Period: All Year All Year All Year 

  Metric: 
SRA 

Seasonal 
Periodicity 

SRA 
Seasonal 

Periodicity 

SRA 
Seasonal 

Periodicity 

SRA 
Seasonal 

Periodicity 
SRA HF SRA HF SRA HF SRA HF SRA LF SRA LF SRA LF SRA LF 

  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  REALM model outputs                         
   Loddon                          

28  407248 – Loddon@D/S Tullaroop  32% 35% 36% 39% 93% 91% 89% 86% 57% 57% 57% 57% 
29  407210 – Loddon@D/S Cairn Curran  35% 40% 39% 42% 82% 79% 84% 85% 20% 6% 7% 7% 
30  407229 – Loddon@U/S Serpentine Weir  42% 52% 51% 52% 75% 77% 76% 78% 21% 11% 11% 12% 
31  407243 – Loddon@D/S Serpentine Weir  47% 55% 55% 56% 77% 77% 78% 79% 66% 68% 69% 69% 
32  407205 – Loddon@Appin South  51% 60% 59% 60% 44% 53% 53% 55% 45% 56% 57% 58% 
32  407205 – Loddon@Appin South  51% 60% 59% 60% 44% 53% 53% 55% 45% 56% 57% 58% 

  



 

300 
 

Table 149: SRA flow statistics in the Loddon region 2 
  Period: All Year All Year All Year 

  Metric: SRA MF SRA MF SRA MF SRA MF SRA PZ SRA PZ SRA PZ SRA PZ SRA CV SRA CV SRA CV SRA CV 
  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  REALM model outputs                         
   Loddon                          

28  407248 – Loddon@D/S Tullaroop  68% 68% 68% 68% 99% 99% 99% 98% 88% 87% 89% 91% 
29  407210 – Loddon@D/S Cairn Curran  50% 50% 50% 50% 83% 82% 81% 81% 86% 86% 88% 92% 
30  407229 – Loddon@U/S Serpentine Weir  58% 50% 50% 50% 99% 98% 98% 98% 90% 92% 93% 96% 
31  407243 – Loddon@D/S Serpentine Weir  79% 81% 81% 80% 100% 99% 99% 99% 91% 95% 96% 99% 
32  407205 – Loddon@Appin South  79% 81% 81% 81% 99% 99% 99% 99% 65% 72% 73% 73% 
32  407205 – Loddon@Appin South  79% 81% 81% 81% 99% 99% 99% 99% 65% 72% 73% 73% 
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B.3.9. Macquarie-Castlereagh 
Table 150: Base flow statistics in the Macquarie-Castlereagh region 

  Period: Low Season High Season   
  Metric: Baseflow Baseflow Baseflow Baseflow     Run: 845 847 845 847     Scenario: Baseline 2800GL Baseline 2800GL   

HIS No Unit: % of WOD % of WOD % of 
WOD 

% of 
WOD   

  Macquarie-Castlereagh            
77 421007 – Macquarie@Bathurst 165% 165% 117% 117%   78 421040 – Macquarie@D/S Burrendong Dam 918% 790% 5% 55%   79 421001 – Macquarie@Dubbo 667% 632% 109% 117%   80 421031 – Macquarie@Gin Gin 439% 430% 100% 103%   81 - – U/S Marebone Break 114% 114% 27% 27%   82 - – Macquarie@Simulated flow node 100 70% 70% 72% 75%   83 421012 – Macquarie@Carinda 58% 58% 83% 94%   84 421011 – Marthaguy Creek@Carinda 260% 180% 29% 43%   85 420004 – Castlereagh@Mendooran 100% 100% 100% 100%   86 420001 – Castlereagh@Gilgandra 100% 100% 100% 100%   87 420005 – Castlereagh@Coonamble 100% 100% 100% 100%   88 421107 – Marra Creek@BillyBingbone Bridge 140% 180% 20% 50%   89 421023 – Bogan@Gongolgon 3200% 2989% 1143% 1136%   

Table 151: Cease-to-flow statistics (low flow season) in the Macquarie-Castlereagh region 
  Period: Low Season Low Season Low Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Macquarie-Castlereagh             
77 421007 – Macquarie@Bathurst 67% 67% 83% 83% 117% 117% 
78 421040 – Macquarie@D/S Burrendong Dam 8600% 0% 13150% 0% 65% 0% 
79 421001 – Macquarie@Dubbo - - - - - - 
80 421031 – Macquarie@Gin Gin 100% 100% 67% 33% 136% 82% 
81 - – U/S Marebone Break 192% 69% 54% 18% 158% 73% 
82 - – Macquarie@Simulated flow node 100 - - - - - - 
83 421012 – Macquarie@Carinda - - - - - - 
84 421011 – Marthaguy Creek@Carinda 95% 96% 74% 89% 92% 88% 
85 420004 – Castlereagh@Mendooran 100% 100% 100% 100% 100% 100% 
86 420001 – Castlereagh@Gilgandra 100% 100% 100% 100% 100% 100% 
87 420005 – Castlereagh@Coonamble 100% 100% 100% 100% 100% 100% 
88 421107 – Marra Creek@BillyBingbone Bridge 102% 102% 104% 103% 95% 94% 
89 421023 – Bogan@Gongolgon 0% 0% 0% 0% 0% 0% 
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Table 152: Fresh flow statistics (low flow season) in the Macquarie-Castlereagh region 
  Period: Low Season Low Season Low Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Macquarie-Castlereagh             
77 421007 – Macquarie@Bathurst 96% 96% 94% 94% 96% 96% 
78 421040 – Macquarie@D/S Burrendong Dam 106% 108% 159% 160% 173% 151% 
79 421001 – Macquarie@Dubbo 107% 107% 154% 139% 179% 173% 
80 421031 – Macquarie@Gin Gin 109% 109% 166% 164% 132% 122% 
81 - – U/S Marebone Break 99% 102% 139% 122% 58% 75% 
82 - – Macquarie@Simulated flow node 100 49% 71% 47% 68% 95% 98% 
83 421012 – Macquarie@Carinda 55% 85% 52% 81% 86% 82% 
84 421011 – Marthaguy Creek@Carinda 80% 89% 61% 67% 123% 129% 
85 420004 – Castlereagh@Mendooran 100% 100% 100% 100% 100% 100% 
86 420001 – Castlereagh@Gilgandra 100% 100% 100% 100% 100% 100% 
87 420005 – Castlereagh@Coonamble 100% 100% 100% 100% 100% 100% 
88 421107 – Marra Creek@BillyBingbone Bridge 52% 61% 43% 51% 121% 116% 
89 421023 – Bogan@Gongolgon 85% 85% 82% 82% 102% 102% 

Table 153: Cease-to-flow statistics (high flow season) in the Macquarie-Castlereagh region 
  Period: High Season High Season High Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

His No Unit: % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Macquarie-Castlereagh             
77 421007 – Macquarie@Bathurst - - - - - - 
78 421040 – Macquarie@D/S Burrendong Dam - - - - - - 
79 421001 – Macquarie@Dubbo - - - - - - 
80 421031 – Macquarie@Gin Gin - - - - - - 
81 - – U/S Marebone Break 0% 0% 0% 0% 0% 0% 
82 - – Macquarie@Simulated flow node 100 - - - - - - 
83 421012 – Macquarie@Carinda 0% 0% 0% 0% 0% 0% 
84 421011 – Marthaguy Creek@Carinda 110% 111% 159% 149% 89% 97% 
85 420004 – Castlereagh@Mendooran 100% 100% 100% 100% 100% 100% 
86 420001 – Castlereagh@Gilgandra 100% 100% 100% 100% 100% 100% 
87 420005 – Castlereagh@Coonamble 100% 100% 100% 100% 100% 100% 
88 421107 – Marra Creek@BillyBingbone Bridge 102% 104% 110% 102% 110% 108% 
89 421023 – Bogan@Gongolgon 0% 0% 0% 0% 0% 0% 
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Table 154: Fresh flow statistics (high flow season) in the Macquarie-Castlereagh region 
  Period: High Season High Season High Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Macquarie-Castlereagh             
77 421007 – Macquarie@Bathurst 98% 98% 94% 94% 101% 101% 
78 421040 – Macquarie@D/S Burrendong Dam 101% 104% 70% 83% 120% 123% 
79 421001 – Macquarie@Dubbo 92% 95% 82% 89% 109% 121% 
80 421031 – Macquarie@Gin Gin 82% 87% 61% 72% 127% 133% 
81 - – U/S Marebone Break 68% 82% 43% 57% 183% 176% 
82 - – Macquarie@Simulated flow node 100 39% 75% 34% 63% 197% 132% 
83 421012 – Macquarie@Carinda 45% 79% 43% 66% 152% 119% 
84 421011 – Marthaguy Creek@Carinda 54% 69% 36% 45% 157% 167% 
85 420004 – Castlereagh@Mendooran 100% 100% 100% 100% 100% 100% 
86 420001 – Castlereagh@Gilgandra 100% 100% 100% 100% 100% 100% 
87 420005 – Castlereagh@Coonamble 100% 100% 100% 100% 100% 100% 
88 421107 – Marra Creek@BillyBingbone Bridge 41% 56% 32% 39% 172% 162% 
89 421023 – Bogan@Gongolgon 73% 75% 72% 72% 71% 71% 

Table 155: Annual Recurrence Interval (ARI) flow statistics in the Macquarie-Castlereagh region 
  Period: All Year All Year All Year 

  Metric: 
1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 year 
ARI 

5 year 
ARI 

5 year 
ARI 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Macquarie-Castlereagh             
77 421007 – Macquarie@Bathurst 101% 101% 100% 100% 98% 98% 
78 421040 – Macquarie@D/S Burrendong Dam 18% 18% 15% 14% 18% 19% 
79 421001 – Macquarie@Dubbo 30% 31% 33% 34% 48% 47% 
80 421031 – Macquarie@Gin Gin 38% 39% 43% 44% 67% 67% 
81 - – U/S Marebone Break 85% 86% 93% 93% 97% 97% 
82 - – Macquarie@Simulated flow node 100 40% 63% 48% 64% 64% 72% 
83 421012 – Macquarie@Carinda 20% 40% 27% 53% 57% 65% 
84 421011 – Marthaguy Creek@Carinda 64% 67% 77% 78% 84% 84% 
85 420004 – Castlereagh@Mendooran 100% 100% 100% 100% 100% 100% 
86 420001 – Castlereagh@Gilgandra 100% 100% 100% 100% 100% 100% 
87 420005 – Castlereagh@Coonamble 100% 100% 100% 100% 100% 100% 
88 421107 – Marra Creek@BillyBingbone Bridge 24% 31% 35% 36% 55% 63% 
89 421023 – Bogan@Gongolgon 67% 68% 43% 43% 60% 63% 
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B.3.10. Moonie 
Table 156: Base flow statistics in the Moonie region 

  Period: Low Season High Season   
  Metric: Baseflow Baseflow Baseflow Baseflow     Run: 845 847 845 847     Scenario: Baseline 2800GL Baseline 2800GL   HIS No Unit: % of WOD % of WOD % of WOD % of WOD   
  Moonie            

56 417001 – Moonie@Gundablouie 22% 33% 44% 50%   

Table 157: Cease-to-flow statistics (low flow season) in the Moonie region 
  Period: Low Season Low Season Low Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # CTF  
spells / 

year 

Ave. # CTF  
spells / 

year 

Ave. 
Duration 
CTF spells 

Ave. 
Duration 
CTF spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Moonie             

56 417001 – Moonie@Gundablouie 100% 100% 110% 108% 95% 95% 

Table 158: Fresh flow statistics (low flow season) in the Moonie region 
  Period: Low Season Low Season Low Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Moonie             

56 417001 – Moonie@Gundablouie 94% 94% 92% 92% 74% 77% 

Table 159: Cease-to-flow statistics (high flow season) in the Moonie region 
  Period: High Season High Season High Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # CTF  
spells / 

year 

Ave. # CTF  
spells / 

year 

Ave. 
Duration 
CTF spells 

Ave. 
Duration 
CTF spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

His No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Moonie             

56 417001 – Moonie@Gundablouie 101% 101% 106% 106% 99% 98% 

Table 160: Fresh flow statistics (high flow season) in the Moonie region 
  Period: High Season High Season High Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Moonie             

56 417001 – Moonie@Gundablouie 90% 90% 89% 90% 87% 87% 
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Table 161: Annual Recurrence Interval (ARI) flow statistics in the Moonie region 
  Period: All Year All Year All Year 

  Metric: 
1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 year 
ARI 5 year ARI 5 year ARI 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Moonie             

56 417001 – Moonie@Gundablouie 74% 76% 78% 78% 86% 87% 
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B.3.11. Murray 
Table 162: Base flow statistics in the Murray region 

  Period: Low Season High Season     
  Metric: Baseflow Baseflow Baseflow Baseflow Baseflow Baseflow Baseflow Baseflow       Run: 845 859 847 862 845 859 847 862       Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL     

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD     

  Murray (BIGMOD daily data)                      
1 401501 – Swampy Plains River@Khancoban 758% 758% 757% 757% 261% 262% 262% 262%     2 401201 – Murray@Jingellic 378% 378% 377% 377% 140% 140% 140% 140%     3 409017 – Murray@Doctor's Point 309% 283% 306% 306% 37% 74% 79% 80%     7 403241 – Ovens Inflow to Murray@Peechelba 96% 96% 96% 96% 93% 93% 93% 93%     8 409025 – Murray@D/S Yarrawonga Weir 292% 259% 253% 253% 58% 80% 84% 88%     19 405232 – Goulburn@D/S McCoy's Bridge 41% 75% 77% 81% 18% 38% 44% 50%     27 409207 – Murray@D/S Torrumbarry Weir 126% 130% 132% 136% 33% 47% 53% 55%     33 409003 – Edward@Deniliquin 868% 767% 764% 750% 53% 62% 63% 64%     35 414200 – Murray@D/S Wakool Junction 142% 143% 150% 156% 34% 48% 55% 58%     48 414203 – Murray@D/S Euston 129% 139% 145% 151% 33% 48% 56% 60%     49 425010 – Murray@Wentworth 72% 86% 91% 97% 31% 49% 55% 58%     114 426510 – Murray @ Flow to SA 71% 84% 86% 89% 33% 52% 60% 64%     115 426532 – Murray@Morgan 61% 60% 61% 65% 29% 45% 54% 59%     116 426532 – Murray@Wellington 41% 42% 44% 48% 23% 40% 49% 54%     117 - – Murray@Barrages 48% 48% 48% 48% 10% 24% 35% 41%     110 425012 – Darling@Menindee Weir 32 70% 81% 81% 81% 42% 71% 71% 71%     113 425007 – Darling@Burtundy 57% 70% 71% 71% 35% 67% 67% 67%     
  Daily GSM Sites                      

19 405232 – Goulburn@D/S McCoy's Bridge 41% 75% 77% 81% 18% 38% 44% 50%     26 406202 – Campaspe@Rochester 1125% 900% 900% 875% 43% 54% 54% 54%     32 407205 – Loddon@Appin South 52% 67% 62% 67% 34% 71% 71% 71%     
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Table 163: Cease-to-flow statistics (low flow season) in the Murray region 
  Period: Low Season Low Season Low Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Murray (BIGMOD daily data)                         
1 401501 – Swampy Plains River@Khancoban - - - - - - - - - - - - 
2 401201 – Murray@Jingellic - - - - - - - - - - - - 
3 409017 – Murray@Doctor's Point - - - - - - - - - - - - 
7 403241 – Ovens Inflow to Murray@Peechelba 83% 83% 83% 83% 90% 90% 90% 90% 104% 104% 104% 104% 
8 409025 – Murray@D/S Yarrawonga Weir 0% 25% 0% 0% 0% 20% 0% 0% 0% 1300% 0% 0% 

19 405232 – Goulburn@D/S McCoy's Bridge - - - - - - - - - - - - 
27 409207 – Murray@D/S Torrumbarry Weir - - - - - - - - - - - - 
33 409003 – Edward@Deniliquin - - - - - - - - - - - - 
35 414200 – Murray@D/S Wakool Junction - - - - - - - - - - - - 
48 414203 – Murray@D/S Euston - - - - - - - - - - - - 
49 425010 – Murray@Wentworth - - - - - - - - - - - - 

114 426510 – Murray @ Flow to SA - - - - - - - - - - - - 
115 426532 – Murray@Morgan 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
116 426532 – Murray@Wellington 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
117 - – Murray@Barrages 100% 69% 46% 27% 100% 74% 44% 26% 205% 133% 149% 72% 
110 425012 – Darling@Menindee Weir 32 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
113 425007 – Darling@Burtundy 38% 13% 6% 13% 38% 10% 5% 10% 55% 46% 49% 51% 

  Daily GSM Sites                         
19 405232 – Goulburn@D/S McCoy's Bridge - - - - - - - - - - - - 
26 406202 – Campaspe@Rochester 4% 2% 2% 1% 1% 1% 0% 0% 920% 251% 300% 267% 
32 407205 – Loddon@Appin South 350% 200% 100% 200% 229% 200% 100% 200% 145% 75% 100% 66% 
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Table 164: Fresh flow statistics (low flow season) in the Murray region 
  Period: Low Season Low Season Low Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes 
/ year 

Ave. # 
Freshes 
/ year 

Ave. # 
Freshes 
/ year 

Ave. # 
Freshes 
/ year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Murray (BIGMOD daily data)                         
1 401501 – Swampy Plains River@Khancoban 101% 101% 101% 101% 19% 19% 19% 19% 2579% 2619% 2641% 2619% 
2 401201 – Murray@Jingellic 108% 108% 108% 108% 115% 115% 116% 116% 351% 351% 348% 347% 
3 409017 – Murray@Doctor's Point 125% 125% 125% 125% 88% 98% 101% 107% 448% 394% 387% 365% 
7 403241 – Ovens Inflow to Murray@Peechelba 99% 99% 99% 99% 107% 107% 107% 107% 92% 92% 92% 92% 
8 409025 – Murray@D/S Yarrawonga Weir 130% 130% 130% 128% 337% 327% 303% 304% 94% 67% 73% 68% 

19 405232 – Goulburn@D/S McCoy's Bridge 39% 52% 57% 60% 23% 28% 31% 35% 82% 103% 101% 102% 
27 409207 – Murray@D/S Torrumbarry Weir 51% 67% 73% 74% 44% 63% 72% 78% 47% 72% 69% 72% 
33 409003 – Edward@Deniliquin 134% 134% 133% 134% 189% 253% 251% 264% 196% 122% 122% 109% 
35 414200 – Murray@D/S Wakool Junction 45% 59% 66% 70% 45% 58% 73% 82% 59% 80% 74% 73% 
48 414203 – Murray@D/S Euston 36% 49% 54% 56% 28% 41% 52% 57% 74% 93% 80% 80% 
49 425010 – Murray@Wentworth 29% 44% 46% 49% 27% 42% 44% 46% 62% 63% 69% 72% 

114 426510 – Murray @ Flow to SA 30% 46% 48% 51% 30% 44% 50% 52% 65% 62% 61% 62% 
115 426532 – Murray@Morgan 29% 39% 39% 41% 28% 37% 37% 41% 73% 70% 76% 73% 
116 426532 – Murray@Wellington 31% 38% 36% 39% 31% 36% 35% 36% 63% 69% 79% 82% 
117 - – Murray@Barrages 28% 31% 35% 33% 32% 32% 36% 35% 60% 75% 74% 81% 
110 425012 – Darling@Menindee Weir 32 26% 32% 33% 33% 28% 34% 35% 35% 105% 106% 106% 105% 
113 425007 – Darling@Burtundy 30% 35% 36% 36% 28% 33% 35% 35% 110% 113% 108% 107% 

  Daily GSM Sites                         
19 405232 – Goulburn@D/S McCoy's Bridge 39% 52% 57% 60% 23% 28% 31% 35% 82% 103% 101% 102% 
26 406202 – Campaspe@Rochester 61% 41% 40% 41% 29% 18% 17% 16% 88% 128% 131% 145% 
32 407205 – Loddon@Appin South 59% 69% 69% 69% 29% 39% 40% 40% 48% 63% 64% 64% 

 

  



 

310 
 

Table 165: Cease-to-flow statistics (high flow season) in the Murray region 
  Period: High Season High Season High Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

His No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Murray (BIGMOD daily data)                         
1 401501 – Swampy Plains River@Khancoban - - - - - - - - - - - - 
2 401201 – Murray@Jingellic - - - - - - - - - - - - 
3 409017 – Murray@Doctor's Point - - - - - - - - - - - - 
7 403241 – Ovens Inflow to Murray@Peechelba - - - - - - - - - - - - 
8 409025 – Murray@D/S Yarrawonga Weir - - - - - - - - - - - - 

19 405232 – Goulburn@D/S McCoy's Bridge - - - - - - - - - - - - 
27 409207 – Murray@D/S Torrumbarry Weir - - - - - - - - - - - - 
33 409003 – Edward@Deniliquin - - - - - - - - - - - - 
35 414200 – Murray@D/S Wakool Junction - - - - - - - - - - - - 
48 414203 – Murray@D/S Euston - - - - - - - - - - - - 
49 425010 – Murray@Wentworth - - - - - - - - - - - - 

114 426510 – Murray @ Flow to SA - - - - - - - - - - - - 
115 426532 – Murray@Morgan 100% 0% 0% 0% 100% 0% 0% 0% 70% 0% 0% 0% 
116 426532 – Murray@Wellington 100% 0% 0% 0% 100% 0% 0% 0% 56% 0% 0% 0% 
117 - – Murray@Barrages 1700% 500% 400% 400% 1900% 500% 400% 400% 224% 106% 65% 63% 
110 425012 – Darling@Menindee Weir 32 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
113 425007 – Darling@Burtundy 27% 0% 0% 0% 21% 0% 0% 0% 15% 0% 0% 0% 

  Daily GSM Sites                         
19 405232 – Goulburn@D/S McCoy's Bridge - - - - - - - - - - - - 
26 406202 – Campaspe@Rochester 5% 0% 0% 0% 2% 0% 0% 0% 755% 0% 0% 0% 
32 407205 – Loddon@Appin South 150% 150% 100% 150% 133% 133% 100% 133% 78% 84% 100% 87% 
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Table 166: Fresh flow statistics (high flow season) in the Murray region 
  Period: High Season High Season High Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes 
/ year 

Ave. # 
Freshes 
/ year 

Ave. # 
Freshes 
/ year 

Ave. # 
Freshes 
/ year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Murray (BIGMOD daily data)                         
1 401501 – Swampy Plains River@Khancoban 92% 92% 92% 92% 37% 38% 37% 38% 620% 613% 617% 611% 
2 401201 – Murray@Jingellic 93% 93% 93% 93% 85% 84% 84% 84% 106% 106% 106% 107% 
3 409017 – Murray@Doctor's Point 49% 39% 41% 38% 49% 36% 37% 37% 102% 110% 113% 112% 
7 403241 – Ovens Inflow to Murray@Peechelba 100% 100% 100% 100% 99% 99% 99% 99% 99% 99% 99% 99% 
8 409025 – Murray@D/S Yarrawonga Weir 62% 62% 62% 59% 58% 55% 53% 53% 78% 74% 81% 84% 

19 405232 – Goulburn@D/S McCoy's Bridge 61% 72% 72% 70% 58% 66% 66% 69% 74% 85% 88% 89% 
27 409207 – Murray@D/S Torrumbarry Weir 46% 47% 50% 54% 40% 43% 49% 52% 77% 80% 72% 74% 
33 409003 – Edward@Deniliquin 58% 41% 43% 43% 47% 37% 39% 42% 97% 111% 109% 107% 
35 414200 – Murray@D/S Wakool Junction 49% 51% 53% 56% 47% 47% 51% 57% 85% 91% 87% 84% 
48 414203 – Murray@D/S Euston 45% 44% 45% 51% 39% 43% 43% 52% 89% 87% 90% 79% 
49 425010 – Murray@Wentworth 37% 44% 50% 50% 33% 40% 47% 49% 92% 84% 77% 80% 

114 426510 – Murray @ Flow to SA 38% 47% 51% 51% 35% 46% 49% 52% 86% 78% 75% 76% 
115 426532 – Murray@Morgan 37% 49% 47% 49% 34% 48% 45% 48% 87% 79% 85% 85% 
116 426532 – Murray@Wellington 34% 49% 44% 48% 31% 46% 41% 46% 93% 84% 92% 91% 
117 - – Murray@Barrages 37% 51% 47% 51% 38% 48% 47% 52% 78% 81% 83% 82% 
110 425012 – Darling@Menindee Weir 32 30% 34% 36% 36% 27% 30% 31% 31% 132% 129% 125% 125% 
113 425007 – Darling@Burtundy 29% 34% 35% 35% 26% 33% 34% 33% 136% 118% 114% 118% 

  Daily GSM Sites                         
19 405232 – Goulburn@D/S McCoy's Bridge 61% 72% 72% 70% 58% 66% 66% 69% 74% 85% 88% 89% 
26 406202 – Campaspe@Rochester 65% 68% 68% 70% 49% 58% 60% 61% 103% 105% 105% 107% 
32 407205 – Loddon@Appin South 71% 81% 81% 82% 58% 63% 63% 64% 83% 86% 88% 88% 
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Table 167: Annual Recurrence Interval (ARI) flow statistics in the Murray region 
  Period: All Year All Year All Year 

  Metric: 
1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 year 
ARI 

2.5 year 
ARI 

2.5 year 
ARI 

5 year 
ARI 

5 year 
ARI 

5 year 
ARI 

5 year 
ARI 

  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Murray (BIGMOD daily data)                         
1 401501 – Swampy Plains River@Khancoban 76% 76% 76% 76% 72% 72% 72% 72% 68% 68% 68% 68% 
2 401201 – Murray@Jingellic 88% 88% 88% 88% 93% 93% 93% 93% 93% 93% 93% 93% 
3 409017 – Murray@Doctor's Point 70% 56% 56% 56% 72% 65% 65% 66% 80% 75% 77% 77% 
7 403241 – Ovens Inflow to Murray@Peechelba 99% 99% 99% 99% 102% 102% 102% 102% 100% 100% 100% 100% 
8 409025 – Murray@D/S Yarrawonga Weir 78% 72% 73% 73% 78% 74% 77% 74% 83% 80% 84% 84% 

19 405232 – Goulburn@D/S McCoy's Bridge 58% 57% 58% 58% 61% 62% 61% 61% 77% 80% 76% 79% 
27 409207 – Murray@D/S Torrumbarry Weir 75% 83% 84% 84% 88% 90% 89% 91% 94% 96% 96% 96% 
33 409003 – Edward@Deniliquin 46% 40% 42% 43% 55% 43% 45% 48% 80% 73% 78% 78% 
35 414200 – Murray@D/S Wakool Junction 42% 49% 52% 52% 51% 52% 52% 53% 59% 59% 61% 63% 
48 414203 – Murray@D/S Euston 49% 58% 61% 59% 51% 56% 56% 56% 54% 56% 60% 62% 
49 425010 – Murray@Wentworth 49% 59% 60% 61% 55% 57% 57% 59% 54% 59% 59% 60% 

114 426510 – Murray @ Flow to SA 53% 64% 65% 66% 61% 67% 67% 68% 60% 63% 63% 65% 
115 426532 – Murray@Morgan 53% 65% 67% 67% 60% 66% 68% 70% 60% 63% 64% 65% 
116 426532 – Murray@Wellington 52% 64% 66% 64% 60% 65% 65% 70% 59% 63% 64% 65% 
117 - – Murray@Barrages 50% 63% 65% 62% 61% 66% 67% 69% 57% 63% 64% 64% 
110 425012 – Darling@Menindee Weir 32 47% 63% 64% 62% 74% 88% 91% 86% 86% 90% 90% 90% 
113 425007 – Darling@Burtundy 59% 59% 59% 59% 72% 81% 81% 78% 91% 96% 96% 96% 

  Daily GSM Sites                         
19 405232 – Goulburn@D/S McCoy's Bridge 58% 57% 58% 58% 61% 62% 61% 61% 77% 80% 76% 79% 
26 406202 – Campaspe@Rochester 51% 64% 67% 69% 62% 72% 75% 78% 79% 83% 83% 83% 
32 407205 – Loddon@Appin South 48% 56% 57% 60% 49% 56% 56% 60% 53% 57% 61% 65% 
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B.3.12. Murrumbidgee 
Table 168: Base flow statistics in the Murrumbidgee region 

  Period: Low Season High Season     
  Metric: Baseflow Baseflow Baseflow Baseflow Baseflow Baseflow Baseflow Baseflow       Run: 845 859 847 862 845 859 847 862       Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL     

HIS No Unit: % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD     

  Murrumbidgee                      
34 410134 – Billabong@Darlot 20233% 13667% 12733% 11467% 2233% 2011% 2067% 2150%     36 410131 – Murrumbidgee@U/S Burrinjuck Dam 103% 103% 103% 103% 70% 70% 70% 70%     37 410073 – Tumut@Oddys Bridge 411% 487% 489% 482% 35% 35% 35% 35%     38 410001 – Murrumbidgee@Wagga Wagga 434% 422% 422% 407% 125% 134% 136% 138%     39 410005 – Murrumbidgee@Narrandera 341% 327% 325% 320% 90% 98% 100% 104%     40 410021 – Murrumbidgee@Darlington Point 165% 178% 181% 181% 47% 58% 62% 71%     41 410040 – Murrumbidgee@Maude Weir 89% 98% 101% 101% 28% 39% 46% 56%     47 410130 – Murrumbidgee@Balranald/Balranald Weir 58% 68% 75% 74% 24% 36% 44% 57%     

Table 169: Cease-to-flow statistics (low flow season) in the Murrumbidgee region 
  Period: Low Season Low Season Low Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Murrumbidgee                         
34 410134 – Billabong@Darlot 1% 2% 2% 2% 0% 0% 0% 0% 20% 68% 75% 72% 
36 410131 – Murrumbidgee@U/S Burrinjuck Dam - - - - - - - - - - - - 
37 410073 – Tumut@Oddys Bridge - - - - - - - - - - - - 
38 410001 – Murrumbidgee@Wagga Wagga 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
39 410005 – Murrumbidgee@Narrandera 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
40 410021 – Murrumbidgee@Darlington Point 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
41 410040 – Murrumbidgee@Maude Weir 47% 27% 33% 47% 34% 14% 24% 31% 6% 5% 7% 6% 
47 410130 – Murrumbidgee@Balranald/Balranald Weir 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
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Table 170: Fresh flow statistics (low flow season) in the Murrumbidgee region 
  Period: Low Season Low Season Low Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes 
/ year 

Ave. # 
Freshes 
/ year 

Ave. # 
Freshes 
/ year 

Ave. # 
Freshes 
/ year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Murrumbidgee                         
34 410134 – Billabong@Darlot 200% 200% 200% 200% 134% 134% 134% 135% 971% 970% 969% 961% 
36 410131 – Murrumbidgee@U/S Burrinjuck Dam 95% 95% 95% 95% 80% 80% 80% 80% 99% 99% 99% 99% 
37 410073 – Tumut@Oddys Bridge 115% 115% 115% 115% 121% 149% 151% 153% 324% 268% 266% 262% 
38 410001 – Murrumbidgee@Wagga Wagga 113% 113% 113% 113% 132% 146% 141% 150% 282% 242% 248% 227% 
39 410005 – Murrumbidgee@Narrandera 114% 112% 113% 114% 160% 154% 162% 164% 172% 155% 143% 134% 
40 410021 – Murrumbidgee@Darlington Point 78% 84% 83% 90% 76% 85% 96% 96% 89% 113% 105% 109% 
41 410040 – Murrumbidgee@Maude Weir 57% 68% 68% 75% 45% 70% 84% 82% 81% 79% 74% 81% 
47 410130 – Murrumbidgee@Balranald/Balranald Weir 48% 62% 68% 73% 41% 57% 70% 72% 75% 85% 79% 81% 

Table 171: Cease-to-flow statistics (high flow season) in the Murrumbidgee region 
  Period: High Season High Season High Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

His No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Murrumbidgee                         
34 410134 – Billabong@Darlot 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
36 410131 – Murrumbidgee@U/S Burrinjuck Dam - - - - - - - - - - - - 
37 410073 – Tumut@Oddys Bridge - - - - - - - - - - - - 
38 410001 – Murrumbidgee@Wagga Wagga - - - - - - - - - - - - 
39 410005 – Murrumbidgee@Narrandera - - - - - - - - - - - - 
40 410021 – Murrumbidgee@Darlington Point - - - - - - - - - - - - 
41 410040 – Murrumbidgee@Maude Weir - - - - - - - - - - - - 
47 410130 – Murrumbidgee@Balranald/Balranald Weir 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
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Table 172: Fresh flow statistics (high flow season) in the Murrumbidgee region 
  Period: High Season High Season High Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes 
/ year 

Ave. # 
Freshes 
/ year 

Ave. # 
Freshes 
/ year 

Ave. # 
Freshes 
/ year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Murrumbidgee                         
34 410134 – Billabong@Darlot 137% 140% 140% 142% 119% 125% 131% 124% 157% 157% 151% 163% 
36 410131 – Murrumbidgee@U/S Burrinjuck Dam 91% 91% 91% 91% 78% 78% 78% 78% 86% 86% 86% 86% 
37 410073 – Tumut@Oddys Bridge 107% 109% 109% 108% 91% 145% 154% 168% 165% 123% 111% 111% 
38 410001 – Murrumbidgee@Wagga Wagga 87% 93% 93% 94% 85% 101% 103% 108% 77% 81% 78% 79% 
39 410005 – Murrumbidgee@Narrandera 68% 84% 85% 85% 60% 74% 77% 77% 87% 91% 85% 92% 
40 410021 – Murrumbidgee@Darlington Point 47% 64% 63% 65% 42% 53% 53% 56% 85% 85% 83% 82% 
41 410040 – Murrumbidgee@Maude Weir 44% 65% 65% 69% 36% 53% 54% 55% 94% 74% 74% 72% 
47 410130 – Murrumbidgee@Balranald/Balranald Weir 33% 39% 33% 39% 32% 36% 30% 38% 78% 81% 92% 76% 

Table 173: Annual Recurrence Interval (ARI) flow statistics in the Murrumbidgee region 
  Period: All Year All Year All Year 

  Metric: 
1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 
year 
ARI 

2.5 
year 
ARI 

2.5 
year 
ARI 

5 year 
ARI 

5 year 
ARI 

5 year 
ARI 

5 year 
ARI 

  Run: 845 859 847 862 845 859 847 862 845 859 847 862 
  Scenario: Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL Baseline 2400GL 2800GL 3200GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Murrumbidgee                         
34 410134 – Billabong@Darlot 128% 135% 134% 137% 104% 104% 103% 103% 96% 98% 97% 97% 
36 410131 – Murrumbidgee@U/S Burrinjuck Dam 87% 87% 87% 87% 89% 89% 89% 89% 88% 88% 88% 88% 
37 410073 – Tumut@Oddys Bridge 53% 53% 53% 53% 46% 46% 46% 46% 39% 39% 39% 39% 
38 410001 – Murrumbidgee@Wagga Wagga 76% 79% 80% 81% 72% 75% 76% 75% 72% 74% 72% 72% 
39 410005 – Murrumbidgee@Narrandera 72% 76% 75% 77% 71% 70% 72% 71% 72% 75% 75% 73% 
40 410021 – Murrumbidgee@Darlington Point 69% 73% 73% 75% 75% 75% 77% 76% 69% 73% 73% 71% 
41 410040 – Murrumbidgee@Maude Weir 62% 75% 75% 75% 73% 76% 78% 79% 71% 74% 73% 72% 
47 410130 – Murrumbidgee@Balranald/Balranald Weir 56% 59% 59% 59% 52% 58% 63% 60% 66% 68% 66% 69% 
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B.3.13. Namoi-Peel 
Table 174: Base flow statistics in the Namoi-Peel region 

  Period: Low Season High Season   
  Metric: Baseflow Baseflow Baseflow Baseflow     Run: 845 847 845 847     Scenario: Baseline 2800GL Baseline 2800GL   HIS No Unit: % of WOD % of WOD % of WOD % of WOD   
  Namoi-Peel            

69 419045 – Peel@Chaffey Dam 100% 100% 100% 100%   70 419015 – Peel@Piallamore 194% 194% 119% 119%   71 419007 – Namoi@ D/S Keepit 24% 24% 8% 27%   72 419039 – Namoi@Mollee 154% 150% 123% 123%   73 419021 – Namoi@Bugilbone (Riverview) 46% 46% 24% 24%   74 419026 – Namoi@Goangra 28% 27% 19% 19%   75 419049 – Pian Creek@Waminda 450% 400% 133% 133%   

Table 175: Cease-to-flow statistics (low flow season) in the Namoi-Peel region 
  Period: Low Season Low Season Low Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # CTF  
spells / 

year 

Ave. # CTF  
spells / 

year 

Ave. 
Duration 
CTF spells 

Ave. 
Duration 
CTF spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 
HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 

  Namoi-Peel             
69 419045 – Peel@Chaffey Dam 100% 100% 98% 98% 82% 82% 
70 419015 – Peel@Piallamore 0% 0% 0% 0% 0% 0% 
71 419007 – Namoi@ D/S Keepit 0% 0% 0% 0% 0% 0% 
72 419039 – Namoi@Mollee 0% 0% 0% 0% 0% 0% 
73 419021 – Namoi@Bugilbone (Riverview) 231% 225% 179% 149% 30% 26% 
74 419026 – Namoi@Goangra 139% 119% 109% 92% 40% 32% 
75 419049 – Pian Creek@Waminda 100% 100% 214% 219% 35% 34% 

Table 176: Fresh flow statistics (low flow season) in the Namoi-Peel region 
  Period: Low Season Low Season Low Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 
HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 

  Namoi-Peel             
69 419045 – Peel@Chaffey Dam 100% 100% 99% 99% 101% 101% 
70 419015 – Peel@Piallamore 102% 102% 110% 109% 73% 74% 
71 419007 – Namoi@ D/S Keepit 121% 121% 406% 402% 38% 37% 
72 419039 – Namoi@Mollee 115% 114% 210% 225% 65% 56% 
73 419021 – Namoi@Bugilbone (Riverview) 96% 98% 96% 94% 74% 82% 
74 419026 – Namoi@Goangra 91% 90% 85% 84% 83% 89% 
75 419049 – Pian Creek@Waminda 195% 195% 913% 754% 24% 27% 
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Table 177: Cease-to-flow statistics (high flow season) in the Namoi-Peel region 
  Period: High Season High Season High Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # CTF  
spells / 

year 

Ave. # CTF  
spells / 

year 

Ave. 
Duration 
CTF spells 

Ave. 
Duration 
CTF spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

His No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Namoi-Peel             

69 419045 – Peel@Chaffey Dam 78% 78% 80% 80% 102% 102% 
70 419015 – Peel@Piallamore 0% 0% 0% 0% 0% 0% 
71 419007 – Namoi@ D/S Keepit 0% 0% 0% 0% 0% 0% 
72 419039 – Namoi@Mollee 0% 0% 0% 0% 0% 0% 
73 419021 – Namoi@Bugilbone (Riverview) 394% 325% 234% 198% 31% 29% 
74 419026 – Namoi@Goangra 231% 238% 139% 158% 37% 37% 
75 419049 – Pian Creek@Waminda 98% 98% 166% 156% 51% 56% 

Table 178: Fresh flow statistics (high flow season) in the Namoi-Peel region 
  Period: High Season High Season High Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 
HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 

  Namoi-Peel             
69 419045 – Peel@Chaffey Dam 100% 100% 100% 100% 100% 100% 
70 419015 – Peel@Piallamore 94% 94% 81% 81% 105% 105% 
71 419007 – Namoi@ D/S Keepit 98% 87% 105% 100% 61% 60% 
72 419039 – Namoi@Mollee 90% 89% 76% 76% 94% 97% 
73 419021 – Namoi@Bugilbone (Riverview) 88% 88% 79% 80% 86% 89% 
74 419026 – Namoi@Goangra 85% 86% 73% 74% 95% 100% 
75 419049 – Pian Creek@Waminda 156% 155% 293% 270% 46% 48% 

Table 179: Annual Recurrence Interval (ARI) flow statistics in the Namoi-Peel region 
  Period: All Year All Year All Year 

  Metric: 
1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 year 
ARI 5 year ARI 5 year ARI 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 
HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 

  Namoi-Peel             
69 419045 – Peel@Chaffey Dam 100% 100% 100% 100% 100% 100% 
70 419015 – Peel@Piallamore 78% 76% 80% 80% 84% 84% 
71 419007 – Namoi@ D/S Keepit 38% 45% 46% 52% 46% 53% 
72 419039 – Namoi@Mollee 79% 79% 94% 98% 89% 89% 
73 419021 – Namoi@Bugilbone (Riverview) 86% 87% 96% 97% 97% 97% 
74 419026 – Namoi@Goangra 85% 86% 93% 95% 93% 94% 
75 419049 – Pian Creek@Waminda 157% 151% 125% 123% 112% 110% 
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B.3.14. Ovens and King Rivers 
Table 180: Annual Recurrence Interval (ARI) flow statistics in the Ovens region 

  Period: All Year All Year All Year  
  Metric: 

1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 
year 
ARI 

5 year 
ARI 

5 year 
ARI  

  Run: 845 847 845 847 845 847    Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL  HIS 
No Unit: % of WOD % of WOD % of 

WOD 
% of 
WOD 

% of 
WOD 

% of 
WOD  

  REALM model outputs                 Ovens and King               4  403234 - King River upstream of Lake William Hovell  100% 100% 100% 100% 100% 100%  5  403250 - Ovens River at Eurobin  100% 100% 100% 100% 100% 100%  6  403100 - Ovens River at Wangaratta  99% 99% 99% 99% 100% 100%  7  403241 - Ovens River at Peechelba  99% 99% 100% 100% 100% 100%  These statistics should be used with great caution as they are based on monthly data.     

Table 181: SRA flow statistics in the Ovens region 1 
  Period: All Year All Year All Year  

  Metric: 
SRA 

Seasonal 
Periodicity 

SRA 
Seasonal 

Periodicity 
SRA HF SRA HF SRA LF SRA LF  

  Run: 845 847 845 847 845 847    Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL  HIS 
No Unit: % of WOD % of WOD % of 

WOD 
% of 
WOD 

% of 
WOD 

% of 
WOD  

  REALM model outputs                 Ovens and King               4  403234 - King River upstream of Lake William Hovell  100% 100% 100% 100% 100% 100%  5  403250 - Ovens River at Eurobin  98% 98% 100% 100% 93% 93%  6  403100 - Ovens River at Wangaratta  91% 91% 97% 97% 75% 75%  7  403241 - Ovens River at Peechelba  93% 93% 98% 98% 70% 70%  
Table 182: SRA flow statistics in the Ovens region 2 

  Period: All Year All Year All Year    Metric: SRA MF SRA MF SRA PZ SRA PZ SRA CV SRA CV    Run: 845 847 845 847 845 847    Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL  HIS 
No Unit: % of WOD % of WOD % of 

WOD 
% of 
WOD 

% of 
WOD 

% of 
WOD  

  REALM model outputs                 Ovens and King               4  403234 - King River upstream of Lake William Hovell  100% 100% 100% 100% 100% 100%  5  403250 - Ovens River at Eurobin  96% 96% 99% 99% 99% 99%  6  403100 - Ovens River at Wangaratta  83% 83% 99% 99% 98% 98%  7  403241 - Ovens River at Peechelba  87% 87% 99% 99% 97% 97%  
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B.3.15. Paroo 
Table 183: Base flow statistics in the Paroo region 

  Period: Low Season High Season   
  Metric: Baseflow Baseflow Baseflow Baseflow     Run: 845 847 845 847     Scenario: Baseline 2800GL Baseline 2800GL   HIS No Unit: % of WOD % of WOD % of WOD % of WOD   
  Paroo            

104 424202 – Paroo@Yarronvale 100% 100% 100% 100%   105 424201 – Paroo@Caiwarro 100% 100% 100% 100%   106 424002 – Paroo@Willara 67% 67% 100% 100%   107 424001 – Paroo@Wanaaring 100% 100% 100% 100%   

Table 184: Cease-to-flow statistics (low flow season) in the Paroo region 
  Period: Low Season Low Season Low Season 

  Metric: years with  
≥1 CTF spell 

years with  
≥1 CTF spell 

Ave. # CTF  
spells / 

year 

Ave. # CTF  
spells / 

year 

Ave. 
Duration 
CTF spells 

Ave. 
Duration 
CTF spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Paroo             

104 424202 – Paroo@Yarronvale 100% 100% 100% 100% 100% 100% 
105 424201 – Paroo@Caiwarro 100% 100% 99% 99% 101% 101% 
106 424002 – Paroo@Willara 100% 100% 95% 95% 111% 111% 
107 424001 – Paroo@Wanaaring 100% 100% 99% 99% 103% 103% 

Table 185: Fresh flow statistics (low flow season) in the Paroo region 
  Period: Low Season Low Season Low Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Paroo             

104 424202 – Paroo@Yarronvale 100% 100% 100% 100% 100% 100% 
105 424201 – Paroo@Caiwarro 100% 100% 100% 100% 100% 100% 
106 424002 – Paroo@Willara 100% 100% 100% 100% 100% 100% 
107 424001 – Paroo@Wanaaring 100% 100% 100% 100% 100% 100% 

Table 186: Cease-to-flow statistics (high flow season) in the Paroo region 
  Period: High Season High Season High Season 

  Metric: years with  
≥1 CTF spell 

years with  
≥1 CTF spell 

Ave. # CTF  
spells / 

year 

Ave. # CTF  
spells / 

year 

Ave. 
Duration 
CTF spells 

Ave. 
Duration 
CTF spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

His No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Paroo             

104 424202 – Paroo@Yarronvale 100% 100% 100% 100% 100% 100% 
105 424201 – Paroo@Caiwarro 100% 100% 100% 100% 100% 100% 
106 424002 – Paroo@Willara 101% 101% 98% 98% 105% 105% 
107 424001 – Paroo@Wanaaring 100% 100% 100% 100% 101% 101% 
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Table 187: Fresh flow statistics (high flow season) in the Paroo region 
  Period: High Season High Season High Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes / 

year 

Ave. # 
Freshes / 

year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Paroo             

104 424202 – Paroo@Yarronvale 100% 100% 100% 100% 100% 100% 
105 424201 – Paroo@Caiwarro 100% 100% 100% 100% 100% 100% 
106 424002 – Paroo@Willara 100% 100% 100% 100% 100% 100% 
107 424001 – Paroo@Wanaaring 100% 100% 100% 100% 100% 100% 

Table 188: Annual Recurrence Interval (ARI) flow statistics in the Paroo region 
  Period: All Year All Year All Year 

  Metric: 
1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 year 
ARI 5 year ARI 5 year ARI 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of WOD % of WOD % of WOD % of WOD 
  Paroo             

104 424202 – Paroo@Yarronvale 100% 100% 100% 100% 100% 100% 
105 424201 – Paroo@Caiwarro 100% 100% 100% 100% 100% 100% 
106 424002 – Paroo@Willara 100% 100% 100% 100% 100% 100% 
107 424001 – Paroo@Wanaaring 100% 100% 100% 100% 100% 100% 
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B.3.16. Warrego 
Table 189: Base flow statistics in the Warrego region 

  Period: Low Season High Season   
  Metric: Baseflow Baseflow Baseflow Baseflow     Run: 845 847 845 847     Scenario: Baseline 2800GL Baseline 2800GL   

HIS No Unit: % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD   

  Warrego            
98 423204 – Warrego@Augathella 100% 100% 100% 100%   82 423203 – Warrego@Wyandra 0% 17% 50% 81%   100 423202 – Warrego@Cunnamulla 19% 31% 65% 85%   101 423003 – Warrego@Barringun (QLD to NSW Border) 25% 33% 48% 62%   102 423001 – Warrego@Ford's Bridge 0% 0% 14% 21%   

Table 190: Cease-to-flow statistics (low flow season) in the Warrego region 
  Period: Low Season Low Season Low Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Warrego             
98 423204 – Warrego@Augathella 100% 100% 100% 100% 100% 100% 
82 423203 – Warrego@Wyandra 102% 102% 114% 110% 98% 99% 

100 423202 – Warrego@Cunnamulla 101% 101% 113% 113% 97% 96% 
101 423003 – Warrego@Barringun (QLD to NSW Border) 100% 100% 102% 103% 104% 103% 
102 423001 – Warrego@Ford's Bridge 105% 105% 84% 83% 157% 158% 

Table 191: Fresh flow statistics (low flow season) in the Warrego region 
  Period: Low Season Low Season Low Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes 
/ year 

Ave. # 
Freshes 
/ year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Warrego             
98 423204 – Warrego@Augathella 100% 100% 100% 100% 100% 100% 
82 423203 – Warrego@Wyandra 99% 99% 99% 99% 98% 99% 

100 423202 – Warrego@Cunnamulla 99% 99% 98% 99% 98% 99% 
101 423003 – Warrego@Barringun (QLD to NSW Border) 86% 86% 80% 80% 111% 112% 
102 423001 – Warrego@Ford's Bridge 81% 81% 80% 81% 87% 88% 
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Table 192: Cease-to-flow statistics (high flow season) in the Warrego region 
  Period: High Season High Season High Season 

  Metric: 
years with  

≥1 CTF 
spell 

years with  
≥1 CTF 
spell 

Ave. # 
CTF  

spells / 
year 

Ave. # 
CTF  

spells / 
year 

Ave. 
Duration 

CTF 
spells 

Ave. 
Duration 

CTF 
spells 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

His No Unit: % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Warrego             
98 423204 – Warrego@Augathella 100% 100% 100% 100% 100% 100% 
82 423203 – Warrego@Wyandra 101% 100% 113% 109% 101% 98% 

100 423202 – Warrego@Cunnamulla 100% 100% 107% 104% 103% 101% 
101 423003 – Warrego@Barringun (QLD to NSW Border) 101% 101% 122% 119% 90% 89% 
102 423001 – Warrego@Ford's Bridge 112% 112% 140% 139% 105% 104% 

Table 193: Fresh flow statistics (high flow season) in the Warrego region 
  Period: High Season High Season High Season 

  Metric: years with  
≥1 Fresh 

years with  
≥1 Fresh 

Ave. # 
Freshes 
/ year 

Ave. # 
Freshes 
/ year 

Ave. 
Duration 
Freshes 

Ave. 
Duration 
Freshes 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Warrego             
98 423204 – Warrego@Augathella 100% 100% 100% 100% 100% 100% 
82 423203 – Warrego@Wyandra 100% 100% 99% 99% 99% 100% 

100 423202 – Warrego@Cunnamulla 99% 99% 99% 99% 92% 93% 
101 423003 – Warrego@Barringun (QLD to NSW Border) 99% 99% 94% 96% 90% 90% 
102 423001 – Warrego@Ford's Bridge 94% 94% 88% 89% 97% 97% 

Table 194: Annual Recurrence Interval (ARI) flow statistics in the Warrego region 
  Period: All Year All Year All Year 

  Metric: 
1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 
year 
ARI 

5 year 
ARI 

5 year 
ARI 

  Run: 845 847 845 847 845 847 
  Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL 

HIS No Unit: % of WOD % of WOD % of 
WOD 

% of 
WOD 

% of 
WOD 

% of 
WOD 

  Warrego             
98 423204 – Warrego@Augathella 100% 100% 100% 100% 100% 100% 
82 423203 – Warrego@Wyandra 100% 100% 100% 100% 100% 100% 

100 423202 – Warrego@Cunnamulla 98% 99% 99% 99% 100% 100% 
101 423003 – Warrego@Barringun (QLD to NSW Border) 94% 95% 92% 93% 96% 96% 
102 423001 – Warrego@Ford's Bridge 92% 93% 91% 91% 96% 97% 
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B.3.17. Wimmera 
Table 195: Annual Recurrence Interval (ARI) flow statistics in the Wimmera region 

  Period: All Year All Year All Year   
  Metric: 

1.5 year 
ARI flow 

rate 

1.5 year 
ARI flow 

rate 

2.5 year 
ARI 

2.5 year 
ARI 5 year ARI 5 year ARI   

  Run: 845 847 845 847 845 847     Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL   
HIS No Unit: % of WOD % of WOD % of 

WOD 
% of 
WOD % of WOD % of WOD   

  REALM model outputs                  Wimmera                118  415201 – Wimmer@Glenorchy  100% 100% 100% 100% 100% 100%   119  FSR 41504 – Wimmera@U/S Dimboola  54% 58% 78% 73% 81% 80%   119  Wimmera River at Lochiel Railway Br.  Same site as above but sometimes referred to under this name.   120  415212 – Wimmera@US Lake Hindmarsh  45% 57% 80% 72% 81% 80%   121  Lake Hindmarsh   Statistics as presented for other HIS sites are not suitable for lake levels    122  Lake Albacutya   Statistics as presented for other HIS sites are not suitable for lake levels    These statistics should be used with great caution as they are based on monthly data.    

Table 196: SRA flow statistics in the Wimmera region 1 
  Period: All Year All Year All Year   

  Metric: 
SRA 

Seasonal 
Periodicity 

SRA 
Seasonal 

Periodicity 
SRA HF SRA HF SRA LF SRA LF   

  Run: 845 847 845 847 845 847     Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL   
HIS No Unit: % of WOD % of WOD % of 

WOD 
% of 
WOD % of WOD % of WOD   

  REALM model outputs                  Wimmera                118  415201 – Wimmer@Glenorchy  100% 100% 100% 100% 100% 100%   119  FSR 41504 – Wimmera@U/S Dimboola  66% 79% 72% 86% 41% 4%   119  Wimmera River at Lochiel Railway Br.  Same site as above but sometimes referred to under this name.   120  415212 – Wimmera@US Lake Hindmarsh  71% 83% 70% 86% 0% 0%   121  Lake Hindmarsh   Statistics as presented for other HIS sites are not suitable for lake levels    122  Lake Albacutya   Statistics as presented for other HIS sites are not suitable for lake levels    
Table 197: SRA flow statistics in the Wimmera region 2 

  Period: All Year All Year All Year     Metric: SRA MF SRA MF SRA PZ SRA PZ SRA CV SRA CV     Run: 845 847 845 847 845 847     Scenario: Baseline 2800GL Baseline 2800GL Baseline 2800GL   
HIS No Unit: % of WOD % of WOD % of 

WOD 
% of 
WOD % of WOD % of WOD   

  REALM model outputs                  Wimmera                118  415201 – Wimmer@Glenorchy  100% 100% 100% 100% 100% 100%   119  FSR 41504 – Wimmera@U/S Dimboola  80% 69% 93% 77% 83% 92%   119  Wimmera River at Lochiel Railway Br.  Same site as above but sometimes referred to under this name.   120  415212 – Wimmera@US Lake Hindmarsh  93% 96% 43% 44% 85% 95%   121  Lake Hindmarsh   Statistics as presented for other HIS sites are not suitable for lake levels    122  Lake Albacutya   Statistics as presented for other HIS sites are not suitable for lake levels    
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