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1 Executive Summary 

1.1 Barmah-Millewa Feasibility Study 
The Barmah-Millewa Feasibility Study (BMFS) has been initiated in response to an observed reduction in flow 
capacity in the Barmah-Millewa Reach and increasing risks of impacts on river dependent communities, the 
environment, and sites of cultural significance.  

The study is exploring the merits of a range of options to maintain, and where possible, reinstate the regulated 
flow capacity through the Barmah-Millewa Reach. The MDBA is coordinating the study on behalf of the joint 
venture governments. 

There are six distinct options being investigated as part of this study. One of these options is to use Murray 
Irrigation Limited (MIL) infrastructure to convey water from upstream to downstream of the Barmah-Millewa 
Reach via irrigation channels to meet peak downstream demands. There are several sub-options within the MIL 
network that could be utilised to convey water. 

The purpose of this report is to document the range of options identified within the MIL network and details of 
those which may be considered for further development as part of any subsequent stages of the project.  

1.2 Long-list of MIL options 
There are several potential MIL-network options, including the use of existing channels and escapes, extending 
or expanding existing channels and upgrading escapes, which could be used to create ecologically-tolerable 
options for delivering bypass flows through the Edward-Kolety – Wakool system. 

A long-list of potential options was collated based on previous studies and engagement with the MDBA and 
relevant NSW agencies. A high-level assessment on these options was completed to determine the likely 
viability of each option.  

Three options were identified as being potentially viable and warranting further investigation (with one option 
ultimately split into two sub-options). A summary of the long-list and the assessment findings is provided below. 

No. Long-listed option Brief Description Shortlisted? 

1 MIL escapes optimised 
 

Use of MIL channels and up to 20 escapes to deliver and 
release water into the Edward-Kolety and Wakool Rivers, 
bypassing the Barmah-Millewa reach. 

Yes 

2 Perricoota Escape expansion Increase capacity of the Deniboota Canal and the 
Perricoota Escape, creating a corresponding increase of 
200 ML/day at the outfall to the River Murray.  

Yes 

3 Mulwala  
Canal extension 

Works to extend the Mulwala Canal to the Wakool Main 
Channel canal and the Yallakool Creek. This option would 
allow increased bypass flows either increasing deliveries 
through the Edward-Kolety River or the Yallakool Creek. 

Yes 

4 Upgrade of the Edward-Kolety 
River Escape 

Upgrading regulators on the Mulwala Canal to increase 
the capacity of the Edward-Kolety Escape to release 
larger bypass flows into the Edward-Kolety River. 

No 

5 Moira Bypass (outside of MIL 
channel network) 

Construction of pressurised pipeline bypass that is 47 km 
in length constructed from Picnic Point extending to 
Barmah Lakes 

No 
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1.3 Short-listed MIL options 
Investigations to inform the feasibility of each of the short-listed options below have focused on the 
engineering, environmental factors, not cultural assessment which should be conducted in future studies (i.e., 
post-feasibility study).  

MIL optimised escapes – no works required 
The option investigation confirmed a significant opportunity to utilise the MIL irrigation network for supporting 
water delivery system and potentially delivery shortfall events. By making use of existing infrastructure this 
option has minimal initiation costs and could take a relatively short time to implement. 

This option makes use of up to 8 escapes, that are already automated and metered. Release of water from 
these escapes into the Edward-Kolety – Wakool system could deliver 666 ML/day on average, with a peak 
delivery rate of 1030 ML/day. These rates are based on an integrated assessment that determined the 
maximum flow rate accounting for both engineering and ecological limits of the system.  

A capital cost allowance of $100,000 has been made, with the time required to negotiate an agreement being 
the only limitation on commencement. Based on an annual delivery charge of around $300k, the ongoing cost 
for the option over 50 years is around $4.1 million. 

MIL optimised escapes – works required 
This option builds on the ‘no works required’ option with the proposal to add an additional 12 escapes to the 8 
in the first option, and then upgrading the escapes to increase their capacity and/or automate or meter them.  

Release of water from these escapes into the Edward-Kolety – Wakool system could deliver 960 ML/day on 
average, with a total peak delivery rate of 1,837 ML/day. These rates are based on an integrated assessment 
that determined the maximum flow rate accounting for both engineering and ecological limits of the system.  

The option would require capital investment of around $18.5 million (assuming a refined selection of escapes to 
upgrade) and take two years to implement. Based on an annual delivery charge of around $335k, the ongoing 
cost for the option over 50 years is around $10.4 million. 

Perricoota Escape expansion 
This option involves an upgrade to the Deniboota Canal network and Perricoota Escape to increase the existing 
outlet capacity from 100 ML/day to 300 ML/day. Approximately 10 km of the Deniboota Canal and associated 
infrastructure would need to be upgraded – with a doubling of the width of the existing channel.   

This option’s expansion footprint impinges on the land of approximately 12 landowners (also MIL customers) 
and runs through a floodplain. Due to the receiving waterway being the River Murray there is expected to be a 
negligible ecological impact to the transfer of this water. 

The option would require capital investment of around $24.5 million and will likely take two years to implement. 
The ongoing cost for the option over 50 years is around $7.8 million. 

Mulwala Canal extension 
This option involves an extension of the Mulwala Canal to Yallakool Creek and would include opening the 
existing syphon under the Wakool River, constructing a new pipeline (6.3km) and escape at Yallakool Creek. A 
larger extension all the way to the Wakool Main Canal is not considered viable for ecological reasons.  

The proposed extension of the Mulwala Canal would be on the same alignment as the channel used to be, prior 
to being decommissioned. Release of water from a new escape into the Yallakool Creek could deliver 185 
ML/day on average, with a peak delivery rate of 200 ML/day. This rate is based on an integrated engineering 
and ecological assessment, and when the option is implemented in isolation. Due to downstream constraints, 
the average delivery flow rate reduces to 38 ML/d when this option is implemented in conjunction with either 
of the ‘optimised escapes’ options. 

The option would require capital investment of around $38.5 million and will likely take two years to implement. 
The ongoing cost for the option over 50 years is around $11.7 million.  
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2 Project background 

2.1 Purpose 
Alluvium Consulting Australia Pty Ltd (Alluvium) has been engaged by the Murray-Darling Basin Authority 
(MDBA) to undertake the Barmah-Millewa Feasibility Study (BMFS), investigating infrastructure options for 
mitigating the risks arising from declining flow capacity in the Barmah-Millewa Reach of the River Murray.  

This Technical Report explores the options to enhance water delivery using Murray Irrigation (MIL) 
infrastructure and forms one of the key deliverables of the project. 

2.2 Project background 

Barmah-Millewa Reach 
The Barmah-Millewa Reach is a naturally occurring narrow section of the River Murray where it flows through 
the Barmah-Millewa Forest, between the towns of Tocumwal (NSW) and Barmah (Victoria) (Figure 1). The width 
of the Murray main channel in the Barmah-Millewa Reach naturally declines from 120m at Tocumwal to 40m 
below Picnic Point. As a consequence of this narrowing and a decrease in depth, this section of the river has the 
lowest flow capacity of any stretch of the River Murray downstream of Hume Dam1. 

 
Figure 1. Location of the Barmah-Millewa Reach of the River Murray 

Declining flow capacity in the reach 
To prevent unseasonal flooding in the Barmah-Millewa Forest, the river is operated over summer to a maximum 
height of 2.6m at Picnic Point. This allows flows to be managed within the riverbank. 

 

1 https://www.mdba.gov.au/water-management/water-markets-trade/barmah-choke 
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Over the past 30 years, the flow capacity through the reach has reduced from approximately 11,300 ML/day to 
9,200 ML/day (as measured downstream of Yarrawonga weir). This means around 20% less water can flow 
through the reach in summer2. 

Sand accumulation in the Barmah-Millewa Reach 
Independent experts in fluvial geomorphology, stream management and river research have been working to 
determine the cause of the decline in flow capacity of the reach. 

The investigations have revealed that a combination of factors such as historic land clearing, gold mining, de-
snagging, and river regulation have caused a very large quantity of sand to accumulate in the reach: over 4 
metres deep in some places. It is estimated that there is more than 20 million cubic metres between Picnic 
Point and Yarrawonga Weir3, which equates to around 13 Melbourne Cricket Grounds full of sand. The 
accumulation of sand in this already narrow section of the river impacts the amount of water that can flow 
through the reach.  

Continuing build-up of sand on the riverbed is expected to: 

• further reduce the flow capacity of the River Murray in the Barmah-Millewa Reach, with up to a 25-
35% reduction in channel capacity in the next 30 years4. 

• increase the risk of shortfall events, with adverse economic impacts on water users5. 

• increase the risk of unseasonal flooding and negative impacts on cultural sites as well as environmental 
and recreational values. 

• increase the risk of accelerated bank erosion within the river reach. 

• increase the risk of an avulsion and the River Murray changing its course. 

Barmah-Millewa Feasibility Study 
In recognition of the increasing risks of River Murray shortfalls and damaging Barmah-Millewa Forest flooding 
from reduced capacity in the reach, the MDBA is undertaking the Barmah-Millewa Feasibility Study (BMFS). The 
project is examining the feasibility of a range of infrastructure options to mitigate delivery shortfall and 
unseasonal forest flooding.  

There are six options being explored: 

• Option 1 - Potential river works within the Barmah-Millewa Reach: river works to stabilise banks, 
preventing further losses into the Barmah-Millewa Forest. 

• Option 2 - Sediment management: selectively removing the sand from key locations. 

• Option 3 - Tar-Ru (Lake Victoria) Drivers Project: proposed implementation of a risk-based framework 
for making decisions on the timings and source of water transfers to Tar-Ru (Lake Victoria).  

• Option 4 - Optimisation of the existing MIL System: optimisation of the Murray Irrigation Limited 
channel system to deliver water to bypass the Barmah-Millewa Reach. 

• Option 5 - Options for delivery through Victorian infrastructure: using existing and new infrastructure 
in Victoria to bypass the Barmah-Millewa Reach or mitigate the risk of delivery shortfall. 

• Option 6 - Use of the Snowy Hydro to transfer Murray Release to the Murrumbidgee: transferring River 
Murray releases from the Snowy Releases to the Murrumbidgee for delivery to water users 
downstream of the Barmah-Millewa Reach. 

 

2 HARC (2022) Historical flows in the southern connected Murray Darling Basin, pg. 9 
3 Grove James R (2021) A fluvial geomorphic investigation into channel capacity changes at the Barmah choke using multiple lines of 
evidence. pg. 21 
4 Ian Rutherfurd, Thom Gower, James Grove, Christine Lauchlan Arrowsmith, Geoff Vietz, Alex Sims, Ben Dyer (2020),  
Choking the River Murray: explaining the declining flow capacity through the Barmah-Millewa Forest, 10th Australian Stream Management 
Conference 2021 
5 Independent Panel for the Murray-Darling Basin Authority (2020), Managing Delivery Risks in the River Murray System 
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A range of studies are being prepared as part of the Barmah-Millewa Feasibility Study (Figure 2) to investigate 
each of the option in detail. This document is the technical report for Option 4 – MIL optimisation options. 

An ‘Options Summary Report’ provides an introduction to each of the six options and provides a summary of 
what they involve, how they could contribute to managing risk, what studies have been completed to date, and 
what future stages would involve6.  

A ‘Suite of Options’ Report’ has been prepared to assess how each of the six options contribute to managing 
risks, and how a combination of complementary options (or ‘suites of options’) may be needed to achieve the 
best outcomes7.  

A ‘Feasibility Study Report’ has been prepared to collate and present the findings of the study8. 

 

Figure 2. The various reports being prepared to support the Barmah-Millewa Feasibility Study. 

  

 

6 Alluvium (2022), Barmah-Millewa Feasibility Study: Options Summary Report 
7 Alluvium (2022), Barmah-Millewa Feasibility Study: Suite of Options Report 
8 Alluvium (2022), Barmah-Millewa Feasibility Study: Feasibility Study Report 
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2.3 MIL options 

MIL background 
Murray Irrigation Limited (MIL) is an irrigator-owned company that operates an extensive open channel 
irrigation district in southern NSW. MIL irrigation water is diverted from Lake Mulwala upstream of the Barmah-
Millewa Reach and is conveyed to MIL irrigators and customers across the southern Riverina and Edward-Kolety 
– Wakool floodplain.  

At multiple points, the channel system flows via channel escapes to rivers and waterways in the Edward-Kolety, 
Wakool, Niemur and Billabong Creek systems downstream of the Barmah-Millewa Reach (Figure 3). By utilising 
the channel network and natural waterways, regulated flows can be diverted around the Barmah-Millewa Reach 
and return to the River Murray.  

 

Figure 3. MIL channel system escapes (shown as grey dots) 

Historically, the MIL system has been used to divert regulated flows around the Barmah-Millewa Reach. In 
recent years, irrigation water demand in the MIL system has declined due to policy impacts from water recovery 
and reduced yield from General Security Water Entitlements (the main water entitlement type for this region). 
The emergence of spare delivery capacity in the MIL system provides opportunities for enhanced use of the MIL 
system to bypass the sand-affected Barmah-Millewa Reach. MIL deliveries averaged 1,200 GL in the 1990’s and 
has reduced to 600 GL on average in the past 10 years.  

The objective of this option is to examine opportunities to enhance the use of MIL's infrastructure to convey 
regulated flows around the reach over the Summer – Autumn period, noting the multiple overlapping projects 
being considered for using MIL infrastructure and potential for synergies between the proposed projects.  

This report includes engineering assessments, to determine the available capacity and outfall options within the 
MIL channel network, as well as the ecological assessments, to determine the tolerable flows of the receiving 
waterways. These considerations are integrated to determine the overall options available. 

From this point in the report the word ‘options’ refers to individual MIL options.  
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Scope 
The MIL channel system contains approximately 180 escapes. Escapes are structures located at the lower end or 
at key points in the channel system that allow water to be released from the channel for operational purposes. 
These escapes historically protected the channel system from overtopping during irrigation shutdown events 
and allow water levels in the channel network to be drawn down for maintenance.  

Optimising the MIL system for transfer of water around the Barmah-Millewa Reach builds upon long-standing 
practice of using MIL’s infrastructure to bypass flows around the reach. The objective is to utilise the existing 
surplus capacity within the channel network with minimal capital works; however, some options being 
considered include enlarging small stretches of channels, regulators, and escapes, as well as potential channel 
extensions. System optimisation will also need to consider operational issues within the MIL network, including 
the timing of demand, capacity availability and cost recovery. 

For transferring water around the Barmah-Millewa Reach, the focus is on water delivery over the summer – 
autumn period. A challenge for the project is that some of the natural waterways that the MIL channel system 
can deliver into are naturally ephemeral. This means they would naturally have had no or very low flow over the 
summer – autumn period in some years. It will be essential to understand the ecologically tolerable flow rates 
that these receiving waterways (creeks, major streams and rivers) can carry over the summer – autumn period.  

Use of the MIL system also needs to consider conveyance losses, as high rates of loss can be expected if flows 
are directed through natural waterways. 
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3 Approach & methodology 

Four key steps have been used in the development of this Technical Report. 

No. Step Scope 

Step 1 Develop the method for assessing the options 

(this section of the report) 

• Set out the project objectives. 

• Set out how the long list will be assessed. 

• Set out how the shortlist will be assessed. 

Step 2 Develop and assess a long list of options 

(Section 4) 

• Collate a long list of potential options. 

• Review data and existing technical 
information. 

• High-level assessment of the long-list 
options. 

• Confirm a shortlist of options for further 
assessment. 

Step 3 Detail and assess the short-listed options 

(Sections 5 to 8) 

• Detailed description of each shortlisted 
option 

• Scoping of each shortlisted option, 
including preliminary engineering and 
ecological assessments. 

• Preliminary cost estimate for each option. 

Step 4 Conclude the overall potential for MIL options 

(Section 9) 

• Key findings and considerations for each of 
the shortlisted options. 

• Recommendations for next steps if further 
investigations were to proceed. 

The approach for steps 1, 2 and 3 are described in more detail below. 

3.1 Collate and assess a long list of potential options 
A long list of potential outfall locations to provide beneficial contributions to the BMFS was developed through 
consultation with MIL.  

The long-list assessment identified any key considerations and limitations which warrant an option to be 
considered unviable and not warrant further investigation. The method for assessment involved: 

1 Project objectives: the project objectives set out the benefits sought by implementing this project. To be 
considered for further investigation, the options must contribute to at least one project objective. 

2 General assessment criteria: these are general criteria by which the options are compared. The criteria are 
adapted from the framework used by the MDBA in the technical assessment for other options being 
considered as part of the BMFS and have been adapted to align with the project objectives. All options are 
assessed against these criteria, and this is used for the shortlisting process.  

The assessment of long-list options is high-level only in nature. The assessment relies on available information of 
the MIL system, consultation with key stakeholders, and a practical assessment of the likely outcomes and 
impacts from option implementation.  

The approach adopted provides a ‘rapid screening’ exercise. 

The purpose of this assessment is to shortlist the most viable outfall options for further detailed investigations 
and assessments. 
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Project objectives  
The objectives of the project are set out by the Terms of Reference for this feasibility study, approved by the 
Ministerial Council at the June 2020 meeting. These objectives guide the feasibility study to ensure that any 
option considered will directly address the problem statement. The project objectives are listed in Table 1 
below.  

These project objectives apply across the Barmah-Millewa Feasibility Study as a whole. Some of the objectives 
cannot be achieved by MIL options. To be considered for further investigation, an option must contribute to at 
least one project objective. 

Table 1. Project objectives 

Project objectives Outcome sought 

Maintain or reinstate delivery 
capacity 

Maintain or enhance the ability to meet peak demand downstream of the 
Barmah-Millewa Reach (managing delivery shortfalls). 

Maintain or enhance the ability to deliver water downstream of the Barmah-
Millewa Reach throughout the year (managing system shortfalls). 

Provide an improved level of confidence to downstream consumptive and 
environmental users in terms of reliability of water deliveries and 
environmental watering actions. 

Provide greater protection against undesirable flow regimes through the 
Barmah-Millewa region, including undesirable inundation of the forest. 

Provide improved ability to deliver environmental watering actions along the 
River Murray. 

Reduce environmental 
impacts associated with 
sedimentation 

Reduce the localised environmental impacts associated with the ongoing 
sedimentation of the river reach. 

Reduce localised bank failure Reduce the risks of bank failure in the Barmah-Millewa Forest, protecting 
the significant environmental and cultural values of the forest floodplain. 

Facilitate Edward Wakool 
system environmental water 
actions 

Further facilitate the delivery of environmental water into sites within the 
Edward-Kolety – Wakool system. 

Improved resilience for future 
conditions 

Benefits generated by the project should be resilient to a range of climatic 
and water availability conditions. 

Benefits generated by the project should be resilient to a range of potential 
future demand and management scenarios, including with and without 
constraints relaxation. 

General assessment criteria  
The general criteria used in the assessment of options are outlined in Table 2.  

These general assessment criteria have been developed to rapidly identify which options are suitable for further 
investigation. Accordingly, the categories and definitions include a number of qualitative or semi-quantitative 
assessments. It is expected that more quantitative metrics will be used for the detailed assessment of the 
shortlisted options. 
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Table 2. General assessment criteria and definitions 

Criteria Category Definition 

Effectiveness 
in reducing 
shortfall risks 

Delivery shortfall Effectiveness of the option in mitigating short duration peak 
demand delivery shortfalls downstream of the Barmah-Millewa 
Reach  

System shortfall Effectiveness of the option in providing a continuous supply of 
water downstream of the Barmah-Millewa Reach during the 
summer months 

Technically 
feasible to 
implement 

Technically feasible Ease of implementation and the degree of complexity of the 
required design, approvals, land acquisition and construction 
activities and industry experience in delivering the type of works.  

Reliability and flexibility The degree of certainty that the supply capacity will be available 
when required and the ability of the works to respond to changes in 
the demand levels. Resilience to future climate change impacts, 
demand, and management scenarios. 

Does not 
negatively 
impact on 
values 

Environmental Consideration of the environmental impacts of the option both at a 
site footprint level and broader downstream impacts. Changes to 
the hydrological regime must be ecologically tolerable. Where 
possible, ecological benefits should be sought. The environmental 
impacts from implementing an option (as a result of construction 
and operation changes in the landscape) should be within 
acceptable tolerances (i.e., the project should be able to obtain 
necessary environmental and planning approvals on the basis that 
environmental impacts and mitigations are appropriate). 

Social Consideration of the social impacts of the project and the likelihood 
of landholder, broader stakeholder, and community support and 
acceptance. The social impacts from implementing an option (as a 
result of construction and operation in the landscape) should be 
within acceptable tolerances (i.e., sufficient community support 
should be expected to allow the implementation of the option). 

Cultural Potential impacts and cultural values and alignment with 
government policy on cultural matters. The cultural heritage 
impacts from implementing an option (as a result of construction 
and operation in the landscape) should be within acceptable 
tolerances (i.e., the project should be able to obtain cultural 
heritage approvals on the basis that the cultural heritage impacts 
and mitigations are appropriate). 

Economic Potential flow on impacts for regional economies should be within 
acceptable tolerances (i.e. sufficient regional community support 
should be expected as a result of the economic impacts and 
outcomes from implementation of the option). 

Provides 
value for 
money 

Regulatory requirements Options which are relatively easier to implement (including lead 
times) are preferred. This may consider matters such as statutory 
approvals, land acquisition, governance, and approval processes. 

Capital investment Value-for-money in implementing and operating options should be 
acceptable to the funders of capital and operational costs. O&M costs 
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The purpose of assessing the long list is to determine which options warrant further investigation. As such, the 
general assessment scoring framework uses a simple increment system as shown in Table 3 below, with three 
rating categories ranging from negative impacts to positive impact. 

Table 3. General assessment scoring framework 

Rating  Colour coding  

Positive    

Some issues   

Negative    

To Be Determined  

 

‘Negative’ impacts are defined as matters which are likely to be unacceptable and would result in the option 
being unviable. Options which have a negative scoring against any of the general assessment criteria are 
considered unfeasible and do not proceed to the shortlist.  

‘Some issues’ are defined as matters which require further investigation and detailing in any subsequent stages 
to determine if the option is feasible to implement. 

‘To be determined’ are considerations where it is not appropriate for an assessment to be made without further 
information being provided or the viewpoints from appropriate stakeholders are known. 

Each option is assessed against each of the general assessment criteria using the best available information. This 
information has been sourced from previously documented investigations, consultation with agency 
stakeholders who have prior involvement in the development of options, and a practical assessment of the likely 
outcomes. Justifications are provided against each criterion.  

Shortlisting of options  
Each option is considered against the objectives and general assessment criteria.  

If an option is rated ‘negative’ for any general assessment criteria it does not proceed to the shortlist. 

An option proceeds to a shortlist for detailed assessment if it contributes to the project objectives and does not 
have any negative considerations which would lead the option to be considered unviable. 

3.2 Detailed assessment of the short-listed options 
The shortlisted options are assessed in more detail, to better quantify the scope of investigations and works 
required, the bypass flow equivalent, and the extent to which the option may be feasible to implement. 

The BMFS requires a detailed conceptual understanding of the various options which are available, so that 
comparisons can be made between the options and combinations (or ‘suites’) of different options. 

Short-listed options undergo a more detailed assessment, including: 

• preliminary scoping and engineering assessments. 

• preliminary ecological assessments. 

• preparation of cost estimates suitable for the feasibility-stage assessment. 

The preliminary engineering assessments focus on understanding the current utilisation of infrastructure, the 
quantum and type of upgrade works that may be necessary to support the BMFS objectives, and any significant 
obstructions to increasing the flow capacity. These preliminary investigations are feasibility level only and allow 
for a high-level comparison to be made between options. If any options proceed to further investigation, 
additional engineering works would likely involve an options investigation report (i.e., investigate multiple 
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potential alignments or work arrangements for the select option, and select a preferred), field investigations, 
and multiple stages of engineering design for the preferred option. 

The preliminary ecological investigations focus on understanding the current flow regimes within natural 
waterways, the environmental flow recommendations (where available), the key ecological values to be 
protected, and the primary threats that are present. These preliminary investigations consider whether 
changing the flow regime would have an adverse outcome for the waterways and whether these are tolerable. 
If any option which involves a change to the watering regime on natural watercourses is to proceed to further 
investigation, additional studies would be required. 

Preliminary cost estimates have been prepared for each of the options. At this stage, these cost estimates are 
high-level and largely desktop, based on rates for previous works (where available) and industry-standard 
costings. These estimates have been prepared to understand the approximate capital and O&M costs and to 
allow a high-level comparison between options. If any option were to proceed to further investigation, then the 
next stages of scope development should include bottom-up cost estimates to be prepared, as appropriate to 
support any business case development. 

This information has been subsequently used to inform an assessment of the MIL options (as considered in this 
report) against other options under consideration as part of the broader BMFS. This assessment is available in 
the Barmah-Millewa Feasibility Study: Suites of Options Report9. 

  

 

9 Alluvium (2022), Barmah-Millewa Feasibility Study: Technical report: Suites of Options Report 
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4 Long list of options considered 

A long list of potential options has been collated based on engaging with MIL and the MDBA, as well as 
researching previous investigations. This long-list is considered exhaustive and not all options are expected to be 
viable. All potential options have been included for completeness. 

Option 1: MIL escapes - optimised, categorised as: 

• Accredited escapes: the four large escapes that have been accredited by WaterNSW and are currently 
utilised for the delivery of bypass water 

• Murray Reconnected Floodplains Project: MIL escapes to ephemeral waterways that have been 
identified in the Murray Reconnected Floodplains Project. Noting that an opportunity exists to include 
part or all of these escapes as part of the BMFS project. 

• MIL System Optimisation Project: all other potential MIL escapes that could be utilised to meet the 
primary objectives of the BMFS and provide a bypass capacity around the Barmah-Millewa Reach. 

Option 2: infrastructure options within the MIL irrigation district, identified as: 

• 2a. Major capacity expansion: capital works to achieve moderate increases in channel and escape 
capacity (e.g. Perricoota Escape and Deniboota Canal) through upgrades along small stretches of open 
channel and associated infrastructure. 

• 2b. Mulwala Canal extension: canal extension to the Mulwala Canal from its current termination point 
at the Wakool Escape on the Wakool River to the Wakool Main Channel canal. The works include 
opening up the existing syphon under the Wakool River, recommissioning existing abandoned channel 
(6.3km) and constructing a new syphon under the Yallakool Creek and 1.6km of new channel. 

• 2c. Upgrade of Edward-Kolety River escape: upgrade regulators on the Mulwala Canal to allow an 
increase in capacity of the Edward-Kolety escape from 2,400 ML/day to 3,500 ML/day. 

Option 3: infrastructure options within NSW, identified as: 

• Moira Bypass: a conceptual idea raised by the Moira Private Irrigation District (MPID). The concept was 
considered as part of the long list resulting in the option to be further considered as a pressurised 
pipeline bypass that is 47 km in length constructed from Picnic point, that goes around the Barmah 
Lakes.  
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4.1 Option 1. MIL Escapes optimised 

 

Background 
The MIL channel network system contains approximately 70 escape structures that outfall channel water to 
natural waterways, and which flow back to the River Murray System downstream of the Barmah-Millewa Reach 
(see yellow dots in Figure 4).  

 

Figure 4. MIL Escape outlets that outfall to natural waterways (yellow dots) – Options 1a, 1b and 1c combined 

Technical assessment 
A selection of these escapes has been chosen primarily on their contribution to addressing the delivery shortfall 
in the lower River Murray System during peak irrigation period. From this perspective, escapes into creeks that 
have a direct connection to major river systems such as Edward- Kolety, Wakool, Murray and Niemur have been 
prioritised. 

It should be noted that there are river capacity constraints on the Wakool River (mid river) of 800 ML/d, and 
downstream of Stevens Weir on the Edward-Kolety River (2600 ML/day) and similarly on the Niemur River 
(2,100 ML/day) that need to be considered as part of the ecological assessment of escape volumes to receiving 
waterways.  

A range of expected environmental benefits associated with the options include: 

• Improved capacity to deliver environmental flows downstream of the Barmah-Millewa Reach without 
adversely affecting the Barmah-Millewa Forest. 

• Flexibility in reducing the need to provide summer flows into the Edward-Kolety River and overloading 
the middle reaches of the Edward-Kolety. 

• Opportunities to target delivery of environmental water through MIL channels to specific 
environmental assets as part of a landscape approach to environmental management. 
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Based on early discussions with MIL, the shortlisting has been undertaken considering the following factors: 

• complimenting the Murray Reconnected Floodplain Project to achieve both water resource and 
environmental benefits 

• expanded utilisation of the channel network for bypass flows: use of channel escapes that typically 
outfall directly to the major river systems to deliver bypass water. This expands on the current practice 
whereby bypass water is delivered directly through primary and secondary channel escapes to the 
major waterways e.g., Wakool, Edward-Kolety and River Murray. 

• minor capacity enhancements: capacity enhancements to targeted areas of the channel network to 
effectively utilise the escape structures to deliver bypass water during summer and autumn.  

• new escape points: consideration will be given to the implementation of new escapes within the 
channel system if these structures would significantly contribute to achieving the objectives of 
efficiently and effectively getting water into the major river systems.  

• minimising bypass conveyance losses: an integrated approach that envisages bypass water being 
delivered in conjunction with irrigation uses in summer, where applicable, to minimise conveyance 
losses.  

• minimising travel time for bypass flows: utilising the full 250 km east to west length of the MIL channel 
system (Mulwala canal plus Wakool Southern and Northern branch canals) to minimise the travel time 
to deliver bypass flows.  

• leveraging spare capacity in the channel network: utilising sufficient spare capacity in the channel 
network at key times when the Barmah-Millewa Reach is at capacity (December to April) to be able to 
deliver substantial volumes of bypass flows. 
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Shortlisting consideration 
Table 4. General criteria assessment table – optimised MIL channel escapes 

Criteria Category Justification 

Effectiveness  
in reducing  
shortfall  
risks 

Operational shortfall 
 

• Enhances the ability to deliver water downstream of the Barmah-
Millewa Reach and will contribute to meeting peak demand in the 
River Murray 

System shortfall 
 

• Has greater flexibility to deliver a moderate discharge capacity (300 
ML/day to 600 ML/d) to address system shortfalls, especially 
outside of peak MIL irrigations periods  

Technical Technically feasible 
 

• Leverages existing irrigation infrastructure and is currently being 
used as a bypass supply for regulated and environmental water. 

Reliability and flexibility 

 

• High level of irrigation demand within MIL could impact on ability to 
transfer water to meet operational short falls  

• Existing brownfield infrastructure currently being used for this 
purpose  

• Will require water sharing arrangement to guarantee bypass 
delivery of regulated water. 

Impact on 
values 

Environmental 

 

• Environmental impacts are ecologically tolerable on the proposed 
regulated rivers. 

• Could provide incremental benefit by reducing pressure on the BM 
reach if used as part of a suite for the BMFS 

• Downstream escapes avoid constraints in the middle reaches of the 
Edward-Kolety and Wakool Rivers 

Social 
 

• There is incremental social benefit with a reduction in risk of 
Barmah Millewa Forest not being flooded during summer  

Cultural 
 

• Cultural heritage assessments will need to be appropriately 
considered for any works 

Economic 
 

• No net changes as irrigation deliveries will be prioritised over bypass 
deliveries 

Costs Regulatory requirements  • Minimal as utilising existing brownfield infrastructure 

Capital investment 
 

• Minor capital investment if existing escapes require upgrading or 
new ones installed.  

O&M costs 

 

• Ongoing cost share associated with delivery of bypass water 
through MIL will need to be agreed and there may be opportunity 
for MIL to access erosion mitigation grants 

• Relatively low operating costs as utilising existing gravity irrigation 
system  

 

Through data analysis and discussions with MIL an initial shortlist of escapes has been selected based on least 
losses and least impact on the environment that will contribute to addressing the peak irrigation shortfall in the 
lower River Murray System. These are marked on the map as red dots (see Figure 5).  

Further work is required to better understand the likelihood of spare capacity being available in the channel 
system for delivery of water through the escapes during the summer/autumn period.  

This option has identified an initial 28 existing escapes with a maximum design capacity of approximately 3,645 
ML/day. This capacity does not reflect the surplus capacity that may be available during MIL’s peak irrigation 
period. It is envisaged that with only minor system upgrades that this option could provide between 300 ML/day 
to 900 ML/day of additional bypass capacity during the summer/autumn period. There is also potential to utilise 
these escapes to deliver environmental watering actions. 

The capital costs are minor and may range from $0.1M to $1M ($0.1k ML/day - $3k ML/day) for system 
improvements. The downstream receiving waterway infrastructure requirements are still to be determined. 
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Table 5. Optimised MIL channel system escapes - design capacity by receiving waterway 

Receiving waterway Count of assets Sum of design capacity (ML/day) 

Edward-Kolety River  8 2,550* 

Niemur River  2 20 

Wakool River  17 975 

River Murray  1 100 

Grand Total  28 3,645 

*Note there are existing capacity constraints on the Edward-Kolety River downstream of Stevens Weir that will limit the potential volume 
that could be bypassed through this reach. 

This option is recommended to proceed to the shortlist and be investigated in further detail.  

 

Figure 5. MIL Escape outlets that outfall to natural waterways (shown as red dots) – Option 1 optimised 
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4.2 Option 2a. Major Capacity Expansion 

 

Background 
It is understood that MIL does not support major capacity upgrades (Options 2a, 2b and 2c) to the existing 
channel network to enable the bypass of water due to the ongoing operation and maintenance cost of any new 
infrastructure, especially if the operations and maintenance costs were to be borne by the irrigator. 
Nevertheless, it is noted that several technically feasible options exist. These options would require major 
changes to the MIL's backbone channels, which would increase the system capacity to convey large volumes of 
water. This increased capacity could be used to bypass the Barmah-Millewa Reach. The first of the major 
upgrades considered is the Perricoota Escape expansion. 

 

Figure 6. Perricoota Escape capacity expansion concept 

Technical assessment 
The scope of this option would involve targeted system upgrades to the channel network and escape where it is 

cost effective to achieve moderate bypass flows. For example, the existing design capacity of the Perricoota 

escape (upstream of Torrumbarry Weir) is 100 ML/day. An upgrade to the upstream section of the Perricoota 

escape can achieve additional bypass water capacity of up to 300 ML/day.  

An increase in capacity of the Perricoota escape would require upgrades along a 10km stretch of open channel 

and associated infrastructure (see Figure 6). MIL have previously investigated an option to widen the existing 

Deniboota Canal or build a new channel alongside. This work has been considered as part of the further 

development of this option. 
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Shortlisting consideration 
Table 6. General criteria assessment table – major capacity expansion 

Criteria Category Justification 

Effectiveness 
in reducing 
shortfall 
risks 

Delivery shortfall 

 

• Enhances the ability to deliver water downstream of the Barmah-
Millewa Reach and will contribute to meeting peak demand shortfall in 
the River Murray  

• Small to moderate discharge of 300 ML/day into the River Murray 
providing ability to meet peak demands 

System shortfall 
 

• Enhances the ability to address system shortfalls especially outside 
MIL peak irrigation periods 

Technical Technically 
feasible 

 

• Technically achievable however requires more detailed engineering 
assessment 

• Will require substantial upgrades to key MIL infrastructure, which will 
need to be carefully managed so as not to impact on existing MIL 
service levels 

Reliability and 
flexibility  

• Increases system capacity within the MIL system providing greater 
reliability and flexibility to deliver operational shortfalls during peak 
demand periods  

Impact on 
values 

Environmental 
 

• No substantial environmental impacts as water will be transferred 
through MIL system directly into regulated rivers  

Social  • Impact on recreational social licence will be nil or minimal 

Cultural 
 

• Cultural heritage assessments will need to be appropriately considered 
for any works 

Economic 
 

• No changes proposed that will impact on MIL irrigation deliveries – 
e.g. reduced water volumes or service level. Landholders will need to 
be consulted. 

Regulatory 
requirements  

• Construction works will be required however, to existing infrastructure 
currently being used for the purpose of water supply. Landholders will 
need to be consulted as part of the upgrade 

Capital 
investment 

 
• Will require significant infrastructure investment to upgrade assets  

O&M costs  • Relatively low operating costs, as will be gravity supply  

 

There is potential to achieve the project objectives and increase capacity throughout the MIL system.  

This option is recommended to proceed to the shortlist and be investigated in further detail.  
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4.3 Option 2b. Mulwala Canal Extension 

 

Background 
Another major capacity upgrade option to the MIL's backbone channels is the extension of the Mulwala Canal. 

This option includes opening up an existing syphon under the Wakool River, recommissioning existing retired 

channel (6.3km) and constructing a new syphon under the Yallakool Creek and 1.6km of new channel (Figure 7). 

Easement for this channel was secured at the time of the Mulwala Canal construction, however, the 

construction of the Canal was never pursued.  

This option would free up additional capacity in the Edward-Kolety River escape that is used to divert water into 

the Edward-Kolety River down to Stevens’s Weir for the Wakool Irrigation District. However, through discussions 

with NSW Water there is a capacity constraint below Stevens Weir of 2,700 ML/d, because of the risk to 

unseasonal inundation of the Werai Forest. The Edward-Kolety River below Stevens Weir is already run at 

capacity during summer, which is a limitation of this option. The extension may still have benefits in part by 

extending the Mulwala Canal to the Yallakool Creek or extending in whole and delivering water through the 

Wakool Main Canal to outfall water using the Wakool system into the Wakool, Niemur Rivers and Edward-Kolety 

River downstream of the Werai forest. 

The water for the Wakool Irrigation District is outfalled through the Edward-Kolety River escape into the 

Edward-Kolety River and diverted at Stevens Weir. Stevens Weir is located on the Edward-Kolety River 

downstream of Colligen Creek. This structure creates a weir pool which allows water to be diverted down 

Colligen and Yallakool Creeks and the Wakool River under regulated flow conditions. Colligen Creek is the main 

supply to MIL’s Wakool Irrigation District via the Wakool Main Canal.  

Technical assessment 
The upgrade would include an extension to the Mulwala Canal from its current termination point at the Wakool 

Escape on the Wakool River to the Wakool Main channel. This option is likely to require a capital investment of 

$100M - $200M and could possibly provide bypass capacity in the summer/autumn period of up to 1,000 

ML/day (to be confirmed) through the various Wakool Irrigation Escapes ($100k - $200k/ML/day). 

Engineering considerations 
The key engineering considerations for this option is understanding the channel upgrade requirements by 

confirming the volume and supply (pumped or gravity) arrangements and the engineering needs for the key 

infrastructure including the Wakool River and Yallakool Syphons and channel extension. The engineering 

assessment will need to explore opportunities for utilising surplus channel capacity on the Mulwala Canal, which 

we understand is approximately 1,500 ML/day.  

If the Mulwala Canal is to be extended to the Wakool Main channel, then this concept would enable the 

conveyance of water through the channel system from Lake Mulwala to the lower reaches of the Wakool 

Irrigation system. The benefit of this approach would also allow water to be directed to the optimised escapes 

downstream of the middle reaches of the Edward-Kolety and Wakool Rivers, providing environmental relief to 

these reaches. 

Environmental considerations 
The Mulwala Canal extension has potential for significant environmental benefits.  

The Edward-Kolety River is currently run close to bank full for extended periods over summer to deliver water 

downstream. There are environmental risks associated with the current extended high summer flows. The first 

environmental issue with the current supply arrangement involves the potential for changes to the shape of the 

channel associated with notching, erosion and trees and vegetation falling into the channel. The changes to the 

shape of the channel will influence the rivers response to environmental flows in ways that remain uncertain, 

but that are likely to reduce environmental benefits. The second issue is that bank-full flows are often 

associated with reduced levels of hydraulic diversity and retention. Hydraulic diversity is a measure of the areas 
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of different depths, current speeds and turbulence found within the reach. The loss of diversity is likely to affect 

the species of invertebrates and fish in the reach.  

The Mulwala Canal extension would enable water to be diverted into the Wakool River or the Wakool Branch 

Canal rather than being delivered down the Edward-Kolety River. This will help alleviate some of the pressure 

that the Edward-Kolety River is currently under, or potentially allow flows to be pulsed down the Edward-Kolety 

River to resemble the natural flow regime more closely. 

In addition to the delivery of regulated water in summer, the extension would enable more targeted delivery of 

environmental flows to environmental assets within the MIL footprint without affecting the wetting and drying 

in the Barmah-Millewa Reach. This will be particularly important during dry years where there are limited 

volumes of environmental water available, but it will continue to be important to provide foraging habitat for 

waterbirds and refuges for fish. 

 

Figure 7. Mulwala Canal extension concept 
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Shortlisting consideration  
Table 7. General criteria assessment table – Mulwala Canal extension 

Criteria Category Justification 

Effectiveness in 
reducing 
shortfall risks 

Delivery 
shortfall 

 

• Enhances the ability to deliver water downstream of the Barmah-

Millewa Reach and will contribute to meeting peak demand shortfall 

in the River Murray  

• Relatively large discharge capacity - up to 1,000 ML/day for the 

Mulwala canal extension  

System shortfall 
 

• Enhances the ability to meet system shortfalls especially outside MIL 

peak irrigation periods 

Technical Technically  
feasible 

 

• Technically achievable however requires more detailed engineering 

assessment 

• Will require substantial upgrades to key MIL infrastructure, which 

will need to be carefully managed so as not to impact on existing 

MIL service levels 

Reliability and  
flexibility  

• Increases system capacity within the MIL system providing greater 

reliability and flexibility to deliver operational shortfalls during peak 

demand periods  

Impact on 
values 

Environmental 

 

• No substantial environmental impacts as option proposes to transfer 

water through the Wakool Irrigation system to Niemur, Wakool 

Rivers and Edward-Kolety River downstream of Werai Forrest,  

Social  • Minimal impact to water operations and levels  

Cultural 

 

• Operational changes to Edward- Kolety River is culturally sensitive 

and will need to be better understood 

• Cultural heritage assessments will need to be appropriately 

considered for any changes to flows or works 

Economic 
 

• No changes proposed that will impact on MIL irrigation deliveries – 

e.g., reduced water volumes or service level 

Costs Regulatory  
requirements  

• Construction works will be required, and proposed footprint will 

need to be carefully managed as some areas are in environmentally 

and culturally sensitive areas 

Capital 
investment 

 
• Will require significant infrastructure investment to upgrade assets 

($100M-$200M) 

O&M costs 
 

• Relatively low operating costs, unless pump is required to achieve 

additional capacity under Edward-Kolety and Wakool Rivers  

 

There is potential to achieve environmental benefits and increase capacity throughout the MIL system with this 

option if combined with option 1.  
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4.4 Option 2c. Upgrade of Edward-Kolety River escape 

 

Background 
The Edward-Kolety River escape has two radial gates with current total capacity of 2,400 ML/day, while the 
Mulwala Canal at the escape has a capacity of 5,000 ML/day. This option proposes the possibility of upgrading 
the capacity of Edward-Kolety River Escape to approximately 3,500 ML/day to facilitate a greater flow volume to 
the Edward-Kolety River (Figure 8). A major consideration of this option is that there is an existing capacity 
constraint on the Edward-Kolety River downstream of Stevens Weir that will limit the potential volume that can 
be bypassed. Most of the water that is currently passed through the Edward-Kolety escape is taken by the 
Wakool Irrigation System and diverted at Stevens Weir. Unless water can be diverted through the Wakool 
Irrigation district, the increase in the escape capacity will not provide any additional bypass capacity or benefit 
for the project.  

Technical assessment 
This option would require investigations into upgrading the Edward-Kolety River Escape and retro-fitting new 

regulating gates at each of the existing regulating structures along the Mulwala Canal upstream of the Edward-

Kolety River Escape. As part of the Private Irrigation Infrastructure Operators Program (PIIOP) funding and due 

to declining water demand within the MIL system, regulating structures along the Mulwala Canal were 

upgraded with regulating gates to meet existing flow requirements.  

However, not all bays were upgraded with automated gates due to reduced water demand and ongoing 
operation and maintenance costs of underutilised gates. The surplus regulating bays were replaced with 
bulkheads at the time and would need to be replaced with regulating gates to reinstate the capacity of the 
Mulwala Canal to meet the proposed increased capacity of the Edward-Kolety River Escape. This would likely 
require an additional 12-14 large regulating gates to be installed along the Mulwala Canal. 

The capital cost for this option is approximately $1M -$2M ($2k/ML/day) to undertake the proposed works.  

 

Figure 8. Edward-Kolety Escape upgrade concept 
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Shortlisting consideration  
Table 8. General criteria assessment table - Upgrade of Edward-Kolety River escape 

Criteria Category Justification 

Effectiveness  
Reduce  
shortfall risks 

Delivery  
shortfall 

 

• Enhances the ability to deliver water downstream of the Barmah-

Millewa Reach and will contribute to meeting peak demand in the 

River Murray  

• Needs to be considered in conjunction with Option 2b 

System shortfall 
 

• Enhances the ability to transfer water and reduce system shortfall 
risks especially outside MIL peak irrigation periods (Option 2b) 

Technical Technically  
feasible. 

 

• Technically achievable however requires more detailed engineering 

assessment 

• Will require substantial upgrades to key MIL infrastructure, which will 
need to be carefully managed so as not to impact on existing MIL 
service levels 

Reliability and  
flexibility  

• Increases system capacity within the MIL system providing greater 
reliability and flexibility to deliver operational water during peak 
demand periods (in conjunction with Option 2b) 

Impact on 
values 

Environmental 
 

• Likely to have environmental impact by adding another 1,000- 1,500 
ML/day to this reach, which is already at capacity  

Social  • Additional flow may impact on existing recreational social uses  

Cultural 

 

• Changes to Edward- Kolety River with increased flows will be culturally 
sensitive and is likely to impact on the Werai forest  

• Cultural heritage assessments will need to be appropriately 
considered for any works 

Economic 
 

• No changes proposed that will impact on MIL irrigation deliveries – 
e.g., reduced water volumes or service level 

Costs 

Regulatory  
requirements  

• Construction works will be required, and proposed footprint will need 
to be carefully managed as will be in environmentally and culturally 
sensitive areas 

• Likely to have environmental impacts on Edward-Kolety River 

Capital  
investment 

 
• Will require significant infrastructure investment to upgrade assets 

O&M costs 
 

• Relatively low operating costs, unless pump is required to achieve 
additional capacity under Edward-Kolety and Wakool Rivers  

 

Whilst there is potential to increase capacity throughout the MIL system, the Edward-Kolety downstream of 

Stevens Weir is already at capacity. As such, this option is likely to have adverse impacts on the Werai Forest, 

riparian landholders, and social users if the flow in this reach was to be increased.  

This option is not feasible and is not recommended to proceed to the shortlist.  
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4.5 Option 3. Moira bypass pipeline 

 

Background 
This bypass concept was originally proposed by the Moira Private Irrigation District (MPID). There is limited 
information on the proposal, however Submission 308 from (MPID) to the Select Committee on the Murray 
Darling Basin Plan held in Echuca on the 5 November 2015 stated “In 1998 MPID Board of Management met 
with government bodies and various downstream water users to discuss a Choke Bypass. Again in 2003 MPID 
had adjusted its plan for a bypass to include greater flow volume to relieve the pressure the Choke was under. 
The bypass consisted of a channel being constructed from below picnic point, skirting around the Barmah lakes 
on the western side of the floodplain.”  

As part of the long-list considerations the original concept has been modified for engineering and hydraulic 
purposes to include a pressurised pipeline bypass (200 ML/day) that is 47 km in length constructed from Picnic 
Point, that goes around the Barmah Lakes (on the western side of the floodplain and crosses the Cadell Fault 
line returning to the River Murray close to Moama) (refer Figure 9). The key factors impacting the size and cost 
of this pipeline would be the conveyance capacity and availability of significant power supply at Picnic Point. 

The MPID sits between Deniliquin and Moama and bordered by the River Murray and Bunnaloo. MPID extract 
its water from the River Murray via Moira Creek which sits at the downstream end of the Barmah-Millewa 
Reach, downstream of the Barmah Lakes in the Murray Valley National Park (formerly Moira State Forest). This 
option is for a purpose-built bypass pipeline, however, the option could further consider supplying MPID from 
the new pipeline, which would remove the need for the MPID to be supplied by the current inlet channel in the 
Barmah Lakes National Park. The removal of the MPID inlet channel could be considered an environmental 
benefit in that it removes the channel from the National Park avoiding any damage that may be caused with any 
future operation, refurbishment or maintenance of the inlet channel. If the pipeline is to be pursued in isolation 
as a purpose-built bypass this would not impact on the existing operations of the MPID.  
 
MPID supplies 94 irrigation farms and 60 stock and domestic properties within this region and was constructed 
50 years ago with landholder funds. It continues to be fully funded by members and consists of diverse 
agricultural and horticultural enterprises.  

 
Figure 9. Moira bypass pipeline concept 
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Technical assessment 
The key assumptions in developing this potential option are: 

• an offtake point at the Picnic Point boat ramp, which is upstream of the narrow section of the Barmah-
Millewa Reach. 

• alignment avoiding State and National Parks and areas of native vegetation to the extent possible 

• a significant crossing at Gulpa Creek near Mathoura (Fault line crossing) 

• outlet for the pipeline to the River Murray well downstream of the narrowest section of the Barmah 
Millewa Reach 

• proposed outlet to the east of Moama. 

Following a high-level investigation into the Moira bypass, the pipeline would likely require: 

• 47km of Class 6 1700mm diameter pipe 

• Power requirements of approximately 1.4MVA for 200 ML/day flow rate 

• Operation and maintenance costs of approximately $120k to $240k per annum based on potential 
commercial power pricing of between 17 and 34c/kW 

• Total capital cost $200- $250M ($1,000k - $1,250k/ML/Day) 

Shortlisting consideration 
Table 9. General criteria assessment table - Moira Bypass pipeline 

Criteria Category 
 

Justification 

Effectiveness in 
reducing shortfall 
risks 

Operational shortfall 

 

• It partially enhances the ability to deliver water 
downstream of the Barmah-Millewa Reach and will 
contribute to meeting the peak demand in the River 
Murray  

• Small discharge capacity (200 ML/day) provides ability to 
contribute to peak demands 

System shortfall  • Enhances the ability to partially reduce the risk of system 
shortfalls  

Technical Technically feasible. 

 

• Technically achievable however requires more detailed 
engineering assessment 

• Will require new and substantial infrastructure 
construction 

Reliability and 
flexibility 

 
• It will be purpose-built infrastructure providing high levels 

of reliability and flexibility  

Impact on values Environmental 

 

• No substantial environmental impacts to receiving 
waterways as water will be transferred through a pipeline 
and will remove flows from the Barmah Millewa reach  

• Construction works will be required and proposed pump 
station and pipeline alignment are in highly sensitive 
environmental and cultural areas 

• If MPID irrigators were to be supplied by the pipeline it 
would remove the need for the inlet channel adjacent to 
the Barmah Lakes. 

Social  • Location of PS likely to impact on recreational social licence 
at Picnic Point  

Cultural  • Cultural heritage assessments will need to be appropriately 
considered for any works 

Economic  • May provide additional economic benefit for MPID 
irrigators with an opportunity to expand  

Costs Regulatory 
requirements  

• Construction works will be required and proposed pump 
station and pipeline alignment are in highly sensitive 
environmental and cultural areas 

Capital investment  • Will require significant infrastructure investment ($100M 
plus) 

O&M costs  • Is a pumped solution with high O&M costs  
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This option is not recommended to proceed to the shortlist as:  

• The proposed works are within highly sensitive environmental and cultural heritage areas 

• The works are likely to have social implications at Picnic Point 

• Construction and O&M costs are likely to be substantial, noting to achieve moderate flows will require 
pumping. 
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4.6 Summary of assessment 
Table 10 provides a summary of the assessment for the long list of options against the general criteria. The 
approach adopted for selecting shortlisted options involves eliminating options that rank negatively against any 
general criteria. On this basis, the following options are shortlisted for further assessment:  

• Option 1.  Optimisation of MIL escapes 

• Option 2a.  Major capacity expansion – Perricoota Escape expansion 

• Option 2b.  Mulwala Canal extension in combination with Option 1 

The following sections provide more detailed investigation and scoping for each of these shortlisted options. 

Table 10 Summary of options ranking against general criteria 

  Category  1. MIL escapes 
optimised  

2a. Major capacity 
expansion 

2b. Mulwala  
Canal extension 

2c. Upgrade of 
the Edward-Kolety 

River Escape 

3. Moira Bypass 

Effectiveness 
to reduce 
shortfall risks  

Operational 
shortfall  

          

System 
shortfall  

          

Technical  Technically 
feasible.  

          

Reliability and 
flexibility  

          

Impact on 
values  

Environmental  
          

Social  
          

Cultural  
          

Economic  
          

Costs  Regulatory 
requirements  

          

Capital 
investment  

          

O&M costs  
          

Proposed capacity  
(ML/day) 

300 - 900 300 1,000 – 1,500 1,100 200 

Value-for-money equivalence 
($k/ML/day) 

$0.1K - $3k $33k - $66k $100k - $200k $1k - $2k $1,000k - $1,250k  

Shortlist  

          

Primary rationale for 
shortlisting decision  

 

  

Effective in reducing 
shortfall risks using 
existing 
infrastructure with 
low capital costs 

Effective in meeting 
shortfall risks and is 
environmentally 
tolerable  

Effective in meeting 
shortfall risks and 
takes regulated 
water out of the 
Edward-Kolety River 

Is not culturally or 
environmentally 
tolerable (Refer 
Note 1)  

Is not culturally or 
environmentally 
tolerable 

Note 1: Upgrades to the Mulwala Canal upstream of the Edward Kolety River escape (forming part of Option 2c) are proposed for inclusion 

in the short listing of Option 2b 
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5 Ecologically tolerable flows 

The Basin Plan seeks to optimise the environmental, social, economic, and cultural values from the use of the 
Basin’s water resources. The Edward-Wakool system provides a unique opportunity to achieve joint 
environmental, social and economic values through collaborative water management. The Edward-Wakool 
system also has the potential to implement a landscape scale approach to sustaining environmental values. This 
is because the region supports diverse water-dependent ecosystems to which managers have almost 
unparalleled capacity to deliver water through both natural waterways and irrigation infrastructure. 
Importantly, environmental water managers also have the capacity to manage patterns of connectivity between 
different ecosystem types which will ensure species complete life cycles, key ecosystem functions are 
supported, and resilience is built. As such, it was important that this project does not narrow options for future 
optimisation of environmental, social, and economic outcomes in the region.  

Within this context, although the project does not seek to restore the flow regimes of waterways within the 
Edward-Wakool system, the project ensures that the proposed flow options do not compromise existing 
environmental values of a given reach nor of the region. This is a challenge because the system is already so 
highly modified. 

Like the River Murray, river regulation has led to declines in small to medium sized floods and seasonal reversal 
of flows. One of the more common effects of seasonal reversal is a change in the timing of cease-to-flow events 
from summer to winter due to the delivery of water for irrigation. In some instances, seasonal reversal has been 
associated with changes in environmental values with native fish species benefiting from improvements in 
water quality and habitat availability. This highlights some of the challenges of managing a modified system to 
optimise multiple values.  

For the ecological flow assessment component of the project, flows that increase seasonal reversal (increased 
summer flows) were deemed acceptable. Flows that converted an ephemeral system into a perennial system 
(regardless of season) were also deemed acceptable, recognising that the shift from an ephemeral to perennial 
flow regime in some rivers must be balanced by the preservation of an ephemeral flow regime on the smaller 
waterways that are not assessed within this project. We recognise that this is an important assumption and is 
one we have adopted within the wider context of this assessment for the Edward-Kolety – Wakool system (see 
Assessment Approach section). This assumption recognises that the loss of ephemerality is likely suitable in 
cases where the habitat supported by an ephemeral flow regime is still retained at the network scale. In systems 
that are currently ephemeral, a shift to a perennial flow regime was prevented by including at least one cease to 
flow event as criteria in our assessment of ecologically tolerable flows regimes.    

This section provides a description of individual creek and river reaches of the Edward-Kolety – Wakool River 
System. Due to the number and variation in creek and river types (permanent to ephemeral) a specific 
assessment has been undertaken to identify the range of flows that can bypass the Barmah-Millewa Reach via 
the Edward-Kolety – Wakool River system without significant adverse impacts on the natural waterways, and 
potentially to the benefit of these stream systems over the summer/ autumn irrigation season and the off-peak 
winter-spring season. 

This section sets out: 

• Description of the current system  

• Assessment approach to determine ecologically tolerable flows for this MIL option 

• Reach descriptions 

• System values and flow assessment criteria 

• Summary of seasonal flow regimes determined for each reach of creek or river 

The ecologically tolerable flow assessment outcomes have been applied to the engineering assessment for each 
MIL sub-option to provide an integrated assessment of delivery capacity potential. 
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5.1 System description 
The Edward-Kolety – Wakool River System is a network of river channels connected to a mosaic of wetlands and 
floodplains. The Edward-Kolety River is a large anabranch of the River Murray and breaks away from the River 
Murray near Mathoura, flowing north through Deniliquin and then westward before re-joining the River Murray 
370km downstream near Kenley. The Edward-Kolety – Wakool River System is listed as a key environmental 
asset under the Basin Plan. The System supports 23 plant community types including large areas of flood 
dependent vegetation communities, predominantly river red gum (Eucalyptus camaldulensis) with areas of 
black box (E. largiflorens) and lignum (Muehlenbeckia florulenta). Among the significant areas is the Werai 
Forest which occupies the floodplain near the confluences of the Edward-Kolety River, Colligen Creek and 
Niemur River where the channel of the Edward-Kolety River constricts. The Werai Forest covers 11,000 ha and is 
part of the NSW Central Murray State Forest Ramsar site.  

The area consists of a range of ecosystem types that support listed threatened species and communities. The 
long-term watering plan identifies 106 water dependent bird species, of which 24 are of conservation 
significance. There are also records of 10 species of frog including the endangered southern bell frog and a 
vulnerable species of bat (southern myotis) and superb parrot. A number of areas have been identified as 
culturally significant including the Werai Forest, Edward-Kolety River and a range of burials, oven mounds, scar 
trees, story sites and stone artefacts 

 

 

Figure 10.  Niemur River near Moulamein Road (September 2022) 

Across the region, vegetation communities vary from a narrow band of riparian trees with sparse understory to 
large areas of floodplain forest including Werai and Wakool forests. Overall, vegetation condition is understood 
to have declined due to a combination of river regulation and drought. In many areas the understory is sparse 
due to declines in flooding. Delivery of environmental flows through the system has succeeded in promoting 
amphibious vegetation such as floating pondweed (Potamogeton tricarinatus) and milfoil (Myriophyllum sp.) in 
the Wakool River, Yallakool Creek and Colligen Creek.  

The Edward-Kolety – Wakool River System is recognised as an important area for native fish populations. The 
Sustainable Rivers Audit found large populations of the vulnerable Murray cod (Maccullochella peelii peelii); 
listed under the Commonwealth Environment Protection and Biodiversity Conservation Act 1999 and silver perch 
(Bidyanus bidyanus); listed under the NSW Fisheries Management Act 200410. Sampling at this site provided the 
fourth and third highest abundances for these two species across all catchment zones within the entire Murray–

 

10 MDBC (2008). Murray–Darling Basin Rivers: Ecosystem Health Check, 2004–2007. A summary report based on the Independent 
Sustainable Rivers Audit Group’s SRA Report 1: A Report on the Ecological Health of Rivers in the Murray–Darling Basin, 2004–2007, 
submitted to the Murray–Darling Basin Ministerial Council in May 2008. MDBC Publication No. 19/08 
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Darling Basin10. Additional e-DNA sampling identified that endangered Trout cod were present within the 
Edward-Kolety River. Eleven other species of native fish are identified within the Murray-Darling Long-Term 
Watering Plan with limited difference in the overall distribution of species among rivers. One exception to this 
trend in distribution is Murray cod, which were not present in the upper Wakool and short-headed lampreys, 
that were found only in the Lower Wakool.  

The Murray-Lower Darling Long Term Watering Plan (LTWP) also identifies between 70 (Upper Wakool River) 
and 106 (Edward-Kolety River) species of water dependent birds including Australasian bittern, Curlew 
sandpiper and the Great knot, all of which are endangered or critically endangered11.  

 

Figure 11.  Wakool River at Yallakool confluence near Wakool Road (September 2022). 

Among the river reaches that would be affected by the MIL-based Barmah-Millewa Reach bypass options are 
the Wakool River (Upper and Lower), Cockrans Creek and Niemur River. The Wakool, Colligen-Niemur system 
are currently semi-permanent, while Cockrans Creek is currently ephemeral. Sections of the Wakool-Yallakool 
and Colligen-Niemur systems regularly experience periods of cease to flow, which can occur in winter for 
operational reasons. Environmental flows have been used to reduce the risk of cease to flow events by 
sustaining flow through the system.  

These reaches are shown in Figure 39 and discussed in more detail in Section 5.3. 

  

 

11 DPIE (2020) The Murray-Lower Darling Long-Term Water Plan, Part B: Murray-Lower Darling planning units. 
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The risks currently faced by these systems are associated with:  

1. the loss or reduction in high flows in winter and spring  
2. poor water quality associated with low and cease to flow (CTF) events, which occurred immediately 

after the millennium drought and have the potential to occur again during dry summers.12  

A review of the Environmental Watering Requirement (EWR) specified in the LTWP found only one 
environmental requirement that would be influenced by delivery of flows in summer. This was that “CTF events 
are not desired due to highly modified nature of system and the presence of native fish populations”11. 

Given this, as far as the documented EWR are concerned, the delivery of flows through the nominated rivers 
and creeks is likely to have a positive effect on both water quality and refuge habitat for native fish. 
Furthermore, the use of the creeks for summer and autumn river operations has some potential to reduce the 
need for the delivery of environmental water in summer, saving environmental water allocations for winter and 
spring use.  

Within this context, the greatest risks associated with this option are likely to be: 

1. Proposed releases from the escapes creating out of season wetland and floodplain watering in summer 
and early autumn  

2. Prolonged high flow events over the summer / autumn period leading to erosion impacts. 
Environmental flows have been used to sustain floodplain inundation into summer to support 
successful waterbird breeding, but in these instances, the effects on vegetation are an outcome of the 
duration of the inundation. These long floods occurred pre-regulation and are an important flow for 
sustaining floodplain character.  

3. Rates of rise and fall in flow rates which risk stranding fish in off channel habitats. This risk can be 
reduced through careful management of rates of rise and fall.   

As all flows will be within the channel (to avoid unseasonal inundation), risks around carp benefiting from flows 
are considered minimal.  

 

 

Figure 12.  Yallakool Creek, near Brassi Road (September 2022). 

  

 

12 Watts R.J., Bond N.R, Duncan M., Healy S., Liu X., McCasker N.G., Siebers A., Sutton N., Thiem J.D., Trethewie J.A., Vietz G., Wright D.W. 
(2020). ‘Commonwealth Environmental Water Office Monitoring, Evaluation and Research Project: Edward/Kolety-Wakool River System 
Selected Area Summary Report, 2019-20’. Report prepared for Commonwealth Environmental Water Office. Commonwealth of Australia. 
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5.2 Assessment approach  

An assessment has been undertaken to identify the ecologically tolerable flow regime for the waterways that 
have potential to deliver Barmah-Millewa Reach bypass flows.  

The assessment has been based on a modified application of a holistic approach to environmental flow 
assessments. Ultimately, the approach was used to determine the maximum rate of release from outlet 
channels into natural waterways that can be tolerated by the receiving waterways, separated out into baseflow 
and fresh components. This section outlines: 

• The holistic approach to environmental flow assessments 

• Adaptation of the holistic approach to the Barmah-Millewa feasibility study 

• A potential vision and objectives for the waterways of the Edward-Kolety – Wakool River system 

• Categorisation of waterways, based on this vision. 

 

 

Figure 13.  River Murray, upstream of Barmah Forest, near Lower River Road (September 2022). 

The holistic approach to environmental flow assessments 
The holistic approach to environmental flow assessments is becoming the standard approach adopted globally 
for assessing the environmental flow requirements of rivers. While there are numerous variants of this 
assessment method, they are collectively referred to as ‘holistic’ methods, because they seek to include all 
major abiotic and biotic components that constitute the ecosystem to be managed, and in so doing, ensure that 
the full spectrum of flows and their temporal and spatial variability are considered (King, 2003). This same 
thinking can be extended to include not just the ecosystem values, but also the social values and the ecosystem 
goods and services that are associated with a particular flow regime.  

While there are many ‘named’ methods that have been developed in different regions and countries, most of 
the detailed assessment methods share much in common. A good example from the peer-reviewed literature is 
provided in Gippel et al., who outline a generic approach for environmental flow assessments13. This generic 
approach has much in common with existing proven environmental flow methodologies such as the FLOWS 
methodology14 as used in Victoria, Australia, which is a derivative of the Building Block Methodology (BBM) first 
developed in South Africa15. The flow components of the BBM are also the foundation for the technical input to 
the Downstream Response to Flow Transformation (DRIFT) process, which was developed for a project in 
Lesotho16.  

 

13 Gippel, C.J., Bond, N.R, James, C. & Wang, W. (2009) An Asset-based, Holistic, Environmental Flows Assessment Approach, International 
Journal of Water Resources Development, 25:2, 301-330. 
14 DEPI, (2013) FLOWS—A Method for Determining Environmental Water Requirements in Victoria. Second edition, Melbourne. 
15 King, J. and Louw, D. (1998) ‘Instream flow assessments for regulated rivers in South Africa using the Building Block Methodology’ in 
Aquatic Ecosystem Health and Management, 109-124.  
16 King, J, Brown, C. and Sabet, H. (2003) ‘A scenario‐based holistic approach to environmental flow assessments for rivers’ in River Research 
and Applications, 619-639. 
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An environmental flow can be thought of as comprising a variety of ‘flow components’, which are specified in 
detail as part of the planning process (Figure 14). Flow components are usually identified in terms of their 
magnitude, their frequency, duration and timing (season) of occurrence, and their role in supporting critical 
ecological and physical processes within the river corridor. Commonly recognised flow components include 
baseflows, in-channel pulses or ‘freshes’ (short pulses of higher flow), bankfull and overbank flows, which 
inundate and connect floodplains and wetlands, and periods of cease to flow (noting these are absent in many 
rivers). The specification of the desired flow regime in terms of flow components, allows a river manager to 
implement the recommendations by directing controlled flows to a river, or by preventing inappropriate 
diversion of flows from a river. The major flow components are illustrated conceptually in Figure 14 and the 
environmental benefits sought from each flow component are shown in Figure 15. 

 

Figure 14. Typical flow components 

 

Figure 15.  Example of the environmental benefits sought and processes targeted by each flow component. 
Source: VEWH (https://www.vewh.vic.gov.au/water-for-the-environment/environmental-benefits)   
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https://www.vewh.vic.gov.au/water-for-the-environment/environmental-benefits


Barmah-Millewa Feasibility Study: Technical Report – Optimisation of the existing MIL system     35 

The timing, frequency, duration of flows and inter-annual frequency relate to life cycle needs of biota, while the 
hydraulic conditions may act to encourage or discourage certain behaviours, or even disturb some organisms by 
exceeding their capacity to respond. Aquatic biota exists within a tolerable range of flow velocity and depth. 
These hydraulic parameters vary significantly with discharge, and so too does access to certain types of micro-
habitat and locations (such as backwaters, tributaries, wetlands, floodplains and estuaries). For any given reach, 
variation in the hydraulic conditions as a function of discharge is controlled by the physical form of the river and 
its roughness elements (bed material, and in-stream large wood or vegetation).  

Thus, the time series of physical habitat availability is dependent on the hydrology and the physical form of the 
river. The physical form of the river is shaped by the pattern of flows combined with the supply of sediment and 
the relative resistance of the channel boundary to change. This is the rationale for adopting a combined 
hydrologic-hydraulic approach for the environmental flows framework. In rivers where water quality limits the 
biota, this also needs to be included, as many water quality parameters vary as a function of flow. In estuaries 
this may be particularly important because the location and characteristics of the salinity gradients can be 
strongly influenced by inflows from the river. 

The key steps in a generalised “best practice” holistic approach are summarized in  

Table 11. 

Table 11. Key steps in a “best practice” holistic environmental flows assessment approach (adapted from Gippel 
et al.). 

Theme Methodological step Suggested approaches/tasks 

Values and 
assets 

Select representative 
reaches and sites  

Use mapping, databases, reconnaissance and local knowledge to 
simplify river system into a manageable number of reasonably 
homogeneous reaches, with representative sites selected for 
detailed field inspection. 

Identify ecological 
assets and important 
goods and services 
provided by the river 
(important species, 
ecological processes, 
navigation etc.) 

Use existing published and unpublished literature, databases, field 
inspection and interviews with local river users to make a list of 
ecological assets. 

Summarise current 
and natural 
hydrologic regime 

Use gauged and/or modelled time series data (preferably daily) to 
summarise the natural and current flow regime, including seasonal 
and interannual variability (also describe hydropeaking changes 
where possible). Initial hydrologic assessment could focus on 
monthly percentiles (e.g. 10th, 50th, 90th) and draw on software 
tools such as flow health 
(http://www.watercentre.org/portfolio/rhef/project-resources/flow-
health-hydrology-assessment-tool/flowhealth-software).  

Ecological 
requirements 
and criteria 

Develop conceptual 
models  

Use literature and expert knowledge to develop conceptual models 
that link the identified assets to key components of the flow regime 
and inter-related geomorphic forms and processes. The ideal model 
is a mathematical expression between some aspect of the asset and 
some aspect of the flow regime, but most will be in the form of text, 
or a process diagram. 

Set performance 
criteria for each asset 
and process  

Performance criteria are expressed as the desired state of the asset, 
or condition of a process important to that asset. Each performance 
criterion is linked to one of the flow components and is also 
expressed in terms of hydraulic and/or hydrological criteria that can 
be analysed using numerical methods. Objectives are set for flora, 

http://www.watercentre.org/portfolio/rhef/project-resources/flow-health-hydrology-assessment-tool/flowhealth-software
http://www.watercentre.org/portfolio/rhef/project-resources/flow-health-hydrology-assessment-tool/flowhealth-software
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Theme Methodological step Suggested approaches/tasks 

fauna and the geomorphic forms and processes on which they 
depend. 

Analysis and 
preferred 
flows 

Hydraulic modelling 
and hydrological 
analysis  

Develop hydraulic models and describe the stream hydrology to help 
determine the magnitude, duration, frequency and timing of flows 
required to meet the objectives. This will often require cross-section 
surveys within each of the representative sites, and this together 
with formulation of the hydraulic models can be commenced early in 
the process once step 1 has been completed. It is important that 
these surveys consider lateral areas (e.g. floodplains, wetlands) that 
may be important habitats to include as part of the environmental 
flows assessment. Where it is not possible to gather detailed cross-
sectional data to relate hydrology to hydraulics, it may be 
appropriate to draw on local knowledge to identify how measured 
discharge relates to water levels within the channel – e.g. Based on 
experience of when particular wetlands connect to the river, and 
other such notable events. 

Develop preferred 
environmental flows 
rules  

Use hydraulic data, hydrological description and conceptual models 
to develop rules that define the minimum flow regime that is 
expected to support the ecological objectives over the long term, at 
an agreed (ideally low) level of risk. 

Trade-offs 
and risk 

Propose alternative 
environmental flows 
rules  

Use a risk assessment approach to develop alternative flows rules 
that define flow regimes with less ambitious ecological objectives or 
which carry higher risk to maintenance of ecological assets in the 
desired state. 

Model the water 
resources availability 
under the preferred 
and alternative flow 
options  

Run a numerical water resources model with the flow rules in place 
to predict the degree of compliance with expected security of water 
supply and ecological objectives. The model is run for the flow 
options along with any other desired scenario, which might include 
proposed water resources development or climate change, for 
example. Assessment of the options is based on the priority given to 
individual objectives outlined in the initial recommendations. 

Adaptation of the holistic approach to the Barmah-Millewa feasibility study 

The determination of ecologically tolerable flows in the Edward-Kolety – Wakool River system has been based 
on an adaption and simplification of the holistic approach to environmental flow determination, set out by 
Gippel 2009a. The ecologically tolerable flows developed for the subject stream reaches for this feasibility 
assessment should not be considered a complete environmental flows study, but a preliminary assessment to 
identify the range of flows within which the proposed bypass flows could feasibly operate. 

For this assessment, we sought to identify the maximum tolerable flows for the flow components likely to be 
modified as a result of the bypass of water around the Barmah-Millewa Reach. This is in contrast to the more 
typical application of the approach for environmental flow determination that seeks to identify the minimum 
flows required to meet agreed objectives and performance criteria.  

The maximum tolerable flows have been developed based on identified values and relevant supporting 
hydraulic criteria for these values. Performance criteria have been selected that seek to define upper limit flow 
rates, frequency and duration of flow components. 

The investigations concentrated on the summer / autumn period. However:  

1. there is potential for bypass flows to be directed via the subject waterways over late spring as part of 
operational deliveries to Tar-Ru (Lake Victoria) 

2. the delivery of water over the summer / autumn period has the potential to create a seasonal reversal 
of flows. 
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Consequently, the identification of ecologically tolerable flows has included consideration of late spring flow 
regimes and other flow components that may require attention as a result of delivery of increased flow regimes 
over the summer / autumn period. Of particular interest is the flow regime required over the winter / spring 
period. Restoration of winter / spring flow regimes will require additional deliveries including large freshes or 
overbank events. These flows need to occur in winter spring to align with the needs of native species of fish, 
vegetation and waterbirds.     

The assessment has included: 

• discussions with DPE officers regarding bankfull capacity within each reach 

• review of documented environmental watering requirements 

• hydraulic modelling of the channel capacity within each reach and the application of the subject 
criteria 

• Site visits to observe the impact of high flows on channel processes and the condition of riparian and 
instream vegetation  

In assessing whether the flow regimes under these proposed options are tolerable, we have assumed there 
would be ramping at both the start and end of the event, and that flows would include a variable flow regime. 
Ramping is important for providing flow cues to animals, triggering appropriate behavioural responses. Short-
term variations are important in sustaining littoral (edge) habitat and maintaining nutrient and organic matter 
cycling.  

A potential vision and objectives for the waterways of the Edward-Kolety – Wakool River system 
The Edward-Wakool region provides unique opportunities to both optimise environmental, social and economic 
outcomes from water management and, arising from this, opportunities for the protection and restoration of 
water dependent ecosystems. This project represents one small part of the Basin Plan water reform that seeks 
to improve outcomes from shared water resources. The adaptation of the vision and objectives for the Edward-
Wakool system and identifying the role the region may play in helping sustain environmental values under 
climate change are the responsibility of the NSW and Commonwealth Governments. The project team’s role 
was to ensure that the criteria used to identify unacceptable flows would also ensure that opportunities for 
multiple benefits and environmental restoration would be protected.  

Key to this approach was the need to consider optimisation of environmental, social and economic outcomes 
given the system is already modified to improve economic outcomes. This means that the objective of the Basin 
Plan and this project is NOT to return to a natural flow regime. The Basin Plan seeks to protect and restore 
water dependent ecosystems, in part, through protecting and, where necessary restoring, representative 
populations and communities of native biota.  Given the region’s economic, social and cultural values, the 
challenge is to develop a plan that will accept changes, but then: 

• seek opportunities to capitalise on changes to enhance environmental values. An example would be an 
increase in drought refuges within the system. 

• identify the different ecosystem types within the region and develop a plan for protecting 
representative populations and communities. For example, perennial streams, ephemeral streams with 
residual pools, ephemeral streams without residual pools. 

• develop a functional model for the region that would support natural cycles of boom and bust that are 
important to Australian rivers. For example, identifying the connections required during floods to 
connect ephemeral habitats and providing opportunities for species to move back to refuges during 
drying. 

Responsibility for implementing this or a similar process lies with the NSW Government. The project needs to 
ensure that its recommendations do not lead to the loss of species or communities, compromise key ecosystem 
functions or resilience. 

Through the process the team considered both the environmental values identified in the Long-Term Watering 
Plan, but also the major foundations of environmental flow planning, including the natural flow paradigm and 
holistic flow methodologies. It was noted that at times, these different approaches led to different priorities. For 
example, a focus on fish species might favour converting ephemeral systems to perennial, while the natural flow 
regime would seek to protect the ephemeral nature of the waterway. Within the context of the project, these 
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conflicts can be represented as uncertainties best resolved as part of the adaptation of the objectives and 
targets and dealt with in the scope of the project through application of a risk framework. 

The overall vision that informed the assessment was that: 

The Edward-Kolety – Wakool system provides a mosaic of watercourses, which in turn provide 
opportunities to sustain a diversity of habitats across the landscape (even if the flow regime within one 
stream changes from its natural condition). Management will need to address issues at both a reach 
and whole of system scale. Protecting and restoring this mosaic and the connections among habitats 
provides a unique opportunity for the community to benefit from healthy water dependent ecosystems.  

From a sustainability perspective, it was important that this project does not narrow options for future 
optimisation of environmental, social, and economic outcomes in the region. Collaboration between the NSW 
government, MIL and Commonwealth Environmental Water Holder (CEWH) is already well established through 
innovative approaches to flow restoration, such as using irrigation infrastructure to water private wetlands and 
creating refuges from anoxic water. This project provides another opportunity for innovative collaboration 
across environmental and agricultural institutions and supports Basin Plan objectives to optimise outcomes and   
balance economic and environmental values.  

Categorisation of waterways based on vision 
To develop the ecologically tolerable flow regimes for this feasibility assessment, the waterways of the Edward-
Kolety – Wakool system were grouped into three stream types based on the degree of ephemerality to be 
retained. This grouping system is explained below, in Table 15 and mapped in Figure 16.  

This grouping was used to identify the preferred flow regime for individual waterways aimed at retaining a 
mosaic of different stream types across the landscape, while still reflecting the natural and historic watering 
regimes applied to these stream systems.  

There are three major stream types in this grouping: 

• Perennial waterways: These are typically the largest waterways and occupy the lowest elevation in 
the landscape. Prior to regulation these waterways would have been perennial and have 
continued to be so under the current, regulated flow regime. These systems are important in the 
landscape as they provide a reliable refuge for long-lived species such as Murray cod and Golden 
perch. They also provide important connections to upstream and downstream reaches enabling 
species to disperse to avoid disturbances or complete their life cycle. The continuous flow also 
ensures that water quality is maintained. The exception is when floodplains return high levels of 
organic matter that deplete dissolved oxygen. It is during these events that ephemeral tributaries 
provide important refuges for native fish and crayfish.  

• Ephemeral waterways: These waterways typically lie in a mid-elevation in the landscape. While 
some may have naturally flowed year-round in some years, or have reaches that are perennial, 
cease to flow events are an important flow regime characteristic of these waterways. They provide 
different types of habitat to perennial systems, influenced by the difference in disturbance 
regimes (drying) among different waterways. While drying is associated with loss of individual 
organisms, particularly of long-lived species, it also creates opportunities. The first opportunity is 
the creation of diverse refuge pools that, in some instances, will support species that would 
otherwise be vulnerable to predation. The second opportunity occurs when flows resume and 
there is the creation of new, productive habitat that has yet to be colonised by competitors or 
predators. These opportunities are important in sustaining species across the landscape. Under 
current management operations, ephemeral waterways can be divided into two categories:  

• Natural timing. Waterways in this grouping tend to dry through summer and may remain 
dry for much of autumn. Some systems will dry down to residual pools whose water 
quality will deteriorate as they dry, as seasonal temperatures increase and as litter falls 
into the pool. These systems provide habitat for species capable of resisting or avoiding 
the adverse conditions, such as yabbies and other macroinvertebrates. Small fish may 
also survive, as they can find small areas of habitat within which to shelter. Outcomes are 
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variable based on a range of factors including pool morphology and condition of riparian 
vegetation. It is this variation that helps sustain the overall species diversity in the region. 

• Seasonally altered timing. Waterways in this grouping have a history of river regulation 
that has shifted the timing of cease to flow events into late autumn and winter. The 
cease-to-flow will still have a direct effect on the availability of flowing habitat which will 
affect the composition of the macroinvertebrate populations and potentially the aquatic 
vegetation. The rate of draw-down in these systems will not be as fast compared to other 
waterways, meaning that more sensitive species may survive in these systems. In general, 
this will mean more predatory species, which in turn will influence the small fish and 
macroinvertebrate communities. Within a landscape context, these systems still provide 
habitat diversity but support slightly different communities to systems that dry naturally. 
These differences may be difficult to detect given variability among systems.  

Summary of Process 
The process for identifying environmentally tolerable flows started with identifying flow characteristics for 
relevant flow types for each season. The first characteristic was flow magnitude for which multiple lines of 
evidence were used for each flow type:  

• Environmental Water Requirements were identified from the LTWP and used as a minimum flow 
benchmark. 

• Source modelling data 

• Historical data. Assessments of historical data identified the flows exceeded 80% (Base Flows) and 20% 
of the time  

• Channel capacity was calculated from channel cross sections 

• Current practice was obtained through contact with WaterNSW and Environmental water managers. 
This last line of evidence was used to adjust estimates in recognition of the modified status of the 
system and that current operating conditions have protected identified values including native fish. 

Table 12. The flow types used in the ecological assessment. Bankfull and overbank flows were both considered 
to be associated with unacceptable risks in summer. 

Flow type Winter-spring Summer-autumn 

 

Cease-to-flow   

Baseflow   

Fresh   

Bankfull   

Overbank   

 

Once magnitudes of flow types were identified and used to inform the tolerable flow envelope, the duration of 

each flow type that would be environmentally required or tolerable was identified. The same lines of evidence 

were used to generate estimates. The benefits associated with each flow type are listed in Table 13, while risks 

are identified in   
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Table 14. In Table 13 dark grey cells are categories where benefits may be reduced due to the seasonality. Black 
cells represent categories where benefits are not expected. 

Table 13 The Benefits or Objectives of the different flow types in Winter/Spring and Summer/Autumn.  

Flow type Winter-Spring Summer - Autumn 

Cease-to-flow Disturbance Disturbance 

Baseflow Sustain habitat Water quality, sustain habitat 

Fresh Disturbance, productivity,  
connectivity 

Disturbance, productivity, connectivity 

Bankfull Connectivity, channel morphology, 
habitat creation 

 

Overbank Habitat, connectivity, productivity, 
disturbance 
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Table 14. Risks of flow types in Winter/Spring and Summer/Autumn, in relationship to flow duration.  

Flow type Winter-spring Summer - autumn 

Too short Too long Too short Too long 

Cease-to-
flow 

 Naïve fish  Water quality, 
native fish 

Baseflow  Fish condition  Water quality, 
native fish 

Fresh Productivity,  
Fish movement 

Erosion  Erosion 

Bankfull Productivity,  
Fish movement 

Habitat loss, 
erosion 

 Habitat loss, 
erosion, fish 
recruitment 

Overbank Doesn’t meet EWR Carp, blackwater Weeds & 
Vegetation  

Vegetation 
community 

 

The next sections provide additional details on each of the reaches and then the environmental values 
summarized in this section. The identification of the magnitude and duration of each of the key flow types was 
subsequently used in the six-step process described in Section 5.5. 
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Table 15.  Waterway categorisation 

Broad group Reaches Discussion/ comment Flow objectives 

Perennial 

Edward-Kolety 
(Reaches 1 to 4) 

• Tolerant of higher flows (within bankfull capacity) 

• Perennial flow needed 

• Summer / autumn 
o Retain perennial stream system through all years 
o Retain refuge pools in all years 

• Winter / spring 
o Restore occurrence and duration of bankfull and overbank 

events 

• No change in the flow regime that creates, reinforces or extends 
seasonal flow reversal 

Billabong Creek 

Lower Wakool 
(Reaches 3, 4 and 5) 

Murray 

Partial 
ephemeral-
perennial 

Niemur (all reaches) 

• Would have naturally had flow most of the time, does not require high 
ephemerality 

• Capacity around 800 ML/day upstream of mid-Niemur wetlands.  

• Input from Colligen is around 400-450 ML/day (used for irrigation) 

• Summer/ autumn 
o Retain cease to flow in waterways from end of March to end 

of May in most years 
o Retain refuge pools through ephemeral phase in all but 

drought years  

• Winter / spring 
o Restore occurrence and duration of bankfull and overbank 

events 

• No change in the flow regime that creates, reinforces or extends 
seasonal flow reversal 

Yallakool 

• Naturally would have flowed annually 

• Now managed as regulated streams, releases from July to April/May, with 
no/low flow in May/June period 

• Increased releases (up to ~800 ML/day) could occur over spring and summer 
but reaches need low/dry spell in May June.  

• A fresh could be provided in February, with a taper in March and drying in 
April/May 

• Impacts of additional flow delivery to Yallakool largely unknown and carries 
higher risk 

Upper Wakool 
(Reaches 1 and 2) 

Cockrans (Reach 1) • Could increase flow, but reaches are not efficient for transfer (travel times) 

• Ultimately lead to the Niemur, which limits overall capacity 
Only potential flows as part of spring watering or in summer for baseflow water 
quality requirements 

Jimaringle 

Ephemeral 

Cockrans (Reach 2) 

• To be kept dry, except in winter-spring watering 

• Higher in the landscape, estimate flood around every 5-10 years naturally 

• Summer / autumn 
o Retain annual summer ephemerality from December to May 
o Allow drying of some pools over ephemeral phase 

• Winter / spring 
o Restore occurrence and duration of bankfull and overbank 

events 

• No change in the flow regime that creates, reinforces or extends 
seasonal flow reversal 

Bigantic / Murrain 
Yarrein 

Yarrein 
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Figure 16.  Waterway categorisation, as detailed in Table 15. 
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5.3 Reach descriptions 
The Edward-Kolety – Wakool River System represents a mosaic of river, wetland and floodplain comprised of a 
complex network of interconnecting regulated streams and ephemeral creeks and wetlands; of which the 
Wakool River is the largest. The ecosystem mosaic is known to support a range of species including a number of 
threatened species of fish and waterbird. The mosaic also supports key ecosystem functions including drought 
refuge, quality instream habitat and opportunities for dispersal17. The system is also important due to the 
diversity of hydraulic habitats and managers’ capacity to maintain cycles of flooding and drying.  

Key to protecting and restoring the environmental values of the Edward-Kolety – Wakool River system is 
maintaining the mosaic of river, wetland and floodplain ecosystems. This will require that the landscape 
supports a range of flow regimes which will support diverse communities and species. This vision informed our 
assessment of what was ecologically tolerable for each reach. The assessment focussed on flows that were 
ecologically tolerable, but the assessment was not designed to assess whether the option would lead to 
restoration of flow regimes in a specific reach.  

One of the major effects of river regulation within the region is seasonal reversal of flows. Among the impacts of 
seasonal reversal are: 

• Ephemeral systems are converted to perennial. This has already happened to several streams, 
although they still support environmental values and in some cases the transition has led to 
improvements in water quality in dry summers. For streams where this transition has already 
occurred, options were assessed based on these streams’ current status. 

• The timing of cease to flow events is altered from summer-autumn to autumn-winter. This has also 
happened in several streams, although the effects on the system are uncertain. These systems have 
also been found to support environmental values. For streams where this transition has already 
occurred, options were assessed based on these streams’ current status. 

• Rivers are run at bank full for extended periods in summer. This is known to increase bank erosion and 
may impact fish recruitment. The assessment considered this risk, and the recommended flows will 
effectively manage this risk. 

• Overbank flows occur in summer and autumn affecting vegetation communities. The assessment 
considered this, and the recommended flows will ensure this is not a risk. 

The waterways of the Edward-Kolety – Wakool system were divided into reaches (Figure 17) to aid identification 
of tolerable flows. This section describes each of the reaches. 

 

17 DPIE (2020), Murray-Lower Darling Long Term Water Plan, Part A: Murray-Lower Darling catchment, EES 2020/0080. 
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Figure 17. Study river reaches 
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Wakool River 
The Wakool River is an anabranch of the Edward-Kolety River and major southern distributary in the Edward-
Kolety – Wakool system. It diverges from the Edward-Kolety River downstream of Deniliquin, and flows for 
around 360 km towards the southwest, before turning near Barham Road to flow northwest. The Wakool River 
is re-joined by the Edward-Kolety River near Kyalite, before flowing to the River Murray. Historically, all but the 
most downstream reach were ephemeral, however, now only the most upstream reach (Wakool 1) and a mid-
reach (Reach 3) cease to flow, but these events now occur in late autumn and winter. 

These reaches are distributary in nature, generally laterally unconfined, with a continuous, meandering channel 
and fine-grained bed. The Edward-Wakool system is complex and dynamic with distributary, anabranching, 
convergent and braided channels across the floodplain.  

Key geomorphic processes across these reaches include anabranch development, meander migration and 
meander cut offs. However, these are low-energy systems and these geomorphic changes occur relatively 
slowly.18 There is little evidence of significant active channel change (channel/floodplain erosion and/or 
aggradation). The flow regime in these waterways is highly regulated, which may limit erosion potential, but can 
also cause bank erosion due to prolonged static flow conditions.  

Wakool Reach 1 (WAKR1) 
Reach 1 of the Wakool River flows south west for 65 km from the Edward-Kolety River divergence, downstream 
of Deniliquin, to the Yallakool Creek confluence. Tributary, distributary and anabranches through this reach 
include Back Creek, Mill Pond Creek, and Black Dog Creek, which form connections with Yallakool Creek. The 
channel through this reach is around 20-50 m wide. The bankfull channel capacity of the upper Wakool is 
1200 ML/day. 

The environmental watering requirements of Reach 1 of the Wakool River aim to support in-channel vegetation, 
fish condition, movement and refuge. The environmental watering regime therefore comprises cease to flow 
events, base flows and small freshes. Water managers have a desire to maintain some ephemerality in this part 
of the system, particularly late in the season, and to not lose refuge pools.  

The ecosystem does not necessarily require high flows in summer. However, there will still be some ecological 
benefits from the addition of bypass water through this reach. Therefore, the assessment will focus on that 
need to limit the risks of higher flows caused by the addition of water to the reach from the MIL. 

   

Figure 18.  Wakool River Reach 1 – top: looking downstream towards Brassi Road, bottom: looking downstream 
from Brassi Road (September 2022) (bankfull flow, ~2,000ML/day at gauge 409019). 

 

 

18 Tulau, M & Morand, D. 2013. Aspects of Quaternary geology, geomorphic history, stratigraphy, soils and hydrogeology in the Edward-
Wakool channel system with particular reference to the distribution of sulfidic channel sediments. Report prepared by Office of 
Environment and Heritage for Southern Cross Geoscience, Southern Cross University and the Murray Darling Basin Authority. 
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Wakool Reach 2 (WAKR2) 

Reach 2 of the Wakool River flows south west for 40 km from the Yallakool Creek confluence to Barham Road 
and the Thule Creek confluence. This reach has many anabranches, distributary and tributary channels, 
including Porthole Creek, Griminal Creek, Merribit Creek, and Thule Creek. At Thule Creek the Wakool River 
meets the Murray floodplain and changes to a more westerly or north westerly path. Around this reach, banks 
on outside bends are high, around 3 m, while inside banks are around 1 m high. The channel is around 40-50 m 
wide. 

As the Wakool River joins with the Yallakool Creek channel capacity increases to 2,300 ML/day. Floodplain flow 
to the south is limited by levees. The natural gradient of Thule Creek limits the ability to connect lower flows 
from the Koondrook-Perricoota Forest to the Wakool River as it sits lower in the floodplain than the Wakool.  

 

 

Figure 19.  Wakool River Reach 2, top: looking downstream towards Wakool Road, bottom: looking upstream 
towards Yallakool confluence (September 2022) (fresh to bankfull flow). 
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Wakool Reach 3 (WAKR3) 
Reach 3 of the Wakool River is around 190 km long and flows northwest from the Thule Creek confluence to the 
Niemur River confluence. The reach has tight meander bends and the channel is around 60 m wide. Tributaries, 
distributaries and anabranches throughout this reach include Whymoul, Yarrein, Barbers, Erigin, Box, St 
Helenas, Gum, and Merran Creeks to the south and Bookit, Merribit, Christies, Bunna, Wyam, Jaffrey, Deep, 
Cunninyeuk, and Pissen Creeks to the north. The Niemur River joins the Wakool from the north at the 
downstream extent of this reach. The creeks and rivers to the north make up the broader Edward-Kolety – 
Wakool system.  

The creeks to the south connect the River Murray to the Wakool. The main flow pathway from the River Murray 
to the Wakool River is Thule Creek, part of a meander plain and ancestral path of the River Murray.19 
Downstream of Thule Creek, the Wakool River is located just north of the Koondrook-Perricoota Forest. A 
regulator on Thule Creek allows flows from the Forest into Thule Creek (and the Wakool) during managed flood 
events. Levees constructed along the downstream extent of the Koondrook-Perricoota Forest aim to reduce 
flooding of neighbouring properties. The presence of these levees along the Forest margin also limits overland 
flows towards the Wakool River and other floodplain connections.  

   

 

Figure 20.  Wakool River Reach 3 – top left: looking upstream towards Moulamein Road (fresh flow ~5,400 
ML/day at gauge no. 409045), top right: looking downstream towards the Gee Gee Bridge (Noorong Road), 
bottom: looking downstream from Gee Gee Bridge (September 2022) (fresh flow, 4,600 ML/day at gauge no. 
409062). 

 

19 Streamology (2022). Geomorphic Assessment for the NSW Reconnecting River Country Program in the Murray and Murrumbidgee Rivers, 
draft report prepared by Lauchlan Arrowsmith, C.S. Vietz, G. Wakelin-King, G. Cheetham, M. Martin, J. Grove, J. and Rutherfurd, I. for Water 
Infrastructure NSW, Department of Planning, Industry and Environment 
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Wakool Reach 4 (WAKR4) 
Reach 4 of the Wakool River is around 37 km long and flows northwest from the Niemur River confluence to the 
Edward-Kolety River confluence. This reach has lower sinuosity than reaches upstream of the Niemur 
confluence. The two main tributaries in this reach are Merran Creek flowing from the south-east and Yarrein 
Creek flowing from the north east. Levees along the Wakool limit floodplain connections. There are multiple 
meander cut offs and paleo-channel features across the floodplain. The channel is around 70 m wide in this 
reach.   

 

 

Figure 21.  Wakool River Reach 4, top: looking downstream near Swan Hill Road Bridge, bottom: looking 
upstream from Swan Hill Road bridge (September 2022) (high fresh to bankfull flow, ~11,200 ML/day at gauge 
no. 409061) 
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Wakool Reach 5 (WAKR5) 
Reach 5 of the Wakool River flows northwest for around 35 km, from the Edward-Kolety River confluence to the 
River Murray confluence. The channel through this reach is less sinuous than upstream and significantly less 
sinuous than the Edward-Kolety River. The channel in the reach through Kyalite is around 100-120 m wide.  

There is evidence of meander migration, cut offs and anabranches throughout this reach, and the Wakool River 
migrates incrementally downstream near the confluence with the Edward-Kolety River.20  

 

 

Figure 22.  Wakool River Reach 5, top: looking upstream from Yanga Way, Kyalite, bottom: looking downstream 
from right bank near Yanga Way bridge (September 2022) (fresh flow). 

 

20 Ibid. 
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Cockrans Creek (COCR1 and COCR2) 
Cockrans Creek is an anabranch of Colligen Creek, flowing west and then northwest to join the Niemur River. 
Cockrans Creek is divided into two reaches (COCR1 and COCR2), with an intersection at the Jimaringle Creek. 
Here, the Cockrans Creek diverges, with low flows continuing from the upper reach (COCR1) directly into 
Jimaringle Creek and the lower Cockrans Creek reach (COCR2) only engaged in high flows. COCR1 is around 45 
km long, while COCR2 is around 34 km. The Creek is a laterally unconfined, continuous channel with low 
sinuosity and a fine-grained bed. The Creek has been described as being confined within an ancestral channel20 
and is ephemeral, only flowing intermittently. The channel through COCR1 is around 30 to 70 m wide, with the 
channel through COCR2 around 30 to 50 m wide.  

The natural flow regime of Cockrans Creek has been altered through river regulation and landscape changes. 
Banks and levees impede flow from Colligen Creek and Niemur River, with environmental water provided 
through irrigation escapes. Being an ephemeral system, Cockrans Creek is at risk of poor water quality and loss 
of refuges during periods of extended low flows. Parts of the Cockran are now affected by salinity, with water 
tables <50 cm below the surface in some places and potential issues with acid sulphate soils. The Basin Plan has 
seen environmental watering through the Cockrans and Jimaringle Creeks to manage poor water quality and 
prevent low quality water being carried downstream into the Niemur River and to top up refuge pools.  

Being smaller and ephemeral, this reach is likely that the system: 

• Continuously supports a subset of the species found in the larger Edward-Kolety and Wakool systems 

• Some species only utilise the system during phases of the flooding and drying cycle.  

   

 

Figure 23.  Cockrans Creek, top: Reach 1, both left and right photos looking upstream near northern branch canal 
escape (fresh flow), bottom: Reach 2 looking upstream near Rangemore Road (cease to flow).  
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Jimaringle Creek (JIMR1) 
Jimaringle Creek (JIMR1) is a distributary channel of and like Cockrans Creek which flows north-east to the 
Niemur River. Jimaringle Creek is around 33 km long and the channel has low sinuosity and a gravel bed. The 
channel is around 30 to 45 m wide. This laterally unconfined Creek has been anthropogenically channelised into 
an irrigation channel in places. Similar to Cockrans Creek, Jimaringle Creek is also impacted by salinity and 
possible acid sulphate soils: it is described as being in poor condition with little recovery potential 21,22. The 
Creek was part of an environmental watering and restoration program utilising irrigation infrastructure to water 
the Creek.  

The natural flow regime of Jimaringle Creek has been altered through river regulation and landscape changes. 
Banks and levees impede flow from Colligen Creek and the Niemur River, with environmental water provided 
through irrigation escapes. Current environmental watering through the Cockrans and Jimaringle systems aim to 
limit the likelihood of poor quality water entering the Niemur River and to top up refuge pools.  

 

 

Figure 24.  Jimaringle Reach 1, top: looking upstream towards Rangemore Road bridge (note high azolla growth 
upstream of bridge), bottom: looking downstream from near Rangemore Road bridge (September 2022) 
(bankfull flow). 

 

21 Herring, M., McGregor, H., Webb. D., and O’Donnel, D. (2008) Restoration of the Jimaringle and Cockrans Creek System: Wildlife and 
Water, published by Murray Wildlife Pty Ltd and Murray Irrigation Ltd, http://www.murraywildlife.com.au/wp-
content/uploads/2013/06/Jimaringle-Cockrans-Creek-Restoration-LANDHOLDER-BOOKLET.pdf  
22 OEH (2013) Environmental flows in the Jimaringle, Cockrans and Gwynnes creek system, Office of Environment and Heritage, 
https://www.environment.nsw.gov.au/-/media/OEH/Corporate-Site/Documents/Water/Water-for-the-environment/environmental-flows-
jimaringle-Cockrans-gwynnes-130586.pdf 

http://www.murraywildlife.com.au/wp-content/uploads/2013/06/Jimaringle-Cockrans-Creek-Restoration-LANDHOLDER-BOOKLET.pdf
http://www.murraywildlife.com.au/wp-content/uploads/2013/06/Jimaringle-Cockrans-Creek-Restoration-LANDHOLDER-BOOKLET.pdf
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Niemur River (NIER1) 
The Niemur River (NIER1) flows for 155 km from the divergence with the Edward-Kolety River and Colligen 
Creek to the confluence with the Wakool River. The reach flows 130 km from the Northern Branch Canal 
(Northern Niemur Escape) to the Wakool River confluence. Just downstream of the Northern Branch Canal, the 
Niemur intersects with Bigantic (Murrain Yarrein) Creek and Cockrans Creek. From here, the Niemur River takes 
a distributary form, with low energy and indistinct floodout and effluent floodplain channels.19 The Creek is 
classed as laterally unconfined, with a continuous, low sinuosity to meandering channel and fine-grained bed.  

The Niemur River would have historically flowed most of the year, with low flows occurring in late summer and 
autumn, but its flow regime is now highly regulated.23 The River now receives regulated flows over summer and 
autumn, with river levels reduced or ceasing only for short periods in June.19 Flow is controlled through Stevens 
Weir on the Edward-Kolety River and other weirs and regulators through Werai Forest.  

The river channel varies in width reaching as wide as 50 m but reducing to around 20-25 m wide and 2-3 m 
deep. The channel gradually decreases in size as more flows are distributed across the floodplain.19 Construction 
of irrigation channels and levees has altered the natural inundation patterns.  

The tributaries, distributaries and anabranches along the Niemur connect at flows around 1,000 ML/day, with 
extensive inundation around 3,000 ML/day and flooding at Moulamein Road commencing around 4,000 
ML/day.19 Low level flooding of low-lying areas along the Niemur River downstream of Moulamein Road can 
occur at flows over 500 ML/day 24. DPE indicate that the Niemur has a bankfull capacity of 2,100 ML/d. This 
value of 2,100 ML/day has been adopted for this feasibility assessment but should be reviewed as part of any 
further development of this option. Note that a specific gauge is not listed in Streamology (2022), and flow rates 
have been interpreted from RIMFIM modelling. 

The channel appears mostly laterally stable, with little to no movement evident since 1945, and has steep but 
stable banks.19 Suspended sediment loads are estimated to be 2 to 10 times higher than natural, and fluvial 
entrainment appears to be the dominant bank erosion process, although it appears slow.19 Increasing of 
bankfull and above flows may activate cutoff and anabranch processes. However, it is unlikely that changes in 
flow regime in a low energy river such as this will accelerate existing rates of change to the geomorphic features 
and processes.19 

 

23 Green, D. (2000) Edward Wakool System River Regulation and Environmental Flows, draft report Department of Land and Water 
Conservation, Murray Region, Deniliquin. 
24 Hale, J and SKM (2011). Environmental Water Delivery: Edward-Wakool System. Prepared for Commonwealth Environmental Water, 
Department of Sustainability, Environment, Water, Population and Communities. 
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Figure 25.  Niemur River top: upstream reaches looking upstream near Moulamein Road (right of picture) 
(overbank flow ~10,000 ML/day at gauge no. 409048). Middle: mid reaches looking upstream from Nacurrie 
Road North (overbank). Bottom: downstream reaches looking downstream of Cunninyeuk Road (fresh to bankfull 
flow ~4,700 ML/day at gauge no. 409086) (September 2022). 
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Bigantic Creek (BIGR1)  
Bigantic Creek (BIGR1) is also known as Little Yarrein Creek or Murrain Yarrein Creek. Bigantic Creek flows from 
the divergence with the Niemur River to Yarrein Creek. It is around 35 km long and flows northwest. Similar to 
the Cockrans and Jimaringle Creeks, the Creek is confined within an ancestral channel,19 but is classed as 
laterally unconfined. The Creek has a fine-grained bed and is a continuous, meandering channel. The Creek is 
ephemeral and only receives water during larger floods. The channel is around 20-30 m wide at the upstream 
extent, increasing to up to 60 m downstream.  

 

 

Figure 26.  Bigantic (Murrain Yarrein) Creek, top: looking upstream near Fraser Road Bridge, bottom: looking 
downstream from Fraser Road Bridge (September 2022) (bankfull flow). 
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Yarrein Creek (YARR1) 
Yarrein Creek is a distributary of the Edward-Kolety River flowing from the Edward-Kolety River upstream of 
Moulamein, west to Wakool River, just upstream of the Wakool-Edward-Kolety confluence. This reach does not 
include the most upstream portion of Yarrein Creek but includes from the confluence with Bigantic Creek down 
to the Wakool River confluence. The reach is around 110 km long. Yarrein Creek through this reach is highly 
sinuous, laterally unconfined and has a fine-grained bed.25 There are multiple billabongs, cutoffs and 
anabranches through the reach as well as large paleo-channel features. Upstream, the channel is only around 
30-40 m wide, increasing downstream to be around 60-70 m wide at Swan Hill Road.  

Environmental water is supplied to Yarrein Creek to provide habitat for native fish numbers and to maintain 
river red gum health26. The environmental water regime aims to restore flows to ephemeral creeks such Yarrein 
Creek, which prior to flow delivery hadn’t seen an end-of-river flow since the 1970s.27 The culverts at Fraser, 
Amor, Dhuragoon and Gorey Roads have reported capacities of around 150 ML/day.28 

 

 

Figure 27.  Yarrein Creek, top: looking upstream from near Swan Hill Road, bottom: looking downstream from 
Swan Hill Road bridge (September 2022) (cease to flow).  

 

25 NSW DPIE (2012) NSW River Styles database, accessed 
https://trade.maps.arcgis.com/apps/webappviewer/index.html?id=425c7364e9dc4a71a90c4ba353b8949f  
26 MDBA (2021) Flows in the River Murray System, Murray Darling Basin Authority, accessed 
https://www.mdba.gov.au/sites/default/files/pubs/flows-in-the-river-murray-system-may-2021.pdf  
27 NSW Government (2015) First steps to Yarrein Creek recovery, accessed 
https://www.environment.nsw.gov.au/media/OEHMedia2015032001.htm  
28 Murray Catchment Management Authority (2012) Deliverability of Environmental Water in the Murray Valley, accessed 
https://www.aph.gov.au/parliamentary_business/committees/house_of_representatives_committees?url=ra/murraydarling2/subs/sub30_
2.pdf  

https://trade.maps.arcgis.com/apps/webappviewer/index.html?id=425c7364e9dc4a71a90c4ba353b8949f
https://www.mdba.gov.au/sites/default/files/pubs/flows-in-the-river-murray-system-may-2021.pdf
https://www.environment.nsw.gov.au/media/OEHMedia2015032001.htm
https://www.aph.gov.au/parliamentary_business/committees/house_of_representatives_committees?url=ra/murraydarling2/subs/sub30_2.pdf
https://www.aph.gov.au/parliamentary_business/committees/house_of_representatives_committees?url=ra/murraydarling2/subs/sub30_2.pdf
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Edward-Kolety River  
The Edward-Kolety River is the largest anabranch of the River Murray. Diverging north around Picnic Point at the 
Barmah Millewa Reach, the River flows north and then northwest, joining the Wakool River near Kyalite. The 
Edward-Kolety River was and remains perennial, although it is subjected to seasonal reversal of flows with high 
flows occurring over summer which represents a risk to vegetation communities, particularly within the Werai 
Forest.  

The Edward-Kolety River has four reaches: 

• EDWR1 – From Mulwala Canal (Edward River Escape) to Wakool River divergence 

• EDWR2 – From Wakool River divergence to Northern Branch Canal 

• EDWR3 – From Northern Branch Canal to Billabong Creek confluence 

• EDWR4 – From Billabong Creek confluence to Wakool River confluence 

These reaches flow for around 330km and are distributary in nature, generally laterally unconfined, with a 
continuous, meandering or low-sinuosity channel and fine-grained bed.  

Regulated flows along the Edward-Kolety River produce prolonged periods of constant flow causing notching on 
the river banks. Mass failure of banks can be caused if these static water levels (at around 2,500 ML/day) are 
followed by larger flows that saturate the bank above the notch.19 Risks of notching and channel widening can 
be reduced through flow variation, using appropriate rates of rise and fall in water level. Aside from this bank 
erosion, the Edward-Kolety River has low rates of geomorphic processes.19  

The operation of the Edward-Kolety River downstream of Stevens Weir is constrained to 2,700 ML/day from 
January to April to avoid unseasonal flooding of the Werai Forest.29 The MDBA report that a flow threshold of 
3,500 ML/day at Stevens Weir (5,000 ML/day at Deniliquin) will produce significant flooding of reed beds and 
low-lying river red gums in Werai Forest.30 Streamology, however, report that a bankfull event at Deniliquin is 
estimated at around 15,000 ML/day, while at Stevens Weir, this is around 8,000 ML/day.19  

Downstream in the Edward-Kolety River, towards the confluence with the Wakool, Streamology summarise that 
inundation of the modern floodplain takes place around 7,000 ML/day.19  

Edward-Kolety River EDWR1 
Reach 1 of the Edward-Kolety River is around 22 km long and flows from the point where the Edward-Kolety 
River turns northwest at the Mulwala Canal, just upstream of Deniliquin, to the Wakool River divergence. The 
reach includes multiple billabongs, tributaries, distributaries and anabranches, such as Aljoes Creek, Tarangle 
Creek, Brick Kiln Creek, and Coonambidgal Creek. The channel around this reach is around 80-100 m wide and 
largely backwaters within the Stevens Weir pool. No options to provide additional water in this reach were 
assessed. 

 

29 HARC (2021) Historical flows in the southern connected Murray-Darling Basin, report prepared by Hydrology and Risk Consulting (HARC) 
for the Murray-Darling Basin Authority (MDBA), https://www.mdba.gov.au/sites/default/files/pubs/historical-flows-in-the-southern-
connected-murray-darling-basin-report-may-2021.pdf  
30 MDBA (2012) Assessment of environmental water requirements for the proposed Basin Plan: Edward–Wakool River System, Murray-
Darling Basin Authority, https://www.mdba.gov.au/sites/default/files/archived/proposed/EWR-EdwardWakool-Final.pdf 

https://www.mdba.gov.au/sites/default/files/pubs/historical-flows-in-the-southern-connected-murray-darling-basin-report-may-2021.pdf
https://www.mdba.gov.au/sites/default/files/pubs/historical-flows-in-the-southern-connected-murray-darling-basin-report-may-2021.pdf
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Figure 28.  Stevens Weir at the downstream extent of EDWR1. Most of this reach is within the weir pool 
(September 2022). 

Edward-Kolety River EDWR2 
Reach 2 of the Edward-Kolety River is around 130 km long and flows from the Wakool River divergence to the 
Northern Branch Canal escape. The river flows north east and through the Werai Forest, a large flood storage 
basin, with Colligen Creek forming an anabranch off the Edward-Kolety River. Through the Werai Forest, there is 
a highly complex network of distributary systems, with anabranches, wetlands, billabongs, lakes, creeks and 
floodrunners.19 The main river channel is around 50-60 m wide throughout this reach. 

The Mulwala Canal extension option (Section 11) is the only option to impact flows in this reach.   

 

Figure 29.  Edward-Kolety River in Reach 2, looking upstream from Old Morago Road (previous bridge in 
foreground) (September 2022) (overbank flow). 
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Edward-Kolety River (EDWR3) 
Reach 3 of the Edward-Kolety River is around 60 km long and flows from the Northern Branch Canal escape east 
and north-east to the confluence with Billabong Creek at Moulamein. This reach has fewer distributary and 
anabranch channels than upstream but has billabongs and meander cutoffs. The main tributary joining the 
Edward-Kolety River in this reach is Gum Creek, which forms at the confluence of Swampy Creek and Bailiere 
Creek, which flow south and south-west from the Forest Creek anabranch of Billabong Creek. Numerous large 
billabongs and paleochannel features are found throughout the floodplain in this reach. The main channel is 
around 50-60 m wide.  

A site visit to Reach 3 of the Edward-Kolety River was not possible due to access constraints, however, the 
downstream portion of Reach 2 is similar in nature (pictured downstream of Balpool Road, Figure 30). 

 

 

Figure 30.  Edward-Kolety River looking downstream from Balpool Road (in Reach 2, access constrained in Reach 
3) (September 2022) (bankfull to overbank flow). 
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Edward-Kolety River (EDWR4) 
Reach 4 of the Edward-Kolety River is around 120 km long and flows from the confluence with Billabong Creek 
at Moulamein to the confluence with the Wakool River, upstream of Kyalite. Flowing east to north-east, this 
reach features many distributaries, tributaries and anabranches. These include Nyang Creek, Moores Creek, 
Berambong Creek, Twelve Mile Creek, Rung Box Watercourse, Dead Horse Creek and The Forest Creek. Many 
paleo channel features are also present across the floodplain. There are many meander cut-offs through this 
reach and this indicates that the Edward-Kolety River has experienced significant lateral migration.19 The main 
channel is around 50- 70 m wide through this reach.  

 

 

Figure 31.  Edward-Kolety River in Reach 4, top: overbank flows in Moulamein, bottom: looking upstream 
towards Billabong Creek confluence from Moulamein Road bridge (overbank flow, ~8,700 ML/day at gauge no. 
409014). 
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Billabong Creek (BILR1)  
This reach of Billabong Creek (BILR1) flows from the Coree 11 channel (Finley Escape Channel) to the confluence 
with the Edward-Kolety River, near Moulamein. It is around 300 km long and flows west to north-west. Billabong 
Creek forms at the confluence of Yarra Yarra Creek and Little Billabong Creek. Part of the broader Yanco Creek 
system, major tributaries and anabranches throughout the reach include Yanco Creek, Forest Creek, Sheepwash 
Creek, and Nyangay Creek. Forest Creek is an anabranch of Billabong Creek, which has limited capacity and only 
receives a fraction of the flood flows of Billabong Creek.31 Billabong Creek is laterally unconfined, however has 
been described as confined within an ancestral channel. The reach has a continuous, meandering channel and 
fine-grained bed. The channel downstream through Moulamein is around 50 m wide.  

Prior to river regulation and irrigation, Billabong Creek regularly retreated to deep waterholes in summer. 
Numerous weirs along Billabong Creek now control the distribution of flow into the Lower Billabong Creek, and 
water levels are now heavily influenced by these weir pools.31 Billabong Creek is identified as a losing-
disconnected reach, losing 15 to 16 ML per kilometre per day for median and high (tenth percentile) river flows 
respectively.32 Some of these weirs have had fish passage upgrades.  

The Creek supports a narrow band of riparian vegetation that provides important habitat in a landscape that 
otherwise lacks tree cover. Significant fauna species known to inhabit the system include the Superb Parrot, 
Sugar Glider, Feathertail Glider, Squirrel Glider, Koala and Carpet Python.33 Flooding in the Billabong Creek 
inundates wetlands that support lignum and black box and associated birds.34 

Bankfull flow assessments for the mid- to lower-Billabong Creek are around 1,500 ML/day to 2,500 ML/day. For 
the purpose of this assessment we have adopted 1,000 ML/d as an upper limit for summer freshes.  

 

Figure 32.  Billabong Creek looking across stream around 23 km upstream of confluence with Edward-Kolety 
River, near Maude Road (right is downstream, left upstream) (September 2022) (bankfull flow).  

 

31 Alluvium (2013), Yanco Creek system environmental flow study (final report), report prepared by Alluvium Consulting Australia for State 
Water, Leeton NSW. 
32 Brownbill, RJ, Lamontagne, S, Williams, RM, Cook, PG, Simmons, CT & Merrick, N. (2011), Interconnection of surface and groundwater 
systems – river losses from losing-disconnected streams, Technical final report, June 2011, NSW Office of Water, Sydney. 
33 Eardley, K. (1999) A Foundation for Conservation in the Riverina Bioregion. Hurstville: NSW National Parks and Wildlife Service. 
34 Cooling, M.P. and Gippel, C.J. (2018). Integrated Hydrological Operations Plan for the Billabong, Yanco and Colombo Creeks - Literature 
Review and Stakeholder Consultation. Ecological Associates report FL001-1-F prepared for Murray Local Land Services, Albury. 
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Yallakool Reach (YALR1) 
Yallakool Creek is a distributary of the Edward-Kolety River and is a major flow pathway flowing west to the 
confluence with the Wakool River. This reach is around 60 km long. It is highly sinuous and has many 
distributaries, tributaries and anabranches including Back, Cooe, Toke, Mill Post, and Cooey-hoo Creeks. The 
channel is continuous and laterally unconfined with a fine-grained bed. The channel is around 30-40 m wide. 
Yallakool Creek is part of the broad Edward-Kolety – Wakool River system.  Historically, Yallakool Creek would 
have experienced cease-to-flow events in summer and autumn. While cease-to-flow events still occur, seasonal 
reversal means they now occur in late autumn or winter. 

 

Figure 33.  Yallakool Creek looking upstream near Brassi Road (September 2022) (high fresh to bankfull flow). 
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5.4 Reach values and flow limit criteria  
Criteria adopted to identify the upper limits to the summer baseflow and freshes flow components in the 
Edward-Kolety – Wakool system are set out below. These are used to assess hydraulic modelling results and 
determine the maximum ecologically tolerable flows (described in Section 5.5, below).  

Vegetation 
Floodplain vegetation: Overbank flows in summer with associated inundation of floodplain vegetation 
can significantly change the floodplain vegetation community. It is proposed that Barmah-Millewa 
reach bypass releases into these waterways do not result in floodplain inundation.  

Bench vegetation: Benches are evident in some of the subject waterways. These benches form under a 
variable flow regime and support vegetation communities that are consistent with variable flow 
regimes. Barmah-Millewa reach bypass release of base or fresh flows into these waterways should not 
continuously inundate these benches over the summer period. As a consequence, baseflows should be 
set below bench inundation elevations and duration of freshes should follow the Environmental Water 
Requirements (EWR). 

Instream aquatic and emergent vegetation: Instream aquatic and emergent vegetation is present in, 
and has potential to be, present in the subject waterways. High stream velocity and shears stress will 
limit the establishment of such vegetation and scour will cause the loss of existing instream vegetation.  

Geomorphology  

The geomorphic criteria adopted for the assessment included an Erosion Potential Index and shear stress 
thresholds associated with both erosion and sediment deposition. 

Sediment deposition in baseflows: Velocity and/or shear stress in pools over the summer period under 
baseflows should be suitable for the deposition of fine sediment. This deposition should balance the 
potential for erosion in higher flow events and enable the establishment of aquatic and instream 
emergent vegetation. 

Non scour in freshes: While some ongoing channel development is encouraged, the proposed releases 
should not cause broadscale channel change. It is proposed that freshes be limited to events below the 
threshold for scour of instream and streambank vegetation.  

In addition to the above, the proposed flow regime should not adversely impact on the total work 
undertaken by stream flow on the river channel. This total work and change in total work can be 
expressed as an Erosion Potential Index. This index represents the total work undertaken by flowing 
water under current or proposed conditions, divided by the total work under natural conditions. Total 
work is defined as the product of shear stress and days for all events that exceed the threshold of 
motion for the bed and bank material.  

Water quality, return flows 

Nutrient laden return water from the floodplain can adversely impact dissolved oxygen concentrations in 
waterways over summer. It is proposed that the tolerable summer and autumn flows do not include floodplain 
inundation. The hydraulic criterion will be the same as that applied to floodplain vegetation (i.e. that summer 
bypass releases do not result in floodplain inundation).   

Proposed values arising from these proposed criteria are summarised in Table 16.
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Table 16. Upper limit flow criteria for summer / autumn baseflows and freshes for waterways of the Edward-Kolety  

Value Flow component Performance criteria Performance value  Comment 

Floodplain access/ 
constraints 

Fresh Inundation  No inundation from bypass flows Not an ecological criterion, but a potential limiting factor in 
determining a tolerable flow regime 

Floodplain 
vegetation 

Fresh Floodplain inundation No floodplain inundation arising 
from bypass flows 

 

Bench vegetation Baseflow Bench inundation Baseflows to not inundate benches  

Instream vegetation Baseflow Establishment of 
vegetation 

Velocity in channel < 0.5 m/s Velocity suitable for aquatic and emergent vegetation 
establishment in pools and/ or fringing areas 

Instream and bank 
vegetation 

Fresh Scour Shear stress in channel < 40 N/m2 Velocity suitable for aquatic and emergent vegetation 
establishment in pools and/ or fringing areas 

Geomorphology Baseflow Pool Shear stress Shear stress in channel < 3 N/m2 Velocity suitable for sediment deposition in baseflows 
suitable to support aquatic vegetation establishment 

Fresh  Shear stress in channel <10 N/m2 

Shear stress on benches < 2 N/m2 

No erosion of riverbanks including aquatic vegetation, 
emergent vegetation or bank vegetation in freshes 

Water quality Fresh Floodplain inundation No floodplain inundation from 
bypass flows in summer and 
autumn 

Floodplain inundation has the potential to return water to 
the waterway with high oxygen demand and as a result 
deplete dissolved oxygen.  
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5.5 Determining ecologically tolerable flows  
Our approach to determine deliverable ecologically tolerable flows has six parts, as set out in the table below 
and conceptually represented in Figure 34. These steps are further described in Attachment 2.  

Ecologically tolerable flows are determined by identifying a maximum ecologically tolerable flow rate in each 
reach (1). The next step is quantifying current flows (2). We then identify a range of flows between current flows 
(lower limit) and maximum ecologically tolerable flows (upper limit) that can be passed through the reach (3). 
We examine the proposed escape capacities to determine the limit on delivering flows (ecological or escape 
capacity) and the maximum release, based on these factors (4). Due to longitudinal connectivity, flow routing 
constraints are also examined for the entire system to ensure flows conveyed from upstream do not exceed 
downstream tolerable flows (5). The system assessment provides overall deliverable ecologically tolerable flows 
and an average deliverable flow for each season, reach, and through the entire system.  

Stage description Section 

1 Maximum ecologically tolerable flow 
Determine maximum ecologically tolerable baseflow and fresh flow rate in each reach. This is 
an upper limit of flow that can be passed through a reach that: 

a) Is contained within the channel (i.e. no overbank flows) 

b) Does not compromise ecological values, such as fish or vegetation, or supporting 
functions, such as geomorphology. 

c) Meets criteria of flow duration, timing and frequency that support the ecological 
values of the reach.   

This includes identifying flow rates for summer/autumn baseflows and freshes, winter/spring 
baseflows and freshes and bankfull flows.  

I 

2 Current (existing) flows 
Calculate the current average flow rate for baseflow and freshes. The current average flows are 
a proxy for the proportion of a reach’s maximum capacity already occupied by natural flows, 
delivered as environmental water, or released to meet irrigation demands.  

II 

3 Available flow range 
Calculate the available flow capacity of each reach, which is the maximum ecologically tolerable 
flow rate (1) minus the current average flow rate (2). 

III 

4 Release limit 
Calculate the maximum ecologically tolerable release rate that can be delivered for each 
channel escape. This step relates the available ecologically tolerable flow (3) of each reach to 
the capacity of the relevant outlet(s). These are determined individually for a ‘no works’ and 
‘works’ option in Sections 8 and 9, respectively. 

IV 

5 Flow routing constraints 

Calculation of the deliverable releases for the system, accounting for: 

a) Releases from upstream reaches (assuming releases are as high as possible for 
upstream reaches) 

b) Ecological constraints in downstream reaches limiting upstream releases – i.e. if an 
ecologically tolerable maximum flow rate is exceeded in downstream reaches, 
releases from upstream are reduced to ensure ecologically tolerable flow rates 
downstream 

These are determined individually for a ‘no works’ and ‘works’ option in Sections 8 and 9, 
respectively. 

V 

6 Deliverable ecologically tolerable flows 

Calculate the total ecologically tolerable volume of water that can be delivered from each 
channel escape to the natural waterways of the Edward-Kolety – Wakool system in a season. 
These are determined individually for a ‘no works’ and ‘works’ option in Sections 8 and 9, 
respectively. 

VI 
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Figure 34. Conceptual diagram showing how the assessment approach uses the maximum ecologically tolerable flow, the current flows and the escape capacities to determine 
the ecologically tolerable releases for each reach, through the system, and as an average flow rate across a season.
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I. Maximum ecologically tolerable flow  
Following the method detailed above and in Attachment 2, in Step 1, we determine the maximum ecologically 
tolerable flow magnitudes for each reach. These ecologically tolerable flows represent an upper limit for each 
flow component to meet the ecological objectives.  

Ecologically tolerable flows include a minimum duration of cease to flow in relevant waterways. Drying during 
cease to flow events stresses some aquatic organisms, however disturbances such as cease to flow are 
important in maintaining systems over the long term. The relationship between the duration of a cease to flow 
and the instream processes being targeted (for example the drying of biofilms and algae to kill bacteria,) is non-
linear but is in the order of days. The minimum duration of cease to flow was determined using expert judgment 
and was informed by cease to flow recommendations from relevant Environmental Watering Requirements 
(EWR) where available.  

Table 17 outlines the maximum ecologically tolerable flow rates and cease to flow durations for the reaches of 
the Edward-Kolety – Wakool system. Further detail on the methodology used to determine these magnitude 
and confidence ratings for each reach are provided in Attachment 2.  

Table 17.  Summary of maximum ecologically tolerable flow rates and cease to flow durations. 

Reach Summer / autumn Winter / spring 

Cease to flow 
duration (min. 
days) 

Baseflow 
magnitude 
(ML/day) 

Fresh magnitude 
(ML/day) 

Baseflow 
magnitude 
(ML/day) 

Fresh 
magnitude 
(ML/day) 

WAKR1 4 100 1,000 1,000 1,200 

WAKR2 4 400 1,800 1,800 2,300 

WAKR3 n/a 400 8,000 8,000 10,000 

WAKR4 n/a 1,000 9,000 9,000 24,500 

WAKR5 n/a 3,000 15,000 15,000 24,500 

COCR1 4 90 500 500 600 

COCR2 4 40 80 80 100 

JIMR1 4 200 500 500 600 

NIER1 4 500 2,000 2,000 2,100 

BIGR1 4 38 200 200 250 

YARR1 4 45 240 240 300 

EDWR3 n/a 600 2,600 2,600 4,000 

BILR1 n/a 400 800 800 1,000 

MURR1 n/a 6,000 12,000 12,000 15,000 

 

II. Current (existing) flows 
After determining the maximum ecologically tolerable flow, the current flows must be subtracted from these 
magnitudes to determine the available flow capacity within the natural channel. 

An analysis has been undertaken of the pre-development and current flow regimes for the subject waterways. 
The assessment has been based on available daily timestep hydrologic modelling provided by the MDBA. 
However, the Edward-Kolety – Wakool River system is complex and not all stream reaches included in the 
assessment have flow data available from the MDBA daily timestep SOURCE model.  

The following MDBA River Murray Source model runs have been used for this assessment 
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• Current: current flow regime was provided by MDBA from modified Source Murray Model for the NSW 
Reconnecting River Country and Victoria Constraints Measures Program Stage 1A reference case 
Y15D25 scenario (MDB00009_T_SMMReferenceFlowsY15D25-V1).  

The 80th and 20th percentile exceedance flow rates for the seasons of interest represent proxies for baseflows 
and freshes within seasons of interest (Alluvium, 2010). The 80th and 20th percentile exceedance flow rates for 
the summer irrigation season and the winter/spring periods for the current flow regimes are set out in Table 18, 
below.  

Where modelled data was available, a relationship between bankfull capacities and the 80th and 20th percentile 
exceedance flow rates was established where the 80th percentile exceedance flow rate approximated 15% of 
bankfull capacity and the 20th percentile exceedance flow rate approximated 80% of bankfull capacity. This 
relationship was then applied to reaches where no hydrologic modelling or gauge data was available.  

Several waterways appear to exhibit a reversed flow regime, whereby summer flows are higher than winter 
flows. Any waterways deemed to be ‘ephemeral’ in nature and lacking in hydrologically modelled data have 
been presumed to have no flow during a winter baseflow. This aligns with the 80th percentile hydrologically 
modelled flows of Reaches 1, 2, and 3 of the Wakool River, which were identified to have zero winter baseflow.  

Table 18.  Estimated current flow rates (magnitudes) 

Reach Summer irrigation season  

(Mid-Dec to end Mar) 

Winter / Spring 

(Jun to Oct) 

Comment 

Baseflow 
(ML/day) 

Fresh 

(ML/day) 

Baseflow 

(ML/day) 

Fresh 

(ML/day) 

WAKR1 85 153 0 416 

80th percentile (baseflow) and 20th 
percentile (fresh) of modelled flows 

WAKR2 104 221 0 455 

WAKR3 209 491 0 1,601 

WAKR4 434 1,119 322 6,846 

WAKR5 1,562 3,161 1,693 10,060 

COCR1 90 480 0 600 No modelled data - 15% of bankfull volume 
(summer baseflow) and 80% of bankfull 
volume (summer fresh). Winter baseflow 
based on ephemeral nature, fresh is bankfull 
volume 

COCR2 15 80 0 100 

JIMR1 90 480 0 600 

NIER1 95 304 109 2,100 80th percentile (baseflow) and 20th 
percentile (fresh) of modelled flows, except 
winter fresh where bankfull volume adopted 

BIGR1 38 200 0 250 No modelled data - 15% of bankfull volume 
(summer baseflow) and 80% of bankfull 
volume (summer fresh). Winter baseflow 
based on ephemeral nature, fresh is bankfull 
volume 

YARR1 45 240 0 300 

EDWR3 600 1,781 868 4,000 80th percentile (baseflow) and 20th 
percentile (fresh) of modelled flows, except 
winter fresh where bankfull volume adopted 

BILR1 290 760 298 1,000 

MURR1 5,355 8,592 5,579 15,000 

 

III. Available flow range  
To calculate the available ecologically tolerable flow capacity for each reach, the estimated current flows were 
subtracted from the maximum ecologically tolerable flow magnitude. These are presented in Table 19. 
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Table 19.  Maximum tolerable flows (1), current flows (2) and available ecologically tolerable flow capacity (3) of rivers of the Edward-Kolety – Wakool system. 

 Summer irrigation season (for BMFS) 

(Mid-Dec to end Mar) 

Winter / Spring 

(Jun to Oct) 

Baseflow Fresh Baseflow Fresh 

Reach 
Max (1) 

Current 
(2) 

Capacity 
(3) 

Max (1) 
Current 

(2) 
Capacity 

(3) 
Max (1) 

Current 
(2) 

Capacity 
(3) 

Max (1) 
Current 

(2) 
Capacity 

(3) 

WAKR1 100 85 15 1,000 153 847 1,000 0 1,000 1,200 416 784 

WAKR2 400 104 296 1,800 221 1,579 1,800 0 1,800 2,300 455 1,845 

WAKR3 400 209 191 8,000 491 7,509 8,000 0 8,000 10,000 1,601 8,399 

WAKR4 1,000 434 566 9,000 1,119 7,881 9,000 322 8,678 24,500 6,846 17,654 

WAKR5 3,000 1,562 1,438 15,000 3,161 11,839 15,000 1,693 13,307 24,500 10,060 14,440 

COCR1 90 90 0 500 480 20 500 0 500 600 600 0 

COCR2 40 15 25 80 80 0 80 0 80 100 100 0 

JIMR1 200 90 110 500 480 20 500 0 500 600 600 0 

NIER1 500 95 405 2000 304 1,696 2,000 109 1,891 2,100 2,100 0 

BIGR1 38 38 0 200 200 0 200 0 200 250 250 0 

YARR1 45 45 0 240 240 0 240 0 240 300 300 0 

EDWR3 600 600 0 2,600 1,781 819 2,600 868 1,732 4,000 4,000 0 

BILR1 400 290 110 800 760 40 800 298 502 1,000 1,000 0 

MURR1 6,000 5,355 645 12,000 8,592 3,408 12,000 5,579 6,421 15,000 15,000 0 
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IV. Release limit 
To determine the ecologically tolerable release limit, 
the available capacity calculated above was 
compared with the escape capacity to determine 
the limiting factor: 

• Ecology – ecological tolerable flow capacity 
limits the amount of water that can be 
provided in addition to current flows. 

• Escape capacity – more water could be 
provided and be ecologically tolerable, 
however water provision is limited by 
escape capacity.  

These factors are discussed for each option in Sections 8 and 9, below. The results of this step are flow rates for 
each reach that: 

• Are ecologically tolerable within that reach 

• Can be released by proposed escapes within that reach.  

V. Flow routing constraints 
To this point, ecologically tolerable releases are calculated independently in each reach. This only considers the 
ecological maximum flow rates and escape capacities with that reach. To calculate the deliverable releases 
across the whole system, we must consider interaction between reaches (Figure 35, Figure 36). This includes: 

a) Releases from upstream occupying channel capacity downstream, therefore reducing the available 
capacity for additional flows 

b) Ecological constraints in downstream reaches limiting upstream releases  

To calculate this, a scenario was developed where the highest volume of water that is both ecologically 
tolerable and can be provided through escapes is added to the most upstream reach. The resulting release is 
then added to the ‘current’ flows downstream (i.e. reducing available capacity). If the maximum ecologically 
tolerable flow rate is reached in the downstream reach, releases are reduced upstream to ensure the total flow 
within a downstream reach is within the ecologically tolerable maximum. This method provides an estimation of 
the total flow magnitude that can be released at any one time for the system. This method does not account for 
losses between reaches. 

These factors are discussed for each option in Sections 8 and 9, below.  

 

Figure 35.  Schematic of relationships and considerations of flow capacity between reaches 
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Figure 36.  Schematic of adjustments to releases based on interaction between reaches where a) upstream 
releases reduce capacity of downstream reach and b) where upstream releases exceed maximum ecologically 
tolerable flow rate downstream and must be reduced.  

This can be further explained through a worked example provided in Figure 37, below. In this example, the 
process is: 

a) Flow is added to Reach 1, based on available capacity or escape volume. In this example the escape 
volume (250 ML/day) is less than the available capacity (296 ML/day), so this is added to Reach 2.  

b) In Reach 2, the upstream release (250 ML/day from Reach 1) plus the current flows in the reach (209 
ML/day) exceed the ecologically tolerable maximum flow of 400 ML/day by 59 ML/day. 

c) The release in Reach 1 therefore must be reduced by 59 ML/day to ensure the total flow in Reach 2 
does not exceed the ecologically tolerable maximum. Now, 191 ML/day is provided downstream.  

d) Given the ecologically tolerable maximum has already been reached in Reach 2, no further releases are 
provided in this reach.  

e) This same process occurs in Reaches 3, 4 and 5. 
f) When we consider Reach 5, the total releases from all upstream reaches also means the ecologically 

tolerable maximum flow is exceeded. Releases again have to be reduced upstream to ensure 
ecologically tolerable maximum flows are not exceeded.  

g) The total releases for this example system end up at 566 ML/day 

 
Figure 37.  Example flow routing calculations 
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VI. Deliverable ecologically tolerable flows 
Cease to flow, baseflows and freshes needs to be included in the estimation of the average release rate across a 
season. We can calculate an average rate, by totalling the deliverable ecologically tolerable volume of water 
that can be released in a season and divide by the number of days in that season.  

A simplified calculation of this concept is to assume baseflows and freshes occur for 80% and 20% of the time, 
respectively, subtracting any cease to flow days. This is based upon observations in environmental flows studies 
that, in general, a baseflow equates to around the 80th percentile of modelled flows (i.e. magnitude is met or 
exceeded 80% of the time) and a fresh equates to around the 20th percentile of modelled flows (i.e. magnitude 
is met or exceeded 20% of the time) (Alluvium, 2010).  

In this way, we build a template flow series by: 

a) Calculating the total days within the season 
b) Calculating the total days of some flow within the season, i.e. total days (a) minus any cease to flow 

durations  
c) Multiplying the duration of time with flow (b) by: 

i. 0.8 for baseflow – i.e. a baseflow occurs 80% of the time 
ii. 0.2 for fresh – i.e. a fresh occurs 20% of the time 

d) Multiplying the resulting flow duration (c) for each flow component by the release magnitude 

𝑇𝑜𝑡𝑎𝑙 𝑓𝑙𝑜𝑤 𝑣𝑜𝑙𝑢𝑚𝑒 𝑖𝑛 𝑠𝑒𝑎𝑠𝑜𝑛 = (0.8 × (𝑆𝑑 − 𝐶𝑡𝐹𝑑) ×  𝐵𝑟) + (0.2 × (𝑆𝑑 − 𝐶𝑡𝐹𝑑) ×  𝐹𝑟) 

Where: 

Sd = Season duration (days) 

CtFd = Cease to flow duration (days) 

Br = Baseflow release magnitude (ML/day) 

Fr = Fresh release magnitude (ML/day) 

This total volume for the season is then divided by the total number of days in the season (a, above) to reach an 
average (mean) release rate per day for each season.  

Note: This average release rate is not intended to be a constant release rate but varied as a natural flow regime 
would be to ensure ecological and supporting function (geomorphic) requirements are met.  
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Assumptions and uncertainties 
In each of the steps used to determine ecologically tolerable flows, a number of assumptions were required, 
recognising the feasibility level of this assessment and data availability. All assumptions have been based on 
expert knowledge and experience in similar studies, including environmental flow studies. The table below 
highlights these assumptions and the resulting uncertainties in estimated flow magnitudes and durations for 
each step in the process.  

Stage Assumptions and uncertainties 

 

• Bankfull estimates based on limited hydraulic modelling and 
conversations with DPIE and MIL staff, with differing views on 
some flow magnitudes 

• Ecologically tolerable flow magnitudes – based on multiple 
sources of information, where possible. Given a confidence 
rating accordingly (See Attachment 2 for further details)  

 

• Current baseflow and freshes estimated as 80th percentile and 
20th percentiles, respectively of modelled flows for that 
season (where available). Includes any uncertainties within 
modelled data. 

• Where modelling was unavailable, current flows were based 
on percentages of bankfull capacity, acknowledging 
uncertainties of bankfull estimates (above) and of relevant 
percentages of bankfull volume.  

 

• Assumes that the difference between the maximum 
ecologically tolerable flow and the current (existing) flows is 
equal to the available flow capacity. 

 

• Assumes there is no limit on the total duration (days) that 
escapes can be operated at maximum capacity 

 

• Assumes tolerable releases are released from upstream 
reaches first  

• Assumes total releases provided upstream continues 
downstream (i.e. no losses as additional flow is delivered to 
rivers with existing flow)  

 

• Assumes flow regime of 80% baseflow and 20% fresh (minus 
any cease to flow days), a simplified version of a flow regime 

• Does not account for days where natural flows/catchment 
inputs may exceed ecologically tolerable (i.e. naturally 
occurring overbank and bankfull events) and no water 
provisions can be made  
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6 Non-ecological constraints 

The ecologically tolerable flows assessment method (Section 5) calculates flow magnitudes and release volumes 
based on ecological and supporting function constraints. It does not consider non-ecological constraints such as 
bridges or culverts where flow magnitudes may be higher than the capacity of this infrastructure. Table 20 
details the estimated maximum ecologically tolerable flow magnitudes (from Section 5) and known non-
ecological constraints.  

Table 20.  Maximum ecologically tolerable flow magnitudes and non-ecological constraints 

Reach Maximum ecologically tolerable flow magnitudes (ML/day) Non-ecological 
constraint (adopted) Bankfull Summer irrigation season 

(Mid-Dec to end Mar) 
Winter / Spring 

(Jun to Oct) 

Baseflow Fresh Baseflow Fresh Description Capacity 
(ML/day) 

WAKR1 1,200 100 1,000 1,000 1200 Bridge 800 

YARR1 300 45 240 240 300 Culverts 150 

While this criterion does not reflect ecological considerations, it does reflect social constraints on the provision 
of water and is included to help identify the upper limit of the proposed flow regime. The values associated with 
this criterion have been identified based on discussions with DPE.  
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7 Conveyance losses 

There are three types of losses to be considered for the MIL option which include MIL channel, waterway and 
river losses. Water transferred through the MIL system for the purposes of bypassing the Barmah-Millewa 
Reach would attract a loss of between 10% - 17% based on a sliding scale. The higher percentage loss would 
apply for minimum orders (approx. less than 100,000 ML) with the loss percentage decreasing to 10% as 
ordered volumes are increased.  

There are likely to be additional losses in the receiving waterways, particularly during the wetting-up phase if 
these waterways are not already being used to distribute consumptive or environmental water deliveries. 
Through discussions with DPE and based on its experiences in managing environmental water events a loss of 
30 ML/km has been assumed for wetting up of natural waterways for the purpose of delivering bypass water.     

Once the waterways/creeks are wetted up and based on DPE experiences delivery efficiencies can average 
between 80-85%. This has been demonstrated on Tuppal Creek where it is approximately 60km in length and 
80-85% of the flows diverted at the top of the Tuppal Creek reach the Edward-Kolety River.  

Once the water reaches the major river systems, the losses are like conveyance losses as a proportion of 
deliveries in the River Murray System, when total deliveries are approximately 4,500 GL – 5,500 GL (Figure 38).  

Therefore, bypassing more water around the Barmah-Millewa Reach via the MIL irrigation network is expected 
to produce higher losses than by delivering through the Barmah Millewa Reach. This is driven by using natural 
waterways/creeks to connect the water between the MIL irrigation system and the permanent river systems. 

If this option was to proceed to further development, it is recommended that further investigation be 
completed to validate losses where natural waterways are being used to transfer bypass water for long 
distances and trial delivery events be considered to gauge flows and confirm loss rates. 

 

Figure 38. River Murray conveyance losses – percentage of deliveries 



Barmah-Millewa Feasibility Study: Technical Report – Optimisation of the existing MIL system     76 

8 MIL escapes optimised – No works 

8.1 Detailed description of the option 

Overview 
Murray Irrigation Limited (MIL) own and operate a 2,700km network of irrigation water supply channels 
diverting water from the River Murray. The main channel in the network, the Mulwala Canal, diverts water from 
the River Murray at Lake Mulwala and travels for 243 km supplying the channel system network across the 
Southern Riverina Plain before outfalling into Edward-Kolety, Niemur, Wakool, Murray Rivers, and Billabong 
Creek through escapes.  

It is a similar approach that is being proposed for the delivery of bypass water to meet the irrigation demand 
shortfalls in the lower River Murray. Through discussions with MIL, WaterNSW and DPE, twenty escapes have 
been identified as proposed bypass escapes. The estimated cumulative maximum design capacity of all escapes 
is approximately 3,355 ML/day, as measured at the channel escape (excluding waterway and river conveyance 
losses). Depending on irrigation demand at the time not all escapes could operate at the proposed increased 
capacity. This constraint only applies to the escapes within the Wakool Irrigation District. 

One of the risks to be considered in using MIL escapes to bypass water is that the irrigation network’s primary 
purpose is to deliver irrigation water for its shareholders who pay to have priority access through MIL’s 
infrastructure tariff arrangements. Delivery of water to these shareholders is given priority. Therefore, through 
growth or unusual peak irrigation periods, there would be no guaranteed delivery for bypass water. This risk has 
been mitigated to a point by maximising the number of escapes that may be used for bypass water, so in times 
of peak demand, certain escapes may be relied on more than others. Escape bypass surplus capacities are 
considered conservative and have been calculated by considering previous peak demand flow data. 

There are two options in using the escapes for bypass water delivery purposes. These include: 

• Option 1 – No works required: This involves 8 escapes utilising existing escape capacity and are 
automated and metered. These escapes require no works and are available to be used as a bypass 
water option immediately. They have a combined capacity of 1,605 ML/day, as measured at the 
escapes. 

• Option 2 – Works required: This includes the 8 escapes from option 1 as well as an additional 12 
escapes which require upgrade works. The works required for the 12 escapes include replacing the 
existing manually operated escapes with an automated (metered) regulator to maximise the available 
channel capacity upstream of the escape and works downstream in the receiving escape channels and 
waterways. Following the upgrade to the 12 escapes, a combined capacity of 3,355 ML/day would be 
available, as measured at the escapes. 

The escapes all discharge into either escape channels or natural waterways with the water making its way back 
into the Wakool, Murray, Niemur river systems or the Billabong Creek and eventually into the River Murray. The 
expected travel time from each escape to the River Murray is around 20-25 days.  

Figure 39 shows, for Option 1 (no works), how the escapes connect to the receiving creek/river system. Each 
escape is numbered (from 1 to 8), with the available capacity provided in brackets (in ML/day). The receiving 
creek/river systems are colour coded.
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Figure 39. Location and capacities of the MIL outfalls for Option 1 (no works)
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8.2 Engineering & works considerations 
The No Works option requires no capital works to be performed. The option includes 8 escapes that are already 
automated and metered, and which are already being used for the delivery of environmental water or 
operational water on behalf of DPE or WaterNSW respectively. The current use of these escapes for 
environmental watering events tends to occur during the spring months. 

More details for each of these escapes, including flows and delivery patterns for the last five years, are available 
in Attachment 1 of this report. 

The bypass flows in the table below consider all existing commitments in the MIL system (including flows 
delivered for DPE and WaterNSW). Bypass flows are typical of what capacity is expected to be consistently 
available between 15 December and 30 March of each year for bypass purposes. The available escape flow 
capacities are based on MIL water demand analysis for the previous five years. The only exception to this is if 
the escapes are required to mitigate an event such as a hypoxic event in a downstream waterway or river. 

Table 21. Escape flow summary table  

No Escape name  River reach Bypass flow 
 ML/day 

Existing 
escape 
metered  

Comment 

1 Wakool Main Escape Wakool 500 Automated   

2 Southern Escape Wakool 70 Automated   

3 Mallan W221/4 
escape 

Wakool 15 Automated   

4 Mallan W149 Wakool 70 Automated  Upgraded recently by DPE 

5 Northern Niemur 
Escape 

Niemur 300 Automated  Upgraded recently by DPE 

6 Mascotte Escape Niemur 300 Automated Actively used by DPE 

7 Billabong escape Billabong 250 Automated   

8 Perricoota Escape Murray 100 Automated  Actively used by WaterNSW 

 TOTAL   1,605 ML/day  

 

Based on subsequent discussions with MDBA there may be an opportunity to also include the Edward River 
Escape to the ‘no works’ option above. The use of this escape was initially discounted after discussions with 
WaterNSW because there is little capacity during the summer months to bypass water downstream of Stevens 
Weir due to the environmental constraint of flooding the Werai Forest if flows exceed 2,600 ML/day during this 
period.   

The Edward River Escape has a design capacity of 2,400 ML/day, which is used to bypass water to the Wakool 
Irrigation District via the Edward-Kolety River. The escape is automated and metered and meets the criteria of a 
‘no works’ escape.  

A comparison of daily flows downstream of Stevens Weir and the Wakool offtake for the period of 1 November 
2021 to 31 March 2022 was analysed to better understand this opportunity. On average, the spare capacity 
downstream of Stevens Weir (not to exceed 2,600 ML/day) using the spare capacity of the Edward River Escape 
(not to exceed 2,400 ML/day) provided the below average daily flows by month.   

• December 2021 – 150 ML/day 

• January 2022 – 430 ML/day 

• February 2022 – 804 ML/day 

• March 2022 – 1,544 ML/day 
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Below are the results of the number of days within a flow range where bypass water could be delivered 
downstream of Stevens Weir using the Edward River Escape.     

• 62 in 151 days flows capacity is 750 ML/day plus 

• 13 in 151 days capacity is between 500 -750 ML/day 

• 10 in 151 flows between 0 – 500 ML/day 

• 66 days where there is zero capacity 

The assessment also highlighted that 52 of the 151 days the Edward River Escape capacity was the limiting 
factor to transferring more water downstream of Stevens Weir for bypass purposes.  

Therefore, the options to enlarge the Edward River Escape (currently not short listed) or the extension of the 
Mulwala Canal may require further investigation during the next stage of investigations. The cost benefit of 
doing these works along with other benefits could be considered further.  

Figure 39 provides the location and flow rates of these escapes relative to the river reaches. The listed escapes 
have been chosen primarily because no works are required and can be implemented immediately.  

The connection of the escapes to major river systems via natural waterways varies in travel lengths and losses. 
Table 22 below provides the indicative travel lengths for the delivery of bypass water to get to the major river 
systems (Edward-Kolety, Wakool, Murray and Niemur).  

In summary, there are approximately 15 km of escape channel and 223 km of natural waterway or creek that 
the bypass water is required to travel before reaching a permanent river system such as the Wakool, Niemur or 
River Murray systems. Therefore, delivery losses will include staged losses from the MIL irrigation system, 
natural waterway/creeks, and river systems. 

Table 22. Natural waterway lengths by escape  

No. Escape name  River reach Length of escape 
channel  
(Km) 

Length of creek to 
major river system 
(km) 

Escape flow 
(ML/day)  

1 Wakool Main 
Escape 

Wakool 
(WAKR1) 

1.5 0 500 

2 Southern Escape Wakool 
(WAKR3) 

0 20.9 70 

3 Mallan W221/4 
escape 

Yarrein 
(YARR1) 

0.7 36.7 15 

4 Mallan W149  Bigantic 
(BIGR1) 

0 107.1 70 

5 Northern Niemur 
Escape 

Niemur 
(NIER1) 

0 0 300 

6 Mascotte Escape Niemur 
(COCR1) 

0 58.6 300 

7 Billabong escape Billabong 
(BILR1) 

8.9 0 250 

8 Perricoota Escape Murray 
(MURR1) 

4 0 100 

 TOTAL   15.1 km 223.4 km 1,605 ML/day 
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Timeframe to implement  
The implementation timeframe of this option will be driven more by the timeframe to reach agreement 
between MIL and MDBA for the use of the escapes for bypass purposes. There are existing agreements in place 
with DPE and WaterNSW for similar purposes. Accordingly, it is expected that an agreement could be reached 
within months. 

As there are no works required for this option and the escape infrastructure will be operated within its current 
operational capacity, the risk of any social impacts is considered negligible.  

8.3 Application of ecologically tolerable flow assessment - no works 
Building on the available flow ranges calculated in Section 5, this section steps through Steps 4, 5 and 6 as 
outlined in Figure 34 for the ‘no works’ option. This includes calculating release limits, considering flow routing 
constraints and calculating the average deliverable ecologically tolerable flows.  

Tolerable release limits – no works 
As detailed in Step 4 of Section 5.5, determination of the limit on deliverable ecologically tolerable flow 
capacities is based on the lower of the available ecologically tolerable flow capacity (from Step 3 in Figure 34, 
Table 19) and the escape capacity. This represents the volume of water that: 

a. Is ecologically tolerable in the context of current (existing) flows within the channel 
b. Can be delivered within the proposed escape capacity 

A summary of the deliverable ecologically tolerable flow magnitude is provided in Table 23. The limiting factor 
(ecologically tolerable capacity or escape capacity) is also noted.  

This stage of the assessment does not account for downstream/upstream releases.  
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Table 23.  Comparison of MIL no works option escape capacity and ecologically tolerable flow capacities to determine maximum potential release flow rate 

Reach Escape 
capacity  

(no 
works) 

Summer irrigation season (Mid-Dec to end Mar) Winter / Spring (Jun to Oct) 

Baseflow Fresh Baseflow Fresh 

Available 
capacity1 

Flow 
limit 

Limiting 
factor2 

Available 
capacity 

Flow 
limit 

Limiting 
factor 

Available 
capacity 

Flow 
limit 

Limiting 
factor 

Available 
capacity 

Flow 
limit 

Limiting 
factor 

WAKR1 500 15 15 Ecology 847 500 Escape 1,000 500 Escape 784 500 Escape 

WAKR2 0 296 0 Escape 1,579 0 Escape 1,800 0 Escape 1,845 0 Escape 

WAKR3 70 191 70 Escape 7,509 70 Escape 8,000 70 Escape 8,399 70 Escape 

WAKR4 0 566 0 Escape 7,881 0 Escape 8,678 0 Escape 17,654 0 Escape 

WAKR5 0 1,438 0 Escape 11,839 0 Escape 13,307 0 Escape 14,440 0 Escape 

COCR1 300 0 0 Ecology 20 20 Ecology 500 300 Escape 0 0 Ecology 

COCR2 0 25 0 Escape 0 0 Escape 80 0 Escape 0 0 Both 

JIMR1 0 110 0 Escape 20 0 Escape 500 0 Escape 0 0 Both 

NIER1 300 405 300 Escape 1,696 300 Escape 1,891 300 Escape 0 0 Ecology 

BIGR1 70 0 0 Ecology 0 0 Ecology 200 70 Escape 0 0 Ecology 

YARR1 15 0 0 Ecology 0 0 Ecology 240 15 Escape 0 0 Ecology 

EDWR3 0 0 0 Both 819 0 Escape 1,732 0 Escape 0 0 Both 

BILR1 250 110 110 Ecology 40 40 Ecology 502 250 Escape 0 0 Ecology 

MURR1 100 645 100 Escape 3408 100 Escape 6,421 100 Escape 0 0 Ecology 

Total 1,605 3,801 595  35,658 1030  44,851 1,605  43,122 570  

 

Note:      1 Available capacity derived from Table 19. Flow limit is the minimum between available capacity and escape capacity. 
 2 Limiting factor is either the escape capacity or ecology. Ecology indicates that available capacity is less than escape capacity, which occurs when the difference 
between ecologically tolerable flow and existing (current) flows is small.
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Flow routing constraints 
As detailed in Step 5 of Section 5.5, we must consider the influence of releases upstream on downstream 
reaches. This includes: 

• Releases from upstream reaches occupying channel capacity downstream 

• Ecological constraints in downstream reaches limiting upstream releases 

For the no works scenario, consideration of flow routing constraints does not alter the release limits, detailed in 
Table 23, above.  

Deliverable ecologically tolerable flows 
As detailed in Step 6 of Section 5.5, an average release rate across a season, can be calculated to account for 
variation of flow between cease to flow, baseflow and freshes. This value does not represent a continuous flow 
for the season but provides an indication of the average flow that can potentially be delivered throughout a 
season, accounting for flow variation.   

Table 24 and Table 25 outline the total and average flows for the summer irrigation season and winter/spring 
season, respectively, with no MIL works.  

Table 24.  Total and average flow for summer irrigation season (season length – 100 days) with no MIL works 

 Summer irrigation season 

Reach Cease to flow 
duration (days) 

Deliverable ecologically tolerable 
releases (ML/day) 

Total flow for 
season (ML) 

(100 days) 

Average daily 
flow for season 
(ML/day) Baseflow Fresh 

WAKR1 4 15 500 10,752 108 

WAKR2 4 0 0 0 0 

WAKR3 n/a 70 70 7,000 70 

WAKR4 n/a 0 0 0 0 

WAKR5 n/a 0 0 0 0 

COCR1 4 0 20 384 3 

COCR2 4 0 0 0 0 

JIMR1 4 0 0 0 0 

NIER1 4 300 300 28,800 288 

BIGR1 4 0 0 0 0 

YARR1 4 0 0 0 0 

EDWR3 n/a 0 0 0 0 

BILR1 n/a 110 40 9600 96 

MURR1 n/a 100 100 10,000 100 

Total  595 1030 66,536 662 

665 adopted 
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Table 25.  Total and average flow for winter / spring season (season length – 150 days) with no MIL works 

 Winter/spring season 

Reach Cease to flow 
duration (days) 

Deliverable ecologically tolerable 
releases (ML/day) 

Total flow for 
season (ML) 

(150 days) 

Average daily 
flow for season 
(ML/day) Baseflow Fresh 

WAKR1 n/a 500 500 75,000 500 

WAKR2 n/a 0 0 0 0 

WAKR3 n/a 70 70 10,500 70 

WAKR4 n/a 0 0 0 0 

WAKR5 n/a 0 0 0 0 

COCR1 n/a 300 0 0 240 

COCR2 n/a 0 0 36,000 0 

JIMR1 n/a 0 0 0 0 

NIER1 n/a 300 0 36,000 240 

BIGR1 n/a 70 0 8,400 56 

YARR1 n/a 15 0 1,800 12 

EDWR3 n/a 0 0 0 0 

BILR1 n/a 250 0 30,000 200 

MURR1 n/a 100 0 12,000 80 

Total  1,605 570 209,700 1,398 

 

8.4 Engineering and ecological integrated assessment 
Whilst the engineering assessment has identified 1,605 ML/day of available capacity within the MIL system, the 
ecological assessment has identified that the ecologically tolerable summer autumn flows through the receiving 
waterways should be restricted to an average of 675 ML/day.  

The inclusion of physical constraints such as bridges and crossings reduces the available average flow rate for 
bypass to 665 ML/day (refer Table 26). 

Table 26.  Overall integrated assessment outcomes – no works required option 

 Engineering capacity Ecologically tolerable 
flow 

Ecologically tolerable 
but physically 
constrained* flow 

Total 1,605 ML/day 675 ML/day  665 ML/day [adopted] 

*Per Section 6 – WAKR1 is constrained by a bridge. Full details in Attachment 2. 

According to the ecological assessment, only a few of the receiving waterways for this option are able to receive 
flows. As a result, the total number of escapes that can deliver the volume to those waterways has been 
reduced. Table 27 lists all of the option 1 escapes and indicates which escapes are located on river reaches with 
sufficient capacity to deliver bypass flows. 
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Table 27.  No works required option constraints on escape releases 

No Escape name  Escape 
capacity 
(ML/day) 

River 
reach 

Ecologically tolerable 
release – seasonal 
average (ML/day) 

Ecological constraint on 
release rate 

1 
Wakool Main 
Escape 

500 WAKR1 108 
Baseflow capacity 
constrained by current 
flows 

2 Southern Escape 70 WAKR3 70 n/a 

3 
Mallan W221/4 
escape 

15 YARR1 0 Baseflow and fresh 
capacity constrained by 
current flows 4 Mallan W149 70 BIGR1 0 

5 
Northern Niemur 
Escape 

300 NIER1 288 
Reduced due to cease to 
flow requirement 

6 Mascotte Escape 300 COCR1 4* 
Baseflow capacity 
constrained by current 
flows 

7 Billabong escape 250 BILR1 96 
Baseflow and fresh 
capacity constrained by 
current flows 

8 Perricoota Escape 100 MURR1 100 n/a 

 TOTAL 1,605  
666 

Adopted 665* 
 

*these available capacities are considered very small and are unlikely to be utilised to deliver bypass volumes considering 
such a small possible release. For the purposes of this assessment, this escape will not be used to deliver bypass baseflows 

Based on the above assessment, the No Works option has identified a total of 5 escapes which can deliver 
bypass volumes, noting:  

• This option could be implemented on a very short timeframe and without significant capital investment 

• Increasing the use of MIL escapes to deliver bypass flows would significantly increase the system 
capacity over summer, allowing operators to better manage potential system shortfall events. This 
would also allow more flexibility and variability in delivering flows across the system, taking some 
pressure off flows through the Barmah-Millewa Reach, as well as other natural watercourses 

• Conveyance losses through the MIL escapes would be comparably higher than the delivery of in-
channel flows through the Barmah-Millewa Reach. If this option proceeds to further development, it is 
recommended that further investigation be completed to validate losses where natural waterways are 
being used to transfer bypass water for long distances and trial delivery events be considered to gauge 
flows and confirm loss rates. 

• A combination of existing flows and the upper limits on ecologically tolerable flows that can pass 
through natural channels during a fresh or baseflow limit the flow rate that can be passed through 
many escapes. The capacity of escapes is not the major constraint on the flow that can be delivered to 
the Edward-Kolety – Wakool system. 

• Whilst the engineering works in the MIL system could deliver 1,605 ML/day, the ecological assessment 
limits this to 666 ML/day on average. 

• Ecologically tolerable releases are generally below 100 ML/day for most escapes in the No Works 
option. 

There will be a delivery charge for the transfer of water through the MIL network. It is likely that this would be a 
volumetric charge based on the volume of total water delivered. This charge would be subject to negotiation 
between MIL and MDBA. However, based on other similar agreements, it is expected that the charge may range 
from $4 to $5 per megalitre delivered. 
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8.5 Conveyance losses 
There are two potential losses for this option, and the ultimate loss will depend on two main factors: 

• The existing flow in the MIL network – there are lower assumed losses (10%) when the network is 
delivering > 200,000 ML/day. If there were no other deliveries (or < 100,000 ML/day) the losses are 
greater (17%) 

• Whether the receiving waterways are already wetted up 

HARC has calculated a range of potential losses for the no works options, per Table 28, totalling 7-14 GL/year 
(actual number depends on antecedent conditions). 

Table 28. Range of losses over summer for no works required option 

Assumed loss (%) Assumed loss for 66 GL transfer (GL/yr) 

17% 11.3 

13% 8.7 

10% 6.7 

Reach length that may require wetting up (km) Assumed loss if wetting up required (GL/yr) 

18.6 km of escape channels 0.6 

60.9 km of creeks 1.8 

TOTAL loss (GL/yr): 7-14 

 

8.6 Cost to implement 
A capital cost allowance of $100,000 has been made, assuming that there would be some overhead and 
administration for the MDBA to coordinate and negotiate additional delivery of bypass water through the MIL 
system. 

There is also a current delivery charge for the transfer of water through the MIL network. Assuming this 
mechanism continues it is likely that this would be a volumetric charge based on the volume of total water 
delivered. This charge would be subject to negotiation between MIL and MDBA. However, if this was based on 
other similar agreements, it is assumed that the charge may range from $4-5 per megalitre delivered. There has 
been no discussion with MIL or MDBA about the reliability of this assumption.  

Assuming the tolerable average summer bypass flow rate of 665 ML/day is accessed across the 100 days of 
summer (allowing for ‘pulses’ to be delivered, rather than constant high-flow delivery all summer), this equates 
to around 66 GL being delivered annually, for a delivery charge of around $250 - $350k (in 2022 dollars). Based 
on an annual average delivery charge of around $300k, the operational cost for implementing this option has 
been calculated at around $4.1 million, as assessed over a 50-year period using a 7.0% discount rate. 
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9 MIL escapes optimised - works required 

9.1 Detailed description of the option 

Overview  
As set out in Section 8, MIL has a large number of escapes which can be used to deliver bypass water and 
support the objectives of the BMFS. 

There are two options for using these escapes: 

• Option 1 – No works required: This involves 8 escapes utilising existing escape capacity and are 

automated and metered. This option has been described in Section 6 above. 

• Option 2 – Works required: This includes a total of 20 escapes comprising the 8 escapes from option 1, 

as well as undertaking works to 12 additional escapes which are currently manually operated. The 

escapes would be replaced with an automated (metered) regulator that maximises the available 

channel capacity upstream of the escape. This section describes this option (‘works required’). 

The 20 subject escapes discharge directly into escape channels and natural waterways with the water making its 
way back into the Wakool, Murray and Niemur Rivers and the Billabong Creek and eventually into the River 
Murray with the travel time being approximately 20-25 days. Figure 40 highlights the location of the 20 escapes 
and its connection to the river reach. 

9.2 Engineering & works considerations 
The Works Required option has identified 14 of the 20 escapes with unused upstream capacity, which could be 
upgraded and utilised to deliver bypass volumes. These 14 escapes would need to undergo works to increase 
their flow capacity and deliver the upstream capacity. The works include the design, supply and installation of 
new automated escape regulators and works to the receiving escape channels and waterways to enlarge 
infrastructure (channels and access crossings) where required. The extent of works is summarised in Table 29 
below.  

The table also summarises the existing type of escape and if it is manual and unmetered or automated and 
metered. Two of the existing automated escapes in this option will need to be upgraded to maximise the 
available channel capacity upstream of the escape. The remaining six automated escapes require no work, and 
the 12 manual escapes will need to be upgraded to automated escapes. 

Through discussions and data provided by MIL there are 14 escapes that can be enlarged to maximise the 
upstream capacity of the existing channel network, which negates the need to do any costly works to the 
existing channel network upstream. Therefore, works are confined to the escape, escape channels and 
downstream access crossings, thus providing a more cost-effective solution. 

The bypass flows adopted for the Works Required Option are as per the upgraded capacity column in the table 
below. There are multiple sub options to this option, however this option maximises bypass water flows by 
maximising the available upstream irrigation channel capacities. As per the table below, the works will provide 
an increase of approximately 960 ML/day in bypass flows into the receiving waterways for an estimated cost of 
$18.5M (refer detailed costing estimate below). 

The estimated flows account for all existing commitments above the escapes; therefore, flows are typical of 
what can be expected between 15 December and 30 March of each year for bypass purposes. The available 
escape flow capacities have been calculated from MIL water demand analysis for the previous 5 years. The only 
exception to this could be if the escapes are required to mitigate an event such as a hypoxic event in a 
downstream waterway or river.  

More details for each of these escapes, including flows and delivery patterns for the last five years, are available 
in Attachment 1 to this report.
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Figure 40. Location and capacities of the MIL outfall
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The Works Required option requires works to 14 of the 20 escapes. The works include the design, supply and 
installation of new automated escape regulators and works to the receiving escape channels and waterways to 
enlarge infrastructure (channels and access crossings) where required. The extent of works is summarised in 
Table 29 below.  

Table 29. Escape flow summary 

No.  
Escape 
name  

River 
reach  

Existing 
bypass 

flow 
(ML/day)  

Upgraded 
capacity  
(ML/day) 

Existing 
escape 

metered  
Works summary  

Wakool River system 820 1920   

1  Wakool 
Main 
Escape  

Wakool  500  700  Automated  Replace and enlarge escape, 
beaching and erosion control 
into River  

2  Southern 
Town 
Escape  

Wakool  50  250  Manual  Enlarge and automate escape, 
enlarge 3 x access crossings 
downstream and install 1 x 
fence crossing  

3  Southern 
27 Escape  

Wakool  15  50  Manual  Enlarge and automate escape, 
enlarge 2 x access crossings, 
enlarge 1 x public bridge 
(bitumen)  

4  Southern 
Escape  

Wakool  70  70  Automated  No works required  

5 Mallan 
escape 
Frasers  

Wakool  50  330  Manual  Enlarge and automate escape, 
enlarge 1 x access crossings 
and erosion control into creek  

6 Mallan 
W149  

Wakool  70  70  Automated  No works required  

7 Mallan 
W186A  

Wakool  15  100  Manual  Enlarge and automate escape, 
enlarge 1 x access crossings 
and erosion control into creek  

8 Northern 
Escape 
W190  

Wakool  20  160  Manual  Enlarge and automate escape, 
enlarge 1 x access crossings 
and erosion control into creek  

9 Mallan 
W211 
Escape  

Wakool  15  125  Manual  Enlarge and automate escape, 
enlarge 1 x access crossings 
and erosion control into creek  

10 Mallan 
W221/4 
Escape  

Wakool  15  90  Automated  Enlarge and automate escape, 
enlarge 2 x access crossings, 
install 1 x fence crossing and 
erosion control into creek  

Niemur River system  680 760   

11 Niemur 
Escape  

Niemur  300  300  Automated  No works required  

12 Mascotte 
Escape  

Niemur  300  300  Automated  No works required  

13 Northern 4 
Escape  

Niemur  15  20  Manual  Enlarge and automate escape, 
enlarge 2 x access crossings  

14 Jimaringle 1 
escape  

Niemur  15  40  Manual  Automate escape and enlarge 
outfall channel to 40 ML/day, 2 
x fence crossing and 2 x culvert 
erosion control into creek  
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No.  
Escape 
name  

River 
reach  

Existing 
bypass 

flow 
(ML/day)  

Upgraded 
capacity  
(ML/day) 

Existing 
escape 

metered  
Works summary  

15 Jimaringle 3 
Escape  

Niemur  10  20  Manual  Automate escape and enlarge 
outfall channel to 40 ML/day 
(Common escape channel for 
Jimaringle 1 Escape)  

16 Jimaringle 
11 Escape  

Niemur  20  20  Manual  Automate Escape  

17 Jimaringle 
Escape  

Niemur  20  60  Manual  Enlarge and automate escape, 
enlarge 1 x access crossing, 
install 1 x fence crossing  

Edward-Kolety River system 

18 Northern 
Branch 
Channel  

Edward-
Kolety 

30  300  Manual  Enlarge and automate escape, 
enlarge 1 x access crossings 
and erosion control into creek  

Billabong Creek 

19  Billabong 
Escape  

Billabong  250  250  Automated  No works required  

River Murray 

20  Perricoota 
Escape  

Murray  100  100  Automated  No works required  

Total   1,880  3,355    

 
As mentioned in Section 8, the Edward River Escape could be added to the above list of escapes once there is 
alignment between stakeholders on available summer capacity being utilised for bypass flows below Stevens 
Weir and further consideration of potential operations on ephemeral waterways.  

As discussed in the no works option, one of the challenges using the escapes to bypass water is the length of 
natural waterway before it connects to the major river systems.  

Table 30 below provides a summary of flows and waterway lengths. In summary, approximately 29.9km of 
escape channel and 663.2 km of waterway/creeks would be utilised to deliver bypass water between the MIL 
irrigation network and permanent river systems. 

Similar to the ‘no works’ option, these escapes deliver water to creeks and rivers for a significant length before 
they return into a permanent river. If this option was to proceed to further development, it is recommended 
that further investigation be completed to validate losses where natural waterways are being used to transfer 
bypass water for long distances and trial delivery events be considered to gauge flows and confirm loss rates. 

The 20 proposed escapes were identified in consultation with MIL and DPE with the proposed flows either 
providing an ecological benefit or having no net impact on the natural waterway. This is discussed in more detail 
in the ecological section. There are several escapes where bypass water can take advantage of a wetted 
waterway/creek from a planned environmental watering event during spring, reducing waterway/creek filling 
initial losses.  
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Table 30. Natural waterway lengths by escape 

No.  Escape name  River reach  Length of 
escape channel 

 (km) 

Length to 
permanent 
river (km) 

Upgraded 
flow capacity 

 (ML/day) 

Wakool River system  6.5 538.3 1,945 

1  Wakool Main Escape  Wakool 1.5 0 700 

2  Southern Town Escape  Wakool 4.2 2.3 250 

3  Southern 27 Escape  Wakool 0 4.9 50 

4  Southern Escape  Wakool 0 20.9 70 

5 Mallan Escape Frasers  Bigantic 0 133.9 330 

6 Mallan W149  Bigantic  0 107.1 70 

7 Mallan W186A  Yarrein 0 93.2 100 

8 Northern Escape W190  Yarrein 0 80 160 

9 Mallan W211 Escape  Yarrein 0.1 59.3 125 

10 Mallan W221/4 Escape  Yarrein 0.7 36.7 90 

Niemur River system 10.5 124.9 760 

11 Northern Niemur 
Escape  

Niemur  0 0 300 

12 Mascotte Escape  Cockrans 0 58.6 300 

13 Northern 4 Escape  Cockrans  0 7.1 20 

14 Jimaringle 1 Escape  Jimaringle 1.8 26.8 40 

15 Jimaringle 3 Escape  Jimaringle 4.1 20.2 20 

16 Jimaringle 11 Escape  Jimaringle 3 12.2 20 

17 Jimaringle Escape  Niemur  1.6 0 60 

Edward-Kolety River system 

18 Northern Branch 
Channel  

Edward-Kolety 0 0 300 

Billabong Creek 

19  Billabong Escape  Billabong  8.9 0 250 

River Murray 

20  Perricoota Escape  Murray  4 0 100 

Total  29.9 663.2 3,355 

 

Table 31 summarises the extent of works required on the escape structures and downstream escape channels 
and receiving waterways.  

Table 31 Summary of Works  

Summary of works Number of assets 

Enlarge and/or automate escape structure 14 

Enlarge existing access crossing  15 

Fence crossing 4 

Construct new bridge crossing 10 

Construct new culvert crossing 4 
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Timeframe to implement  
This option requires works to 14 escapes and includes associated downstream works to transfer the larger 
flows. These works would be best managed as a single capital works program to be delivered over winter 
shutdown periods. 

The implementation timeframe for these works would be 1-2 years, which includes the planning, design and 
construction of the works and engagement with impacted downstream landowners. The bulk of downstream 
works include the upgrade of private and public crossings, escape channel enlargements and fence crossings. 

Works to increase the outfall capacities would involve construction activities on approximately 20 private 
properties, with most works involving enlargement to existing private crossings. Discussions with MIL and DPE 
suggest landholders are generally supportive of works that will provide additional water to adjacent creeks and 
rivers. Accordingly, the social outcomes from this option are considered neutral. 

9.3 Application of ecologically tolerable flow assessment – works required 
Building on the available flow ranges calculated in Section 5, this section applies Steps 4, 5 and 6 (as outlined in 
Figure 34) to the ‘works’ option. This includes calculating release limits, considering flow routing constraints and 
calculating the average deliverable ecologically tolerable flows.  

Tolerable release limits - works 
As detailed in Step 4 of Section 5.5, the ecologically tolerable release from escapes is based on the lower of the 
available ecologically tolerable flow capacity in the river(from Step 3 in Figure 34, Table 19) and the escape 
capacity. The resultant release limit represents the volume of water that: 

a. Is ecologically tolerable, given the current (existing) flows already within the channel 
b. Can be delivered within the proposed escape capacity 

A summary of the release limits for each escape is provided in Table 32. For each escape, the limiting factor, 
which is ether the ecologically tolerable flow of the river or the escape capacity, is also noted.  

This stage of the assessment is on a per-reach basis and does not yet account for flow routing and the 
interaction between reaches.  
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Table 32.  Comparison of MIL works option escape capacity and ecologically tolerable flow capacities to determine maximum potential release flow rate 

Reach Escape 
capacity  

(works) 

Summer irrigation season (Mid-Dec to end Mar) Winter / Spring (Jun to Oct) 

Baseflow Fresh Baseflow Fresh 

Ecol tol. 
capacity 

Tolerable 
escape 
release 

Limiting 
factor 

Ecol tol. 
capacity 

Tolerable 
escape 
release 

Limiting 
factor 

Ecol tol. 
capacity 

Tolerable 
escape 
release 

Limiting 
factor 

Ecol tol. 
capacity 

Tolerable 
escape 
release 

Limiting 
factor 

WAKR1 700 15 15 Ecology 847 700 Escape 1,000 700 Escape 784 700 Escape 

WAKR2 250 296 250 Escape 1,579 250 Escape 1,800 250 Escape 1,845 250 Escape 

WAKR3 120 191 120 Escape 7,509 120 Escape 8,000 120 Escape 8,399 120 Escape 

WAKR4 0 566 0 Escape 7,881 0 Escape 8,678 0 Escape 17,654 0 Escape 

WAKR5 0 1,438 0 Escape 11,839 0 Escape 13,307 0 Escape 14,440 0 Escape 

COCR1 300 0 0 Ecology 20 20 Ecology 500 300 Escape 0 0 Ecology 

COCR2 20 25 20 Escape 0 0 Escape 80 20 Escape 0 0 Ecology 

JIMR1 80 110 80 Escape 20 20 Ecology 500 80 Escape 0 0 Ecology 

NIER1 360 405 360 Escape 1,696 360 Escape 1,891 360 Escape 0 0 Ecology 

BIGR1 400 0 0 Ecology 0 0 Ecology 200 200 Ecology 0 0 Ecology 

YARR1 475 0 0 Ecology 0 0 Ecology 240 240 Ecology 0 0 Ecology 

EDWR3 300 0 0 Ecology 819 300 Escape 1,732 300 Escape 0 0 Ecology 

BILR1 250 110 110 Ecology 40 40 Ecology 502 250 Escape 0 0 Ecology 

MURR1 100 645 100 Escape 3,408 100 Escape 6,421 100 Escape 0 0 Ecology 

Total 3,355 3,801 1,055  35,658 1,910  44,851 2,920  43,122 1,070  

 

Note: Ecologically tolerable flow capacity derived from Table 19. Deliverable magnitude is the minimum between ecologically tolerable capacity and escape capacity 
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Flow routing constraints 
As detailed in Step 5 of Section 5.5, we must consider the influence of releases upstream on downstream 
reaches. This includes: 

• Releases from upstream reaches occupying channel capacity downstream 

• Ecological constraints in downstream reach limiting upstream releases 

For the ‘works’ option, the total deliverable magnitude for the entire system is reduced from that calculated in 
Step 4 (above) to accommodate these constraints. Further detail and schematic representations of this process 
are detailed in Attachment 2.  

Table 33. Changes to deliverable flow magnitudes based on constraints from releases between reaches. The 
system-based release rates are brought forward to the next step. 

Reach Escape 
capacity  

(works) 

Summer irrigation season (Mid-Dec to end 
Mar) 

Winter / Spring (Jun to Oct) 

Baseflow Fresh Baseflow Fresh 

Deliverable magnitude 

Reach-
based 

System-
based 

Reach-
based 

System-
based 

Reach-
based 

System-
based 

Reach-
based 

System-
based 

WAKR1 700 15 15 700 700 700 700 700 700 

WAKR2 250 250 176W3 250 250 250 250 250 250 

WAKR3 120 120 0* 120 120 120 120 120 120 

WAKR4 0 0 0 0 0 0 0 0 0 

WAKR5 0 0 0 0 0 0 0 0 0 

COCR1 300 0 0 20 20 300 300 0 0 

COCR2 20 20 20 0 0 20 20 0 0 

JIMR1 80 80 80 20 0* 80 80 0 0 

NIER1 360 360 275*W4 360 360 360 360 0 0 

BIGR1 400 0 0 0 0 200 200 0 0 

YARR1 475 0 0 0 0 240 40* 0 0 

EDWR3 300 0 0 300 300 300 300 0 0 

BILR1 250 110 110 40 40 250 250 0 0 

MURR1 100 100 100 100 100 100 100 0 0 

Total 3,355 1,055 776 1,910 1,890 2,920 2,720 1,070 1,070 

*Reduced deliverable magnitude due to releases upstream 
W3Limited by ecological capacity in reach WAKR3 
W4Limited by ecological capacity in reach WAKR4 

Deliverable ecologically tolerable flows 
As detailed in Step 6 of Section 5.5, an average release rate across a season, can be calculated to account for 
cease to flow, baseflow and freshes. This value does not represent a continuous flow at that magnitude for the 
season but provides an indication of the average flow that can potentially be delivered throughout a season, 
accounting for flow variation.   

Table 34 and Table 35 outline the total and average flows for the summer irrigation season and winter/spring 
season, respectively, with MIL works.  
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Table 34.  Total and average flow for summer irrigation season (season length – 100 days) with MIL works 

 Summer irrigation season 

Reach Cease to flow 
duration (days) 

Deliverable ecologically tolerable 
releases (ML/day) 

Total flow for 
season (ML) 

(100 days) 

Average daily 
flow for season 
(ML/day) Baseflow Fresh 

WAKR1 4 15 700 14,592 145 

WAKR2 4 176 250 18,316 183 

WAKR3 n/a 0 120 2,400 24 

WAKR4 n/a 0 0 0 0 

WAKR5 n/a 0 0 0 0 

COCR1 4 0 20 384 3 

COCR2 4 20 0 1,536 15 

JIMR1 4 80 0 6,144 61 

NIER1 4 275 360 28,032 280 

BIGR1 4 0 0 0 0 

YARR1 4 0 0 0 0 

EDWR3 n/a 0 300 6,000 60 

BILR1 n/a 110 40 9,600 96 

MURR1 n/a 100 100 10,000 100 

Total  776 1,890 97,005 970 
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Table 35.  Total and average flow for winter / spring season (season length – 150 days) with MIL works 

 Winter/spring season 

Reach Cease to flow 
duration (days) 

Deliverable ecologically tolerable 
releases (ML/day) 

Total flow for 
season (ML) 

(150 days) 

Average daily 
flow for season 
(ML/day) Baseflow Fresh 

WAKR1 n/a 700 700 105,000 700 

WAKR2 n/a 250 250 37,500 250 

WAKR3 n/a 120 120 18,000 120 

WAKR4 n/a 0 0 0 0 

WAKR5 n/a 0 0 0 0 

COCR1 n/a 300 0 36,000 240 

COCR2 n/a 20 0 2,400 16 

JIMR1 n/a 80 0 9,600 64 

NIER1 n/a 360 0 43,200 288 

BIGR1 n/a 200 0 24,000 160 

YARR1 n/a 40 0 4,800 32 

EDWR3 n/a 300 0 36,000 240 

BILR1 n/a 250 0 30,000 200 

MURR1 n/a 100 0 12,000 80 

Total  2,720 1,070 351,300 2,390 

9.4 Engineering and ecological integrated assessment 
Whilst the engineering assessment has identified 3,355 ML/day of available capacity within the MIL system, the 
ecological assessment has confirmed that the ecologically tolerable flows through the receiving waterways 
should be restricted to an average of 970 ML/day. When physical constraints such as bridges and crossings are 
accounted for, the adopted average flow rate for bypass is 960 ML/day (refer Table 36). 

Table 36.  Overall integrated assessment outcomes – works required option 

 Engineering capacity Ecologically tolerable 
flow 

Ecologically tolerable 
and physically non-
constrained* flow 

Total 3,355 ML/day 970 ML/day  960 ML/day [adopted] 

 

Similar to the no works required option, only a few of the receiving waterways for this option are able to receive 
flow due to the ecological constraints. As a result, the total number of escapes that can deliver the volume to 
those waterways has been reduced.  

Table 37 lists all the option escapes, indicates which escapes are located on river reaches with sufficient 
capacity to deliver bypass flows and if works are required based on the ecologically tolerable flows.  
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Table 37. Works required option - constraints on escape releases 

No Escape name  

Current 
escape 

capacity 
(ML/day) 

Potential 
upgraded 

escape 
capacity 
(ML/day) 

River 
reach 

Ecologically 
tolerable 
release – 
seasonal 
average 

(ML/day) 

Ecologically 
tolerable 
release –

peak  
(ML/day 

fresh) 

Works required on escape based on 
ecologically tolerable flows 

Ecological constraint on release rate 

1 Wakool Main Escape  500 700 WAKR1 136 647 
Upgrade escape to deliver maximum peak 

(fresh) volumes 

Baseflow capacity constrained by current 
flows, fresh constrained by max bridge 
capacity 

2 Southern Town Escape  50 250 WAKR2 183 250 
Upgrade escape to deliver baseflow and 

maximum peak (fresh) volumes 

Baseflow capacity constrained by current 
flow and releases upstream 3 Southern 27 Escape  15 50 WAKR3 0 50 

Upgrade escape to deliver maximum peak 
(fresh) volumes 

4 Southern Escape  70 70 WAKR3 24 70 
No works required. Escape can deliver 

ecologically tolerable baseflow and peak 
volumes 

5 Mallan Escape Frasers  50 330 BIGR1 0 0 
No capacity in downstream waterways. 

Escapes cannot be utilized to deliver bypass 
flows. No works required 

Baseflow and fresh capacity constrained by 
current flows 

6 Mallan W149  70 70 BIGR1 0 0 
No capacity in downstream waterways. 

Escapes cannot be utilized to deliver bypass 
flows. No works required 

7 Mallan W186A  15 100 YARR1 0 0 
No capacity in downstream waterways. 

Escapes cannot be utilized to deliver bypass 
flows. No works required 

8 Northern Escape W190  20 160 COCR2 0 0 
No capacity in downstream waterways. 

Escapes cannot be utilized to deliver bypass 
flows. No works required 

9 Mallan W211 Escape  15 125 YARR1 0 0 
No capacity in downstream waterways. 

Escapes cannot be utilized to deliver bypass 
flows. No works required 
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No Escape name  

Current 
escape 

capacity 
(ML/day) 

Potential 
upgraded 

escape 
capacity 
(ML/day) 

River 
reach 

Ecologically 
tolerable 
release – 
seasonal 
average 

(ML/day) 

Ecologically 
tolerable 
release –

peak  
(ML/day 

fresh) 

Works required on escape based on 
ecologically tolerable flows 

Ecological constraint on release rate 

10 Mallan W221/4 Escape  15 90 YARR1 0 0 
No capacity in downstream waterways. 

Escapes cannot be utilized to deliver bypass 
flows. No works required 

11 Niemur Escape  300 300 NIER1 280 300 
No works required. Escape can deliver 

ecologically tolerable baseflow and peak 
volumes 

Baseflow capacity constrained by WAKR4 

12 Mascotte Escape  300 300 COCR1 4* 20 
No works required. Escape can deliver 

ecologically tolerable baseflow and peak 
volumes 

Baseflow and fresh capacity constrained by 
current flows 

13 Northern 4 Escape  15 20 COCR2 15 20 
Upgrade escape to deliver maximum peak 

(fresh) volumes 
Fresh capacity constrained by current flows 

14 Jimaringle 1 Escape  15 40 JIMR1 40 40 
Upgrade escape to deliver maximum peak 

(fresh) volumes 

As a reach - Fresh capacity constrained by 
current flows and upstream releases 

15 Jimaringle 3 Escape  10 20 JIMR1 1* 20 
Upgrade escape to deliver maximum peak 

(fresh) volumes 

16 Jimaringle 11 Escape  20 20 JIMR1 20 20 
No works required to increase capacity but 
will require automation. Escape can deliver 

ecologically tolerable flows 

17 Jimaringle Escape  20 60 JIMR1 0 60 
Upgrade escape to deliver maximum peak 

(fresh) volumes 

18 
Northern Branch 
Channel  

30 300 EDWR3 60 300 
Upgrade escape to deliver baseflow and 

maximum peak (fresh) volumes 
Baseflow capacity constrained by current 
flows 

19 Billabong Escape  250 250 BILR1 96 110 
No works required. Escape can deliver 

ecologically tolerable baseflow and peak 
volumes 

Baseflow and fresh capacity constrained by 
current flows 

20 Perricoota Escape  100 100 MURR1 100 100 
No works required. Escape can deliver 

ecologically tolerable baseflow and peak 
volumes 

n/a 

  TOTAL  1,880 3,355   
959 

(Adopt 960) 
 2,007     

*these available capacities are considered very small and are unlikely to be utilised to deliver bypass volumes considering such a small possible release. For the purposes of this assessment, 
these escapes will not be used to deliver bypass baseflows. 
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The resultant works option for the escapes are summarised in Table 38. 

Table 38. Summary of works for escapes in the with work option 

Option Number of scapes Comment 

No works 11 Includes escapes that can deliver 
additional flow without any works 
and escapes that cannot deliver 
additional flow due to ecological 
constraints in receiving reaches 

Automation only  2 Escapes that can be used to 
deliver existing flows if current 
capacity is retained and gates are 
automated 

Increase escape capacity, no 
automation 

1  

Increase escape capacity and 
automate 

6 Escapes that can deliver increased 
flow if their capacity is upgraded 
and gates are automated 

 

The Works required option has identified a total of 14 escapes, 8 of which requiring capital works that can be 
used to deliver bypass flows, noting: 

• The capital works are expected to cost around $18.5 million and take two years to complete 

• Conveyance losses through the MIL escapes would be comparably higher than the delivery of in-
channel flows through the Barmah-Millewa Reach.  

• There would be a delivery charge for accessing the MIL channel system, expected to be around $4-5 
per megalitre delivered. 

• The ecological assessment of tolerable flows is the limiting factor in the adoption of many of the 
escapes and/or the escape release rate.  

• Whilst the engineering works in the MIL system could be increased from around 1,605 ML/day (no 
works) to around 3,355 ML/day (works required), the ecological assessment limits this to 960 ML/day 
on average, with a peak release rate of 1,837 ML/day. 

9.5 Conveyance losses 
There are two potential losses for this option, and the ultimate loss will depend on two main factors: 

• The existing flow in the MIL network – there are lower assumed losses (10%) when the network is 
delivering > 200,000 ML/day. If there were no other deliveries (or < 100,000 ML/day) the losses are 
greater (17%) 

• Whether the receiving waterways are already wetted up 

HARC has calculated a range of potential losses for the no works options, per Table 39, totalling 11-22 GL/year 
(actual number depends on antecedent conditions). 
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Table 39. Range of losses over summer for works required option 

Assumed loss (%) Assumed loss for 96 GL transfer (GL/yr) 

17% 16.3 

13% 12.5 

10% 9.6 

Reach length that may require wetting up (km) Assumed loss if wetting up required (GL/yr) 

27.45 km of escape channels 0.8 

148.1 km of creeks 4.4 

TOTAL loss (GL/yr): 11-22 

9.6 Cost to implement 
The expected capital and operations and maintenance costs (in net present value) is provided in Table 40 below.  

Operation and maintenance costs (including delivery charge) have been calculated in present annual value as a 
% of the capital cost. The O&M has then been assessed over a 50-year period using a 7.0% discount rate. 

Assuming the tolerable median summer bypass flow rate of 960 ML/day is accessed across the 100 days of 
summer (allowing for ‘pulses’ to be delivered, rather than constant high-flow delivery all summer), this equates 
to around 96 GL being delivered annually for a delivery charge of around $385 - $480k (in 2022 dollars). Based 
on an annual average delivery charge of around $435k, the operational cost for implementing this option has 
been calculated at around $10.4 million, as assessed over a 50-year period using a 7.0% discount rate. 

Table 40. Works required – cost summary estimate  

Item Asset type  Qty   Rate  UoM  Total  

1 Infrastructure cost     $9,784,000  

1.1 201480 - Wakool Main Escape     $285,000  

1.1.1 Enlarge escape (700 ML/day) 1  $285,000   / structure   $285,000  

1.2 212821 - Southern Town Escape     $625,000  

1.2.1 Enlarge and automate escape (250 
ML/day) 

1  $165,000   / structure   $165,000  

1.2.2 Enlarge access crossing  3  $150,000   / structure   $450,000  

1.2.3 Fence crossing 1  $10,000   / crossing   $10,000  

1.3 213543 - Southern 27 Escape     $455,000  

1.3.1 Enlarge and automate escape (50 ML/day) 1  $45,000   / structure   $45,000  

1.3.2 Enlarge access crossing  2  $80,000   / structure   $160,000  

1.3.3 Enlarge public bridge 1  $250,000   / structure   $250,000  

1.4 214426 - Southern Escape     $-    

1.4.1 Current capacity cannot be utilised - No 
works required 

    $-    

1.5 212222 - Mallan escape Frasers     $-    

1.5.1 No capacity in downstream river reaches - 
No works required 

    $-    

1.6 214427 - Mallan W149     $-    

1.6.1 No capacity in downstream river reaches - 
No works required 

    $-    
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Item Asset type  Qty   Rate  UoM  Total  

1.7 213305 - Mallan W186A     $-    

1.7.1 No capacity in downstream river reaches - 
No works required 

    $-    

1.8 212575 - Northern Escape W190     $-    

1.8.1 No capacity in downstream river reaches - 
No works required 

    $-    

1.9 214040 - Mallan W211 Escape     $-    

1.9.1 No capacity in downstream river reaches - 
No works required 

    $-    

1.10 410527 - Mallan W221/4 Escape     $-    

1.10.1 No capacity in downstream river reaches - 
No works required 

    $-    

1.11 411334 - Niemur Escape     $-    

1.11.1 Current capacity cannot be utilised - No 
works required 

    $-    

1.12 214261 - Mascotte Escape     $-    

1.12.1 Current capacity cannot be utilised - No 
works required 

    $-    

1.13 214391 - Northern 4 Escape     $200,000  

1.13.1 Enlarge and automate escape (20ML/day) 1  $40,000   / structure   $40,000  

1.13.2 Enlarge access crossing  2  $80,000   / structure   $160,000  

1.14 211842 - Jimaringle 1 Escape     $312,000  

1.14.1 Enlarge and automate escape (40ML/day) 1  $40,000   / structure   $40,000  

1.14.2 Enlarge escape channel (40ML/day) 4  $63,000   / km   $252,000  

1.14.3 Fence crossing 2  $10,000   / structure   $20,000  

1.15 213343 - Jimaringle 3 Escape*     $902,000  

1.15.1 Retain and automate escape (20ML/day) 1  $20,000   / structure   $20,000  

1.15.2 Enlarge escape channel (40ML/day) 14  $63,000   / km   $882,000  

1.16 214948 - Jimaringle 11 Escape**     $20,000  

1.16.1 Retain and automate escape (20ML/day) 1  $20,000   / structure   $20,000  

1.17 213307 - Jimaringle Escape     $135,000  

1.17.1 Enlarge and automate escape (60ML/day) 1  $45,000   / structure   $45,000  

1.17.2 Enlarge access crossing  1  $80,000   / structure   $80,000  

1.17.3 Fence crossing 1  $10,000   / structure   $10,000  

1.18 212574 - Northern Branch Channel      $350,000  

1.18.1 Enlarge and automate escape 
(300ML/day) 

1  $200,000   / structure   $200,000  

1.18.2 Enlarge access crossing  1  $150,000   / structure   $150,000  

1.19 207049 - Billabong Escape     $-    

1.19.1 Current capacity can be utilised - No works 
required 

    $-    

1.20 211609 - Perricoota Escape     $-    

1.20.1 Current capacity can be utilised - No works 
required 

    $-    

1.21 River system infrastructure     $6,500,000  
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Item Asset type  Qty   Rate  UoM  Total  

1.21.1 Wakool River system - bridge crossing - 
construct new 

2  
$1,000,000  

 / structure   $2,000,000  

1.21.2 Cockran and Jimaringle system - bridge 
crossing - construct new 

3  
$1,000,000  

 / structure   $3,000,000  

1.21.3 Cockran and Jimaringle system - culvert 
crossing - construct new 

2  $250,000   / structure   $500,000  

1.21.4 Yallakool system - bridge crossing - 
construct new 

1  
$1,000,000  

 / structure   $1,000,000  

2 Program management, survey, design, approvals and overheads  $3,424,400  

2.1 Program management and overheads     $1,956,800  

2.1.1 Program management - Low complexity - 
15% of infrastructure costs 

1 20%  percentage   $1,956,800  

2.2 Survey, design and approvals     $1,467,600  

2.2.1 Survey and Design - Low complexity - 5% 
of infrastructure costs 

1 5%  percentage   $489,200  

2.2.2 Regulatory approvals including offsets - 
Low complexity - 10% of infrastructure 
costs 

1 10%  percentage   $978,400  

3 Contingency     $5,283,360  

3.1 Contingency $5,283,360 

3.1.1 40% of infrastructure, program 
management, survey, design, approval 
and overhead costs 

1 40%  $-     $5,283,360  

 Total capital cost    $18,491,760 

      

4 Operations and maintenance    $10,403,488 

4.1 Operations and maintenance    $10,403,488 

4.1.1 2% of capital costs 1 2%  $-     $5,104,002  

4.1.2 Delivery charge 96000 $4.00  $/ML   $5,299,487  

*NIER1 receiving waterway for the Jimaringle 3 escape does not have capacity to handle baseflows released from this 
escape. This escape would only be upgraded to harness the spare capacity and delivery a peak (fresher) bypass flow.  
** The Jimaringle 11 Escape is currently manually operated. To utilize the current capacity to deliver bypass flows an 
allowance of $20,000 has been made to automate the escape.  
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10 Perricoota Escape expansion  

10.1 Detailed description of the option 
This option involves targeted system upgrade to the Perricoota Escape and Deniboota Canal network to achieve 
moderate bypass flow of 300 ML/day. The existing design capacity of the Perricoota Escape is 150 ML/day with 
surplus summer bypass capacity of 100 ML/day as presented in the escape optimisation option above. An 
upgrade to the Deniboota Canal and the Perricoota Escape can achieve a bypass water capacity of up to 300 
ML/day, this is an additional 200 ML/day based on the existing summer bypass capacity. 

An increase in capacity of the Perricoota Escape would require an upgrade to approximately 10 km of the 
Deniboota Canal and associated infrastructure. There is also an escape channel approximately 4.2 km long 
between the escape and its discharge point into the River Murray. It is understood from investigations that the 
escape channel does not require upgrading.   

MIL previously undertook a desktop study, which investigated options to widen the existing Deniboota Canal to 
accommodate flows of 500, 1,000 and 1,500 ML/day. Based on our engineering/hydraulic assessment and 
discussions with MIL operational staff, the Deniboota Canal would struggle during high River Murray summer 
flows to deliver more than 300 ML/day under gravity. Flows above this during high flows in the River Murray 
would break out from the escape channel into the Perricoota forest increasing losses and slowing delivery. 

The map below shows the location of works, which includes enlarging approximately 10 km channel and 
associated downstream canal infrastructure.  

 

Figure 41. Perricoota Escape expansion works   
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10.2 Engineering & works considerations 
The works to expand the capacity of the Perricoota Escape to 300 ML/day will require the widening of the 
existing Deniboota Canal channel by 10 m to a total channel width of 20 m. The existing channel has very little 
hydraulic head and operates on effectively zero grade for the last 10 km of the Deniboota Canal.  

A hydraulic assessment has been completed confirming the first 5.4 km of the 10 km upgraded section will need 
to be widened to accommodate the increased flow with no increase in bank height to maintain an operating 
level of 86.88 m AHD. The remaining 4.2 km of canal through to the Perricoota escape will require widening and 
the banks raised by approximately 600 mm. This will result in a new operating level of 86.77 m AHD for this 
section of canal. There is approximately 4.2 km of escape channel downstream of the Perricoota escape before 
it discharges back into the River Murray. The operating level of the River Murray at Torrumbarry Weir is 86.15 m 
AHD. These works will allow a total flow of 300 ML/day under gravity assuming a river operating level of 86.15 m 
AHD at Torrumbarry Weir. This option is extremely sensitive to operating levels in the River Murray with the 
escape channel prone to back up and unintentional flooding of the Perricoota forest if the operating level 
exceeds 86.15 m AHD while delivering 300 ML/day through the Perricoota Escape. 

The cost estimate assumes one bank will be retained to reduce costs. At the start of the channel expansion an 
existing major syphon will need to be upgraded to accommodate the 300 ML/day flow and will involve 
constructing two additional 1800 mm barrel pipes. The other works require replacement of 12 irrigation outlets, 
4 regulators and multiple bridges and crossings. The existing 150 ML/day Perricoota Escape will need to be 
replaced with a 300 ML/day automated regulator. 

Figure 42 below shows the extent of works and corresponding channel and river levels for the upgrade works. 

 

Figure 42. Perricoota Escape expansion works and operating levels  
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A summary of all associated infrastructure upgrades is itemised in Table 41 with a more detailed costings 
provided below in the costing section. 

Table 41. Perricoota Escape expansion – works summary 

Asset type Qty 

Deniboota Canal – re-construct existing channel (20 m bed width) - increase to 300 ML/day 10 km 

Deniboota Canal syphon – upgrade to 300 ML/day (2 x 1800mm barrel pipes) 80 m 

Deniboota Canal – irrigation outlets – relocate on re-constructed channel section 12 

Deniboota Canal - main channel regulator - upgrade existing (300 ML/day) 3 

Deniboota Canal – offtake channel regulators – construct new (300 ML/day) 1 

New channel - bridges, road crossings, other structures – construct new 2 

Upgraded channel - new discharge structure to River Murray (300 ML/day) 1 

Deniboota Canal - bridges, road crossings, other structures – replace 7 

Deniboota Canal - on-farm infrastructure, fences - replace 4 

Deniboota Canal - relocate existing on-farm channel infrastructure  1,000 m 

 

Timeframe to implement  
The upgrade of the Perricoota Escape is likely to be completed over two years. The works themselves could be 
performed in a single winter period, assuming productivity rate of 100-150 m day per work crew and assuming 3 
work crews with total construction length of 10 km, with no allowance for wet weather. The 2-year period 
allows for appropriate planning, design (including approvals) and construction, including customer engagement. 

Social impact 
There are approximately 12 landowners (MIL customers) that will be impacted by the works. The channel runs 
through a floodplain and the enlargement of the Deniboota Canal may cause concerns that the upgraded 
infrastructure will impact on current flood and drainage lines. It is understood MIL shareholders are concerned 
that construction of larger or new infrastructure for the purposes of specifically bypassing water may see water 
from MIL traded downstream, which is likely to be the greater perceived social risk to this option. 

Conveyance losses 
Water transferred through the MIL system for the purposes of bypassing the Barmah-Millewa Reach would 
attract a loss of between 10% - 17% based on a sliding scale. The higher percentage loss would apply for 
minimum orders (approx. less than 100,000 ML) with the loss percentage decreasing to 10% as ordered 
volumes are increased.  

Given that the escape channel (4.2km) for this option discharges directly into the River Murray the losses are 
similar to conveyance losses as a proportion of deliveries in the River Murray system, therefore losses are 
considered neutral from a water loss perspective. 
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10.3 Ecological considerations 
The major capacity extension will allow an additional 200 ML/day (based on the existing summer bypass 
capacity) to be delivered into the River Murray. The only natural watercourse engaged in the option is the River 
Murray downstream of the Perricoota Escape.  

In this reach, the River Murray spends 90% of summer conveying flows in excess of 4,700 ML/day. Increasing 
this by 4% is highly unlikely to have any ecological impact, particularly when compared to the current flow 
regime which will remain unchanged given the water released from the escape was diverted from the River 
Murray upstream.  

10.4 Proposed works and flow capacity 
The key engineering considerations for this option were found to include: 

• This option would provide a relatively limited increase in capacity to address system shortfall risk 
compared to other options under investigation. 

• Preliminary engineering assessments and advice from MIL operational staff have indicated that the 
Deniboota Canal is extremely sensitive to increased flows to the River Murray under gravity due to 
limited hydraulic head difference between the canal and the operational levels of the river. 

• Due to the limited hydraulic head difference this option provides a relatively limited increase in 
capacity to address system shortfall risk compared to other options under investigation. 

• The capital works would likely cost around $24.5 million. Contributions to increased operations and 
maintenance costs would need to be paid to MIL, in addition to volumetric delivery charges. 

• MIL stakeholders are generally concerned that the construction of new infrastructure for the purpose 
of bypassing water could facilitate the further trade of water to downstream areas in the system. 

10.5 Cost to implement 
The expected capital and operations and maintenance costs (in net present value) is provided in Table 42 below.  

Operation and maintenance costs (including delivery charge) have been calculated in present annual value as a 
% of the capital cost. The O&M has then been assessed over a 50-year period using a 7.0% discount rate. 

Table 42. Perricoota Escape expansion – cost summary estimate  

Item Asset type Qty Rate UoM Total 

1 Infrastructure cost     12,095,000  

1.1 Channel works     2,800,000  

1.1.1 Deniboota Canal – re-construct existing channel 
(additional 10m bed width) - increase to 300 ML/day 

10 $280,000  / km  2,800,000  

1.2 Meter outlets    420,000  

1.2.1 Deniboota Canal – Irrigation outlets – relocate on re-
constructed channel section 

12 $35,000  / outlet  420,000  

1.3 Regulators     1,700,000  

1.3.1 Deniboota Canal - main channel regulator - upgrade 
existing (300 ML/day) 

3 $300,000  / regulator 900,000  

1.3.2 Deniboota Canal – channel regulators – construct 
new (300 ML/day) 

1 $300,000  / regulator  300,000  

1.3.3 Deniboota Canal – channel offtake – construct new 4 $125,000  / regulator  500,000  

1.4 Road crossings & structures    7,175,000  

1.4.1 New channel - bridges, road crossings, other 
structures – construct new 

2 $1,000,000  / structure  2,000,000  
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Item Asset type Qty Rate UoM Total 

1.4.2 Upgraded channel - new discharge structure to River 
Murray (300 ML/day) 

1 $500,000  / structure 500,000  

1.4.3 Deniboota Canal - bridges, road crossings, other 
structures – replace 

6 $500,000  / structure  3,000,000  

1.4.4 Deniboota Canal - on-farm infrastructure, fences - 
replace 

4 $10,000  / structure 40,000  

1.4.5 Deniboota Canal - relocate existing on-farm channel 
infrastructure  

1000 $35  / m  35,000  

1.4.6 Deniboota Canal - upgrade syphon  80 $20,000  / m  1,600,000  

2 Program Management, survey, design, approvals and overheads 4,497,750  

2.1 Program management and overheads     2,419,000  

2.1.1 Program management - High complexity - 20% of 
infrastructure costs 

1 20% percentage  2,419,000  

2.2 Survey, design and approvals     3,023,750  

2.2.1 Survey and Design - High complexity - 10% of 
infrastructure costs 

1 10% percentage  1,209,500  

2.2.2 Regulatory approvals including offsets - High 
complexity - 15% of infrastructure costs 

1 15% percentage  1,814,250  

3 Contingency     7,015,100  

3.1 Contingency     7,015,100  

3.1.1 40% of infrastructure, program management, survey, 
design, approval and overhead costs 

1 40% $-    7,015,100  

 Total capital cost     24,552,850  

      

4 Operations and maintenance    7,881,013  

4.1 Operations and maintenance     7,881,013  

4.1.1 Additional maintenance and renewal costs as a result 
of upgrade works 

1 2% $-    6,776,953  

4.1.2 Delivery charge (200 ML/day for 100 days per year) 20,000 $4.00  $/ML  1,104,060  
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11 Mulwala Canal extension 

11.1 Detailed description of the option 
The Mulwala Canal extension option, as the name implies, involves an extension to the Mulwala Canal from its 
current termination point at the Wakool Escape on the Wakool River to the Wakool Main Canal. The works 
include opening the existing syphon under the Wakool River, recommissioning a previously abandoned channel 
(6.3km), constructing a new syphon and escape at the Yallakool Creek and 1.6 km of new channel.  

The current delivery arrangement for the Wakool Irrigation District involves supplying water via the Edward-
Kolety River, which is then diverted at Stevens Weir. Stevens Weir creates a weir pool which allows water to be 
diverted down the Colligen and Yallakool Creeks and the Wakool River. Colligen Creek is the main supply to 
MIL’s Wakool Irrigation District via the Wakool Main Canal.  

This option proposes the construction of a new channel/pipe section to connect the Mulwala Canal to the 
Wakool Main Canal. This channel would then be used to supply some of the Wakool Main Canal demands, as 
opposed to using the Edward-Kolety River. Accordingly, this would provide surplus capacity in the Edward-
Kolety River.  

The existing infrastructure upstream of the proposed channel extension has an existing surplus capacity of 1,000 
ML/day plus. Key upstream infrastructure includes the Mulwala Canal, Lawson Syphon, Woolshed and Carew 
Regulators and Wakool River Syphon. Any works to these existing assets would be prohibitively expensive and 
unviable. Accordingly, the new canal capacity would be confined to supplying 1,000 ML/day. 

Through discussions with WaterNSW and in our ecological assessment, there is a capacity constraint on the 
Edward-Kolety River downstream of Stevens Weir of 2,600 ML/day. This constraint recognises the risk of 
unseasonal inundation of the Werai Forest. WaterNSW advised that the Edward-Kolety River below Stevens 
Weir is already at capacity during summer and accordingly there is no opportunity to deliver bypass flows via 
the Edward-Kolety River. The MDBA provided an alternate view that there are periods where the Edward-Kolety 
could be utilised. This is discussed in more detail under Section 8.  

Given this constraint on the Edward-Kolety River, the full extension of the canal to the Wakool Main Canal 
would provide no benefit from a water resource perspective, given any bypass water delivered in the Edward-
Kolety River would still need to be diverted at Stevens Weir to avoid exceeding the downstream capacity 
constraints. There are however environmental benefits for the extension such as reducing the reliance on the 
river system to deliver irrigation water for the Wakool Irrigation District and allowing a more variable flow 
regime in this stretch of river.  

The partial extension of the Mulwala Canal could provide some water resource outcomes by extending the 
Mulwala Canal to the Yallakool Creek and using this as a route for delivering bypass flows. 

There is approximately 1,000 ML/day of spare capacity during summer in the Mulwala Canal up to its current 
termination point at the Wakool River. Therefore, the canal extension options include: 

• Partial Extension Option: a 200 ML/day pipeline to discharge into the Yallakool Creek (6.3 km) 

• Full Extension Option: a 1,000 ML/day channel to discharge to the Wakool Main Channel (7.9 km) 

The full extension of a 1,000 ML/day channel is favoured by MIL (for operational and shareholder purposes) and 
may also provide an environmental and water resource benefit if agreement can be reached between 
stakeholders in regard to using the surplus summer capacity to bypass flows downstream of Stevens Weir.  

The Mulwala Canal extension would be the main delivery point for the Wakool Canal and only peak flows 
(greater than 1,000 ML/day) would be supplemented from the Colligen Creek. 

The partial extension option (Yallakool extension) would provide a water resource benefit by supporting the 
delivery of bypass flows up to 200 ML/day. 
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Accordingly, the partial extension of the Mulwala Canal to the Yallakool Creek will be used for the basis of the 
options assessment for the purposes of the Barmah-Millewa Feasibility Study. MIL have recently advised that 
adjacent lands have changed ownership and there may be an opportunity to convert this option to a channel 
while also providing the new owners with an irrigation supply.     

 

Figure 43. Mulwala Canal Extension - Infrastructure Location 
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11.2 Engineering & works considerations 
The key engineering considerations for this option is the upgrade works required to deliver a 200 ML/day flow 
to the Yallakool Creek. Through discussions with MIL and analysis of water use data, there is underutilised 
capacity of the Mulwala Canal and associated infrastructure (refer Table 43).  

The Wakool Irrigation District is supplied from the Edward-Kolety River escape located upstream of Lawson 
Syphon. The peak irrigation demand for the Wakool Irrigation District in more recent times is 1,700 ML/day, 
which is diverted at Stevens Weir. The remaining downstream irrigation peak demand is 600 ML/day. This flow 
is well under the capacity of all major downstream infrastructure and presents an opportunity to transfer 
bypass flows via the underutilised irrigation network.  

Lawson Syphon is a key piece of MIL infrastructure, which consists of dual barrel pipes each with a capacity of 
1,200 ML/day and is 700m in length and transfers water under the Edward-Kolety River. Any upgrade or 
duplication of this structure would be prohibitively expensive. All bypass options being considered as part of this 
report look to stay within the existing surplus capacity of the syphon. The surplus capacity of the syphon is 
approximately 1,800 ML/day based on peak irrigation demands for the last 5 years. 

As expressed earlier, there is no water resource benefit for extending the canal to the Wakool Main Canal due 
to the ecological capacity constraint downstream of Stevens Weir on the Edward-Kolety River. Therefore, other 
options were explored to use the surplus capacity, including upgrade to the Wakool River escape, and 
constructing a new escape into the Yallakool Creek.  

 Table 43. Mulwala Canal – Infrastructure capacity  

Key Infrastructure  Design Flow rate 
(ML/day) 

Average Peak 
Demand 
(ML/day) 

Spare Capacity 
(ML/day) 

Mulwala Canal (U/S Lawsons Syphon) 3,500 2,300 1,200 

Lawson Syphon 2,400  600  1,800  

Mulwala Canal (D/S Lawson Syphon) 2,200  600  1,600  

Carew Regulator 1,900  600  1,300  

Woolshed Regulator 1,600  500  1,100  

Wakool Syphon 1,200  0 1,200  

 

Based on the capacity assessment completed above there is conservatively 1,000 ML/day plus spare bypass 
capacity through the Lawson syphon and downstream Mulwala Canal infrastructure. The two opportunities 
which were explored to optimise this capacity were an increase in capacity of the Wakool Escape and the 
reinstatement of a new escape at Yallakool Creek, which was previously decommissioned. The enlargement of 
the Wakool escape is part of the “works required” option above. Therefore, the engineering assessment for this 
option (Mulwala canal extension) considers only the extension of the Mulwala Canal and the construction of a 
new (reinstated) escape into the Yallakool creek.  

Through our assessments and discussions with DPE, the Wakool River is limited in capacity downstream of the 
confluence of the Yallakool Creek and the Wakool River. The Yallakool Creek and the Wakool River at the point 
of the nominated escape discharge would have sufficient in-river capacity to absorb the spare capacity in the 
Mulwala Canal (1,000 ML/day). However, there are private crossings and other river restrictions at Bookit Island, 
which makes combined flows greater than 800 – 900 ML/day difficult to achieve.  

Therefore, a combined escape capacity of 900 ML/day is recommended, being 700 ML/day at the Wakool 
Escape and 200 ML/day at Yallakool creek. The reasoning for the split is: 

• Directly downstream of the Wakool River Escape private access becomes inundated at 800 ML/day. 

• DPE advised summer flows into the Yallakool Creek would provide good ecological benefits and is 
expected to be supported by DPE and adjoining landholders. 
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• Downstream of the Wakool River and Yallakool Creek confluence there is a restriction at Bookit Island 
regulator, which may cause overbank flows for flows greater than 800 – 900 ML/day. 

• There are also works planned at Bookit Island through the Reconnecting River Country program to 
relax constraints through this section and there is a risk using this infrastructure for bypassing of 
consumptive water may not be viewed favourably. 

• The Wakool (100 ML/day) and Yallakool (500 ML/day) main river offtakes were also considered as 
alternatives, however MIL advise these offtakes are owned by Water NSW and require high flows to 
work effectively.  

Therefore, based on the above justification and to work within existing river and creek capacity/constraints 
flows of 700 ML/day at the Wakool River escape and 200 ML/day Yallakool Creek escape are recommended. The 
proposed solution also provides ecological benefits for the Yallakool Creek.  

In regard to the engineering solution for the Mulwala canal extension to the Yallakool Creek, a buried gravity 
pipeline has been proposed. The Mulwala Canal previously terminated at the Yallakool Creek, however, the 
canal has since been decommissioned and backfilled. The decommissioning of this section of channel was 
undertaken in consultation with adjoining landholders. There has been a recent change in ownership of the 
adjacent lands and there may be greater flexibility to reinstate the channel.  

There is approximately 2m fall between the Wakool Syphon and the Yallakool creek. To achieve 200 ML/day 
flow, dual concrete pipes 1500 mm in diameter for 6.3 km will be required. The pipes would also require an 
outlet regulating structure and erosion control into the Yallakool Creek. 

Timeframe to implement  
The upgrade is likely to be completed over two years. The works themselves could be performed inside the 
irrigation season and the connection back to the downstream side of the Wakool syphon would occur during a 
winter shutdown. The 2-year period allows for appropriate planning, design (including approvals), customer 
engagement and construction. 

Social impact 
The proposed solution would require this 6.3 km of previously decommissioned channel to be reinstated. No 
engagement with MIL customers has been undertaken, however it is expected that re-constructing a gravity 
channel may not be supported by local landholders who now have access to this land. Therefore, to minimise 
the impact to the local landholders, a buried pipe is recommended for this solution.  

The key risk to this option will be the acceptance from MIL customers to reinstate the decommissioned canal 
with a pipeline. This risk may have been mitigated with a recent change of ownership. An easement remains 
over this alignment. 

11.3 Application of ecologically tolerable flow assessment  
Whilst the engineering assessment has identified 200 ML/day of capacity in the Mulwala extensions, the 
ecological assessment has confirmed that the ecologically tolerable flow should be restricted to an average of 
185 ML/day (refer Table 36). Due to downstream capacity constrains in the Wakool River the average delivery 
flow is limited to only 38 ML/day if implemented in conjunction with either of the ‘optimised escapes’ options. 

Table 44.  Overall integrated assessment outcomes – works required option 

 Engineering capacity Ecologically tolerable 
flow 

Ecologically tolerable 
flow + ‘optimised 
escapes’ options 

Total 200 ML/day 185 ML/day [adopted] 38 ML/day  
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The key considerations for this option were found to include: 

• This option would provide a relatively limited increase in capacity to address system shortfall risk 
compared to other options under investigation. 

• The proposed extension of the Mulwala Canal would be on the same alignment as the channel used to 
be, prior to being decommissioned. The rationale for extending the canal on this alignment would need 
to be strong and communicated to local landholders and stakeholders. 

• The ecological assessment reduces the total delivery flow rate from 200 ML/day to 185 ML/day on 
average. 

• When implemented in conjunction with delivery of water via either of the ‘escapes optimised’ options, 
there is a greater reduction (limitation) in average deliverable flows – to 38 ML/day 

• The capital works would likely cost around $38.5 million. Contributions to increased operations and 
maintenance costs would need to be paid to MIL, in addition to volumetric delivery charges 

11.4 Conveyance losses 
There are two potential losses for this option, and the ultimate loss will depend on two main factors: 

• The existing flow in the MIL network – there are lower assumed losses (10%) when the network is 
delivering > 200,000 ML/day. If there were no other deliveries (or < 100,000 ML/day) the losses are 
greater (17%) 

• Whether the receiving waterways are already wetted up (not applicable due to pipeline conveyance) 

HARC has calculated a range of potential losses for this option, per Table 45, totalling 2-3 GL/year (actual 
number depends on antecedent conditions). 

Table 45. Range of losses over summer for works required option 

Assumed loss (%) Assumed loss for 18.5 GL transfer (GL/yr) 

17% 3.1 

13% 2.4 

10% 1.9 

Pipeline loss (%) Assumed loss for 18.5 (GL/yr) 

0% 0 

TOTAL loss (GL/yr): 2-3 

11.5 Cost to implement 
The expected capital and operations and maintenance costs (in net present value) is provided in Table 46 below.  

Operation and maintenance costs (including delivery charge) have been calculated in present annual value as a 
% of the capital cost. The O&M has then been assessed over a 50-year period using a 7.0% discount rate. 
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Table 46. Mulwala Canal – Cost summary estimate  

Item Asset Type  Qty   Rate  UoM  Total  

1 Infrastructure cost 
   

21,160,000  

1.1 Channel works 
   

 20,160,000  

1.1.1 Mulwala extension - Dual 1500mm 
diameter pipeline (200 ML/day) 

6.3  
$3,200,000  

 / km   20,160,000  

1.3 Regulators 
   

250,000  

1.3.1 Mulwala extension - pipeline offtake - 
construct new 

1  $250,000   / regulator   250,000  

1.4 Road crossings & structures 
   

 750,000  

1.4.1 New pipeline - bridges, road crossings, 
other structures – construct new 

1  $350,000   / structure   350,000  

1.4.2 New pipeline - new discharge structure to 
River Murray (200 ML/day) 

1  $400,000   / structure   400,000  

2 Program Management, survey, design, approvals, and overheads 6,348,000 

2.1 Program management and overheads 
   

 3,174,000  

2.1.1 Program management - Low complexity - 
15% of infrastructure costs 

1 15%  percentage   3,174,000  

2.2 Survey, design and approvals 
   

 3,174,000  

2.2.1 Survey and Design - Low complexity - 5% of 
infrastructure costs 

1 5%  percentage   1,058,000  

2.2.2 Regulatory approvals including offsets - Low 
complexity - 10% of infrastructure costs 

1 10%  percentage   2,116,000  

3 Contingency 
   

 11,003,200  

3.1 Contingency 
   

 11,003,200  

3.1.1 40% of infrastructure, program 
management, survey, design, approval and 
overhead costs 

1 40%  $-    11,003,200  

 
Total capital cost 

   
 38,511,200  

      

4 Operations and maintenance 
   

 11,733,726  

4.1 Operations and maintenance 
   

 11,733,726  

4.1.1 Additional maintenance and renewal costs 
as a result of upgrade works 

1 2%  $-    10,629,666  

4.1.2 Delivery charge 20000  $4.00   $/ML   1,104,060  
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Attachment 1. Detail of the escapes under consideration 

This attachment provides more detail for each of the escapes considered under Option 1. This information is 
used in the option assessment chapters within Sections 8 – 9 of this report. 

The map and below provides the location of the 20 escapes relative to its receiving waterway and river system. 

 

Figure 44. Location of the 20 escapes under consideration 
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Table 47. List of the escapes under consideration 

No# Ref Name River Reach 

1 201480 Wakool Main Escape  Wakool  

2 214426 Southern Escape  Wakool  

3 213543 Southern 27 Escape  Wakool  

4 212821 Southern Town Escape  Wakool  

5 212222 Mallan Escape Frasers  Wakool  

6 214427 Mallan W149  Wakool  

7 213305 Mallan W186A  Wakool  

8 212575 Northern Escape W190  Wakool  

9 214040 Mallan W211 Escape  Wakool  

10 410527 Mallan W221/4 Escape  Wakool 

11 411334 Niemur Escape  Niemur  

12 214261 Mascotte Escape  Niemur  

13 214391 Northern 4 Escape  Niemur  

14 211842 Jimaringle 1 Escape  Niemur  

15 213343 Jimaringle 3 Escape  Niemur  

16 214948 Jimaringle 11 Escape  Niemur  

17 213307 Jimaringle Escape  Niemur 

18 212574 Northern Branch Channel  Edward-Kolety 

19 207049 Billabong Escape  Billabong 

20 211609 Perricoota Escape  Murray 
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Table 48. Asset information for Wakool River Escape 2 

Description Asset information 

Escape Number 201480 

Escape name Wakool River Escape 2 

Escape location - Channel Wakool from Deniboota 

Upstream regulator 200872 (Figure 45) 

Escape channel length Direct outfall to waterway 

Receiving waterway Wakool River 

Receiving waterway length (km) 0.16 

Design capacity (ML/day) 500 

Surplus summer capacity (ML/day) 500 

Potential for larger flow 700 

Automated Escape(Y/N) YES 

Flow measurement Unmetered 

Escape condition Dilapidated Meter 

General comments Automated further upstream at the Wakool Road. Limited to 700 
ML/day as this is anticipated limit of Wakool River 

 

  

 

 

Figure 45. Recorded demand through upstream regulator 200872 
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Table 49. Asset information for Billabong Escape 1 

Description Asset information 

Escape Number 207049 

Escape name BILLABONG ESCAPE 1 

Escape location - Channel Billabong 

Upstream regulator 411087 (Figure 46) 

Escape channel length Direct outfall to waterway 

Receiving waterway Billabong Creek 

Receiving waterway length (km) 8.94 

Design capacity (ML/day) 250 

Surplus summer capacity (ML/day) 250 

Potential for larger flow 125 

Automated Escape(Y/N) YES 

Flow measurement Unmetered 

Escape condition Not Metered 

General comments 0 

 

  

 

 

Figure 46. Recorded demand through upstream regulator 411807 
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Table 50. Asset information for Perricoota Escape 

Description Asset information 

Escape Number 211609 

Escape name Perricoota Escape  

Escape location - Channel River Murray 

Upstream regulator 200396 (Figure 47) 

Escape channel length Direct outfall to waterway 

Receiving waterway River Murray 

Receiving waterway length (km) 3.79 

Design capacity (ML/day) 100 

Surplus summer capacity (ML/day) 100 

Potential for larger flow 150 

Automated Escape(Y/N) No 

Flow measurement Metered 

Escape condition Rubicon Automated (FG) 

General comments 0 

 

  

 

 

Figure 47. Recorded demand through upstream regulator 200396 
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Table 51. Asset information for Jimaringle 1 Escape 

Description Asset information 

Escape Number 211842 

Escape name Jimaringle 1 Escape 

Escape location - Channel Niemur River above syphon 

Upstream regulator 211916 (Figure 48) 

Escape channel length 1.7900 

Receiving waterway Niemur River 

Receiving waterway length (km) 4 

Design capacity (ML/day) 15 

Surplus summer capacity (ML/day) 15 

Potential for larger flow 40 

Automated Escape(Y/N) No 

Flow measurement Unmetered 

Escape condition Dilapidated Meter 

General comments 0 

 

  

 

Figure 48. Recorded demand through upstream regulator 211916 
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Table 52. Asset information for Mallan Escape 

Description Asset information 

Escape Number 212222 

Escape name Mallan Escape  

Escape location - Channel Niemur-Wakool DS syphon 

Upstream regulator 212147 (Figure 49) 

Escape channel length 1.1720 

Receiving waterway 0 

Receiving waterway length (km) 0.15 

Design capacity (ML/day) 50 

Surplus summer capacity (ML/day) 50 

Potential for larger flow 330 

Automated Escape(Y/N) No 

Flow measurement Unmetered 

Escape condition Not Metered 

General comments Water from this site heads north up the Bigantic creek then eventually 
in the Murrain Yarrein system. Also worth noting that approximately 
5.5km upstream a new escape site could be installed that drops more 
directly into the Niemur.  

 

  

 

 

Figure 49. Recorded demand through upstream regulator 212147 
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Table 53. Asset information for Northern Branch Channel 

Description Asset information 

Escape Number 212574 

Escape name Northern Branch Channel 

Escape location - Channel Niemur River above syphon 

Upstream regulator 212650 (Figure 50) 

Escape channel length Direct outfall to waterway 

Receiving waterway 0 

Receiving waterway length (km) 3 

Design capacity (ML/day) 100 

Surplus summer capacity (ML/day) 100 

Potential for larger flow 300 

Automated Escape(Y/N) YES 

Flow measurement Unmetered 

Escape condition Not Metered 

General comments This site has recently been upgraded 

 

  

 

 

Figure 50 . Recorded demand through upstream regulator 212650 
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Table 54. Asset information for Northern Escape @ W190 

Description Asset information 

Escape Number 212575 

Escape name Northern Escape @ W190 

Escape location - Channel Niemur-Wakool DS syphon 

Upstream regulator 212477 (Figure 51) 

Escape channel length Direct outfall to waterway 

Receiving waterway Wakool River 

Receiving waterway length (km) 86 

Design capacity (ML/day) 20 

Surplus summer capacity (ML/day) 20 

Potential for larger flow 160 

Automated Escape(Y/N) No 

Flow measurement Unmetered 

Escape condition Not Metered 

General comments Further upstream of Yarrein so will have extra losses 

 

  

 

Figure 51. Recorded demand through upstream regulator 212477 
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Table 55. Asset information for Southern Town Escape 

Description Asset information 

Escape Number 212821 

Escape name Southern Town Escape 

Escape location - Channel Wakool from Southern 

Upstream regulator 214399 (Figure 52) 

Escape channel length 4.2440 

Receiving waterway Wakool River 

Receiving waterway length (km) 0.15 

Design capacity (ML/day) 50 

Surplus summer capacity (ML/day) 50 

Potential for larger flow 250 

Automated Escape(Y/N) No 

Flow measurement Unmetered 

Escape condition Not Metered 

General comments Potential capacity could theoretically be 880 ML/day however escape 
channel has a long way to go through landholdings into river, hence 
limited to 250 ML/day. Goes into an escape channel then into a short 
section of ephemeral creek then into Wakool River.  

 

  

 

 

Figure 52. Recorded demand through upstream regulator 214399 
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Table 56. Asset information for Mallan Escape @ W186A 

Description Asset information 

Escape Number 213305 

Escape name Mallan Escape @ W186A 

Escape location - Channel Niemur-Wakool DS syphon 

Upstream regulator 212147  

Escape channel length Direct outfall to waterway 

Receiving waterway Wakool River 

Receiving waterway length (km) 83.69 

Design capacity (ML/day) 15 

Surplus summer capacity (ML/day) 15 

Automated Escape(Y/N) No 

Flow measurement Unmetered 

Escape condition Not Metered 

General comments Need to consider potential backing up at nearby farm house when 
watering using this escape 
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Table 57. Asset information for Jimaringle Escape 

Description Asset information 

Escape Number 213307 

Escape name Jimaringle Escape 

Escape location - Channel Niemur River above syphon 

Upstream regulator 211916 (Figure 53) 

Escape channel length Direct outfall to waterway 

Receiving waterway Niemur River 

Receiving waterway length (km) 0.27 

Design capacity (ML/day) 20 

Surplus summer capacity (ML/day) 20 

Potential for larger flow 60 

Automated Escape(Y/N) No 

Flow measurement Unmetered 

Escape condition Dilapidated Meter 

General comments When being upgraded suggest realigning the escape site to be along the 
Barham-Moulamein Road as this could be a potential reconfiguration 
site, escape could come back up to reg 213798 

 

  

 

Figure 53 Recorded demand through upstream regulator 211916 
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Table 58. Asset information for Jimaringle 3 Escape 

Description Asset information 

Escape Number 213343 

Escape name Jimaringle 3 Escape 

Escape location - Channel Niemur River above syphon 

Upstream regulator 211916 

Escape channel length 1.8200 

Receiving waterway Niemur River 

Receiving waterway length (km) 14 

Design capacity (ML/day) 20 

Surplus summer capacity (ML/day) 20 

Potential for larger flow 20 

Automated Escape(Y/N) No 

Flow measurement Unmetered 

Escape condition Not Metered 

General comments  
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Table 59. Asset information for Southern 27 Escape 

Description Asset information 

Escape Number 213543 

Escape name Southern 27 Escape 

Escape location - Channel Wakool from Southern 

Upstream regulator 213033 (Figure 54) 

Escape channel length Direct outfall to waterway 

Receiving waterway Wakool River 

Receiving waterway length (km) 4.93 

Design capacity (ML/day) 15 

Surplus summer capacity (ML/day) 15 

Potential for larger flow 50 

Automated Escape(Y/N) No 

Flow measurement Unmetered 

Escape condition Dilapidated Meter 

General comments Drops straight into a district drain DC1100 that enters into Wakool 
River- about 6km to Wakool River 

 

  

 

 

Figure 54. Recorded demand through upstream regulator 213033 
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Table 60. Asset information for Mallan Escape @ W211 

Description Asset information 

Escape Number 214040 

Escape name Mallan Escape @ W211 

Escape location - Channel Niemur-Wakool DS syphon 

Upstream regulator 212147  

Escape channel length Direct outfall to waterway 

Receiving waterway Wakool River 

Receiving waterway length (km) 0.25 

Design capacity (ML/day) 15 

Surplus summer capacity (ML/day) 15 

Potential for larger flow 125 

Automated Escape(Y/N) No 

Flow measurement Unmetered 

Escape condition Not Metered 

General comments Potential system capacity due to 90ML out of escape downstream 
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Table 61. Asset information for Northern 4 Escape 

Description Asset information 

Escape Number 214391 

Escape name Northern 4 Escape 

Escape location - Channel Niemur River above syphon 

Upstream regulator 212416 (Figure 55) 

Escape channel length Direct outfall to waterway 

Receiving waterway Niemur River 

Receiving waterway length (km) 3.47 

Design capacity (ML/day) 15 

Surplus summer capacity (ML/day) 15 

Potential for larger flow 20 

Automated Escape(Y/N) No 

Flow measurement Unmetered 

Escape condition Not Metered 

General comments  

 

  

 

 

Figure 55 Recorded demand through upstream regulator 213033 
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Table 62. Asset information for Southern Escape 

Description Asset information 

Escape Number 214426 

Escape name Southern Escape 

Escape location - Channel Wakool from Southern 

Upstream regulator 409547 (Figure 56) 

Escape channel length 28.4100 

Receiving waterway Wakool River 

Receiving waterway length (km) 0.71 

Design capacity (ML/day) 70 

Surplus summer capacity (ML/day) 50 

Potential for larger flow 70 

Automated Escape(Y/N) YES 

Flow measurement Metered 

Escape condition Rubicon Automated (SM) 

General comments  

 

  

 

 

Figure 56 Recorded demand through upstream regulator 409547 
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Table 63. Asset information for Mallan Escape @ W149 

Description Asset information 

Escape Number 214427 

Escape name Mallan Escape @ W149 

Escape location - Channel Niemur-Wakool DS syphon 

Upstream regulator 212147 

Escape channel length 2.2000 

Receiving waterway Niemur River 

Receiving waterway length (km) 26 

Design capacity (ML/day) 70 

Surplus summer capacity (ML/day) 70 

Potential for larger flow 70 

Automated Escape(Y/N) YES 

Flow measurement Metered 

Escape condition Rubicon Automated (SM) 

General comments Upgraded recently through NSW DPIE to deliver water into this creek 
system 

 

  

 

 

Table 64. Asset information for Jimaringle 11 Escape 

Description Asset information 

Escape Number 214948 

Escape name Jimaringle 11 Escape 

Escape location - Channel Niemur River above syphon 

Upstream regulator 211916  

Escape channel length 2.3000 

Receiving waterway Niemur River 

Receiving waterway length (km) 8.37 

Design capacity (ML/day) 20 

Surplus summer capacity (ML/day) 20 

Potential for larger flow 20 

Automated Escape(Y/N) No 

Flow measurement Unmetered 

Escape condition Not Metered 

General comments  
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Table 65. Asset information for Mallan Escape @ W221 

Description Asset information 

Escape Number 410527 

Escape name Mallan Escape @ W221  

Escape location - Channel Niemur-Wakool DS syphon 

Upstream regulator 212147  

Escape channel length 0.8900 

Receiving waterway Wakool River 

Receiving waterway length (km) 31.54 

Design capacity (ML/day) 15 

Surplus summer capacity (ML/day) 15 

Potential for larger flow 90 

Automated Escape(Y/N) YES 

Flow measurement Metered 

Escape condition Rubicon Automated (FG) 

General comments Need to do work on upgrading escape channel 

 

  

 

 

Table 66. Asset information for Niemur Escape 

Description Asset information 

Escape Number 411334 

Escape name Niemur Escape 

Escape location - Channel Niemur River above syphon 

Upstream regulator 212650  

Escape channel length Direct outfall to waterway 

Receiving waterway 0 

Receiving waterway length (km) 3 

Design capacity (ML/day) 300 

Surplus summer capacity (ML/day) 300 

Potential for larger flow 300 

Automated Escape(Y/N) YES 

Flow measurement Unmetered 

Escape condition Not Metered 

General comments This site has recently been upgraded 
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Attachment 2. Detailed methods of ecologically tolerable flow 
determination and application  

As detailed in Section 5.5, our approach to determining deliverable ecologically tolerable flows has six parts. This 
attachment provides additional detail for steps 1 and 5 of this method, and provides reach by reach results.  

Step 1. Maximum ecologically tolerable flow 
 

 

This step identifies the maximum ecologically tolerable flow magnitudes within subject reaches. This forms 
Stage 1 of the process outlined in Figure 34, in Section 5.5, above. These ecologically tolerable flows represent 
an upper limit for each flow component if the ecological objectives are to be met.  

To determine the maximum ecologically tolerable flows, data from a range of sources was assessed and 

combined, as detailed in Figure 57. This data helps to determine several flow components (refer Figure 14, 

Section 5.2) to build an ecologically tolerable flow regime including: 

• Bankfull – Flows that reach the top of the river bank with minimal flow spilling onto the floodplain.  

• Fresh – Small pulses of water exceeding the low flow and lasting several days. 

• Baseflow – Low flows providing continuous flow through the channel. 

• Cease to flow – No discernible flow and total or partial drying of the river channel. 

Baseflows and fresh magnitudes vary for summer and winter seasons. Ecologically tolerable flow magnitudes 

have been determined for: 

• Summer irrigation season – mid December to end March ~ 100 days 

• Winter/Spring – June to October ~150 days 

Different reaches had differing sources and availability of data. Considering this and the inherent uncertainties 

across data sources, a confidence rating was also applied to the maximum ecologically tolerable flow 

magnitudes for each reach. These confidence ratings are described as: 

• High – good agreement in tolerable flow magnitudes from multiple data sources 

• Moderate – reasonable agreement in tolerable flow magnitudes from some data sources and more 

than one data source 

• Low – poor agreement in tolerable flow magnitudes between data sources, high uncertainty and/or 

limited data source availability.   
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Determining summer irrigation period maximum ecologically tolerable flows 
Table 67 details a description of data sources and principles used to determine maximum ecologically tolerable 
flow magnitudes. Each reach has a maximum ecologically tolerable flow magnitude for the summer irrigation 
season, including fresh, baseflow and cease to flow. Cease to flows also include a duration of cease to flow. 

Determining winter and spring maximum ecologically tolerable flows 
Determination of the summer irrigation season flows has been supplemented by calculation of maximum 
ecologically tolerable flow magnitudes for the Winter/Spring season. These have largely been based on the 
summer fresh as a proxy for winter baseflow and the bankfull capacity as a proxy for a winter fresh flow 
magnitude. 



Barmah-Millewa Feasibility Study: Technical Report – Optimisation of the existing MIL system     135 

 

Figure 57.  Process to identify ecologically tolerable flows within the subject reaches for the summer irrigation season (Mid-December to late March) 
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Table 67. Description of data sources and principles for determining maximum ecologically tolerable flow magnitudes. 

Data source Description Relevant principles for determining maximum ecologically 
tolerable flow magnitudes for summer irrigation season 

Bankfull 
estimates 

Through literature review and discussions with DPIE staff, bankfull capacity are estimated 
for each reach. These estimates represent the flow at which water is at the top of bank, but 
may not fully represent every capacity constraint (e.g. bridges, culverts, etc.)  

• No tolerable flow can be above bankfull estimates 

• Where no hydrological modelling exists, current flow 
regimes were estimates as: 15% of bankfull capacity 
for baseflow and 80% of bankfull capacity for freshes. 

Hydraulic 
modelling and 
ecological 
criteria 

One-dimensional hydraulic (HECRAS) models were built for selected locations in each reach, 
around 1-2 km in length. Models utilised available LiDAR data. A series of flow magnitudes 
were run through the model. Relevant channel features (e.g. overbank bank elevations) and 
hydraulic parameters (e.g. water depth, velocity, shear stress) were extracted for each cross 
section. These results were compared against the ecological criteria relevant for both 
baseflow and freshes (see Section 5.4). A maximum flow magnitude at which all criteria for 
that flow component (baseflow or fresh) were met was then calculated.  

• If modelled tolerable flow magnitudes were above 
bankfull magnitudes, tolerable flow magnitudes were 
reduced to not exceed bankfull. 

• If modelled tolerable flow magnitudes were below 
current operations or environmental water 
requirements, tolerable flow magnitudes were 
increased to current or scaled to EWR. 

Environmental 
water 
requirements 
(EWR) 

Environmental water requirements are outlined in Long Term Watering Plans for several 
reaches. Where available, these environmental flow magnitudes provide indication of the 
minimum flow required to achieve environmental objectives.  

• No ecologically tolerable flow magnitude can be 
below the environmental water requirements.  

• Where estimated tolerable flows were below EWR, 
flow magnitudes were proportionately increased to 
ensure they were above these minimum EWR flows  

Site 
inspections 

Site inspections were undertaken on 19th to 21st September 2022. Geomorphologists Alex 
Sims and Emma Hodson and ecologist Ben Gawne undertook these site assessments. This 
included visiting each reach and noting key features, form and flow characteristics. Site 
inspections were completed at a time of relatively high flow, providing an appreciation of 
bankfull and overbank flow magnitudes and flow behaviour under these conditions.  

n/a – contextual information only  

Current flow 
regime 

The current flow regime was determined through analysis of hydrological (Source) 
modelling. Experience in environmental flow studies shows that baseflow can be estimated 
as the 80th percentile of flow exceedance and a summer fresh estimated as the 20th 
percentile of flow exceedance. These were calculated using the hydrological modelling flow 
series throughout the summer irrigation (mid-Dec to late Mar) period. Where hydrologic 
modelling was not available for a reach, ‘current’ flow regimes were calculated based on 
percentages of bankfull capacity. Current operational releases provided by Water NSW were 
also considered.  

• If all other estimates of tolerable flow magnitudes 
were lower than the calculated current operations, 
the current flow regime value was taken as: 

o Baseflow = 80th percentile  

o Fresh = 20th percentile 
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Summary of ecologically tolerable flows by reach 
Following the methodology above, maximum ecologically tolerable flows for each reach and flow component 
are presented below. This includes comment on data sources and the confidence of these estimates.  

Maximum ecologically tolerable flow – WAKR1 

Season Flow 
component 

Magnitude 

ML/day 

Duration  Timing Comments 

Summer 
/ 
autumn 

Cease to 
flow 

0 4 days  Dec-
Jun 

Maximum duration listed in 
LTWP is <18 days, but also 
notes cease to flow is not 
desired due to the highly 
modified nature of system and 
presence of native fish 
populations 

Baseflow  100 80% of season 
days (minus cease 
to flow days) 

  High confidence 

Fresh 1,000 20% of season 
days (minus cease 
to flow days) 

  High confidence 

Winter / 
Spring 

Baseflow 1,000 80% of season 
days 

  Same as summer fresh 
magnitude 

Fresh 1,200 20% of season 
days 

  Estimated bankfull capacity 

 

Maximum ecologically tolerable flow – WAKR2 

Season Flow 
component 

Magnitude 

ML/day 

Duration Timing Comments 

Summer 
/ autumn 

Cease to 
flow 

0 4 days Dec-
Jun 

Maximum duration listed in LTWP 
is <18 days, but also notes cease to 
flow is not desired due to the 
highly modified nature of system 
and presence of native fish 
populations 

Baseflow  400 80% of season days 
(minus cease to flow 
days) 

 Low confidence 

Fresh 1,800 20% of season days 
(minus cease to flow 
days) 

 Low confidence 

Winter / 
Spring 

Baseflow 1,800 80% of season days  Same as summer fresh magnitude 

Fresh 2,300 20% of season days  Estimated bankfull capacity 
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Maximum ecologically tolerable flow – WAKR3 

Season Flow 
component 

Magnitude 

ML/day 

Duration Timing Comments 

Summer 
/ autumn 

Cease to 
flow 

n/a   No cease to flow recommendation 

Baseflow  400 80% of season days   High confidence 

Fresh 8,000 20% of season days   High confidence 

Winter / 
Spring 

Baseflow 8,000 80% of season days  Same as summer fresh magnitude 

Fresh 10,000 20% of season days  Estimated bankfull capacity 

 

Maximum ecologically tolerable flow – WAKR4 

Season Flow 
component 

Magnitude 

ML/day 

Duration Timing Comments 

Summer 
/ autumn 

Cease to 
flow 

n/a   No cease to flow recommendation 

Baseflow  1,000 80% of season days   Low confidence 

Fresh 9,000 20% of season days   Low confidence 

Winter / 
Spring 

Baseflow 9,000 80% of season days  Same as summer fresh magnitude 

Fresh 24,500 20% of season days  Estimated bankfull capacity 

 

Maximum ecologically tolerable flow – WAKR5 

Season Flow 
component 

Magnitude 

ML/day 

Duration Timing Comments 

Summer 
/ autumn 

Cease to 
flow 

n/a   No cease to flow recommendation 

Baseflow  3000 80% of season days   Low confidence 

Fresh 15000 20% of season days   Low confidence 

Winter / 
Spring 

Baseflow 15000 80% of season days  Same as summer fresh magnitude 

Fresh 24500 20% of season days  Estimated bankfull capacity 

 

Maximum ecologically tolerable flow – COCR1 

Season Flow 
component 

Magnitude 

ML/day 

Duration Timing Comments 

Summer 
/ autumn 

Cease to 
flow 

0 4 days Dec-
Jun 

Assumed some form of cease to 
flow required 

Baseflow  90 80% of season days 
(minus cease to flow 
days) 

 Moderate confidence 

Fresh 500 20% of season days 
(minus cease to flow 
days) 

 Moderate confidence 

Winter / 
Spring 

Baseflow 500 80% of season days  Same as summer fresh magnitude 

Fresh 600 20% of season days  Estimated bankfull capacity 
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Maximum ecologically tolerable flow – COCR2 

Season Flow 
component 

Magnitude 

ML/day 

Duration Timing Comments 

Summer 
/ autumn 

Cease to 
flow 

0 4 days Dec-
Jun 

Assumed some form of cease to 
flow required 

Baseflow  40 80% of season days 
(minus cease to flow 
days) 

 Moderate confidence 

Fresh 80 20% of season days 
(minus cease to flow 
days) 

 Moderate confidence 

Winter / 
Spring 

Baseflow 80 80% of season days  Same as summer fresh magnitude 

Fresh 100 20% of season days  Estimated bankfull capacity 

 

Maximum ecologically tolerable flow – JIMR1 

Season Flow 
component 

Magnitude 

ML/day 

Duration Timing Comments 

Summer 
/ autumn 

Cease to 
flow 

0 4 days Dec-
Jun 

Assumed some form of cease to 
flow required 

Baseflow  200 80% of season days 
(minus cease to flow 
days) 

 Moderate confidence 

Fresh 500 20% of season days 
(minus cease to flow 
days) 

 Moderate confidence 

Winter / 
Spring 

Baseflow 500 80% of season days  Same as summer fresh magnitude 

Fresh 600 20% of season days  Estimated bankfull capacity 

 

Maximum ecologically tolerable flow – NIER1 

Season Flow 
component 

Magnitude 

ML/day 

Duration Timing Comments 

Summer 
/ autumn 

Cease to 
flow 

0 4 days Dec-
Jun 

Maximum duration listed in LTWP 
is <77 days, but also notes cease to 
flow is not desired due to the 
highly modified nature of system 
and presence of native fish 
populations. Assumed some form 
of cease to flow required 

Baseflow  500 80% of season days 
(minus cease to flow 
days) 

 High confidence 

Fresh 2,000 20% of season days 
(minus cease to flow 
days) 

 High confidence 

Winter / 
Spring 

Baseflow 2,000 80% of season days  Same as summer fresh magnitude 

Fresh 2,100 20% of season days  Estimated bankfull capacity 
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Maximum ecologically tolerable flow – BIGR1 

Season Flow 
component 

Magnitude 

ML/day 

Duration Timing Comments 

Summer 
/ autumn 

Cease to 
flow 

0 4 days Dec-
Jun 

Assumed some form of cease to 
flow required 

Baseflow  38 80% of season days 
(minus cease to flow 
days) 

 Low confidence 

Fresh 200 20% of season days 
(minus cease to flow 
days) 

 Low confidence 

Winter / 
Spring 

Baseflow 200 80% of season days  Same as summer fresh magnitude 

Fresh 250 20% of season days  Estimated bankfull capacity 

 

Maximum ecologically tolerable flow – YARR1 

Season Flow 
component 

Magnitude 

ML/day 

Duration Timing Comments 

Summer 
/ autumn 

Cease to 
flow 

0 4 days Dec-
Jun 

Assumed some form of cease to 
flow required 

Baseflow  45 80% of season days 
(minus cease to flow 
days) 

 Moderate confidence 

Fresh 240 20% of season days 
(minus cease to flow 
days) 

 Moderate confidence 

Winter / 
Spring 

Baseflow 240 80% of season days  Same as summer fresh magnitude 

Fresh 300 20% of season days  Estimated bankfull capacity 

Maximum ecologically tolerable flow – EDWR3 

Season Flow 
component 

Magnitude 

ML/day 

Duration Timing Comments 

Summer 
/ autumn 

Cease to 
flow 

n/a   No cease to flow recommendation 

Baseflow  600 80% of season days   Moderate confidence 

Fresh 2,600 20% of season days   Moderate confidence 

Winter / 
Spring 

Baseflow 2,600 80% of season days  Same as summer fresh magnitude 

Fresh 4,000 20% of season days  Estimated bankfull capacity 
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Maximum ecologically tolerable flow – BILR1 

Season Flow 
component 

Magnitude 

ML/day 

Duration Timing Comments 

Summer 
/ autumn 

Cease to 
flow 

n/a   No cease to flow recommendation 

Baseflow  400 80% of season days   Moderate confidence 

Fresh 800 20% of season days   Moderate confidence 

Winter / 
Spring 

Baseflow 800 80% of season days  Same as summer fresh magnitude 

Fresh 1,000 20% of season days  Estimated bankfull capacity 

 

Maximum ecologically tolerable flow – MURR1 

Season Flow 
component 

Magnitude 

ML/day 

Duration Timing Comments 

Summer 
/ autumn 

Cease to 
flow 

n/a   No cease to flow recommendation 

Baseflow  6,000 80% of season days   Low confidence 

Fresh 12,000 20% of season days   Low confidence 

Winter / 
Spring 

Baseflow 12,000 80% of season days  Same as summer fresh magnitude 

Fresh 15,000 20% of season days  Estimated bankfull capacity 

Maximum ecologically tolerable flow – YALR1 

Season Flow 
component 

Magnitude 

ML/day 

Duration  Timing Comments 

Summer 
/ 
autumn 

Cease to 
flow 

0 4 days  Dec-
Jun 

Maximum duration listed in 
LTWP is <47 days, but also 
notes cease to flow is not 
desired due to the highly 
modified nature of system and 
presence of native fish 
populations 

Baseflow  400 80% of season 
days (minus cease 
to flow days) 

  High confidence 

Fresh 1,600 20% of season 
days (minus cease 
to flow days) 

  High confidence 

Winter / 
Spring 

Baseflow 1,600 80% of season 
days 

  Same as summer fresh 
magnitude 

Fresh 2,000 20% of season 
days 

  Estimated bankfull capacity 

 
 



Barmah-Millewa Feasibility Study: Technical Report – Optimisation of the existing MIL system     142 

Step 5. Flow routing and non-ecological constraints 

 

As outlined in Step 5 of Section 5.5, flow routing between reaches can reduce the total deliverable flow for the 
system. To assist with calculating these flow routing constraints, schematics were developed showing: 

• Which reaches flow into which 

• Escape capacities for works vs. no works options 

• Maximum ecologically tolerable flows for each reach 

• Current flows for each reach 

• Total upstream releases 

• Spare capacity 

• Resulting releases from each reach 

This was completed for each flow component, for each season and considering other non- ecological constraints 
such as bridges and culverts. These diagrams are presented below. 

Consideration of non-ecological (bridge and culvert) constraints on bankfull capacities influences summer fresh, 
winter baseflow and winter fresh values for the ‘works’ option.   
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No works - summer baseflow 

 

 

Non-ecological constraints are above maximum ecological constraints for both WAKR1 and YARR1.   
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No works - summer fresh 

 

 

Non-ecological constraints are as follows: 

• WAKR1 – 800 ML/day 

• YARR1 – 150 ML/day 

These constraints only alter the available capacity and not any releases.  
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No works - winter baseflow 

 

 

Non-ecological constraints are as follows: 

• WAKR1 – 800 ML/day 

• YARR1 – 150 ML/day 

These constraints only alter the available capacity and not any releases.  
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No works - winter fresh 
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No works - winter fresh with non-ecological constraints 
Considering non-ecological constraints (bridges and culverts) for WAKR1 does change releases, this is outlined 
below.  
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Works – summer baseflow 

 

 

Non-ecological constraints are above maximum ecological constraints for both WAKR1 and YARR1.  
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Works – summer fresh 
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Works – summer fresh with non-ecological constraints 
Considering non-ecological constraints (bridges and culverts) for WAKR1 does change releases, this is outlined 
below.  
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Works – winter baseflow 
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Works – winter baseflow with non-ecological constraints 
Considering non-ecological constraints (bridges and culverts) for WAKR1 and YARR1 does change releases, this 
is outlined below.  
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Works – winter fresh 
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Works – winter fresh with non-ecological constraints 
Considering non-ecological constraints (bridges and culverts) for WAKR1 does change releases, this is outlined 
below.  
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Summer flow components, total flow and average daily flow for no works, works and considering non-ecological constraints 
 

Summer irrigation season 

Reach 

Cease to 
flow 

duration 
(days) 

Deliverable ecologically tolerable releases (ML/day) Total flow for season (ML) 

(100 days) 
Average daily flow for season (ML/day) 

Baseflow Fresh 

No works Works No works Works 
Works + 
non-ecol 

constraints 
No works Works 

Works + 
non-ecol 

constraints 
No works Works 

Works + 
non-ecol 

constraints 

WAKR1 4 15 15 500 700 647 10,752 14,592 13,574 108 145 135 

WAKR2 4 0 176 0 250 250 0 18,316 18,316 0 183 183 

WAKR3 n/a 70 0 70 120 120 7,000 2,400 2,400 70 24 24 

WAKR4 n/a 0 0 0 0 0 0 0 0 0 0 0 

WAKR5 n/a 0 0 0 0 0 0 0 0 0 0 0 

COCR1 4 0 0 20 20 20 384 384 384 3 3 3 

COCR2 4 0 20 0 0 0 0 1,536 1,536 0 15 15 

JIMR1 4 0 80 0 0 0 0 6,144 6,144 0 61 61 

NIER1 4 300 275 300 360 360 28,800 28,032 28,032 288 280 280 

BIGR1 4 0 0 0 0 0 0 0 0 0 0 0 

YARR1 4 0 0 0 0 0 0 0 0 0 0 0 

EDWR3 n/a 0 0 0 300 300 0 6,000 6,000 0 60 60 

BILR1 n/a 110 110 40 40 40 9,600 9,600 9,600 96 96 96 

MURR1 n/a 100 100 100 100 100 10,000 10,000 10,000 100 100 100 

Total  595 776 1,030 1,890 1,837 66,536 97,005 95,987 662 970 959 
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Winter flow components, total flow and average daily flow for no works, works and considering non-ecological constraints 
 

Winter / spring season 

Reach 

Deliverable ecologically tolerable releases (ML/day) Total flow for season (ML) 

(100 days) 
Average daily flow for season (ML/day) 

Baseflow Fresh 

No 
works 

Works 
Works + 
non-ecol 

constraints 

No 
works 

No works + 
non-ecol 

constraints 
Works 

Works + 
non-ecol 

constraints 

No 
works 

No works 
+ non-ecol 
constraints 

Works 
Works + 
non-ecol 

constraints 

No 
works 

No works 
+ non-ecol 
constraints 

Works 
Works + 
non-ecol 

constraints 

WAKR1 500 700 700 500 384 700 384 75,000 71,520 105,000 95,520 500 476 700 636 

WAKR2 0 250 250 0 0 250 250 0 0 37,500 37,500 0 0 250 250 

WAKR3 70 120 120 70 70 120 120 10,500 10,500 18,000 18,000 70 70 120 120 

WAKR4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

WAKR5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

COCR1 300 300 300 0 0 0 0 36,000 36,000 36,000 36,000 240 2400 240 240 

COCR2 0 20 20 0 0 0 0 0  2,400 2,400 0 0 16 16 

JIMR1 0 80 80 0 0 0 0 0 0 9,600 9,600 0 0 64 64 

NIER1 300 360 360 0 0 0 0 36,000 36,000 43,200 43,200 240 240 288 288 

BIGR1 70 200 150 0 0 0 0 8,400 8,400 24,000 18,000 56 56 160 120 

YARR1 15 40 0 0 0 0 0 1,800 1,800 4,800 0 12 12 32 0 

EDWR3 0 300 300 0 0 0 0 0 0 36,000 36,000 0 0 240 240 

BILR1 250 250 250 0 0 0 0 30,000 30,000 30,000 30,000 200 200 200 200 

MURR1 100 100 100 0 0 0 0 12,000 12,000 12,000 12,000 80 80 80 80 

Total 1,605 2,720 2,630 570 454 1,070 754 209,700 206,220 351,300 338,220 1,398 1,375 2,390 2,255 

 


