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Executive Summary 
The Barmah Choke is a relatively narrow section of the River Murray through the Barmah-Millewa 

Forest. The limited capacity of the Barmah Choke contributes to several operational and policy 

challenges related to transferring water from upstream to downstream of the Barmah Choke. 

The aim of the Barmah Choke Study is to develop an understanding of current and potential future 

water supply and environmental risks associated with the Barmah Choke and other mid-river 

operational issues. The study considers options for reducing the impact of these issues while 

recognising that the Barmah Choke performs an important role in flooding the Barmah-Millewa 

Forest. 

This study aims to provide recommendations on preferred options or packages of options, which 

meet the objectives outlined in the box below.  

Primary objectives: 

1. Reduce the incidence and magnitude of undesirable (generally unseasonal) watering of the 
Barmah-Millewa Forest, thereby improving the health of the forest and conserving water by 
reducing losses. 

2. Reduce the incidence and magnitude of shortfalls and rationing of diversions arising from 
insufficient channel capacity for bulk water transfers to Lake Victoria. 

3. Reduce the incidence and magnitude of shortfalls and rationing of diversions arising from 
insufficient channel capacity to meet demand during periods of peak irrigation usage and 
during periods of high losses downstream of the Barmah Choke. 

Secondary objectives: 

4. Enable flexibility to delay transfer of water from the upper Murray storages to Lake Victoria 
in order to maximise conservation of water resources. 

5. Provide capacity for the delivery of water trade from upstream to downstream of the 
Barmah Choke. 

6. Improve the efficiency of delivering water to the icon sites. 

In working towards the above objectives, the study will: 

a) Maintain the beneficial influence of the Barmah Choke on the flooding regime of the 
Barmah-Millewa Forest. 

b) Identify any significant impacts on the frequency and magnitude of environmental and 
unregulated flows in the River Murray System, with the aim to minimise these where 
possible. 

c) Identify any significant impacts to other areas or to third parties, with the aim to minimise 
these where possible. 

 

The Barmah Choke Study has been undertaken in four phases. The first of which, the Discovery 

Phase (SKM 2007), defined the scope of work to be undertaken and resulted in the Barmah Choke 

Study Project Plan. 
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The second phase, the Investigation Phase (SKM 2009), defined the magnitude and significance of 

the issues associated with the Barmah Choke, finding that the limited capacity of the Barmah Choke 

restricts the ability of the River Murray System to meet the demands of irrigators and other water 

users and to manage high summer flows through the Barmah-Millewa Forest. Concerns about the 

constraints posed by the limited capacity through the Barmah Choke have been compounded by the 

belief that the capacity has been declining; however analysis of flow and level data found no 

evidence of declining channel capacity. 

Under current (January 2010) level of development and operations, shortfalls and rationing of 

diversions would be expected to occur in 32% of years and each side of the Barmah-Millewa Forest 

would be expected to be wet unseasonally in 39% of years. 

Options to reduce or eliminate the issues associated with the limited capacity of the Barmah Choke 

can be grouped into four broad categories: 

 bypass capacity options that enable water to be diverted around the Barmah Choke to 

reduce unseasonal flooding or to supply peak demands 

 upper system storage options that provide additional storage upstream of the Barmah 

Choke to re-regulate unregulated flows (including rainfall rejections) to reduce unseasonal 

flooding 

 lower system storage options that provide additional storage downstream of the Barmah 

Choke to increase flexibility to meet peak irrigation demands 

 policy options that enable the River Murray System to be managed within the limited 

capacity of the Barmah Choke without structural (construction) changes 

The third phase, the Individual Options Phase (SKM 2011), investigated and modelled 17 options and 

sub-options to manage the issues associated with the Barmah Choke. These were identified in 

consultation with key stakeholders, including NSW, Victorian, South Australian and Australian 

government representatives. 

The key outcomes of the Individual Options Phase investigation are summarised in Figure E- 1 and 

Table E- 1. The key finding was that no single option represented a complete solution to the issues 

associated with the Barmah Choke; rather a package of options would be required. 
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 Figure E- 1: Option summary evaluation bubble plot from the Individual Options Phase 
(SKM 2011). 

 Table E- 1: Summary assessment of individual options investigated as a part of the 
Individual Options Phase (SKM 2011) 

Option Summary assessment 

Option 1- do nothing Baseline conditions against which other options (or option packages) 
can be compared. This option is of significant risk 

Option 2- alter the 6-inch rule to increase 
operational flexibility 

Limited effectiveness with conservative changes only but minimal 
cost and moderate risk 

Option 3a- policy options to manage within the 
capacity of the Barmah Choke: Lake Victoria 
transfers 

Moderately effective for managing shortfalls at low cost
1
 and 

significant risk, requires further investigation to establish practicality 

Option 3b- policy options to manage within the 
capacity of the Barmah Choke: inter-valley trade 

Moderately effective for managing shortfalls at minimal cost and 
moderate risk 

Option 3c- policy options to manage within the 
capacity of the Barmah Choke: non-asset solutions 

Use of environmental entitlements has potential to be an efficient 
and effective way of reducing the impacts of shortfalls as well as 
reducing total shortfalls altogether. The way in which environmental 
entitlement holders use their entitlement could have a significant 
impact on management of the Barmah Choke 

                                                           
1
 Cost categories are: minimal – operational change only, with no cost to government, low – less than $5 

million; moderate – between $5 million and $50 million and high – more than $50 million (net present value, 
base estimate). 
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Option Summary assessment 

Option 4- increased operational flexibility in existing 
assets: Mildura Weir 

a) minimum operating level lowered by 1 m 

b) minimum operating level lowered by 2 m 

Highly effective for managing shortfalls at minimal cost but 
significant risk. The 2 m sub-option provides greater operational 
flexibility but its practicality requires confirmation 

Option 5- lower typical operating level in Lake 
Mulwala 

a) by 0.1 m 

b) by 0.5 m 

Option 5b is highly effective for managing unseasonal flooding but 
has high risk and moderate cost. Option 5a is less effective than 
Option 5b 

Option 6- enlarged storage capacity in Euston Weir 

a) maximum operating level raised by 0.5 m 

b) minimum operating level lowered by 1.5 m 

c) maximum operating level raised by 0.5 m and 
minimum operating level lowered by 1.5 m 

Highly effective for managing shortfalls at minimal cost but 
significant risk. Sub-options that increase storage capacity and 
operational flexibility provide greater effectiveness. Other weir 
options (Option 4 and Option 17) are similarly effective 

Option 7- storage at “The Drop” on Mulwala Canal 

a) storage capacity of 1 GL 

b) storage capacity of 5 GL 

c) storage capacity of 11 GL 

d) storage capacity of 16 GL 

Smaller volume options are moderately effective for managing 
unseasonal flooding but of moderate cost, larger volume options are 
highly effective but high cost. All options are of significant risk 

Option 8- construction of a mid-river storage Not assessed because mid-river storage is already operational 

Option 9- Bullatale Creek bypass Not assessed: option was to upgrade and enhance channels and 
regulators to allow increased flows during the unseasonal flooding 
period. This would require significant works in a National Park which 
means this option is unlikely to gain approval 

Option 10- Victorian forest channels Moderately effective for managing unseasonal flooding but high risk 
and high cost. Similar to Option 9, this option was to upgrade and 
enhance channels and regulators to allow increased controlled 
channel flows during the unseasonal flooding period. 

Option 11- increased escape capacity to the Wakool 
River 

Limited effectiveness, moderate cost and significant risk 

Option 12- Increased escape capacity to the Edward 
River 

a) additional 800 ML/day capacity 

b) additional 1,500 ML/day capacity 

c) additional 2,000 ML/day capacity 

Moderately effective for managing unseasonal flooding at moderate 
cost and significant risk – increased benefit from larger options. Risk 
of increased unseasonal flooding of Werai Forest 

Option 13- Increased escape capacity to Broken 
Creek 

Limited effectiveness at moderate cost and significant risk 

Option 14- Barmah bypass channel Not assessed: a large channel of high cost and high risk, which is in 
close proximity to the Barmah Forest National Park and unlikely to 
gain environmental approval.  

Option 15- Murray-Goulburn interconnector 
channel 

Highly effective for managing shortfalls and unseasonal flooding but 
high risk and high cost if built specifically for Barmah Choke 

Option 16- Perricoota Escape 

a) use existing additional capacity (200 ML/day) 

b) additional 500 ML/day capacity 

c) additional 1,000 ML/day capacity 

Limited effectiveness for managing unseasonal flooding at variable 
cost (Option 16a – minimal cost, Option 16b – moderate cost, 
Option 16c – high cost) and variable risk (Option 16a – moderate, 
Option 16b and 16c – significant) 

Option 17- Coordinated manipulation of mid-river 
weirs 

Highly effective for managing shortfalls at minimal cost but 
significant risk 
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The fourth phase, the Options Integration Phase, builds upon the findings of the Individual Options 

Phase. Integrated packages of options are assessed based on their combined potential to address 

the issues associated with the Barmah Choke. The ultimate aim being to provide recommendations 

on options or packages of options to manage the issues associated with the Barmah Choke. 

In addition to the do nothing option, four integrated option packages have been assessed (Table E- 2 

and Figure E- 2 to Figure E- 5). These option packages were developed with consideration of the cost 

and time required to implement the options, the practicality of implementing the options and the 

incremental benefit of combining the options. Option package 1 incorporates options which are low 

risk and can be implemented relatively quickly within existing infrastructure and current operational 

budgets. Option packages 2, 3 and 4 build upon option package 1 to assess the incremental benefits 

of additional options. 

 Table E- 2: Integrated option packages 

Individual option Option package 

Package 1 Package 2 Package 3 Package 4 

Option 2 – alter the 6-inch rule to increase operational 
flexibility     

Option 3b – modifications to the rules governing inter-valley 
transfers to manage shortfalls     

Option 16a – utilisation of Perricoota Escape as a bypass route 
(existing escape capacity, 200 ML/day)     

Option 17 – Coordinated manipulation of mid-river weirs     

Option 4a – lower the minimum operating level in Mildura 
Weir (1 m lowering) 

    

Option 6a – lower the minimum (1.5 m lowering) and raise 
the maximum (0.5 m raising) operating level in Euston Weir 

    

Option 12c – increase the escape capacity to the Edward River 
to 4,400 ML/day 

    

Option 5a – lower the typical operating level in Lake Mulwala 
by 0.1 m during the unseasonal flooding period 
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 Figure E- 2: Schematic diagram of the River Murray System showing option package 1 

 

 
 Figure E- 3: Schematic diagram of the River Murray System showing option package 2 
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 Figure E- 4: Schematic diagram of the River Murray System showing option package 3 

 

 
 Figure E- 5: Schematic diagram of the River Murray System showing option package 4 
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The relative merit and incremental benefit of each option package has been assessed based on the 

package effectiveness, cost and risk to implement. 

The effectiveness of each option package has been assessed based on the ability of the option 

package to address shortfalls and unseasonal flooding of the Barmah-Millewa Forest. Each package 

has been modelled in the MDBA’s flow and salinity modelling suite, MSM-Bigmod. The effectiveness 

of each option package has then been assessed through analysis and interpretation of modelling 

results. 

The cost of each option package has been determined based on the sum of the costs of the 

individual options included in the option package. Preliminary life cycle (capital and operating) costs 

for individual options were determined as a part of the Individual Options Phase (SKM 2011). 

The unmitigated risk of each option package has been determined as the cumulative (maximum) 

unmitigated risk of the individual options included in the option package. The unmitigated risks 

associated with individual options were determined as a part of the Individual Options Phase (SKM 

2011) through a high level risk assessment covering seven risk categories: technical feasibility, 

regulatory conditions, stakeholder and community opposition, changes to demand / supply, 

environmental damage, construction cost overruns and operational requirements. 

Each option package was initially evaluated under a current conditions scenario, representing 

current (January 2010) level of development for demands, infrastructure and operating policies 

including water recovery and deployment for The Living Murray (TLM) with historical climate (Table 

E- 3 and Figure E- 6). 

Each option package (as well as the do nothing option) was assessed under two alternative scenarios 

a 2030 dry climate change scenario and an expanded ‘The Living Murray’ scenario, with recovery of 

an additional 500 GL (Figure E- 7 and Figure E- 8). Under these scenarios as modelled, the issues 

remain and the option packages remain effective; therefore the option packages are robust. 

 Table E- 3: Summary assessment of modelling results for each option package under the 
current conditions scenario (shaded rows are graphed in Figure E- 6) 

Assessment Indicator 
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Number of years of unseasonal flooding 70 66 66 52 55 

Number of years of minor unseasonal flooding 6 11 11 7 9 

Number of years of moderate unseasonal flooding 39 30 30 27 24 

Number of years of more severe unseasonal flooding 25 25 25 18 22 

Number of years each side of the forest is wet unseasonally 44.5 40.0 40.0 31.5 34.0 

Number of years of shortfalls 36 4 3 5 4 

Number of years of shortfalls that are expected to be manageable 17 1 3 2 1 

Number of years of shortfalls that are expected to be challenging to manage 8 1 0 1 1 

Number of years of shortfalls that are expected to be more difficult to manage 11 2 0 2 2 

Number of years of type I – peak demand shortfalls 18 1 0 1 1 

Number of  years of type II – lower system storage shortfalls 18 3 3 4 3 
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 Figure E- 6: Evaluation of option packages under the current conditions scenario. 

 
 Figure E- 7: Evaluation of option packages under 2030 dry climate change conditions 
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 Figure E- 8: Evaluation of option packages under the expanded TLM portfolio scenario 

with additional recovery of 500 GL/year 

From the evaluation of option packages under the three scenarios modelled, the following 

conclusions and recommendations are made: 

Option package 1 is mostly in practice today and could be achieved within existing infrastructure and 

current operational budgets. Option package 1 is also highly effective, reducing the number of years 

with shortfalls from 36 years to 4 years over the 114 year modelling period. The four years with 

shortfall events are associated with a lack of lower system storage combined with relatively high 

system demands downstream of the Barmah Choke. Option package 1 also reduces the number of 

years each side of the forest is wet unseasonally by 10% under the current conditions scenario. 

These results suggest there is merit in continuing, and enhancing where possible, the 

implementation of option package 1. 

It is noted that the effectiveness of Option 3b within option package 1 is sensitive to the volume of 

net entitlement and allocation trade to the Murray System. 

To complete the implementation of option package 1, policy and operational documents would need 

to be updated to confirm the operation of inter-valley transfers (Option 3b) and more flexible weir 

operation (Option 17) to manage shortfalls and the use of Pericoota Escape (Option 16a) to manage 

unseasonal flooding. Currently on-going investigations into more flexible operation of the 6-inch rule 

at Hume Reservoir (Option 2) would need to confirm appropriate rules for future operations.  

Option packages 2, 3 and 4 build upon option package 1 and offer additional incremental benefits to 

target specific issues. 
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Option package 2 further reduces the number of years with shortfalls to 3 years over the 114 year 

modelling period under the current conditions scenario and improves the ability to manage the 

remaining shortfalls. Modelling suggests it would be called upon infrequently (approximately 1 in 28 

years) and for short periods of time to assist management of large shortfalls. Option package 2 

would incur little additional cost to government; however it may require modification to privately 

owned pipes and pumps. This option package would provide additional operational flexibility and so 

should be considered for managing shortfalls and other mid-river operational issues as required. This 

would be subject to consideration and management of the social and community implications. 

Option packages 3 and 4 would offer similar benefits and would be moderately effective for 

managing unseasonal flooding of the Barmah-Millewa Forest. Option packages 3 and 4 would reduce 

the number of years each side of the forest is wet by 29% and 24% respectively under the current 

conditions scenario, compared to a 10% reduction from option package 1 alone. 

Option package 3 would be more expensive to implement ($9.84 million) compared to option 

package 4 ($3.40 million)2. The effectiveness of this option is sensitive to available channel capacity 

and magnitude of demand in the irrigation infrastructure of the Murray Irrigation Limited area of 

operation and the downstream Edward-Wakool system. This would require further consideration in 

the context of the future management and operation of these systems. This option package also 

poses a risk of increased flooding of the Werai Forest downstream of Stevens Weir on the Edward 

River, the extent and impact of which requires further investigation.  

Option package 4 offers a more cost-effective option for managing unseasonal flooding of the 

Barmah-Millewa Forest. However, the social and community economic implications of operating 

Lake Mulwala 0.1 m lower over the unseasonal flooding period would require further consideration. 

The results of the Barmah Choke Study indicate that implementation of option package 1 can reduce 

the issues associated with the Barmah Choke, as articulated in the study objectives. The 

implementation of option packages 2, 3 and 4 build upon the benefits of option package 1. However, 

further consideration and investigation of specific issues would be required before these packages 

could be implemented. The recommendations arising from the Barmah Choke Study should be 

considered by the MDBA in collaboration with jurisdictional stakeholders. 

 

                                                           
2
 These cost estimates were developed for input into the evaluation of options.  The estimates were prepared 

through a desktop analysis only and are not suitable for making investment decisions. 
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List of acronyms and abbreviations 
AHD Australian Height Datum 

BR Branch Flow (MSM-Bigmod term) 

CEW Commonwealth Environmental Water 

CO Combination Variable (MSM-Bigmod term) 

CSIRO Commonwealth Scientific and Industrial Research Organisation 

DEWHA (former) Department of Environment, Water, Heritage and the Arts 

EIS Environmental Impact Statement 

EPBC Environmental Protection and Biodiversity Conservation (Act) 

FI Flow Input 

FO Flow Output 

G-MW Goulburn-Murray Water 

IVT Inter-Valley Trade 

LS Loss 

MDBA Murray-Darling Basin Authority 

MDBC (former) Murray-Darling Basin Commission 

MIL Murray Irrigation Limited 

MSM Murray Simulation Model 

NSW New South Wales 

NWC National Water Commission 

RMS River Murray System 

RMW River Murray Water 

SEWPaC (Department of) Sustainability, Environment, Water, Population and Communities 

SKM Sinclair Knight Merz 

SRA Sustainable Rivers Audit 

TLM The Living Murray 

 

A glossary has also been prepared and is provided at the end of this report 
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1 Introduction 
1.1 What is the Barmah Choke 
The term ‘Barmah Choke’ is used to describe the relatively narrow section of the River Murray 

through the Barmah-Millewa Forest. In comparison to other nearby sections, the near bankfull 

operating capacity of the Barmah Choke is small: approximately 8,000 ML/day at the downstream 

end of the Barmah-Millewa Forest which equates to approximately 10,600 ML/day downstream of 

Yarrawonga Weir. Figure 1 shows a schematic diagram of the River Murray System from Dartmouth 

Reservoir to the South Australian border, indicating the location of the Barmah Choke. 

 

 Figure 1: Schematic diagram of the River Murray System 

The Barmah Choke contributes to a number of operational and policy challenges in the River Murray 

System including: 

1. delivery of sufficient water to the lower Murray to meet peak irrigation demands 

2. delivery of sufficient water to Lake Victoria to supply South Australia 

3. management of rainfall rejection3 events that can lead to unseasonal flooding of the Barmah-

Millewa Forest 

4. delivery of environmental flows 

5. constraints on water trade 

These operating challenges are not entirely attributable to the Barmah Choke, particularly those 

where meeting peak irrigation demands requires long travel times, but may be exacerbated by the 

constraints posed by the Barmah Choke. 

                                                           
3
 Rainfall rejections occur when a combination of reduced irrigation demands (due to rain over the irrigation 

areas) and increases in inflows from unregulated tributaries lead to increased flows in the River Murray. River 
levels may rise and exceed the capacity of the Barmah Choke, flooding the Barmah-Millewa Forest (MDBC 
2008). 
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1.2 Objectives of the Barmah Choke Study 
The Barmah Choke Study assesses current and potential future water supply and environmental risks 

and opportunities associated with the Barmah Choke and other mid-river operational issues. The 

study then considers options for reducing the impact of these issues while recognising that the 

Barmah Choke performs an important role in flooding the Barmah-Millewa Forest; a Living Murray 

icon site incorporating two Ramsar listed sites (the Barmah Forest in Victoria and the Central Murray 

Forests in New South Wales). 

This study aims to provide recommendations on preferred options or packages of options, which 

meet the objectives outlined in the box below. 

 

Primary objectives: 

1. Reduce the incidence and magnitude of undesirable (generally unseasonal) watering of the 
Barmah-Millewa Forest, thereby improving the health of the forest and conserving water by 
reducing losses. 

2. Reduce the incidence and magnitude of shortfalls and rationing of diversions arising from 
insufficient channel capacity for bulk water transfers to Lake Victoria. 

3. Reduce the incidence and magnitude of shortfalls and rationing of diversions arising from 
insufficient channel capacity to meet demand during periods of peak irrigation usage and 
during periods of high losses downstream of the Barmah Choke. 

Secondary objectives: 

4. Enable flexibility to delay transfer of water from the upper Murray storages to Lake Victoria 
in order to maximise conservation of water resources. 

5. Provide capacity for the delivery of water trade from upstream to downstream of the 
Barmah Choke. 

6. Improve the efficiency of delivering water to the icon sites. 

In working towards the above objectives, the study will: 

a) Maintain the beneficial influence of the Barmah Choke on the flooding regime of the 
Barmah-Millewa Forest. 

b) Identify any significant impacts on the frequency and magnitude of environmental and 
unregulated flows in the River Murray System, with the aim to minimise these where 
possible. 

c) Identify any significant impacts to other areas or to third parties, with the aim to minimise 
these where possible. 
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1.3 Barmah Choke Study phasing 
The Barmah Choke Study is being undertaken in four phases as shown in Figure 2: 

1. Discovery Phase (Phase 1) (completed 2007) 

2. Investigation Phase (Phase 2) (completed 2009) 

3. Individual Option Phase (Phase 3) (completed 2011) 

4. Options Integration Phase (Phase 4) (completed 2012) 

 
 Figure 2: Phases of the Barmah Choke Study 

The Discovery Phase was completed in December 2007 and resulted in the preparation of the 

Barmah Choke Study Project Plan (SKM 2007). 

The Investigation Phase was completed in July 2009 (SKM 2009). The Investigation Phase developed 

indicators to assess options and defined the magnitude of the issues associated with the Barmah 

Choke under the do nothing option. The Investigation Phase found that the limited capacity of the 

Barmah Choke currently restricts the ability of the River Murray System to meet the demands of 

irrigators and other water users and to manage high summer flows through the Barmah-Millewa 

Forest. This can contribute to rationing or restrictions on supply to Torrumbarry and Sunraysia 

irrigation areas and may restrict supply of South Australia’s entitlement. This is also associated with 

unseasonal flooding of the Barmah-Millewa Forest which is contributing to changes in forest 

vegetation communities. The assessment found that these issues are likely to persist into the future, 

including under climate change scenarios. 

Concerns about the constraints posed by the limited capacity through the Barmah Choke have been 

compounded by the belief that the capacity has been declining; however analysis of flow and level 

data found no evidence of declining channel capacity. 

The Individual Options Phase was completed in January 2011 (SKM 2011). The Individual Options 

Phase described, modelled and assessed 17 options to determine their potential to improve the 

management of the River Murray System by reducing or alleviating the issues associated with the 

Barmah Choke. The assessment found that no single option represented a complete solution to the 

issues associated with the Barmah Choke, rather a package of options would be required. 
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The fourth phase of the Barmah Choke Study, the Options Integration Phase, builds upon the 

outputs of the previous phases. This phase initially reviewed the outcomes of the Individual Options 

Phase to determine integrated packages of options. The option packages were then reviewed, 

modelled and assessed to determine their combined potential to address the issues associated with 

the Barmah Choke, with the ultimate aim of providing recommendations on options or packages of 

options to manage the issues associated with the Barmah Choke. 

This report documents the key outcomes and findings of the Options Integration Phase of the 

Barmah Choke Study. Key outcomes and findings from the previous phases are summarised as 

background or to provide context for assessment of the option packages. The previous reports 

provide more detail, and should be read in conjunction with this report. 
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2 Assessment methodology 
Three factors have been considered in assessing the relative merit and incremental benefit of each 

option package: 

 Package effectiveness 

 Package cost 

 Package risk 

Using this method, option packages that enhance river operations’ ability to manage the issues 

associated with the Barmah Choke (effectiveness) without significant additional cost or risk are 

viewed favourably. Option packages that incur significant additional cost or risk but offer 

comparable or lower additional effectiveness are viewed less favourably. 

2.1 Package effectiveness 
The effectiveness of each option package has been assessed based on the extent to which the option 

package reduces shortfalls and unseasonal flooding of the Barmah-Millewa Forest. The impact of 

each option package on the delivery of environmental flows in the broader River Murray System, the 

beneficial influence of the Barmah Choke for flooding of the Barmah-Millewa Forest and other 

potential third party considerations has also been considered. 

For the Options Integration Phase, the effectiveness of each option package has been assessed by 

analysis and interpretation of modelling results. 

2.2 Package cost 
A financial assessment, incorporating capital and operating cost estimation and risk-cost analysis 

processes, was undertaken for each option as a part of the Individual Options Phase (SKM 2011). 

This assessment produced a preliminary life-cycle cost estimate for each option from the perspective 

of the MDBA (or government in general). 

For the Options Integration Phase, the cost of each option package has been determined as the sum 

of the costs of the options included in the option package as the works required for each option in 

the package are independent. 

2.3 Package risk 
A high level risk assessment was undertaken for each option as a part of the Individual Option Phase 

(SKM 2011) based on applying a qualitative evaluation of the risks associated with each option 

following the MDBA Risk Management Guidelines (MDBA 2010b). The assessment prepared by SKM 

was reviewed by the MDBA and the River Murray Systems Operations Review Working Group used 

the risk analysis matrix from the MDBA guidelines (MDBA 2010b) to assess seven risk categories: 

 Technical feasibility 

 Regulatory conditions 
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 Stakeholder and community opposition 

 Changes to demand / supply 

 Environmental damage 

 Construction cost overrun 

 Operational requirements 

All risks were assessed on an unmitigated basis to aid comparison. 

For the Options Integration Phase, the unmitigated risk associated with each option package has 

been determined as the cumulative (maximum) unmitigated risk of the options included in the 

option package. The overall risk assessment for each option package has been revised where risks 

common to multiple options within the option package may affect the results. 

2.4 Presentation of overall package results 
Detailed results for each option package are reported and discussed in comparison to the do nothing 

option (continuation of current conditions, see Section 3.1). To allow the relative merit and 

incremental benefit of each option package to be rapidly evaluated a ‘bubble plot’ diagram has been 

prepared summarising option package effectiveness, cost and risk. 
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3 Option packages 
Throughout the Barmah Choke Study, four broad categories of options have been identified to 

reduce or eliminate the issues associated with the limited capacity of the Barmah Choke: 

 bypass capacity options: includes consideration of new bypasses, increasing the capacity of 

existing bypasses, new escapes or increasing the capacity of existing escapes that would 

enable water to be diverted around the Barmah Choke to reduce unseasonal flooding or to 

supply peak demands 

 upper system storage options: includes consideration of new storages or modifications to 

existing storages upstream of the Barmah Choke that would allow re-regulation of 

unregulated flows (including rainfall rejections) to reduce unseasonal flooding 

 lower system storage options: includes consideration of new storages or modifications to 

existing storages downstream of the Barmah Choke that provide flexibility to meet peak 

irrigation demands 

 policy options: includes consideration of new policies or modifications to existing policies 

and operational rules that would enable the River Murray System to be managed within the 

limited capacity of the Barmah Choke without structural (construction) changes 

As a part of the Individual Options Phase (SKM 2011) 17 individual options and sub-options were 

identified in consultation with the River Murray System Operations Review Working Group as 

suitable to be investigated to determine their potential to reduce or eliminate the issues associated 

with the limited capacity of the Barmah Choke. The outcomes from the Individual Options Phase 

included a ‘bubble plot’ and summary assessment of each option, shown in Figure 3 and Table 1. 

Detailed descriptions of each option and results from individual modelling are provided in the 

Individual Options Phase report (SKM 2011). 

On the bubble plot diagram, the position of points on each axis shows the effectiveness of the 

option or option package for reducing the incidence of shortfalls (x-axis) and unseasonal flooding of 

the Barmah-Millewa Forest (y-axis). The size of the point indicates the cost of implementing the 

option or option package (net present value, base estimate). The colour of the point indicates the 

unmitigated risk associated with the option or option package. 
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 Figure 3: Option summary evaluation bubble plot from the Individual Options Phase (SKM 
2011). 

 

 Table 1: Option summary assessment from the Individual Options Phase (SKM 2011) 

Option Summary assessment 

Option 1- do nothing Baseline conditions against which other options (or option 
packages) can be compared. This option is of significant risk 

Option 2- alter the 6-inch rule to increase 
operational flexibility 

Limited effectiveness with conservative changes only but 
minimal cost and moderate risk 

Option 3a- policy options to manage within the 
capacity of the Barmah Choke: Lake Victoria 
transfers 

Moderately effective for managing shortfalls at low cost
4
 and 

significant risk, requires further investigation to establish 
practicality 

Option 3b- policy options to manage within the 
capacity of the Barmah Choke: inter-valley trade 

Moderately effective for managing shortfalls at minimal cost and 
moderate risk 

Option 3c- policy options to manage within the 
capacity of the Barmah Choke: non-asset solutions 

Use of environmental entitlements has potential to be an 
efficient and effective way of reducing the impacts of shortfalls 
as well as reducing total shortfalls altogether. The way in which 
environmental entitlement holders use their entitlement could 
have a significant impact on management of the Barmah Choke 

                                                           
4
 Cost categories are: minimal – operational change only, with no cost to government, low – less than $5 

million; moderate – between $5 million and $50 million and high – more than $50 million (net present value, 
base estimate). 
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Option Summary assessment 

Option 4- increased operational flexibility in existing 
assets: Mildura Weir 

a) minimum operating level lowered by 1 m 

b) minimum operating level lowered by 2 m 

Highly effective for managing shortfalls at minimal cost but 
significant risk. The 2 m sub-option provides greater operational 
flexibility but its practicality requires confirmation 

Option 5- lower typical operating level in Lake 
Mulwala 

a) by 0.1 m 

b) by 0.5 m 

Option 5b is highly effective for managing unseasonal flooding 
but high risk and moderate cost. Option 5a is less effective than 
Option 5b 

Option 6- enlarged storage capacity in Euston Weir 

 maximum operating level raised by 0.5 m 

 minimum operating level lowered by 1.5 m 

 maximum operating level raised by 0.5 m and 
minimum operating level lowered by 1.5 m 

Highly effective for managing shortfalls at minimal cost but 
significant risk. Sub-options that increase storage capacity and 
operational flexibility provide greater effectiveness. Other weir 
options (Option 4 and Option 17) are similarly effective 

Option 7- storage at “The Drop” on Mulwala Canal 

a) storage capacity of 1 GL 

b) storage capacity of 5 GL 

c) storage capacity of 11 GL 

d) storage capacity of 16 GL 

Smaller volume options are moderately effective for managing 
unseasonal flooding but of moderate cost, larger volume options 
are highly effective but high cost. All options are of significant 
risk 

Option 8- construction of a mid-river storage Not assessed because mid-river storage is already operational 

Option 9- Bullatale Creek bypass Not assessed: option was to upgrade and enhance channels and 
regulators to allow increased flows during the unseasonal 
flooding period. This would require significant works in a 
National Park which means this option is unlikely to gain 
approval 

Option 10- Victorian forest channels Moderately effective for managing unseasonal flooding but high 
risk and high cost. Similar to Option 9, this option was to 
upgrade and enhance channels and regulators to allow 
increased controlled channel flows during the unseasonal 
flooding period. 

Option 11- increased escape capacity to the Wakool 
River 

Limited effectiveness, moderate cost and significant risk 

Option 12- Increased escape capacity to the Edward 
River 

a) additional 800 ML/day capacity 

b) additional 1,500 ML/day capacity 

c) additional 2,000 ML/day capacity 

Moderately effective for managing unseasonal flooding at 
moderate cost and significant risk – increased benefit from 
larger options. Risk of increased unseasonal flooding of Werai 
Forest 

Option 13- Increased escape capacity to Broken 
Creek 

Limited effectiveness, moderate cost and significant risk 

Option 14- Barmah bypass channel Not assessed: a large, high cost channel in close proximity to the 
Barmah Forest National Park. A high risk, high cost option 

Option 15- Murray-Goulburn interconnector 
channel 

Highly effective for managing shortfalls and unseasonal flooding 
but high risk and high cost if built specifically for Barmah Choke 

Option 16- Perricoota Escape 

a) use existing additional capacity (200 ML/day) 

b) additional 500 ML/day capacity 

c) additional 1,000 ML/day capacity 

Limited effectiveness for managing unseasonal flooding at 
variable cost (Option 16a – minimal cost, Option 16b – moderate 
cost, Option 16c – high cost) and variable risk (Option 16a – 
moderate, Option 16b and 16c – significant) 

Option 17- Coordinated manipulation of mid-river 
weirs 

Highly effective for managing shortfalls at minimal cost but 
significant risk 
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A key finding from the Individual Options Phase (SKM 2011) was that no single option represents a 

complete solution to the issues associated with the Barmah Choke; rather an integrated package of 

options would be required. It is noted that if options are implemented concurrently the benefits may 

not be additive because individual options may address or not address the same events. 

Based on the findings from the Individual Option Phase (SKM 2011), four integrated option packages 

were developed (Table 2). These packages were developed with consideration of the cost and time 

required to implement the options, the practicality of implementing the options and the incremental 

benefit of combining the options. Option package 1 incorporates options which are low risk and can 

be implemented relatively quickly within existing infrastructure and current operational budgets. 

Option packages 2, 3 and 4 build upon option package 1 to assess the incremental benefit of 

additional options. The following sub-sections provide a detailed discussion of each option package 

and the do nothing option which was also modelled to establish baseline conditions against which 

the option packages can be compared. 

 Table 2: Integrated option packages 

Individual option Option package 

Package 1 Package 2 Package 3 Package 4 

Option 2 – alter the 6-inch rule to increase operational 
flexibility     

Option 3b – modifications to the rules governing inter-valley 
transfers to manage shortfalls     

Option 16a – utilisation of Perricoota Escape as a bypass route 
(existing escape capacity, 200 ML/day)     

Option 17 – coordination manipulation of mid-river weirs     

Option 4a – lower the minimum operating level in Mildura 
Weir (1 m lowering) 

    

Option 6a – lower the minimum (1.5 m lowering) and raise 
the maximum (0.5 m raising) operating level in Euston Weir 

    

Option 12c – increase the escape capacity to the Edward River 
to 4,400 ML/day 

    

Option 5a – lower the typical operating level in Lake Mulwala 
by 0.1 m during the unseasonal flooding period 

    

 

3.1 Do nothing option 
The do nothing option represents the current situation including current demands, infrastructure 

and operating policies. The do nothing option has been simulated to assess the magnitude of the 

issues associated with the Barmah Choke under current conditions and what may happen into the 

future if nothing is done to address the issues. The do nothing option represents baseline conditions; 

an option package must represent an improvement from the do nothing option to be considered 

further. 

The do nothing option was first established as a part of the Investigation Phase (SKM 2009). Due to 

progressive model changes and updates implemented by the MDBA the do nothing option was 

revised as a part of the Individual Options Phase (SKM 2011) and has been revised again as a part of 

the Options Integration Phase. Throughout the study the key finding has remained unchanged: the 

limited capacity of the Barmah Choke currently restricts the ability of the River Murray System to 
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meet the demands of irrigators and other water users and to manage high summer flows through 

the Barmah-Millewa Forest. 

For the Options Integration Phase, the do nothing option represents current (January 2010) level of 

development for demands, infrastructure and operating policies including water recovery and 

deployment for The Living Murray (500 GL). The significance of the problems associated with the 

Barmah Choke under the do nothing option has been re-assessed under the baseline conditions 

scenario provided for the Individual Options Phase and is documented in Section 6.3. 

3.2 Option package 1 
Option package 1 incorporates options which are low risk and can be implemented relatively quickly 

within existing infrastructure and current operation budgets. This option package incorporates four 

options: 

 Option 2 – alter the 6-inch rule to increase operational flexibility 

 Option 3b – modifications to the rules governing inter-valley trade transfers to manage 

shortfalls 

 Option 16a – utilisation of Perricoota Escape as a bypass route (existing escape capacity, 

200 ML/day) 

 Option 17 – coordinated manipulation of mid-river weirs 

This option package targets both shortfalls (Options 3b and 17) and unseasonal flooding (Options 2 

and 16a). Figure 4 shows option package 1 on a schematic diagram of the River Murray System. 

 
 Figure 4: Schematic diagram of the River Murray System showing option package 1 
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Option 2 – alter the 6-inch rule to increase operational flexibility 
The 6-inch rule limits the rate of fall of river level at Doctors Point downstream of Hume Reservoir to 

a maximum of 6-inches (150 mm) per day. This rule was “adopted to provide adequate warning of 

river level changes, and to minimise bank slumping” (River Murray Water 2006) and is the most 

conservative ‘rate of fall’ rule being applied in the Murray-Darling Basin (Earth Tech 2007). 

The 6-inch rule limits the ability of river operations to respond to rapidly changing conditions in two 

ways: 

 limits the rate of reduction of releases during rainfall rejection events 

 may limit the rate of reduction of releases at the end of the irrigation season when 

demand for water may be rapidly decreasing 

Despite the conservative restriction imposed by the 6-inch rule, the exact origin of the selection of 6-

inches as the maximum drawdown rate is unknown, but it relates to concerns about bank erosion 

and slumping. According to Nation and Ladson (2008) “the first mention of a 6-inch drawdown limit 

at Doctors Point is in a letter from the River Murray Commission to the Electricity Commission of 

New South Wales on 25 November 1955 in relation to operation of a proposed power station at 

Hume Dam” (pg. 2). 

In more recent years, the basis of the 6-inch rule has been questioned. Green (1999) investigated 

river drawdown and bank stability, finding that bank erosion is the result of numerous processes, not 

just drawdown. This combined with the potential increase in flexibility that could be achieved has 

led to suggestions that the 6-inch rule be reviewed. 

Earth Tech (2007) undertook a detailed literature review of the 6-inch rule, complemented by field 

and laboratory analysis. This review found that bank slumping was not the primary driver of erosion 

along this reach and that benefits could be achieved without significant risks of negative outcomes 

(such as increased risk of erosion) by increasing the maximum allowable rate of fall in specific 

circumstances. Through the analysis undertaken, and discussion with River Murray Water staff (now 

the River Management Division of the Murray-Darling Basin Authority), Earth Tech (2007) proposed 

a more flexible 6-inch rule as follows: 

1. June to December inclusive, no change, the maximum rate of fall will remain restricted to 

150 mm/day (6-inches) at Doctors Point5 and 200 mm/day (8-inches) at Heywoods6 

2. January to May inclusive, the maximum daily rate of fall will be increased to 225 mm/day (9-

inches) at Doctors Point and Heywoods, however the average daily rate of fall over four days 

will be retained at 150 mm/day (6-inches) at Doctors Point and 200 mm/day (8-inches) at 

Heywoods 

3. When flows at Doctors Point are less than 12,000 ML/day, the maximum rate of will remain 

restricted to 150 mm/day (6-inches) at Doctors Point and 200 mm/day (8-inches) at 

Heywoods at all times 

                                                           
5
 Doctors Point is the site of the flow gauging station on the River Murray approximately 17 km downstream of 

Hume Reservoir, just downstream of the Kiewa River confluence. 
6
 Heywoods is the site of the flow gauging station of the River Murray approximately 1.2 km downstream of 

Hume Reservoir. 
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Modelling of this option is based on the adjusted rule(s) proposed by Earth Tech (2007). 

This option was modelled as a part of the Individual Options Phase (SKM 2011). The key findings of 

the Individual Options Phase are summarised in Table 1 which notes that while the option is of 

limited effectiveness, it is of minimal cost and moderate risk. For the Options Integration Phase, 

minor amendments have been made to improve the accuracy of the way the 6-inch rule is modelled 

in MSM-Bigmod in line with advice from the MDBA. 

Option 3b – modifications to the rules governing inter-valley trade transfers to manage 
shortfalls 
In recent years there have been significant volumes of entitlement (permanent) and allocation 

(temporary) trade out of both the Goulburn and Murrumbidgee Systems (NWC 2010). This has 

created inter-valley trade (IVT) credits on both systems which could be used to meet peak irrigation 

demands on the River Murray System. Within the baseline conditions model, there is 109.4 GL of 

high reliability water shares available from the Goulburn System (no water available from the 

Murrumbidgee System). Improved use of IVT transfers has the potential to decrease problems 

associated with capacity constraints at Barmah Choke. 

Operational use of the Murrumbidgee and Goulburn System IVT accounts differ (pers. comm. MDBA 

River Operations). An overview of the typical use of each account is provided below.  

Murrumbidgee System 

Delivery of IVT transfers from the Murrumbidgee System are characterised by long travel 

times and high losses when flows are above approximately 1,500-2,000 ML/day. Typically 

River Murray operations would order 1,000 ML/day or less in addition to the minimum passing 

flow at Balranald7 during January, February and March. It is typically used for sustained 

periods (e.g. 1,000 ML/day over a month). 

Goulburn System 

Delivery of IVT transfers from the Goulburn System are characterised by shorter travel times 

at higher transfer rates. In the past, River Murray Water has ordered up to 3,000 ML/day. It 

may be possible to order a greater rate of flow, up to 5,000 ML/day, depending on upstream 

constraints in the Goulburn System at the time. Under regulated flow conditions water can be 

supplied to the River Murray from the Goulburn System IVT account in approximately 7 days 

(pers. comms. Damian Green, MDBA). 

The volume of IVT available depends on the Goulburn System allocation and trade from year 

to year. Temporary trade may be either from the Goulburn System to the Murray System or 

back into the Goulburn System from the Murray System. Back trade into the Goulburn System 

                                                           
7
 A minimum passing flow at Balranald is specified in the Water Sharing Plan for the Murrumbidgee Regulated 

River Water Source 2003. Under Clause 14 of the Water Sharing Plan (Planned environmental water) a 
minimum passing flow must be provided at Balranald, which cannot be used to meet downstream demands. 
The volume of the minimum passing flow requirement is calculated: 
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from the Murray System is allowed up to the volume of trade to date from the Goulburn 

System to the Murray System. 

The volume of water held in Lake Eildon in the Goulburn System IVT account is treated the 

same as water held for other users, therefore if Lake Eildon spills, some or all of IVT account 

may be lost. 

Under the do nothing option, MSM-Bigmod calls on IVT volumes in a fixed annual pattern. This 

option considers the potential to alter the method of calling on the IVT volumes to reflect the 

operational practices described above. In particular, the ability to call on the Goulburn System IVT 

account at short notice (approximately 7 days) to address a potential shortfall event will be 

considered. 

In the baseline conditions model, there is no IVT entitlement on the Murrumbidgee System. It is not 

proposed to alter this for this option, as there is little scope to call on the Murrumbidgee System to 

address potential shortfall events at short notice for the reasons described above. There is however 

potential to call on the Murrumbidgee System to supply low volumes of water for an extended 

period, which may address shortfalls. Not including IVT entitlement on the Murrumbidgee System 

may lead to a conservative assessment of the potential effectiveness of this option. 

It is also noted that the baseline conditions does not include allocation trade, which may significantly 

affect the volume of water available from the tributary systems in any given year. Historically, there 

has been net trade of allocation into the Goulburn system of 64 GL in 2008/09, 74 GL in 2009/10 and 

79 GL in 2010/11 (compared to 109 GL of high reliability water shares available in the model). The 

effect of the net trade of allocation would be to reduce the volume of IVT available to be delivered 

to the Murray System, reducing the potential of this option. 

Configuration of this option involving changing the pattern of supply of IVT was modelled as a part of 

the Individual Options Phase (SKM 2011). The key findings of the Individual Options Phase are 

summarised in Table 1 which notes that the option is moderately effective at minimal cost. This 

option has been further refined as a part of the Options Integration Phase to allow the IVT account 

to be called upon during periods of capacity constraints to minimise shortfalls. 

Option 16a – utilisation of Perricoota Escape as a bypass route (existing escape 
capacity, 200 ML/day) 
The Deniboota Canal offtakes from Mulwala Canal downstream of Deniliquin and runs south-west 

connecting to the River Murray just upstream of Torrumbarry Weir via the Perricoota Escape. 

The Perricoota Escape originally had a capacity of 50 ML/day which was used, on occasions, to 

deliver water through the system to the River Murray. In 2006 Murray Irrigation Limited upgraded 

the capacity of the escape to 200 ML/day to provide flexibility in diverting water around the Barmah 

Choke (MIL, 2007). The 200 ML/day capacity was used until January 2007 (MIL, 2007) but has not 

been used since (MIL, personal communications 2010) and is not included in the baseline conditions 

model.  There is uncertainty in the capacity of Perricoota Escape provided by Murray Irrigation 

Limited, especially given its lack of use in recent years.  This would need to be confirmed before 

operations could commence. 
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This option considers the potential to use the existing capacity of Perricoota Escape (200 ML/day) to 

bypass rainfall rejections and other summer unregulated flows through the Deniboota Canal to avoid 

unseasonal flooding of the Barmah-Millewa Forest. Whilst the primary objective of this option is to 

manage unseasonal flooding, there is potential to use the bypass route to supplement existing 

channel capacity to manage shortfalls. It is noted that the potential to use this option may be limited 

by available channel capacity during the irrigation season. 

This option was modelled as a part of the Individual Options Phase (SKM 2011). The key findings of 

the Individual Options Phase are summarised in Table 1 which notes that while the option is of 

limited effectiveness, it is of minimal cost and moderate risk. 

Option 17 – coordinated manipulation of mid-river weirs 
Operating rules currently restrict operational flexibility in a number of assets throughout the River 

Murray System. Many of these rules are in place to meet operational, social or environmental 

requirements and must be retained. However, there are some rules in place that it may be possible 

to modify to increase operational flexibility without unacceptable operational, social or 

environmental impacts. 

Traditionally, many of the mid-river weirs along the River Murray System have been operated at full 

supply level throughout the irrigation season.  In recent years, a number of the mid-river weirs have 

been operated more flexibly as a part of river operations management. Additionally, there is a 

general move towards more flexible operation of weirs for environmental purposes. In line with this, 

a potential modification suitable for consideration is modest lowering of the minimum storage 

target (from the normal operating level, generally full supply level) for multiple weirs in a 

coordinated approach to avoid shortfalls. 

The River Murray System Annual Operating Plan (MDBA 2010c) and River Murray operations has 

suggested that manipulations could be possible with existing infrastructure at the following weirs: 

Torrumbarry Weir (Lock 26), Euston Weir (Lock 15), Mildura Weir (Lock 11), Wentworth Weir (Lock 

10), Kulnine Weir (Lock 9) and Wangumma Weir (Lock 8). 

This option considers operating each weir at the appropriate normal operating level (generally full 

supply level) throughout the irrigation season and drawing down the weirs to avoid shortfalls by 

supplying demands from the accessible storage volume when sufficient water cannot be supplied 

from upper system storage. The weir drawdowns considered under this option were developed in 

consultation with River Murray Operations and are within the current operating ranges of the weirs. 

The total accessible storage volume that would be available from this option is 19.9 GL based on the 

drawdown for each weir shown in Table 3. 

This option was modelled as a part of the Individual Options Phase (SKM 2011). The key findings of 

the Individual Options Phase are summarised in Table 1 which notes that the option is highly 

effective at minimal cost. 
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 Table 3: Drawdown and active storage available for Option 17 

Weir Normal operating 
level 

Drawdown (m) Minimum (normal) 
operating level 

Active Storage 
Available (ML) 

Torrumbarry Weir (Lock 26) 86.05 m AHD 0.40 85.65 m AHD 3,055 

Euston Weir (Lock 15) 47.60 m ADH 0.30 47.30 m AHD 3,990 

Mildura Weir (Lock 11) 34.40 m AHD 0.25 34.15 m AHD 2,780 

Wentworth Weir (Lock 10) 6.05 m 0.25 5.80 m 3,490 

Kulnine Weir (Lock 9) 27.40 m AHD 0.25 27.15 m AHD 3,693 

Wangumma Weir (Lock 8) 24.60 m AHD 0.50 24.10 m AHD 2,927 

Total 19,935 

 

3.3 Option package 2 
Option package 2 is developed from option package 1 with inclusion of additional options to assess 

the relative merit and incremental benefit of greater manipulation of Euston and Mildura Weirs to 

manage shortfalls. This option package incorporates all options in option package 1, plus two 

additional options: 

 Option 4a – lower the minimum operating level in Mildura Weir (1 m lowering) 

 Option 6c – lower the minimum (1.5 m lowering) and raise the maximum (0.5 m raising) 

operating level in Euston Weir 

This option package targets both shortfalls (Options 3b, 17, 4a and 6c) and unseasonal flooding 

(Options 2 and 16a). Figure 5 shows option package 2 on a schematic diagram of the River Murray 

System. 

The total volume of active storage available in option package 2 is 44.4 GL based on the drawdown 

for each weir shown in Table 4, which includes active storage available from Option 17 within option 

package 1. 

 Table 4: Drawdown and active storage available for Option Package 2 

Weir Comment Normal 
operating 

level 

Drawdown 
(m) 

Minimum operating level Active Storage 
Available (ML) 

Torrumbarry Weir (Lock 26) Option 17 86.05 m AHD 0.40 85.65 m AHD 3,055 

Euston Weir (Lock 15) Option 6c 47.60 m ADH 1.50 

(+ 0.5 m 
raising) 

46.10 m AHD 

(revised normal operating 
level 48.1 m AHD) 

20,841 

Mildura Weir (Lock 11) Option 4a 34.40 m AHD 1.00 33.40 m AHD 10,402 

Wentworth Weir (Lock 10) Option 17 6.05 m 0.25 5.80 m 3,490 

Kulnine Weir (Lock 9) Option 17 27.40 m AHD 0.25 27.15 m AHD 3,693 

Wangumma Weir (Lock 8) Option 17 24.60 m AHD 0.50 24.10 m AHD 2,927 

Total 44,408 
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 Figure 5: Schematic diagram of the River Murray System showing option package 2 

Option 4a – lower the minimum operating level in Mildura Weir (1 m lowering) 
Mildura Weir (Lock 11) is located on the River Murray at Mildura, upstream of the Darling River 

confluence. Mildura Weir raises water levels in the River Murray to provide a constant water level 

for diversions to the Sunraysia irrigation district and private diverters and to maintain navigation for 

recreational users. 

Mildura Weir currently operates to a full supply level of 34.4 m AHD. Current operating practice is to 

maintain the weir at full supply level throughout the irrigation season with a tolerance of +/- 50 mm. 

The primary aim of this option in relation to the Barmah Choke Study is the management of 

shortfalls. This option requires Mildura Weir to be kept at full supply level throughout the irrigation 

season and temporarily drawndown (and refilled at the earliest opportunity) to avoid shortfalls by 

supplying demands from the accessible storage volume when sufficient water cannot be supplied 

from upper system storage (no change to the target operating level). 

This option considers lowering the minimum operating level by 1 m to 33.4 m AHD. The total volume 

of active storage that would be available from this option is 10.4 GL (including 2.8 GL of active 

storage available through Option 17). 

When the Mildura weir pool is lowered, salinity in the weir pool may rise due to possible 

groundwater discharge to the pool depending on the magnitude and duration of the drawdown and 

local groundwater levels. Salinity impacts of short-duration drawdowns such as proposed under this 

option are not expected to impact the option’s viability, as procedures currently used for 

maintenance drawdowns could be applied. However, potential salinity risks would need to be 

considered further. 

This option was modelled as a part of the Individual Options Phase (SKM 2011). The key findings of 

the Individual Options Phase are summarised in Table 1 which notes that the option is highly 

effective at minimal cost. 
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Option 6c – lower the minimum (1.5 m lowering) and raise the maximum (0.5 m raising) 
operating level in Euston Weir 
Euston Weir (Lock 15) is located on the River Murray downstream of the Murrumbidgee River 

confluence. Euston Weir raises water levels in the River Murray to allow water to be pumped from 

the weir pool to supply the Robinvale irrigation area (Victoria), private diverters (predominately 

NSW) and urban supplies (Robinvale and Euston) and to maintain navigation for recreational users. 

Euston Weir is currently operated to a full supply level of 47.6 m AHD. Since the mid-1990s 

operational practice has allowed a maximum drawdown of 0.3 m over the irrigation season to 

47.3 m AHD (SKM 2006a). Works have recently (2010) been undertaken at Euston Weir to improve 

the structural integrity of the weir, upgrade the fishway and protect against erosion. These works 

may allow the active storage capacity of Euston Weir to be enlarged by raising the normal operating 

level, lowering the minimum operating level or both. 

The primary aim of this option in relation to the Barmah Choke Study is the management of 

shortfalls. This option requires Euston Weir to be kept at full (or increased) supply level throughout 

the irrigation season and temporarily drawndown (and refilled at the earliest opportunity) to avoid 

shortfalls by supplying demands from the accessible storage volume when sufficient water cannot 

be supplied from upper system storage. 

This option considers raising the maximum (and target) operating level by 0.5 m to 48.1 m AHD and 

lowering the minimum operating level by 1.5 m to 46.1 m AHD. The total volume of active storage 

that would be available from this option is 20.8 GL (including 4.0 GL of active storage volume 

available through Option 17).  

As with Mildura Weir, potential salinity risks associated with drawing down the weir pool level would 

need to be considered further. 

This option was modelled as a part of the Individual Options Phase (SKM 2011). The key findings of 

the Individual Options Phase are summarised in Table 1 which notes that the option is highly 

effective at minimal cost. 

3.4 Option package 3 
Option package 3 is developed from option package 1 with inclusion of an additional option to 

assess the relative merit and incremental benefit of an additional 2,000 ML/day bypass capacity at 

the Edward River Escape to manage water around the Barmah Choke. This option package 

incorporates all options in option package one, plus one additional option: 

 Option 12c – increase the escape capacity from Mulwala Canal to the Edward River to 

4,400 ML/day 

This option package targets both shortfalls (Options 3b and 17) and unseasonal flooding (Options 2, 

12c and 16a). Figure 6 shows option package 3 on a schematic diagram of the River Murray System. 
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Option 12c – increase the escape capacity to the Edward River to 4,400 ML/day 
The Edward River is an anabranch of the River Murray, diverting from the river near Picnic Point 

upstream of the Barmah Choke and returning just upstream of Euston Weir. The Edward River can 

receive water from a number of sources including the River Murray (at Picnic Point via the Edward 

River and Gulpa Creek offtakes) and from Mulwala Canal via the Edward River escape at Lawson’s 

siphon. 

Since the early 1980’s river operations have, on occasions, used this bypass route during rainfall 

rejection events and to supplement existing channel capacity to transfer water from Hume to Lake 

Victoria (SKM 2006b). However, use of this option is currently limited by the capacity of the escape 

(2,100 ML/day to 2,400 ML/day depending on the season) which is often nearly fully utilised during 

high demand irrigation seasons8. 

 
 Figure 6: Schematic diagram of the River Murray System showing option package 3 

This option considers increasing the total escape capacity to 4,400 ML/day (providing an additional 

escape capacity of approximately 2,000 ML/day) and using the escape to bypass rainfall rejections 

and other high summer flows through the Edward River via the escape from Mulwala Canal to avoid 

unseasonal flooding of the Barmah-Millewa Forest. Whilst the primary objective of this option is to 

manage unseasonal flooding, there is potential to use the bypass route to supplement existing 

channel capacity to manage shortfalls. 

There is concern that increasing the capacity of the Edward River escape may lead to an increase in 

unseasonal flooding of the Werai Forest if the flow downstream of Stevens Weir was to exceed 

channel capacity of the Edward River. 

Key stakeholders (MIL and State Water) estimated that the capacity of the Edward River escape 

could be increased by up to 2,000 ML/day. This increase in capacity is based on the capacity of the 

                                                           
8
 Murray Irrigation Limited has historically often been constrained by the need to meet high irrigation 

demands even during rainfall rejection events (SKM 2006c). 
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Edward River and the capacity of irrigation infrastructure that diverts water from the Edward River 

between the Edward River escape and Stevens Weir including Wakool Main Canal, Yallakool Creek 

and Colligen Creek. The ability to divert water from the Edward River using irrigation infrastructure is 

dependent not only on the capacity of the infrastructure, but also the magnitude of demands 

drawing on the infrastructure. When demands are low, the volume of water that can be diverted is 

reduced and the ability to utilise the capacity of the Edward River escape to manage unseasonal 

flooding is reduced. Therefore the potential to use this option may be limited by available channel 

capacity and magnitude of demand in the irrigation infrastructure during the irrigation season. 

This option was modelled as a part of the Individual Options Phase (SKM 2011). The key findings of 

the Individual Options Phase are summarised in Table 1 which notes that the option is highly 

effective at low cost. 

3.5 Option package 4 
Option package 4 is developed from option package 1 with an additional option to assess the 

relative merit and incremental benefit of maintaining air space in Lake Mulwala to manage 

unseasonal flooding of the Barmah-Millewa Forest. This option package incorporates all options in 

option package one, plus one additional option: 

 Option 5a – lower the typical operating level in Lake Mulwala by 0.1 m during the 

unseasonal flooding period 

This option package targets both shortfalls (Options 3b and 17) and unseasonal flooding (Options 2, 

5a and 16a). Figure 7 shows option package 4 on a schematic diagram of the River Murray System. 

 
 Figure 7: Schematic diagram of the River Murray System showing option package 4 
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Option 5a – lower the typical operating level in Lake Mulwala by 0.1 m during the 
unseasonal flooding period 
Lake Mulwala is located on the Murray River at Yarrawonga, upstream of Barmah Choke. Lake 

Mulwala (Yarrawonga Weir) raises water levels in the River Murray to allow gravity supplies to 

Yarrawonga Main Channel and Mulwala Canal. 

Lake Mulwala operating rules state the minimum operating level to be 124.6 m AHD and the full 

supply level to be 124.9 m AHD; however it is noted that the level can be surcharged to 

125.15 m AHD for short periods if necessary. During the irrigation season, the normal operating 

range of Lake Mulwala is 124.6 m AHD to 124.9 m AHD with a target level of 124.7 m AHD. Note that 

this operating regime is simulated in the model using a target level of 124.6 m AHD (SKM 2009)9. 

Lowering the normal operating level of Lake Mulwala over the unseasonal flooding period would 

provide air-space in the lake. This could be used to capture and re-regulate rainfall rejections 

upstream of the Barmah Choke, reducing unseasonal flooding of the Barmah-Millewa Forest. 

This option considers lowering the target operating level of Lake Mulwala by 0.1 m to 124.5 m AHD 

over the unseasonal flooding period (January to April). The airspace that would be available from 

this option is 4.4 GL. 

This option was modelled as a part of the Individual Options Phase (SKM 2011). The key findings of 

the Individual Options Phase are summarised in Table 1 which notes that the option is highly 

effective. However, the MDBA considers this option to be high risk because of the social and 

community economic implications of operating Lake Mulwala lower over the unseasonal flooding 

period. 

The potential to operate this option by lowering water level when an unseasonal event is predicted 

to occur rather than maintaining the lower water level across the unseasonal flooding period was 

also investigated. Preliminary analysis (Appendix C) indicated that to drawdown Lake Mulwala by 0.1 

m under current conditions would require at least 6 days to be successful for 50% of events and at 

least 34 days to be successful for 75% of events based on available channel capacity downstream of 

Lake Mulwala in the lead up to an unseasonal flooding event. Current climate and demand 

forecasting methods are generally unable to accurately and reliably predict unseasonal flooding 

events this far in advance, thus this proposal is not considered to be operationally feasible. 

                                                           
9
 As a part of the Investigation Phase (SKM 2009) significant work was undertaken to investigate the behaviour 

of Lake Mulwala in MSM-Bigmod and compare it to historical (recorded) behaviour. As a result of this 
investigation several changes were made to the model to improve the representation of Lake Mulwala 
behaviour in the model, specifically: 

 Lowering the model target level for Lake Mulwala 
 Incorporating prediction of future changes in demand for the calculation of order at Doctors Point 
 Modification of the Modflow routine to avoid discontinuities in diversions between the end of one 

month and the start of the next 
With these modifications the model was found to satisfactorily represent the behaviour of Lake Mulwala.  
More information on this investigation is included in SKM (2009). 



Barmah Choke Study – Options Integration Phase 
Murray-Darling Basin Authority 

 22 

4 Option package cost 
A financial assessment, incorporating capital and operating cost estimation and risk-cost analysis 

processes, was undertaken for each individual option as a part of the Individual Options Phase (SKM 

2011).  For the Options Integration Phase, the cost of each option package has been determined as 

the sum of the costs of the individual options which make up the option package where the works 

required for each option in the package are independent. 

4.1 Cost assessment method 
The base cost of each individual option (SKM 2011) was estimated from a desktop analysis using 

previous cost assessments and knowledge from similar water infrastructure projects. Allowances 

were added to the base cost for design costs (set to 20% of the base cost) and contingencies. 

Contingencies were estimated using the process outlined in Evans and Peck (2008) and are applied 

to cover two types of risk: 

 inherent risk: related to measured components of the base cost estimate for example, 

changes to the volume of material required and the cost of the required material 

 contingent risk: related to unmeasured issues that can affect cost such as industrial 

issues, safety and weather. 

To incorporate contingent risk an additional contingency of 40% of the base cost was applied. This 

level of contingency was considered reasonable for a preliminary cost assessment (SKM 2011). To 

incorporate inherent risk a probability distribution of known cost variation ranges for all capital 

items was developed and a Monte Carlo simulation run to develop a probabilistic estimate of total 

costs. 

Operational costs are then added to total capital costs (including design costs and all contingencies) 

to assess the preliminary life-cycle cost of each option. 

The costs analysis was performed from the perspective of the MDBA (or government in general) and 

includes direct cash costs only. Costs to third parties are not included. The costs assessment was 

developed for input into the evaluation of options. The estimates were prepared through a desktop 

analysis only and are not suitable for making investment decisions. Additionally, the cost estimates 

are for capital and operating costs only, no provision is made for the cost of project approvals or 

consultation. More information on the cost assessment method, including assumptions and 

limitations, is included in the Individual Options Phase report (SKM 2011). 
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4.2 Option package costs 
The option package cost assessment (Table 5) estimated the net present value cost (base estimate) 

of each option package to be: 

 Do nothing option – minimal cost 

 Option package 1 – minimal cost 

 Option package 2 – minimal cost 

 Option package 3 – $9.84 million 

 Option package 4 – $3.40 million 

 Table 5: Option package costs 

Option Capital cost ($ million) Operating cost ($ million) Net present value (20 years 
@ 6%) ($ million) 

Base 90
th

 
percentile 

Base 90
th

 
percentile 

Base 90
th

 
percentile 

Option package 1 

Option 2 - - - - - - 

Option 3b - - - - - - 

Option 12a - - - - - - 

Option 17 - - - - - - 

Total - - - - - - 

Option package 2 

Option package 1 - - - - - - 

Option 4a** - - - - - - 

Option 6c** - - - - - - 

Total - - - - - - 

Option package 3 

Option package 1 - - - - - - 

Option 12c* 8.00 n/a 0.16 n/a 9.84 n/a 

Total 8.00 n/a 0.16 n/a 9.84 n/a 

Option package 4 

Option package 1 - - - - - - 

Option 5a 2.62 2.89 0.07 0.07 3.40 3.71 

Total 2.62 2.89 0.07 0.07 3.40 3.71 

* The preliminary cost estimate for Option 12c was provided by MIL. The provided costs represented the best 

(base) estimate of capital costs and excluded allowances for operating and maintenance costs. In the absence of 

estimates for operating and maintenance costs, these costs were set to 2% of the capital cost estimate to allow a 

net present value cost to be estimated. 

** Options 4a and 6c would incur minimal cost to government, however both options may require modification to 

privately owned pipes and pumps.  This cost would be incurred by private individuals or organisations rather than 

government, as the government does not guarantee access to water levels. 
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5 Option package risk 
A high level risk assessment was undertaken for each individual option on an unmitigated basis as a 

part of the Individual Options Phase (SKM 2011). For the Options Integration Phase, the risk 

associated with each option package has been determined based on the cumulative (maximum) risk 

of the individual options that make up the option package. The overall risk assessment for each 

option package has been reviewed where risks common to multiple options within a package may 

affect the results. 

5.1 Risk assessment method 
The risk assessment process, undertaken as a part of the Individual Options Phase (SKM 2011) 

applied a qualitative evaluation of the risks associated with each option following the MDBA Risk 

Management Guidelines (MDBA 2010b). The high level risk assessment used the risk analysis matrix 

from the MDBA guidelines (MDBA 2010b) (Figure 8) to assess seven categories of risk (Table 6). 

All risks have been assessed on an unmitigated basis to aid comparison. It is acknowledged that 

most, if not all, risks identified could be mitigated to an acceptable level but this may require a 

commitment of resources or political capital by the MDBA and possibly the jurisdictions. 

 

 Figure 8: Risk analysis matrix adapted from MDBA guidelines (2010b) 

 

 

Consequence Rank Catastrophic Major Moderate Minor Insignificant

Financial FIN

Huge financial loss (total 

dollar cost greater than 

$50m)

Major financial loss (total 

dollar cost in the range 

$5m to $50m)

Significant financial loss 

(total dollar cost in the 

range $500k to $5m)

Medium financial loss (total 

dollar cost in the range 

$100k to $500k)

Low financial loss (total 

dollar cost less than $100k)

Regulatory 

requirement
REG

Significant regulatory 

requirements include EIS or 

public inquiry with on-going 

legal challenges to the 

extent that it fails to have 

continued political support

Significant regulatory 

requirements include EIS or 

public inquiry

Significant approvals 

process requiring high level 

ministerial approval

Moderate planning 

requirements 

Low level or no approvals 

required

Environment ENV

Catastrophic environmental 

impact which has long term 

consequences and severely 

impacts on the national 

economy

Extensive environmental 

impact over a prolonged 

period which has major 

political and/or economic 

consequences

Significant environmental 

impact but over a limited 

period

Only minor, if any, 

environmental impact
No environmental impact

Stakeholders and 

community
STK

Key stakeholders suffer 

severe impact or loss of 

confidence in the program, 

and possibly the MDBA, 

the extent that its future is 

in question

Extensive impact on key 

stakeholders with major 

political ramifications 

and/or extensive 

community dissatisfaction

Significant stakeholder 

impact which requires 

executive attention and has 

some political ramifications

Minor stakeholder impact 

which is dealt with in a 

short timeframe

Little if any stakeholder 

impact

Project Delivery 

risk
DEL

Project unable to meet its 

objectives and benefits will 

not be realised

Project benefits are 

impacted and some targets 

not met

Permanent change in 

project plan resulting in 

small reduction in project 

benefits.

Small changes on project 

schedule not impacting 

overall benefits

Small change to schedule 

which are rectified during 

project period

Likelihood
Project 

Frequency

Semi-

Quantitative 

Frequency

Environmental 

Frequency
Rank 1 2 3 4 5

Almost certain

More than once 

during the 

project.

Monthly 

occurrence.

Common 

occurrence, high 

volume/ use.

A High High Significant Significant Moderate

Likely
Once during 

the project.

More than once 

per year.

Common 

occurrence, low 

volume/ use.

B High Significant Significant Significant Moderate

Possible

Could happen 

during the 

project life.

Once every one 

to 10 years.

Occasional 

occurrence, high 

volume/ use.

C High Significant Significant Moderate Low

Unlikely

Unlikely to 

occur during 

project life.

Once every 10 

to 100 years.

Occasional 

occurrence, low 

volume/ use.

D High Significant Moderate Low Low

Rare

Very unlikely to 

occur during 

the project life.

Once every 100 

to 1000 years.
Rare occurrence. E High Significant Moderate Low Low
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 Table 6: Risk categories assessed (SKM 2011) 

Risk category Description Consequence 
category 

Technical feasibility Risk the project will not be delivered, or is technical infeasible. Is 
influenced by the requirement for specialised personnel, methods and 
equipment. 

Project delivery 

Regulatory conditions Risk the project will be subject to significant approvals process (e.g. 
EIS or Public Enquiry from EPBC Act) or requires significant change to 
the Water Act or the Murray-Darling Basin Agreement. 

Regulatory 
requirement 

Stakeholder and 
community 

Risk the project is subject to significant community or stakeholder 
opposition. 

Stakeholder and 
community 

Demand / supply risk Risk that changes to irrigation demand and supply conditions mean 
that the infrastructure is used significantly less than designed for, and 
potentially obsolete. 

Financial 

Environmental risk Risk that project construction or operation is likely to cause 
unacceptable environmental damage. 

Environment 

Construction cost risk Risk that project is likely to be subject to cost overruns. Financial 

Operation risk Risk relating to the operational requirements to implement and 
control the option. 

Project delivery 

 

5.2 Option package risks 
The option package risk assessment found that, based on the cumulative (maximum) risk of the 

individual options, the do nothing option and option packages 1, 2 and 3 had an overall risk of 

significant based on significant risk ratings in differing categories (Table 7). Option package 4 had an 

overall risk of high based on a high risk rating for stakeholder and community. The MDBA considers 

this option to be high risk because of the social and community economic implications of operating 

Lake Mulwala lower over the unseasonal flooding period. 

Detailed results for each option package are provided below (Table 8 to Table 11). When considering 

the risks associated with option packages, the high level risk assessment does not provide a point of 

differentiation for option packages 1, 2 or 3 but does identify the higher risk associated with option 

package 4. 

 Table 7: Overall risk assessment for each option package 

Risk Category 

Option package risk 

Do nothing 
option 

Option 
package 1 

Option 
package 2 

Option 
package 3 

Option 
package 4 

Technical feasibility Low Moderate Moderate Significant Moderate 

Regulatory conditions Low Significant Significant Significant Significant 

Stakeholder and 
Community 

Significant Significant Significant Significant High 

Demand / supply risk Low Low Low Moderate Low 

Environmental risk Significant Significant Significant Significant Significant 

Construction cost risk Low Low Significant Significant Moderate 

Operation risk Significant Moderate Moderate Moderate Moderate 

Maximum risk Significant Significant Significant Significant High 
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 Table 8: Risk assessment for option package 1 

Risk Category 

Option / Package Risk 

Option 2 Option 3b Option 16a Option 17 Maximum 
Risk C L R C L R C L R C L R 

Technical 
feasibility 

4 C M 4 C M 4 C L 4 D L Moderate 

Regulatory 
conditions 

4 D L 4 C M 4 C M 3 C S Significant 

Stakeholder and 
Community 

4 D L 3 D M 4 C M 2 B S Significant 

Demand / 
supply risk 

4 D L 4 D L 4 D L 5 D L Low 

Environmental 
risk 

4 C M 4 D L 4 C M 2 C S Significant 

Construction 
cost risk 

5 E L 5 E L 5 E L 5 E L Low 

Operation risk 5 D L 4 D L 4 C M 4 D L Moderate 

Maximum risk Moderate Moderate Moderate Significant Significant 

 

 Table 9: Risk assessment for option package 2 

Risk Category 

Option / Package Risk 

Option 2 Option 3b 
Option 

16a 
Option 17 Option 4a Option 6c Maximum 

Risk 
C L R C L R C L R C L R C L R C L R 

Technical 
feasibility 

4 C M 4 C M 4 C L 4 D L 4 D L 4 D L Moderate 

Regulatory 
conditions 

4 D L 4 C M 4 C M 3 C S 3 C S 3 B S Significant 

Stakeholder and 
Community 

4 D L 3 D M 4 C M 2 B S 2 B S 2 B S Significant 

Demand / supply 
risk 

4 D L 4 D L 4 D L 5 D L 5 D L 5 D L Low 

Environmental 
risk 

4 C M 4 D L 4 C M 2 C S 3 C S 3 C S Significant 

Construction cost 
risk 

5 E L 5 E L 5 E L 5 E L 4 C M 3 C S Significant 

Operation risk 5 D L 4 D L 4 C M 4 D L 4 D L 4 D L Moderate 

Maximum risk Moderate Moderate Moderate Significant Significant Significant Significant 
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 Table 10: Risk assessment for option package 3 

Risk Category 

Option / Package Risk 

Option 2 Option 3b Option 16a Option 17 Option 12c Maximum 
Risk C L R C L R C L R C L R C L R 

Technical 
feasibility 

4 C M 4 C M 4 C L 4 D L 3 C S Significant 

Regulatory 
conditions 

4 D L 4 C M 4 C M 3 C S 4 C M Significant 

Stakeholder and 
Community 

4 D L 3 D M 4 C M 2 B S 4 C M Significant 

Demand / 
supply risk 

4 D L 4 D L 4 D L 5 D L 3 D M Moderate 

Environmental 
risk 

4 C M 4 D L 4 C M 2 C S 3 C S Significant 

Construction 
cost risk 

5 E L 5 E L 5 E L 5 E L 3 C S Significant 

Operation risk 5 D L 4 D L 4 C M 4 D L 4 C M Moderate 

Maximum risk Moderate Moderate Moderate Significant Significant Significant 

 

 Table 11: Risk assessment for option package 4 

Risk Category 

Option / Package Risk 

Option 2 Option 3b Option 16a Option 17 Option 5a Maximum 
Risk C L R C L R C L R C L R C L R 

Technical 
feasibility 

4 C M 4 C M 4 C L 4 D L 4 D L Moderate 

Regulatory 
conditions 

4 D L 4 C M 4 C M 3 C S 3 A S Significant 

Stakeholder and 
Community 

4 D L 3 D M 4 C M 2 B S 2 A H High 

Demand / 
supply risk 

4 D L 4 D L 4 D L 5 D L 5 D L Low 

Environmental 
risk 

4 C M 4 D L 4 C M 2 C S 4 C M Significant 

Construction 
cost risk 

5 E L 5 E L 5 E L 5 E L 4 C M Moderate 

Operation risk 5 D L 4 D L 4 C M 4 D L 4 D L Moderate 

Maximum risk Moderate Moderate Moderate Significant High High 
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6 Option package effectiveness 

6.1 Option package modelling methods 
Each option package (plus the do nothing option) has been modelled in MSM-Bigmod. MSM-Bigmod 

is a complex flow and salinity modelling suite developed and maintained by the MDBA. MSM-

Bigmod has been used extensively to simulate current and potential future system conditions in the 

River Murray and is used to inform policy and decision making processes. 

Each option package (plus the do nothing option) was initially simulated using a current conditions 

scenario (MDBA reference run 23054) representing current (January 2010) level of development for 

demands, infrastructure and operating policies including water recovery and deployment for The 

Living Murray (TLM) with historical climate conditions. The results of this modelling are discussed in 

this section and are referred to as ‘base case’ modelling. To test the robustness of the option 

packages, each option package (plus the do nothing option) has also been modelled and assessed 

under two alternative scenarios representing potential future conditions that align with current 

science and government policy (Table 12). The results of this modelling are discussed in Section 8 

and are referred to as ‘scenario’ modelling. 

 Table 12: Option package and scenario modelling matrix 

 

Some options do not require changes to MSM-Bigmod, rather the option is simulated in the shortfall 

indicator model (see Appendix A). A brief summary of the modelling method for each option 

package is provided in Table 13. More detailed technical descriptions of the modelling methods for 

each option package are provided in Appendix C. 
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 Table 13 :Summary of modelling methods for each option package 

Option package Modelling method 

Do nothing option MSM-Bigmod, post-TLM reference run 
model (run number 23054) 

Option package 1 Option 2 – alter the 6-inch rule to increase operational 
flexibility 

MSM-bigmod modelling 

Option 3b – modifications to the rules governing inter-
valley transfers to manage shortfalls 

Combined MSM-Bigmod modelling and 
shortfall indicator model 

Option 16a – utilisation of Perricoota Escape as a bypass 
route (existing escape capacity, 200 ML/day) 

MSM-Bigmod modelling 

Option 17 – coordinated manipulation of mid-river weirs Shortfall indicator model 

Option package 2 Option package 1 See above 

Option 4a – lower the minimum operating level in Mildura 
Weir (1 m lowering) 

Shortfall indicator model 

Option 6c – lower the minimum (1.5 m lowering) and raise 
the maximum (0.5 m) operating level in Euston Weir 

Shortfall indicator model 

Option package 3 Option package 1 See above 

Option 12c – increase the escape capacity to the Edward 
River to 4,400 ML/day 

MSM-Bigmod modelling 

Option package 4 Option package 1 See above 

Option 5a – lower the typical operating level in Lake 
Mulwala by 0.1 m during the unseasonal flooding period 

MSM-Bigmod modelling 

 

6.2 Effectiveness assessment method 
The effectiveness of each option package has been assessed based on the primary objectives: the 

extent to which each option package addresses shortfalls and unseasonal flooding of the Barmah-

Millewa Forest. 

For each option package, the frequency and severity of shortfall events and the frequency and 

severity of unseasonal flooding events was assessed. Results of this analysis are presented in matrix 

form, summarising the number of events by magnitude and duration. The key summary indicators 

for evaluating the effectiveness of the option package are the impact of the option package on the 

number of years with shortfall events and the number of years each side of the Barmah-Millewa 

Forest is wet unseasonally. 

The impact of each option package on the delivery of environmental flows in the broader River 

Murray System, the beneficial influence of the Barmah Choke for flooding of the Barmah-Millewa 

Forest and other potential third party considerations have also been considered through the use of 

project specific indicators developed as a part of the Investigation Phase (SKM 2009) (see Table 14) 

and the suite of MDBA standard indicators (MDBA 2010a). See Appendix A for information on the 

derivation and calculation of the indicators. 

In addition to the indicators discussed above, the degree of operational control that MDBA would be 

expected to have over each option package was considered in terms of: when the option package 

would be available for use, the ease of implementation of the option package and sensitivity of the 

option package to the scenarios modelled. These considerations have been incorporated into the 

modelling of each option package and the risk assessment. 
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 Table 14: Project specific indicators that will be used to assess option package 
performance with respect to third party considerations. See Appendix A for information on 
the derivation and calculation of each indicator 

Objective Third party consideration indicator 

Shortfalls downstream of Yarrawonga 
Weir 

Shortfall assessment matrix 

Unseasonal flooding of the Barmah-
Millewa Forest 

Unseasonal flooding assessment matrix 

Conservation of water resources Key allocation statistics for general security (NSW) and high and low reliability 
(Victoria) entitlements 

Beneficial influence of the Barmah 
Choke on Barmah-Millewa flooding 

Flooding regime of the Barmah-Millewa Forest: 
 Percentage of years with small and large floods in the Barmah-Millewa 

Forest 
 Maximum duration (in years) with no flood 

Other third-party considerations Frequency and magnitude of environmental flows in the River Murray System 
 Frequency of key flooding criteria at key locations (Koondrook/Gunbower 

Forest, Hattah Lakes, Chowilla/Lindsay) 
Flows to South Australia 
 Average flow to South Australia in excess of entitlement 
 % of years where flow to South Australia is greater than 1,850 GL/year 
Other 
 Maintain water levels in Lake Victoria and the Menindee Lakes for 

cultural heritage reasons 
 Avoid unseasonal flooding of the Werai Forest 
 Avoid undesirable exceedance of 25,000 ML/day downstream of Hume 

Reservoir 
 Avoid undesirable exceedance of the capacity of the Edward and Gulpa 

offtakes 
 Maintain recreational water levels at Lake Mulwala and Euston Weir 

 

6.3 Significance of the problem under the do nothing 
option 

The do nothing option was first established as a part of the Investigation Phase (SKM 2009). Due to 

progressive model changes and updates, the do nothing option was updated as a part of the 

Individual Options Phase (SKM 2011) and again as a part of the Options Integration Phase. 

Throughout the Phases of the study, the key finding has remained unchanged: the limited capacity 

of the Barmah Choke currently restricts the ability of the River Murray System to meet the demands 

of irrigators and other water users and to manage high summer flows through the Barmah-Millewa 

Forest. 

The most significant change to the do-nothing option for the Options Integration Phase is the 

inclusion of water recovery and deployment for The Living Murray (500 GL). The reduction in 

deliveries to irrigation areas associated with water recovery under The Living Murray contributed to 

an increase in the number of years with shortfalls, in particular the number of years with lower 

system storage (type II) shortfalls. This was mainly associated with the delivery of very large volumes 

of environmental water to the Lower Lakes, Coorong and Murray Mouth complex during peak 

irrigation months leading to a net increase in water deliveries during some months. The volumes of 

environmental water delivered are greater than can be supplied by lower system storage, putting 

additional pressure on the Barmah Choke. 
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The significance of the issues associated with the Barmah Choke under the do nothing option is 

detailed below. These results have been used to establish baseline conditions, against which the 

effectiveness of option packages has been assessed. Appendix B provides a detailed discussion of the 

establishment of the do nothing option. 

Shortfalls and rationing of diversions 
Modelling results indicate that under the do nothing option shortfalls would be a significant 

problem, with shortfalls expected to occur in 32% of years (including deliveries under The Living 

Murray). Type I (peak demand) and Type II (lower system storage) shortfalls would both be expected 

to occur in 16% of years. The frequency of Type II (lower system storage) shortfalls is strongly 

influenced by the delivery of environmental water to the Lower Lakes, Coorong and Murray Mouth 

complex under The Living Murray. 

The results suggest that while small volume options such as Option 16a may reduce the incidence of 

small volume and short duration shortfall events, large volume options such as Option 17 would be 

required to significantly reduce the incidence of large volume and long duration shortfalls (which are 

expected to be challenging or more difficult to manage). 

 Table 15: Shortfalls downstream of Yarrawonga Weir under the do nothing option 
(including deliveries under The Living Murray) 

Duration Average Magnitude (ML/day) Total by Duration 

< 1,000 ML/day 1,001 –  

1,500 ML/day 

> 1,500 ML/day 

1 – 5 days 9 2 1 12 

6 – 10 days 6 0 1 7 

11 – 15 days 3 1 0 4 

> 15 days 3 7 3 13 

Total by magnitude 21 10 5 36 

Shortfalls which are expected to be 
manageable 

Number (total) 17 

Number (type I- peak demand) 13 

Number (type II- lower system storage) 4 

Average volume of each event (GL) 1.8 

Average duration of each event (days) 4.2 

Shortfalls which are expected to be 
challenging to manage 

Number (total) 8 

Number (type I- peak demand) 4 

Number (type II- lower system storage) 4 

Average volume of each event (GL) 11.8 

Average duration of each event (days) 13.8 

Shortfalls which are expected to be 
more difficult to manage 

Number (total) 11 

Number (type I- peak demand) 1 

Number (type II- lower system storage) 10 

Average volume of each event (GL) 58.3 

Average duration of each event (days) 38.4 

Total shortfalls Number (total) 36 (32% of years) 

Number (type I- peak demand) 18 (16% of years) 

Number (type II- lower system storage) 18 (16% of years) 
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Unseasonal flooding of the Barmah-Millewa Forest 
Modelling results indicate that under the do nothing option unseasonal flooding of the Barmah-

Millewa Forest would be a significant problem, with each side of the forest expected to be wet in 

39% of years. Under the do-nothing option, moderate flooding would be expected to occur in 39 

years over the model run (114 years) – more than three times the frequency under natural 

conditions and more severe unseasonal flooding will occur in 25 years – similar to the frequency 

under natural conditions. 

The increase in the number of years with unseasonal flooding may be contributing to changes in the 

ecological character of the forest. 

 Table 16: Unseasonal flooding of the Barmah-Millewa Forest under the do nothing option 

Duration Flow (ML/day) Total by 

Duration 10,601 – 

11,000 

11,001 – 

13,000 

13,001 – 

15,000 

15,001 – 

18,000 

>18,000 

0-2 days 6 17 5 1 0 29 

3-7 days 0 5 7 10 9 31 

>7 days 0 4 1 2 3 10 

Total by Flow 6 26 13 13 12  

Total years of unseasonal flooding (natural conditions – 38 years) 70 

Total years of moderate unseasonal flooding (natural conditions – 12 years) 39 

Total years of more severe unseasonal flooding (natural conditions – 23 years) 25 

Proportion of wet years for each side of the forest (natural conditions – 31% of years*) 39% 

* Under natural conditions, no levees or regulators were in place to control floods of less than 15,000 ML/day to one side 

of the forest. As such, all events, even events less than 15,000 ML/day, contribute towards the proportion of wet years 

under natural conditions. 

It should be noted that statistics on unseasonal flooding frequency under natural conditions are 

presented for comparison. However, achieving the natural frequency of unseasonal flooding under 

current conditions would not be expected to enable forest vegetation communities to return to 

natural conditions. This is because the characteristics of both the remaining unseasonal floods as 

well as seasonal flooding would be expected to remain very different to those observed under 

natural conditions with consequent impacts on the resilience of the natural environment. 

The method adopted to calculate the number of years of unseasonal flooding excluded events that 

started or ended outside the unseasonal flooding period (January 1 to April 30) which represent the 

start or tail end of seasonal events which are perceived to be beneficial. The analysis does include 

unseasonal events of all magnitudes, including very large events (such as 60,000 ML/day) which may 

be beneficial to the forest ecosystem.  Previous phases of the Barmah Choke study have examined 

potential methods to assess whether an unseasonal flood could be considered to be 

environmentally beneficial. The required analysis was considered to be onerous beyond its potential 

value (i.e. many factors would need to be considered including the month in which the event occurs, 

the area and depth of flooding of vegetation and the time since the last flood event) and so was not 

pursued any further. 

Consideration has been given to further developing the unseasonal flooding indicator to utilise 

hydraulic modelling results for the Barmah Forest to estimate areas of the forest that may be 

inundated during unseasonal flooding events. The areas inundated for any event are dependent on 
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the flow downstream of Yarrawonga and the timing and nature of regulator operations on both 

sides of the River Murray. However, a method has not been developed as a part of the scope of this 

project which would enable this estimate to be made. The benefits of such an approach and whether 

it would provide enough additional information for evaluating potential benefits of options (and 

packages of options) is being considered by the MDBA. 

Other indicators and considerations 
A larger number of other indicators have been prepared to allow the option package performance 

with respect to third-party considerations to be assessed. The results of these indicators are 

presented in Appendix D but are not discussed in this section. 

6.4 Assessment of option packages 
The main indicators that have been used to evaluate the potential effectiveness of each option 

package are the option package’s ability to address the issues associated with the limited capacity of 

the Barmah Choke. Specifically, the impact of the option package on the number of years with 

unseasonal flooding of the Barmah-Millewa Forest and the number of years with shortfalls or 

rationing of diversions has been considered. The impact of each option package on the beneficial 

influence of the Barmah Choke and other third party considerations has also been considered. 

Table 17 presents a summary of the number of years with shortfall events downstream of 

Yarrawonga (including deliveries under The Living Murray) and the proportion of wet years on each 

side of the forest. These results show that each option represents a significant improvement over 

the do nothing option, reducing the frequency of shortfalls and unseasonal flooding. These key 

findings have been used to inform the evaluation of option packages (Section 7). 

Additional detailed results on the effectiveness of each option package as well as evaluation of third 

party considerations are provided in Appendix D. 

 Table 17: Summary assessment of option packages (shaded rows are graphed in Figure 9) 

Assessment Indicator 
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Number of years of unseasonal flooding 70 66 66 52 55 

Number of years of minor unseasonal flooding 6 11 11 7 9 

Number of years of moderate unseasonal flooding 39 30 30 27 24 

Number of years of more severe unseasonal flooding 25 25 25 18 22 

Number of years each side of the forest is wet unseasonally 44.5 40.0 40.0 31.5 34.0 

Number of years of shortfalls 36 4 3 5 4 

Number of years of shortfalls that are expected to be manageable 17 1 3 2 1 

Number of years of shortfalls that are expected to be challenging to manage 8 1 0 1 1 

Number of years of shortfalls that are expected to be more difficult to manage 11 2 0 2 2 

Number of years of type I – peak demand shortfalls 18 1 0 1 1 

Number of  years of type II – lower system storage shortfalls 18 3 3 4 3 
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For unseasonal flooding, the smaller events are considered to be the most harmful to the health of 

the forest with regular low level flooding favouring Giant Rush (personal communications, Keith 

Ward, GBCMA). These events tend to be the first events eliminated by the option packages. The 

option packages assessed are less effective at eliminating the high volume, long duration unseasonal 

floods however such events are more similar to those events that occurred naturally. The principal 

impact of regulation has been to increase the frequency of moderate (small volume) unseasonal 

flooding events. For shortfalls, the smaller events are the easiest to manage. The remaining events 

(large volume, long duration) are the most difficult to manage and would be expected to have the 

greatest social and economic impact. 
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7 Evaluation of option packages 
Option packages have been evaluated based on the effectiveness, cost and risk of the option 

package. Figure 9 provides a visual summary of the evaluation of option packages. Key findings are 

discussed below. 

Each of the four option packages discussed in this report have been evaluated individually. Option 

package 1 incorporates options which are low risk and can be implemented relatively quickly within 

existing infrastructure and current operational budgets. Option package 1 targets both shortfalls and 

unseasonal flooding. Option packages 2, 3 and 4 build upon option package 1 to assess the 

incremental benefit of additional options. Option package 2 incorporates additional options to 

manage shortfalls, while option packages 3 and 4 incorporate additional options to manage 

unseasonal flooding of the Barmah-Millewa Forest. 

 
 Figure 9: Evaluation of option packages under the current conditions scenario. 
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Option package 1 
Option package 1 is mostly in practice today and could be achieved within existing infrastructure and 

current operational budgets for minimal additional risk. Modelling suggests that option package 1 

would be expected to lead to a very significant reduction in the number of years with shortfalls. 

Following implementation of option package 1, the model indicates that shortfalls would occur in 4 

years over the 114 year model period compared to 36 years under the do nothing option. 

Of the remaining four years with shortfall events, these events are all type II events and are 

associated with a lack of lower system storage combined with relatively high system demands 

downstream of the Barmah Choke including high demands to South Australia. Under the do nothing 

option these four events had an average volume of 70 GL and an average duration of 33 days. 

Following implementation of option package 1 these events had an average volume of 15 GL and an 

average duration of 11 days, which would be expected to significantly reduce the economic and 

social impact of the shortfall event. 

The modelling also suggests that option package 1 would lead to a reduction in the number of years 

each side of the Barmah-Millewa Forest is wet to 40 years over the model period (114 years) 

compared to 44.5 years under the do nothing option. 

Assessment of other considerations (Appendix D) indicates that option package 1 would have 

minimal impact on the beneficial influence of the Barmah Choke or other third party considerations. 

Option package 1 incorporates four options. The additional effectiveness, cost and risk of 

implementing each option within option package 1 has been evaluated (Figure 10). 

Implementing Option 2 would be expected to lead to a reduction in the number of years each side of 

the Barmah-Millewa Forest is wet from 44.5 years to 39 of years over the model period (114 years). 

Minimal impact would be expected on the number of years with shortfalls. 

Implementing Option 16a in addition to Option 2 would be expected to lead to a small reduction in 

the number of years with shortfalls from 36 years to 35 years over the model period (114 years). 

However, it would be expected to lead to a small increase in the number of years each side of the 

Barmah-Millewa Forest is wet from 39 years to 40 years over the model period (114 years). This 

occurs due to increased pressure on channel capacity within the Murray Irrigation Limited system.  

Implementing Option 3b in addition to Options 2 and 16a would be expected to lead to a significant 

reduction in the number of years with shortfalls from 35 years to 14 years over the model period 

(114 years). Minimal impact would be expected on the number of years each side of the forest is wet 

unseasonally. 

Modelling of Option 3b has been based on simulation of 109 GL of high reliability water shares from 

the Goulburn System (from entitlement trade). The modelling does not include trade on the 

Murrumbidgee System, additional entitlement trade on the Goulburn System and allocation trade 

on the Goulburn System. Including this trade may significantly alter the effectiveness of this option. 
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 Figure 10: Evaluation of incremental benefit of options within option package 1 under the 

current conditions scenario. 

It is recommended that the effect of all trades on the availability of IVT be considered, however 

while the additional trade may alter the effectiveness of the option, if at times of potential shortfall 

there is sufficient water available to call from the IVT accounts, the option will remain effective. 

Modelling of all trades would require significant modifications to MSM-Bigmod and potentially the 

Goulburn and Murrumbidgee System water resource models which is beyond the scope of this 

study. Strategies to manage the IVT account balances for the risk of allocation trade impacts and risk 

of spill would be required to further develop this option.  

The effectiveness of this option is enhanced by using it in combination with Option 17. This is 

because this combination provides flexibility for operations to draw down the weirs while orders 

from the Goulburn or Murrumbidgee Systems are on route. This reduces the potential operational 

constraint associated with delivery times of IVT water. Daily operations modelling of the Murray, 

Goulburn and Murrumbidgee Systems would be required to be undertaken in consultation with G-

MW and State Water to develop operational plans for this option. 

Implementing Option 17 in addition to Options 2, 16a and 3b would be expected to lead to 

significant further reductions in the number of years with shortfalls with only 4 years with shortfalls 

remaining over the model period (114 years). Minimal impact would be expected on the number of 

years with each side of the forest is wet unseasonally. 
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The rate at which weirs were drawdown to supply demands under Option 17 was investigated. It 

was found that 90% of the time the drawdown rate was less than approximately 400 ML/day per 

weir. Prior to implementing Option 17, suitable maximum drawdown rates would need to be 

determined taking into account any infrastructure limitations and risks. 

Options 3a and 17 provide operational flexibility to access additional water downstream of the 

Barmah Choke when required to meet shortfalls. This flexibility can be used to reduce the incidence 

and magnitude of shortfalls and improve the level of service. Alternatively this flexibility could allow 

trade through the Barmah Choke or the ability to delay transfers to Lake Victoria. Option 16a 

provides some additional capacity (200 ML/day) to more efficiently deliver water to sites 

downstream of the Barmah Choke, including icon sites. 

Option package 2 
Option package 2 builds upon option package 1, incorporating two additional options (additional use 

of Euston and Mildura Weirs) to manage shortfalls. Option package 2 would achieve modest further 

improvements from option package 1 for little additional cost to government and minimal additional 

risk. 

Following option package 1 there are 4 years with shortfall events over the modelling period (114 

years). This means that the additional active storage available through Options 4a and 6c is called 

upon infrequently across the modelling period: approximately 1 in 28 years. Option package 2 would 

be expected to reduce the number of years with shortfalls from 4 years to 3 years over the 114 year 

modelling period and improve the manageability of the remaining shortfall events by reducing the 

event volume. 

Of the remaining three years with shortfall events, these events are all type II events and are 

associated with a lack of lower system storage combined with relatively high system demands 

downstream of the Barmah Choke including high demands to South Australia. Under the do nothing 

option these three events had an average volume of 57 GL and an average duration of 25 days. 

Following implementation of option packages 1 and 2 these events had an average volume of 1 GL 

and an average duration of 3 days, which would be expected to significantly reduce the economic 

and social impact of these shortfall events. 

Option package 2 would be expected to have minimal impact on unseasonal flooding of the Barmah-

Millewa Forest, the beneficial influence of the Barmah Choke or other third party considerations 

(Appendix D). The additional active storage in Euston and Mildura Weirs within option package 2 

would be expected to be called upon infrequently and for relatively short periods of time. The 

management of social and community impacts due to drawdown of the weirs during these times 

would require further consideration. Salinity risks may affect this option package, however short-

duration drawdowns are not expected to impact the option package’s viability. However, potential 

salinity risks would need to be considered further. 

Options 4a and 6c build upon Options 3a and 17 to provide greater operational flexibility to access 

additional water downstream of the Barmah Choke when required to meet shortfalls. As under 

option package 1, this additional flexibility can be used to reduce the incidence and magnitude of 
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shortfalls and offer an improved level of service. Alternatively this flexibility could allow trade 

through the Barmah Choke or the ability to delay transfers to Lake Victoria. 

Option package 3 
Option package 3 builds upon option package 1, incorporating an additional option (increased 

capacity of Edward Escape) to avoid unseasonal flooding of the Barmah-Millewa Forest (Option 12c). 

Option package 3 would incur a cost of $9.84 million, the most expensive of the option packages 

considered, to achieve significant improvements in unseasonal flooding for minimal additional risk. 

The modelling indicates that option package 3 would reduce the number of years each side of the 

Barmah-Millewa Forest is wet to 31.5 years over the model period (114 years) compared to a 40 

years under option package 1. 

Option package 3 would be not expected to be effective for shortfalls, as the majority of shortfalls 

have been eliminated through option package 1. The modelling also suggests option package 3 

would be expected to have minimal impact on the beneficial influence of the Barmah Choke and 

most other third party considerations. Option package 3 poses a risk of increased flooding of the 

Werai Forest. The extent of this risk is still uncertain and requires further consideration in 

collaboration with MIL and State Water to evaluate potential operational methods that might be 

used to minimise this risk.  

The indicator for flooding of Werai Forest is based on simulated flow in the Edward River 

downstream of Stevens Weir. Edward River flows may be potentially managed differently by MIL or 

State Water if the systems were to be operated differently to the way they are currently modelled. 

While option package 3 offers significant additional benefits over option package 1, it would be 

significantly more expensive to implement ($9.84 million net present value cost, base estimate). 

The role and suitability of Option 12c also needs to be considered in the context of the future 

management and operation of the wider MIL system which may change in response to the 

significant volume of entitlement traded out of the MIL system and increased management of 

environmental water in the Edward-Wakool River system.  

Option 12c builds Option 16a to provide additional capacity (a further 2000 ML/day) to more 

efficiently deliver water to sites downstream of the Barmah Choke, including icon sites. 

Option package 4 
Option package 4 builds upon option package 1, incorporating an additional option to avoid 

unseasonal flooding of the Barmah-Millewa Forest (Option 5a). Option package 4 would incur an 

additional cost of $3.4 million to achieve significant improvements in unseasonal flooding.  However, 

the MDBA considers this option to be high risk because of the social and community economic 

implications of operating Lake Mulwala 0.1 m lower over the unseasonal flooding period. 

The modelling indicates that option package 4 would reduce the number of years each side of the 

Barmah-Millewa Forest is wet to 34 years over the model period (114 years) compared to 40 years 

under option package 1. This is slightly less effective than option package 3. Whilst option package 4 

is less effective than option package 3, the cost of implementation is significantly less: $3.40 million 

compared to $9.84 million (net present value cost, base estimate). 
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The modelling also indicates that option package 4 would be expected to have minimal impact on 

the number of years with shortfalls and the beneficial influence of the Barmah Choke. However, the 

social and community economic implications of operating Lake Mulwala 0.1 m lower over the 

unseasonal flooding period would require further consideration which is beyond the scope of this 

report. 



Barmah Choke Study – Options Integration Phase 
Murray-Darling Basin Authority 

 41 

8 Scenarios 
To test the robustness of the option packages, each option package (as well as the do nothing 

option) has been modelled under a current conditions scenario, representing current (January 2010) 

level of development for demands, infrastructure and operating policies including water recovery 

and deployment for TLM with historical climate conditions, and two alternative scenarios. The 

alternative scenarios which represent potential future conditions that align with current science and 

government policy are based on the current conditions scenarios with the following modifications: 

 2030 dry climate change scenario, which is based on the CSIRO modelling to test the 

sensitivity of the option packages to drier climatic conditions 

 Expanded TLM Portfolio with recovery of an additional 500 GL/year for use for 

environmental watering of the Barmah-Millewa Forest. For this scenario the additional 

500 GL/year of recovery was sourced from irrigation areas upstream and downstream of 

the Barmah Choke in the same proportion as Commonwealth buyback (as at October 

2011) and deployed based on TLM watering requirements. This scenario was modelled 

for the purposes of sensitivity testing of the options packages to environmental water 

recovery and deployment. 

The significance of the issues associated with the Barmah Choke under the do nothing option for 

each scenario is summarised in Table 18 and Figure 11.  These results indicate that: 

 2030 dry climate change conditions as modelled will lead to: 

 A significant reduction in unseasonal flooding. This is associated with drier catchment 

conditions reducing the frequency of high inflow events from the unregulated 

tributaries (such as the Ovens River) and a reduction in supplies to irrigation demands 

reducing pressure on the Barmah Choke and reducing the magnitude of rainfall 

rejections. 

 An increase in the number of years with shortfalls. This is associated with geographic 

differences in the impact of climate change on inflows across the River Murray System. 

Although climate change reduces allocations and hence demands, there are still a 

number of years with allocations high enough for demands to exceed the capacity of 

the Barmah Choke. This is then exacerbated by climate change having the greater 

impact on inflows between Barmah Choke and the Darling River than on upper system 

inflows, which increases reliance on regulated releases from upper system storages. 

 Expanded TLM portfolio conditions as modelled will lead to: 

 No change to the number of years each side of the Barmah-Millewa Forest is wet 

unseasonally 

 A small reduction in the number of years with shortfalls, associated with reduced 

irrigation demands reducing pressure on Barmah Choke. 

The key outcome from these results is that the issues associated with the Barmah Choke are not 

eliminated under scenarios of drier climate or increased recovery and deployment of water for 

environmental purposes and are expected to continue into the future. This supports the need to 

identify options to manage these issues. 
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 Table 18: Summary assessment of significant of the issues associated with the Barmah 
Choke under the do nothing option (shaded rows are graphed in Figure 11) 

Assessment Indicator 
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Number of years of unseasonal flooding 70 48 71 

Number of years of minor unseasonal flooding 6 5 9 

Number of years of moderate unseasonal flooding 39 31 35 

Number of years of more severe unseasonal flooding 25 12 27 

Number of years each side of the forest is wet unseasonally 44.5 27.5 44.5 

Number of years of shortfalls 36 42 31 

Number of years of shortfalls that are expected to be manageable 17 17 11 

Number of years of shortfalls that are expected to be challenging to manage 8 11 9 

Number of years of shortfalls that are expected to be more difficult to manage 11 14 11 

Number of years of type I – peak demand shortfalls 18 22 14 

Number of  years of type II – lower system storage shortfalls 18 20 17 
 

 
 Figure 11: Evaluation of the significance of the issues associated with the Barmah Choke 

under the do nothing option 
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Each option package has been evaluated under each scenario (Figure 12 and Figure 13). These 

evaluations were generally found to support the evaluation of option packages under the current 

conditions scenario. Specifically, the option packages are robust, remaining effective under the 

scenarios assessed. 

There are other factors which need to be taken into account for a full evaluation of each option 

package. Option package costs and third party considerations are generally not affected by the 

scenarios. However, additional environmental recovery as under the expanded TLM portfolio 

scenario may further impact on the role and suitability of Option 12c within option package 3 in the 

context of the future management and operation of the wider MIL system. This issue would need to 

be considered further prior to implementation of option package 3. 
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 Table 19: Summary assessment of option packages under 2030 dry climate change 
conditions (shaded rows are graphed in Figure 12) 

Assessment Indicator 
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Number of years of unseasonal flooding 48 45 45 42 36 

Number of years of minor unseasonal flooding 5 5 5 9 2 

Number of years of moderate unseasonal flooding 31 26 26 27 24 

Number of years of more severe unseasonal flooding 12 14 14 6 10 

Number of years each side of the forest is wet unseasonally 27.5 27.0 27.0 19.5 22.0 

Number of years of shortfalls 42 4 1 2 4 

Number of years of shortfalls that are expected to be manageable 17 2 0 1 2 

Number of years of shortfalls that are expected to be challenging to manage 11 1 0 1 1 

Number of years of shortfalls that are expected to be more difficult to manage 14 1 1 0 1 

Number of years of type I – peak demand shortfalls 22 0 0 0 0 

Number of  years of type II – lower system storage shortfalls 20 4 1 2 4 

 

 
 Figure 12: Evaluation of option packages under 2030 dry climate change conditions 
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 Table 20: Summary assessment of option packages under the expanded TLM portfolio 
scenario with additional recovery of 500 GL/year (shaded rows are graphed in Figure 13) 

Assessment Indicator 
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Number of years of unseasonal flooding 71 62 62 62 56 

Number of years of minor unseasonal flooding 9 3 3 4 2 

Number of years of moderate unseasonal flooding 35 33 33 42 30 

Number of years of more severe unseasonal flooding 27 26 26 16 24 

Number of years each side of the forest is wet unseasonally 44.5 42.5 42.5 37.0 39.0 

Number of years of shortfalls 31 3 2 1 3 

Number of years of shortfalls that are expected to be manageable 11 0 2 0 0 

Number of years of shortfalls that are expected to be challenging to manage 9 0 0 1 0 

Number of years of shortfalls that are expected to be more difficult to manage 11 3 0 0 3 

Number of years of type I – peak demand shortfalls 14 1 0 1 1 

Number of  years of type II – lower system storage shortfalls 17 2 2 0 2 

 

 
 Figure 13: Evaluation of option packages under the expanded TLM portfolio scenario with 

additional recovery of 500 GL/year 
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9 Conclusions and recommendations 
The aim of the Barmah Choke Study was to assess current and potential future water supply and 

environmental risks and opportunities associated with the Barmah Choke and other mid-river 

operational issues. Investigations carried out as a part of current and previous phases of the Study 

determined that the limited capacity of the Barmah Choke currently restricts the ability of the River 

Murray System to meet the demands of irrigators and other water users and to manage high 

summer flows through the Barmah-Millewa Forest and that these impacts persist under scenarios of 

drier climate and of increased environment water recovery and deployment. 

The Options Integration Phase of the Barmah Choke Study builds upon the outputs of the previous 

phases. The Individual Options Phase (SKM 2011) found that of the 17 options investigated, no single 

option represents a complete solution to the issues associated with the Barmah Choke, rather a 

package of options would be required. In this phase, integrated packages of options were reviewed, 

modelled and assessed to consider their combined potential to address the issues associated with 

the Barmah Choke, the ultimate aim of providing recommendations on options or packages of 

options to manage the issues associated with the Barmah Choke. 

In addition to the do nothing option, four integrated option packages have been considered for this 

phase of the Barmah Choke Study: option package 1 which incorporates options which are low risk 

and can be implemented relatively quickly within existing infrastructure and current operational 

budgets plus three additional option packages which build upon option package 1 (Table 21). These 

option packages were developed collaboratively with representatives of state governments and 

stakeholders with consideration given to the cost and time required to implement the options, the 

practicality of implementing the options and the incremental benefit of combining the options. 

 Table 21: Integrated option packages 

Individual option Option package 

Package 1 Package 2 Package 3 Package 4 

Option 2 – alter the 6-inch rule to increase operational 
flexibility     

Option 3b – modifications to the rules governing inter-valley 
transfers to manage shortfalls     

Option 16a – utilisation of Perricoota Escape as a bypass route 
(existing escape capacity, 200 ML/day)     

Option 17 – coordinated manipulation of mid-river weirs     

Option 4a – lower the minimum operating level in Mildura 
Weir (1 m lowering) 

    

Option 6a – lower the minimum (1.5 m lowering) and raise 
the maximum (0.5 m raising) operating level in Euston Weir 

    

Option 12c – increase the escape capacity to the Edward River 
to 4,400 ML/day 

    

Option 5a – lower the typical operating level in Lake Mulwala 
by 0.1 m during the unseasonal flooding period 

    

 

 

 



Barmah Choke Study – Options Integration Phase 
Murray-Darling Basin Authority 

 47 

Option packages have been evaluated based on the packages effectiveness, cost and risk. This 

effectiveness of option packages was initially assessed under a current conditions scenario 

representing current (January 2010) level of development for demands, infrastructure and operating 

policies including water recovery and deployment for TLM with historical climate. The effectiveness 

of each option package was also assessed under two alternative scenarios a 2030 dry climate change 

scenario and an expanded TLM scenario with recovery of an additional 500 GL. 

From the evaluation of option package under the three scenarios modelled, the following 

conclusions and recommendations are made: 

Option package 1 is mostly in practice today and could be achieved within existing infrastructure and 

current operational budgets. Option package 1 is also highly effective, reducing the number of years 

with shortfalls from 36 years to 4 years over the 114 year modelling period. The four years with 

shortfall events are associated with a lack of lower system storage combined with relatively high 

system demands downstream of the Barmah Choke. Option package 1 also reduces the number of 

years each side of the forest is wet unseasonally by 10% under the current conditions scenario. 

These results suggest there is merit in continuing, and enhancing where possible, the 

implementation of option package 1. 

It is noted that the effectiveness of Option 3b within option package 1 is sensitive to the volume of 

net entitlement and allocation trade to the Murray System. 

To complete the implementation of option package 1, policy and operational documents would need 

to be updated to confirm the operation of inter-valley transfers (Option 3b) and more flexible weir 

operation (Option 17) to manage shortfalls and the use of Perricoota Escape (Option 16a) to manage 

unseasonal flooding. Currently on-going investigations into more flexible operating of the 6-inch rule 

at Hume Reservoir (Option 2) would need to confirm appropriate rules for future operations. 

Option packages 2, 3 and 4 build upon option package 1 and offer additional incremental benefits to 

target specific issues. 

Option package 2 further reduces the number of years with shortfalls to 3 years over the 114 year 

modelling period under the current conditions scenario and improves the ability to manage the 

remaining shortfalls. Modelling suggests it would be called upon infrequently (approximately 1 in 28 

years) and for short periods of time to assist management of large shortfalls. Option package 2 

would incur little additional cost to government, however it may require modification to privately 

owned pipes and pumps. This option package would provide additional operational flexibility and so 

should be considered for managing shortfalls and other mid-river operational issues as required. This 

would be subject to consideration and management of the social and community implications. 

Options packages 3 and 4 would offer similar benefits and would be moderately effective for 

managing unseasonal flooding of the Barmah-Millewa Forest. Option packages 3 and 4 would reduce 

the number of years each side of the forest is wet by 29% and 24% respectively under the current 

conditions scenario, compared to a 10% reduction from option package 1. 
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Option package 3 would be more expensive to implement ($9.84 million) compared to option 

package 4 ($3.40 million). The effectiveness of this option is sensitive to available channel capacity 

and magnitude of demand in the irrigation infrastructure of the Murray Irrigation Limited area of 

operation and the downstream Edward-Wakool system. This would require further consideration in 

the context of the future management and operation of these systems. This option package also 

poses a risk of increased flooding of the Werai Forest downstream of Stevens Weir on the Edward 

River, the extent and impact of which requires further investigation.  

Option package 4 offers a more cost-effective option for managing unseasonal flooding of the 

Barmah-Millewa Forest. However, the social and community economic implications of operating 

Lake Mulwala 0.1 m lower over the unseasonal flooding period would require further consideration. 

The results of the Barmah Choke Study indicate that implementation of option package 1 can reduce 

the issues associated with the Barmah Choke, as articulated in the study objectives. The 

implementation of option packages 2, 3 and 4, build upon the benefits of option package 1. 

However, further consideration and investigation of specific issues would be required before these 

packages could be implemented. The recommendations arising from the Barmah Choke Study 

should be considered by the MDBA in collaboration with jurisdictional stakeholders. 
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Glossary 
Terminology Meaning 

Allocation The percentage of the entitlement volume that is available for diversion by 
irrigators in the current water year in regulated rivers that use an annual 
accounting system. This is supplied from guaranteed resources (i.e. from 
headwater storage or minimum flows from unregulated tributaries 
downstream of the storage), also adjusted for carryover and overdraw. 
Does not include any supplementary water that may become available. 
Allocations are announced publicly by the system operator at various times 
during the year. (eWater CRC glossary*) 

Basin Plan The Basin Plan adopted by the Minister under Section 44 (as amended 
from time to time (eWater CRC glossary*). The Basin Plan will be a 
strategic plan for the integrated and sustainable management of water 
resources in the Murray-Darling Basin, and is being prepared by the MDBA, 
as required by the Water Act 2007 (Cwth) in consultation with the Basin 
States and communities. 

Benchmark Defines the dates between which a model run extends (i.e. 1891 to 2009) 
and can include any number of standard and non-standard reference runs 
and/or climatic models (MDBA 2010a). 

Criteria Broad attributes to consider and differentiate option packages and hence 
inform the assessment process (i.e. environmental benefit). 

Effectiveness Effectiveness refers to how well a solution achieves its intended outcomes. 
For the Barmah Choke Study, this means how well options can reduce or 
mitigate the impacts of shortfalls or unseasonal flooding. 

Indicator Expressed in modelling terms e.g. ‘Frequency of events > 10,600 ML/day 
downstream of Yarrawonga Weir for > 7 days during the unseasonal 
flooding assessment period (1 January to 31 March). 

Lower system storage 
shortfall (type II) 

Lower system storage shortfalls are typically long in duration affecting the 
whole River Murray System downstream of the Barmah Choke (through to 
South Australia) caused by limited resources in Lake Victoria and the 
Menindee Lakes and insufficient channel capacity to implement bulk 
transfers to Lake Victoria. 

Moderate seasonal 
flooding 

Floods with a peak magnitude of greater than 11,000 ML/day but less than 
15,000 ML/day are classified as moderate floods. These floods exceed the 
threshold at which significant impacts on vegetation communities would 
be expected to occur (11,000 ML/day) but are below the threshold where 
red gums would be expected to be impacted (15,000 ML/day). Floods of 
this magnitude can be restricted to one side of the forest through the 
manipulation of regulators. 

More severe 
unseasonal flooding 

Floods with a peak magnitude of 15,000 ML/day or higher are classified as 
more severe floods. These floods exceed the threshold at which red gums 
would be expected to be impacted (15,000 ML/day) and will impact both 
sides of the forest. 

Peak demand shortfall 
(type I) 

Peak demand shortfalls are typically short duration events in the mid-
reaches of the river between the Barmah Choke and Lake Victoria caused 
by insufficient channel capacity to meet water user demands. 
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Terminology Meaning 

Proportion of wet years 
for each side of the 
forest 

Floods with a peak magnitude of less than 15,000 ML/day can be restricted 
to one side of the forest through manipulation of regulators. Therefore the 
proportion of wet years for each side of the forest is less than the total 
proportion of wet years. 
The proportion of wet years for each side of the forest is equal to half the 
proportion of years with floods with a peak magnitude of less than 15,000 
ML/day plus the proportion of years with floods with a peak magnitude of 
15,000 ML/day or higher. 

Rainfall rejection Rainfall rejections occur when a combination of reduced irrigation 
demands (due to rain in the irrigation areas) and increases in inflows from 
unregulated tributaries lead to increased flows in the River Murray, 
causing river levels to rise and exceed the capacity of the Barmah Choke, 
flooding the Barmah-Millewa Forest (MDBC 2008) 

Reference run A set of modelling assumptions applied to a given benchmark period that 
defines how the parameters of the river (including which climatic model 
we are using) are specifically configured in the model for that given run 
(MDBA 2010a). 

Shortfall Each year in the River Murray System, an allocation is announced for both 
NSW and Victoria at the start of the irrigation season and progressively 
updated throughout the irrigation season. Entitlements are restricted 
based on the announced allocation. Shortfalls occur when the restricted 
demand cannot be supplied due to channel capacity constraints or a lack 
of resource storage in the lower system. 

Shortfalls which are 
expected to be 
manageable 

Shortfalls of short duration and low magnitude are classified as ‘expected 
to be manageable’. This category reflects that there are a wide range of 
ad-hoc measures and responses that can be implemented by river 
operations to manage or avoid short duration, low magnitude shortfalls 

Shortfalls which are 
expected to be 
challenging to manage 

Shortfalls of either short duration or low magnitude (but not both) are 
classified as ‘expected to be challenging to manage’. This category reflects 
that as the volume or duration of a shortfall event increases it becomes 
more challenging for river operations to manage or avoid and it is more 
likely that demands will be rationed or shortfalled. 

Shortfalls which are 
expected to be more 
difficult to manage 

Shortfalls of long duration and high magnitude are classified as ‘expected 
to be more difficult to manage’. This category reflects that it is unlikely 
such conditions could be managed or avoided through the use of ad-hoc 
measures and responses available to river operations and it is very likely 
that demands will be rationed or shortfalled. 

System operating 
requirements 

Water released from storage but not delivered to customer’s outlets. This 
water is ‘lost’ from the system through processes such as evaporation, 
leakage, seepage, meter error and unplanned spills. 

The Living Murray The Living Murray, established in 2002 aims to achieve a healthy working 
River Murray System through the recovery of water for the system and 
environmental works and measures. The Living Murray ‘first step’ has been 
implemented and has recovered approximately 500 GL of water for the 
environment along with (still on-going) development of works to improve 
the efficiency of environmental water delivery. 
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Terminology Meaning 

Undesirable flooding Undesirable flooding is a sub-set of unseasonal flooding and quantifies 
whether or not an unseasonal flooding event is environmentally harmful.  
Many factors would need to be considered in determining if an unseasonal 
flooding event is undesirable including the month in which the event 
occurs, the area and depth of flooding of vegetation and the time since the 
last flood event. 

Unseasonal flooding Flows which exceed the capacity of the Barmah Choke lead to flooding of 
the Barmah-Millewa Forest. Flooding which occurs between the 15th of 
December and the 30th of April can be detrimental to the health of the 
forest and is referred to as unseasonal flooding. 

* The eWater glossary can be accessed: http://www.ewater.com.au/glossary/ 
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Appendix A Project indicators 
A key task of the Investigation Phase of the Barmah Choke Study (SKM 2009) was to develop 

indicators relating to the overall Barmah Choke Study objectives. These indicators are used to assess 

and compare option packages and establish baseline conditions against which option packages are 

compared. The development and calculation of each of the indicators is detailed below. 

In addition to the Barmah Choke Study specific indicators, the MDBA uses a set of standard 

hydrological indicators for all runs. These indicators are used by the MDBA to allow a quick overview 

and initial assessment of scenarios runs (MDBA, 2010a). These can also be used to assess and 

compare options and establish baseline conditions. 

All of the indicators discussed in this Appendix have been used to assess and compare option 

packages for the Options Integration Phase of the Barmah Choke Study. 

A.1 Shortfalls and rationing of diversions 
Each year in the River Murray System, an allocation is announced for both NSW and Victoria at the 

start of the season. The allocation is dependent on each State’s available resources and is updated 

during the season. Irrigation and other demands are then restricted based on the announced 

allocation. A shortfall occurs when the restricted demand cannot be supplied due to channel 

capacity constraints or a lack of resource storage in the lower system. 

Channel capacity constraints occur at two main points in the River Murray System; downstream of 

Hume Reservoir and at the Barmah Choke, however the Barmah Choke is the more influential 

constraint. The channel operating capacity of Hume Reservoir is restricted to 25,000 ML/day. The 

channel operating capacity of the Barmah Choke is 8,000 ML/day, measured at Barmah, which 

equates to 10,600 ML/day downstream of Yarrawonga Weir. 

To assess the significance of the problem under the do nothing option, and to determine the impact 

of option packages on the significance of the problem, the number of years with shortfalls is 

calculated. 

Shortfalls are calculated on a monthly time-step by MSM: if the demand for a given month is in 

excess of available channel capacity a shortfall is recorded. Calculating shortfalls on a monthly time-

step is inadequate for the purposes of the Barmah Choke Study because shortfalls occurring over 

shorter time periods are not identified. Daily shortfalls are not calculated directly by Bigmod because 

the demands passed from MSM have already been restricted based on monthly channel capacity. 

To assess the incidence and magnitude of shortfalls for the Barmah Choke Study a method was 

developed to determine required flow downstream of Yarrawonga Weir based on model outputs. 

The method for determining required flow was developed based on the methods used by the river 

operations to determine the required releases from Yarrawonga Weir. 

The method for determining required flow downstream of Yarrawonga Weir was originally 

developed as a part of the Investigation Phase (SKM 2009) and was used without change as a part of 
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the Individual Options Phase (SKM 2011). For the Options Integration Phase several modifications 

were made to the calculation method to account for delivery of water under The Living Murray. For 

each option package, two calculations are performed; the first calculates required flow excluding 

deliveries under The Living Murray and the second calculates required flow, including deliveries, 

under The Living Murray. This allows the influence of The Living Murray to be considered. 

Table 22 details the method and components used to calculate required flow downstream of 

Yarrawonga Weir. The volume of required flow is then compared to the operation channel capacity 

of 10,600 ML/day to estimate the timing and volume of shortfall events. 

 Table 22: Calculation of required flow downstream of Yarrawonga Weir 

Component Contribution 
to order at 

Yarrawonga 
(+ or -) 

Lag (days in 
advance)

1 
Model component used 

Edward offtake + 3 Modelled Edward offtake flows from Bigmod 

Gulpa offtake + 3 Modelled Gulpa offtake flows from Bigmod 

Broken Creek at Rices Weir 
inflows 

- 4 Modelled inflows from Bigmod 

Goulburn River at McCoys 
Bridge inflows 

- 4 Modelled inflows from Bigmod 

Campaspe River at 
Rochester inflows 

- 5 Modelled inflows from Bigmod 

National Channel orders + 6 National Channel diversions from Bigmod 

Koondrook spillway 
(Gunbower Creek) inflows 

- 6 Modelled inflows from Bigmod 

Loddon River at Kerang 
Weir inflows 

- 9 Modelled inflows from Bigmod 

Little Murray River inflows - 9 Modelled inflows from Bigmod 

Perricoota Escape return 
flows

2
 

_ 6 Modelled inflows from Bigmod 

Loss Yarrawonga – 
Torrumbarry) 

+ 6 Loss (evap loss + short evap) for Yarrawonga to 
Torrumbarry, plus monthly Yarrawonga to Torrumbarry 
PD demands (restricted for channel capacity) plus 
Victorian shortfalls due to channel capacity all from 
MSM. Disaggregated based on a calibrated daily pattern 
from PRIDE. 

Gunbower Forest TLM 
water use

3 
+ 6 Modelled account use from MSM, disaggregated to daily 

Koondrook-Perricoota 
Forest TLM water use

3 
+ 6 Modelled account use from MSM, disaggregated to daily 

Pental Island orders + 9 Pental Island pumps diversions from Bigmod 

Edward River at Liewah 
inflows 

- 9 Modelled inflows from Bigmod 

Wakool River at Stoney 
inflows 

- 9 Modelled inflows from Bigmod 

Swan Hill orders + 10 Calculated at 0.745 time Channel 9 diversions (from 
Bigmod) 

Murrumbidgee at 
Balranald inflows 

- 11 Modelled inflows from Bigmod 
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Component Contribution 
to order at 

Yarrawonga 
(+ or -) 

Lag (days in 
advance)

1 
Model component used 

Loss Torrumbarry – Wakool 
Junction 

+ 14 Loss (evap loss + short evap) for Torrumbarry to Wakool 
Junctions, plus monthly Torrumbarry to Wakool Junction 
PD demands (restricted for channel capacity) all from 
MSM. Disaggregated based on a calibrated daily pattern 
from PRIDE. 

Loss Wakool Junction – 
Euston 

+ 14 Assumed to be 40% of loss from Wakool Junction to 
Wentworth 

Required flow Euston + 14 Including The Living Murray 

Maximum of Sunraysia diversions (4 days in advance 
from MSM2Big) plus total TLM account use for Hattah 
Lakes and the sum of Sunraysia diversions (4 days in 
advance) plus total TLM account use for Hattah Lakes 
plus loss Euston to Wentworth (60% of loss Wakool 
Junction to Wentworth) plus required flow at 
Wentworth (minimum of zero) 

Excluding The Living Murray 

Maximum of Sunraysia diversions (4 days in advance 
from MSM2Big) and the sum of Sunraysia diversions (4 
days in advance) plus loss Euston to Wentworth (60% of 
loss Wakool Junction to Wentworth) plus required flow 
at Wentworth (minimum of zero) 

Required flow at 
Wentworth 

+ 14 Including The Living Murray 

Loss Wentworth to Rufus River plus 250 (minimum Lake 
Victoria inflow) plus total TLM account use for Chowilla-
Lindsay-Mulcra complex, plus the minimum of SA 
regulated flows less Lake Victoria outlet flow (2 days in 
advance) and 400 (minimum flow at Lock 7) less flow at 
Burtundy if Lake Victoria is able to supply to SA 
regulated flow or the maximum possible flow otherwise

4
 

if Lake Victoria is unable to supply the SA regulated flow 

Excluding The Living Murray 

Loss Wentworth to Rufus River plus 250 (minimum Lake 
Victoria inflow), plus the minimum of SA regulated 
flows

4
 less Lake Victoria outlet flow (2 days in advance) 

and 400 (minimum flow at Lock 7) less flow at Burtundy 
if Lake Victoria is able to supply to SA regulated flow

4
 or 

the maximum possible flow otherwise
5
 if Lake Victoria is 

unable to supply the SA regulated flow
4 

1 – From Hume Reservoir 

2 –Included when assessing option packages which included Option 16a 

3 – Included when assessing required flow including The Living Murray 

4 – SA regulated flow excluding (less) total TLM account use for the Murray Mouth complex 

5 – Maximum possible flow (at Burtundy) equals minimum flow at Weir 32 if the Menindee Lakes are under NSW control or 

otherwise the sum of the release capacity from Wetherell, Pamamaroo and Menindee less loss from Weir 32 to Burtundy 
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Defining shortfall manageability 
The calculated shortfalls can be classified two ways: by the extent to which operations may be able 

to manage (avoid) the event and by the type (cause) of the event. 

For the purposes of the Barmah Choke Study, manageability was based on the average magnitude 

(volume per day) and duration of the event, with manageability thresholds based on advice from 

MDBA river operations. Other factors also contribute to the manageability of a shortfall event such 

as event timing, sequencing and peak magnitude. Shortfalls of short duration and low magnitude are 

classified as ‘expected to be manageable’. Shortfalls of either short duration or low magnitude (but 

not both) are classified as ‘challenging to manage’. Shortfalls of long duration and high magnitude 

are classified as ‘more difficult to manage’. 

Defining shortfall type 
There is generally considered to be two broad types (related to cause) of shortfalls. The first type of 

shortfall (type I) is peak demand shortfalls. Peak demand shortfalls are typically short duration 

events in the mid-reaches of the river between Barmah Choke and the Darling River or Lake Victoria 

due to insufficient channel capacity to meet peak irrigation demands. This type of shortfall event is 

more likely to be classified as manageable, however the average magnitude of such events can be 

very large, which may make the event challenging to manage. 

Type I events may lead to outcomes such as rationing of demands in Torrumbarry and Sunraysia. To 

manage type I events, options focused on enabling rapid, short-term responses may be appropriate. 

This includes mid-river storage options and policy options which increase operational flexibility. 

The second type of shortfall (type II) is lower system storage shortfalls. Lower system storage 

shortfalls are typically long in duration affecting the whole River Murray System downstream of the 

Barmah Choke (through to South Australia). They occur due to limited resources in Lake Victoria and 

the Menindee Lakes (and insufficient channel capacity to implement bulk transfers to Lake Victoria). 

Type II events are more likely to be classified as challenging or more difficult to manage due to the 

typically long duration. Type II events also tend to have a large average magnitude. 

Type II events may lead to outcomes such as rationing of demands along the entire River Murray 

System downstream of the Barmah Choke including supply to South Australia. To manage type II 

events, options focused on enabling long-term increased flexibility may be appropriate. This includes 

options to enhance existing bypass capacity and increasing access to lower system storage. 

The final indicator is a matrix which summarises total shortfalls as well as shortfall type and 

manageability. Two matrices are presented for each option package: one for shortfalls excluding 

deliveries under The Living Murray and one for shortfalls including deliveries under The Living 

Murray. 
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A.2 Unseasonal flooding 
Flows which exceed the capacity of the Barmah Choke lead to flooding of the Barmah-Millewa 

Forest. The existence and health of the forest is heavily dependent on the presence of the Barmah 

Choke. Whilst flooding during winter and spring is typically beneficial to the health of the forest, 

unseasonal flooding (defined as flooding which occurs between December 15 and April 30 (MDBC 

2006) can be detrimental to the health of the forest. 

The natural watering regime of the Barmah-Millewa Forest saw large-volume, long-duration floods 

occurring most commonly over the winter and spring period between August and November, with a 

drying period over the summer months. Regulation of the River Murray System has significantly 

altered the natural watering regime. River regulation has led to a reduction in the frequency, extent 

and duration of beneficial winter and spring flooding and an increase in summer flooding. The 

flooding events that do occur under current conditions also tend to be shorter in duration with a 

lower peak flood magnitude. 

The alteration of the natural watering regime is considered to be leading to changes in the ecological 

character of the forest, altering the mix and health of vegetation communities and reducing 

biodiversity. In particular, the reduction in beneficial winter and spring flooding is leading to 

vegetation stress (particularly in recent dry years) and is significantly affecting species dependent on 

the health of the forest and winter/spring flooding (such as colonial water birds). The increase in 

summer flooding is leading to the expansion of areas of River Red Gum and Giant Rush into areas 

formerly covered by Moira Grass plains (such as War Plain, Steamer Plain and the central forest 

plains). Other costs of the increase in summer flooding include loss of water and the impact of 

access to, and use of, the Barmah-Millewa Forest. 

To assess the significance of the problem under the do-nothing option, and to determine the impact 

of option packages on the significance of the problem, the number of years where flow exceeds the 

capacity of the Barmah Choke (measured downstream of Yarrawonga Weir) is calculated. 

To assess unseasonal flooding a (detailed) matrix was developed which counted the number of 

unseasonal flooding events by timing (monthly), magnitude and duration. The event magnitude was 

equal to the maximum flow during the event. The event length was defined as the number of days 

flow was above 10,600 ML/day (measured downstream of Yarrawonga Weir), including any 

subsequent spikes that occurred less than 7 days following the initial event. The month that the 

event occurred in was defined as the month in which the peak flow occurred. 

The final indicator for unseasonal flooding forms a (summary) matrix which counts the number of 

years in which unseasonal flooding events occur and categorises them by magnitude and duration. If 

there is more than one unseasonal flooding event in a year then only the most severe event (defined 

by peak magnitude) is reported. 

The unseasonal flooding period is defined as between December 15 and April 30 (MDBC 2006). 

However, in MSM-Bigmod channel capacity downstream of Yarrawonga Weir is set on a monthly 

basis, resetting of the first of each month. Therefore, for modelling purposes the unseasonal 

flooding periods has been defined as between January 1 and April 30. 



Barmah Choke Study – Options Integration Phase 
Murray-Darling Basin Authority 

 59 

It takes time for the model to reset maximum flow (channel capacity) between December and 

January. For the first few days in January flow may exceed the capacity of the Barmah Choke as the 

model is adjusting. These modelling anomalies were not counted as unseasonal floods. 

Adjusting for beneficial flooding events 
To ensure that beneficial events were not counted as unseasonal floods and that single events were 

not double counted, the following adjustments were made: 

 Flows which represent the tail end or start of a beneficial flood event (events which 

occurred outside the unseasonal flooding event) were excluded from the period of 

analysis, recognising the unseasonal flooding which extends beneficial floods can be 

beneficial (Figure 14) 

 Flow spikes which occurred up to 7 days after (or before) a beneficial event were 

excluded from the period of analysis, as flood events less than or equal to 7 days apart 

were not considered independent (Figure 14) 

 

 Figure 14: Hypothetic flow record showing the selected period for unseasonal flooding 
analysis and the process for identifying independent unseasonal flood event 

The analysis of unseasonal flooding events includes events of all magnitudes, including very large 

events (such as 60,000 ML/day) which may be beneficial.  Previous phases of the Barmah Choke 

study have examined potential methods to assess whether an unseasonal flood could be considered 

to be environmentally beneficial. Many factors would need to be considered including the month in 

which the event occurs, the area and depth of flooding of vegetation and the time since the last 

flood event. 
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Consideration has been given to further developing the unseasonal flooding indicator to utilise 

hydraulic modelling results for the Barmah Forest to estimate areas of the forest that may be 

inundated during unseasonal flooding events. The areas inundated for any event are dependent on 

the flow downstream of Yarrawonga and the timing and nature of regulator operations on both 

sides of the River Murray. However, a method has not been developed as a part of the scope of this 

project which would enable this estimate to be made. The benefits of such an approach and whether 

it would provide enough additional information for evaluating potential benefits of options (and 

packages of options) should be considered. 

Indicator for unseasonal flooding 
From the total number of years of unseasonal flooding, three useful indicators are considered: 

 the number of years of moderate flooding 

 the number of years of more severe flooding 

 proportion of wet years for each side of the forest 

The calculations of the number of years of moderate flooding or more severe flooding are based on 

key vegetation thresholds. The critical flow threshold at which Moira Grass plains begin to be 

significantly impacted is estimated to be 11,000 ML/day. Flows between 11,000 ML/day and 

15,000 ML/day significantly affect Moira Grass, while flows 15,000 ML/day or higher also affect River 

Red Gums. Based on these thresholds, years with unseasonal flooding events which peak between 

11,000 ML/day and 15,000 ML/day are classified as years of moderate flooding while years with 

unseasonal flooding events which peak at 15,000 ML/day or higher are classified as years of more 

severe flooding. 

The calculation of the proportion of wet years for each side of the forest is based on key regulation 

thresholds. For flood events which peak below 15,000 ML/day forest regulators can be used to 

control flooding to one side of the forest. Such events are shared alternately between the Barmah 

Forest (Victoria) and Millewa Forest (NSW) on an annual basis. For flood events which peak between 

15,000 ML/day and 18,000 ML/day regulators can be used to maintain some control over flows, 

however it is expected that both sides of the forest will be flooded. For flood events which peak 

higher than 18,000 ML/day all regulators are opened and extensive flooding would be expected on 

both sides of the forest. Based on these thresholds, the proportion of wet years for each side of the 

forest was defined as: 

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝑤𝑒𝑡 𝑦𝑒𝑎𝑟𝑠 =

11,000 < 𝑌𝑒𝑎𝑟𝑠 𝑓𝑙𝑜𝑤 ≤ 15,000
2 +  𝑌𝑒𝑎𝑟𝑠 𝑓𝑙𝑜𝑤 > 15,000

𝑁𝑜. 𝑜𝑓 𝑦𝑒𝑎𝑟𝑠
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A.3 Other project specific indicators 
This section briefly outlines the development and calculation of each of the indicators developed as 

a part of the Investigation Phase. Further information on these indicators is provided in the 

Investigation Phase project report (SKM 2009). 

Forest losses 
Barmah-Millewa forest losses are modelled in MSM-Bigmod as a part of total losses in the reach 

from Yarrawonga to Barmah. The variable “BARMILL” sums the majority of losses in the reach from 

Yarrawonga to Barmah, however flow out to Barmah Lake (FO 20) is not included and must be added 

separately. 

Not all of the losses within the “BARMILL” variable are associated with overbank flooding through 

the Barmah-Millewa Forest. Part of the objectives of the Barmah Choke Study is to reduce losses in 

the Barmah-Millewa Forest. The loss variables from “BARMILL” associated with overbank flooding 

were assumed to be: 

 BARMAH FOREST (FI 129) 

 LOSSES IN FOREST (BR 3) 

 OVERBANK FLOW THROUGH BARMAH (FI 19) 

 Losses through Millewa, Tuppal and Bullatale systems (LS 44, 45, 46) 

Whilst these variables are close to the magnitude of Barmah-Millewa Forest losses, the amount of 

data available to calibrate these individual loss terms was small and at times anecdotal or based on 

feedback from local staff. As such, uncertainty around individual components is expected to be 

large. The confidence associated with total losses in the river reach from Yarrawonga to Barmah is 

much higher as calibration is supported by the long-term streamflow data from gauging stations. 

Therefore both total losses from Yarawonga to Barmah (BARMILL + FO 20) and the sum of the 

overbank flooding loss variables are considered. The indicator(s) for this objective is the average 

volume of water lost through the forest over the unseasonal flooding period (December 15 to April 

30). 

Conservation of water resources 
In Victoria, reliability assessments typically use announced February allocations for high and low 

reliability water shares. In NSW, it is common to report the announced allocation at October 1. It is 

also common to look at the announced allocation at April 30 or the maximum announced allocation. 

For the purposes of the Barmah Choke Study, the maximum allocation for general security 

entitlements has been adopted for the indicator. 

The indicator results are presented as key allocation thresholds for each State (Table 23). 
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 Table 23: Key allocation thresholds 

Allocation threshold Result 

Years with 100% allocation for NSW general security entitlements % 

Average allocation for NSW general security entitlements % 

Years with 100% allocation for Victorian high reliability water shares % 

Years with 100% allocation for low reliability water shares % 

Average allocation for Victorian high + low reliability water shares % 

 

Beneficial influence of the Barmah Choke 
In working towards the achievement of the primary objectives, the Barmah Choke Study also aims 

to: 

 maintain the beneficial influence of the Barmah Choke on the flooding regime of the 

Barmah-Millewa Forest 

 identify any significant impacts on the frequency and magnitude of environmental and 

unregulated flows in the River Murray System, with the aim to minimise these where 

possible 

 identify any significant impacts to other areas or third parties, with the aim to minimise 

these wherever possible. 

Indicators have been developed to assess the achievement of each of these aims. 

Maintain the beneficial influence of the Barmah Choke on the flooding regimes of the 

Barmah-Millewa Forest 

Seasonal flooding during winter and/or spring is fundamental to the health of the Barmah-Millewa 

Forest. The indicator for this objective looks at the proportion of years with small and large floods in 

the Barmah-Millewa Forest and the maximum duration (in years) with no flood (Table 24). 

 Table 24: Beneficial flooding of the Barmah-Millewa Forest 

Barmah-Millewa Forest flooding indicator Result 

% of years with a medium/large flood of 25,000 ML/day at Yarrawonga for >= 3 months % 

Maximum duration with no medium/large flood years 

% of years with a small flood of 18,000 ML/day at Yarrawonga for >= 3 months % 

Maximum duration with no small flood years 

 

Identify any significant impacts on the frequency and magnitude of environmental and 

unregulated flows in the River Murray System 

Seasonal flooding and unregulated flows are also fundamental to the health of other locations along 

the River Murray System. To measure the impact of option packages on environmental and 

unregulated flows a set of indicators have been developed. The indicators consider the proportion of 

years different magnitude flow events occur at a range of locations along the River Murray System 

and the maximum duration between flow events (Table 25). 
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 Table 25: Beneficial environmental and unregulated flows 

Site Flooding indicator Result 

Koondrook / 
Gunbower 
wetlands 

% of years with a medium/large flood of 35,000 ML/day at Torrumbarry for >= 3 
months 

% 

Maximum duration with no medium/large flood years 

% of years with a small flood of 25,000 ML/day at Torrumbarry for >= 3 months % 

Maximum duration with no small flood years 

Hattah Lakes % of years with a medium/large flood of 75,000 ML/day at Euston for >= 1 month % 

Maximum duration with no medium/large flood years 

% of years with a small flood of 45,000 ML/day at Euston for >= 3 months % 

Maximum duration with no small flood years 

Chowilla / 
Lindsay-
Wallpolla 

% of years with a medium/large flood of 80,000 ML/day at the South Australian 
border for >= 3 months 

% 

Maximum duration with no medium/large flood years 

% of years with a small flood of 50,000 ML/day at the South Australian border for >= 
3 months 

% 

Maximum duration with no small flood years 

Unregulated 
flows 

Average flow to South Australia in excess of entitlement GL/year 

% of years where flows to South Australia <1,850 GL/year % 

 

Third party or other area considerations: maintain water levels in Lake Victoria and the 

Menindee Lakes for cultural heritage reasons 

Lake Victoria is a significant cultural and heritage area for Indigenous Australians. Artefacts of 

Indigenous heritage around the Lake include burial grounds, shell middens, fireplaces and stone 

artefacts. Foreshore vegetation is essential for the stabilisation of the Lake foreshore and protection 

of indigenous heritage artefacts. 

The Lake Victoria operating strategy (MDBC 2002) was developed with consideration for the 

foreshore vegetation and the protection of indigenous heritage artefacts. The operating strategy 

includes a range of target storage levels along with a number of conditional rules which dictate 

alternative targets during periods of particularly high or low storage. 

To assess the cultural heritage impact of option packages on Lake Victoria, indicators were 

developed to check compliance with the operating strategy, including the conditional rules. 

 Table 26: Beneficial environmental and unregulated flows 

Indicator Compliance with target Proportion of time 
target not applied due 

to Conditional Rules 

% of years Lake Victoria level of the last day of February meets 
the target (<=25.5 m AHD) 

  

% of years Lake Victoria level on the last day of March meets the 
target (<= 25.6 m AHD) 

  

% of years Lake Victoria level on the last day of April meets the 
target (<= 24.5 m AHD) 

  

% of time (days) where lake level is > 24.5 m AHD in May (target 
= minimal) 

  

% of time (days) during winter and spring where lake level is >= 
27.0 m AHD (target = minimal) 

  

 

 



Barmah Choke Study – Options Integration Phase 
Murray-Darling Basin Authority 

 64 

The Menindee Lakes are also a significant cultural heritage area for Indigenous Australians with 

similar artefacts and threats as Lake Victoria. The operation of the Menindee Lakes does not 

explicitly consider cultural and heritage issues, however a ‘Consent to Destroy’ authorisation is 

required to exceed the maximum surcharge level in either Lake Menindee or Lake Cawndilla 

(60.45 m AHD). 

An appropriate indicator would be the number of events where lake volume exceeds the maximum 

surcharge volume in Lake Menindee of Lake Cawndilla. Rules within the current model prevent 

modelled volumes exceeding the maximum surcharge volume. As such, the model results will never 

be in violation of this requirement. Additionally, none of the proposed option packages would be 

expected to impact on the Menindee Lakes. 

Unseasonal flooding of the Werai Forest 

The Edward River has an in-stream capacity of 2,700 ML/day downstream of Steven’s Weir. Flows 

greater than this will flood the Werai Forest which can be detrimental to the health of the forest 

over the unseasonal flooding period (December 15 to April 30, modelled as January 1 to April 30). To 

assess the impact of option packages on unseasonal flooding of the Werai Forest an unseasonal 

flooding indicator, similar to that for the Barmah-Millewa Forest, has been developed (Table 27). 

 Table 27: Unseasonal flooding of the Werai Forest 

Duration Flow (ML/day) Total by 

Duration 2,701 – 3,100 3,101 – 3,500 3,501 – 4,000 4,001 – 4,500 > 4,500 

0-2 days       

3-7 days       

>7 days       

Total by Flow       

Total years of unseasonal flooding  

 

Unseasonal exceedance of 25,000 ML/day downstream of Hume Reservoir 

The bankfull capacity of the River Murray between Hume Reservoir and Yarrawonga Weir is 

25,000 ML/day. Exceedence of this capacity should be avoided from January 1 to April 30. To assess 

this, the number of years the maximum flow during this period exceeds 25,000 ML/day is counted 

based on flow at Doctor’s Point. Declining flow periods exceeding 25,000 ML/day from January 1 

were eliminated to allow for model adjustment. 

Unseasonal exceedance of the capacity of the Edward River offtake 

The operating capacity of the Edward River offtake was traditionally considered to be 2,000 ML/day, 

however this has been reduced in recent years to 1,600 ML/day to address concern about damage 

to the forest due to high water levels. Excedence of this capacity from January 1 to April 30 should 

be avoided. To assess this, the number of years the maximum flow during this period exceeds 

1,600 ML/day is counted. Declining flow periods exceeding 1,600 ML/day from January 1 were 

eliminated to allow for model adjustment. 
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Unseasonal exceedance of the capacity of the Gulpa River offtake 

The operating capacity of the Gulpa River offtake is 350 ML/day. Exceedance of this capacity from 

January 1 to April 30 should be avoided. To assess this, the number of years the maximum flow 

during this period exceeds 350 ML/day is counted. Declining flow periods exceeding 350 ML/day 

from January 1 were eliminated to allow or model adjustment. Whilst the official summer target 

capacity of the Gulpa River offtake is 350 ML/day, the model retains the spring capacity of 750 

ML/day through to the end of January. As such, the indicator is based on the period from February 

to April. 

Maintain hydropower operation at Hume, Yarrawonga and Dartmouth 

To assess the impact of option packages on hydropower generation the annual average volume 

(GWh) of power generated at Dartmouth and Hume Reservoirs is considered. Power generation at 

Yarrawonga Weir is not calculated within the MSM-Bigmod model and cannot be reported for the 

Barmah Choke Study. 

Maintain recreational water levels 

Lake Mulwala (Yarrawonga Weir) and Euston Weir are both used for recreational boating. 

Reductions in water levels can affect this. As an indicator of recreational potential, key water level 

statistics between January and April are considered for both sites. 

A.4 MDBA standard indicators 
The suite of MDBA standard hydrological indicators are used to assess option packages (Table 28). 

These indicators cover a range of the key hydrological characteristics of the River Murray Systems 

including allocations, diversions, flows, storage and salinity. Further detail about each indicator is 

provided in MDBA (2010a). 

 Table 28: MDBA standard hydrological indicators for the Barmah Choke Study 

Indicator Unit 

SRA hydrology index Original Murray-Lower Darling index  

Zone 1 U/S Hume  

Zone 2 Hume to Yarrawonga  

Zone 3 Yarrawonga to Wakool Junction  

Zone 4 Wakool to Wentworth  

Zone 5 Wentworth to Lock 3  

Zone 6 Lower Darling  

Zone 7 Lock 3 to Lakes  

Zone 8 Lower Lakes  

Morgan salinity Average Morgan salinity EC 

Morgan 95
th

 percentile salinity EC 

Average annual 
diversions 

NSW Murray diversions GL/year 

Victorian Murray diversions GL/year 

South Australian diversions GL/year 

Lower Darling diversions GL/year 

Total diversions GL/year 

South Australia country towns diversion GL/year 

Metropolitan Adelaide diversion GL/year 

Other South Australian diversions GL/year 

Cap adjustments Average NSW Murray cap adjustment GL/year 

Average Victorian Murray cap adjustment GL/year 

Average South Australian cap adjustment GL/year 

Average Lower Darling cap adjustment GL/year 
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Indicator Unit 

Tributary inflows Murrumbidgee River GL/year 

Billabong Creek GL/year 

Menindee Lakes inflows GL/year 

Goulburn River GL/year 

Broken Creek GL/year 

Campaspe River GL/year 

Loddon Flow at Appin South GL/year 

Total tributary inflow GL/year 

Allocations Mean NSW high security allocation % 

Mean NSW general security allocation % 

Minimum NSW general security allocation % 

Minimum Victorian February allocation % 

% o f years Victorian February allocation < 100% % 

Mean Victorian February allocation % 

% of years South Australian entitlement restricted % 

Maximum South Australian restriction GL 

% of months Lower Darling restricted % 

Economic value Value of irrigation – NSW $m/year 

Value of irrigation – Victoria $m/year 

Value of irrigation – South Australia $m/year 

Value of irrigation – total $m/year 

Value of hydro-electricity – Dartmouth $m/year 

Value of hydro-electricity – Hume $m/year 

Value of hydro-electricity – total $m/year 

Hume recreation value $m/year 

Flooding benefit $m/year 

Salinity benefit $m/year 

Total economic benefit $m/year 

Mean annual flow Euston GL/year 

Flow to South Australia GL/year 

Barrages GL/year 

Average salinities Yarrawonga EC 

Torrumbarry EC 

Swan Hill EC 

Stevens Weir EC 

Kyalite EC 

Wakool Junctions EC 

Red Cliffs EC 

Merbein EC 

Lock 9 EC 

Renmark EC 

Berri EC 

Morgan EC 

Murray Bridge EC 

Milang EC 

Weir 32 EC 

Burtundy EC 

Anabranch outflow EC 

System losses Hume evaporation loss GL/year 

Dartmouth evaporation loss GL/year 

Lake Victoria evaporation loss GL/year 

Menindee Lakes evaporation loss GL/year 

Upper River Murray loss GL/year 

Lower Darling/Anabranch loss GL/year 

South Australian losses GL/year 

Total system losses GL/year 
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Appendix B Establishing the do nothing option 
The do nothing option represents the current situation including current demands, infrastructure, 

policies and operating situations. The do nothing option illustrates the extent of the issues 

associated with the Barmah Choke under current conditions and what may happen into the future if 

nothing is done to address the issues. 

The do nothing option was first established as a part of the Investigation Phase (SKM 2009) which 

found that the limited capacity of the Barmah Choke currently restricts the ability of the River 

Murray System to meet the demands of irrigators and other water users and to manage high 

summer flows through the Barmah-Millewa Forest. 

Between the Investigation Phase (SKM 2009) and the Individual Options Phase (SKM 2011) a number 

of changes were made to the model. The do nothing option used for the Investigation Phase (SKM 

2009) was developed from a current conditions run which assumed current (June 2008) level of 

development for demands, infrastructure and operating policies, including the current (June 2008) 

implementation of The Living Murray (TLM). The do nothing used for the Individual Options Phase 

(SKM 2011) was developed from a pre-TLM reference run scenario assuming current (January 2010) 

level of development for demands, infrastructure and operating policies excluding any water 

recovery (or deployment) for TLM. A number of other more minor changes were also made and are 

documented in SKM (2011). 

Analysis of the updated do nothing option as a part of the Individual Options Phase led to the same 

key finding as the Investigation Phase: that the limited capacity of the Barmah Choke currently 

restricts the ability of the River Murray System to meet the demands of irrigators and other water 

users and to manage high summer flows through the Barmah-Millewa Forest. 

Since the Individual Options Phase (SKM 2011) further changes have been made to the model. As 

such it is necessary to re-establish the do nothing for the Options Integration Phase of the Study. The 

most significant change to the do nothing option since the Individual Options Phase is the inclusion 

of the full TLM (both water recovery and deployment). 

Comparison of flows and key model indicators (see Figure 15 and Table 29 to Table 32) show that 

under the Options Integration Phase do nothing option: 

 Diversions to irrigations areas are reduced. The magnitude of diversions reduced by 

87.7 GL/year in the NSW Murray, 77.8 GL/year in the Victorian Murray, 19.0 GL/year in 

the South Australian Murray and 77.3 GL/year in the Lower Darling, giving a total 

reduction in diversions of 281.8 GL/year. 

 Tributary inflows to the River Murray System are increased due to contributions from 

The Living Murray on the tributary systems. The magnitude of tributary inflows 

increased by 64.5 GL/year from the Murrumbidgee River, 14.6 GL/year from Billabong 

Creek, 213.2 GL/year from the Goulburn River. 
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 There was minimal change in mean allocations for NSW and Victorian entitlements, 

although there was an increase in the minimum Victorian February allocation associated 

with the implementation of the new reserve policy in Victoria. 

 The reduction in diversions combined with the increase in tributary flows and delivery of 

water under The Living Murray led to increased flow downstream. The magnitude of 

additional flow increased with distance downstream and included a significant increase 

in mean annual flow to South Australia (by 394.6 GL/year) and to the Barrages (by 

450.3 GL/year). 

 The increase in in-stream flow was associated with a reduction in salinity at most 

locations along the river, including a reduction in average and 95th percentile salinity at 

Morgan. 

 The reduction in diversions contributed to a reduction in the number of years with 

shortfall events when deliveries under The Living Murray are excluded. Deliveries under 

The Living Murray led to a significant increase in the number of years with shortfall 

events. The additional shortfall events are most commonly type II events (lower system 

storage) and are generally associated with the delivery of large volumes of 

environmental water to the Lower Lakes, Coorong and Murray Mouth complex during 

peak irrigation months (particularly January). 

 There was a small increase in the total number of years of unseasonal flooding which 

was countered by a reduction in the severity of unseasonal flooding leading to a 

reduction in the number of years each side of the Barmah-Millewa Forest is wet 

unseasonally. 
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 Figure 15: Water balance (GL/year) comparison. Note changes in flow and diversions indicate change from the Individual Options Phase 
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 Table 29: Comparison of shortfalls based on flow downstream of Yarrawonga Weir for the do nothing option 

Duration 

Individual Options Phase 
Options Integration Phase 

excluding TLM 

Options Integration Phase 

including TLM 

Average magnitude (ML/d) Total 

by 

length 

Average magnitude (ML/d) Total 

by 

length 

Average magnitude (ML/d) Total 

by 

length 
< 1,000 

1,001 – 

1,500 
> 1,500 < 1,000 

1,001 – 

1,500 
> 1,500 < 1,000 

1,001 – 

1,500 
> 1,500 

1 – 5 days 7 3 2 12 6 1 1 8 9 2 1 12 

6 – 10 days 3 4 1 8 1 0 1 2 6 0 1 7 

11 – 15 days 0 1 1 2 3 0 0 3 3 1 0 4 

> 15 days 1 0 5 6 0 4 1 5 3 7 3 13 

Total by magnitude 11 8 9 28 10 5 3 18 21 10 5 36 

Shortfalls which 

are expected to 

be manageable 

Number (total) 14 8 17 

Number (type I- peak demand) 12 12 13 

Number (type II- lower system storage) 2 -4* 4 

Average volume (GL) 2.7 1.4 1.8 

Average duration (days) 3.6 2.8 4.2 

Shortfalls which 

are expected to 

be challenging to 

manage 

Number (total) 7 4 8 

Number (type I- peak demand) 7 4 4 

Number (type II- lower system storage) 0 0 4 

Average volume (GL) 9.1 6.8 11.8 

Average duration (days) 8.6 9.5 13.8 

Shortfalls which 

are expected to 

be more difficult 

to manage 

Number (total) 7 6 11 

Number (type I- peak demand) 2 1 1 

Number (type II- lower system storage) 5 5 10 

Average volume (GL) 111.6 60.6 58.3 

Average duration (days) 41.3 42.3 38.4 

Total shortfalls 

Number (total) 28 (24% of years) 18 (16% of years) 36 (32% of years) 

Number (type I- peak demand) 21 (18% of years) 17 (15% of years) 18 (16% of years) 

Number (type II- lower system storage) 7 (6% of years) 1 (1% of years) 18 (16% of years) 

* Shortfall events have been classified as type I (peak demand) or type II (lower system storage) events based on whether or not the event would have occurred if resources in Lake 

Victoria and the Menindee Lake (lower system storages) were unlimited. Type I (peak demand) events occur regardless of access to lower system storage while type II events would be 

avoided if lower system storages resources were unlimited. Some events can be a combination of both types: the event would occur regardless of access to lower system storage (type I) 
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however the severity of the event would increase if access to lower system storage was constrained (type II). This can lead to negative results in the shortfall indicator matrix. Negative 

results indicate that if access to lower system storage was constrained shortfall events that would have occurred regardless (type I) would become more severe events (type II). 

 Table 30: Comparison of unseasonal flooding of the Barmah-Millewa Forest 

Duration 

Individual Options Phase Options Integration Phase 

Peak Flow (ML/d) 

Total 

Peak Flow (ML/d) 

Total 

10,601 – 

11,000 

11,001 – 

13,000 

13,001 – 

15,000 

15,001 – 

18,000 
> 18,000 

10,601 – 

11,000 

11,001 – 

13,000 

13,001 – 

15,000 

15,001 – 

18,000 
> 18,000 

0 – 2 days 1 13 4 0 0 18 6 17 5 1 0 29 

3 – 7 days 0 7 9 14 12 42 0 5 7 10 9 31 

> 7 days 0 0 0 0 3 3 0 4 1 2  10 

Total 1 20 13 14 15  6 26 13 13 12  

Total years of unseasonal 

flooding 
63 70 

Total years of moderate 

unseasonal flooding 
33 39 

Total years of more severe 

unseasonal flooding 
29 25 

Proportion of wet years for 

each side of the forest 
40% 39% 
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 Table 31: Comparison of Barmah Choke Study specific indicators 

Indicator 
Individual 
Options 
Phase 

Options 
Integration 

Phase 

Forest losses (15
th
 December to 30

th
 April) 

Total loss from Yarrawonga to Barmah (GL/year) 147.9 150.6 

Barmah Forest loss (GL/year) 132.1 136.8 

Allocations 

Years with 100% allocation for general security entitlement (NSW) 71.3% 71.9% 

Average allocation for general security entitlement (NSW) 85.6% 86.7% 

Years with 100% allocation for high reliability water shares (Victoria) 98.2% 97.4% 

Years with 100% allocation for low reliability water shares (Victoria) 77.0% 79.8% 

Average allocation for high + low reliability water shares (Victoria) 182.0% 181.1% 

Beneficial flooding of the Barmah-Millewa Forest 

% of years with a medium/large flood of 25,000 ML/day at Yarrawonga for >= 2 
months 

16.8% 18.6% 

Maximum duration with no medium/large flood (years) 21 14 

% of years with a small flood of 18,000 ML/day at Yarrawonga for >= 3 months 13.3% 15.0% 

Maximum duration with no small flood (years) 21 21 

Beneficial flooding of Koondrook/Gunbower Wetlands 

% of years with a medium/large flood of 35,000 ML/day at Torrumbarry for >= 3 
months 

4.4% 6.2% 

Maximum duration with no medium/large flood (years) 34 34 

% of years with a small flood of 25,000 ML/day at Torrumbarry for >= 3 months 15.0% 14.2% 

Maximum duration with no small flood (years) 20 20 

Beneficial flooding of Hattah Lakes 

% of years with a medium/large flood of 75,000 ML/day at Euston for >= 1 month 9.7% 9.7% 

Maximum duration with no medium/large flood (years) 21 21 

% of years with a small flood of 45,000 ML/day at Euston for >= 3 months 12.4% 15.0% 

Maximum duration with no small flood (years) 20 20 

Beneficial flooding of Chowilla/Lindsay-Wallpolla 

% of years with a medium/large flood of 80,000 ML/day at SA border for >= 3 months 4.4% 4.4% 

Maximum duration with no medium/large flood (years) 37 37 

% of years with a small flood of 50,000 ML/day at SA border for >= 3 months 13.3% 13.3% 

Maximum duration with no small flood (years) 21 21 

Unregulated flows 

Average flow to SA in excess of entitlement (GL/year) 4435.9 4832 

% of years where flows to SA < 1,850 GL/year 94.7% 97.3% 

Lake Victoria target levels 

% of years Lake Victoria level of the last day of February meets target (≤26.5 m 
AHD) 

97.9% 96.1% 

Proportion of time (years) target not applied due to conditional rules 57.5% 94.9% 

% of years Lake Victoria level of the last day of March meets target (≤25.6 m AHD) 94.0% 94.1% 

Proportion of time (years) target not applied due to conditional rules 56.1% 55.3% 

% of years Lake Victoria level of the last day of April meets target (≤24.6 m AHD) 90.2% 92.2% 

Proportion of time (years) target not applied due to conditional rules 55.3% 55.3% 

% of time (days) Lake Victoria level is > 25.5 m AHD in May (target = minimal) 7.7% 3.4% 

Proportion of time (days) target not applied due to conditional rules 50.9% 49.1% 

% of time (days) during winter & spring where lake level is ≥ 27.0 m AHD in (target = 
minimal) 

28.0% 19.9% 

Werai Forest flooding 

% of years of undesirable flooding 43.0% 43.9% 

Undesirable exceedences- other locations 

% of years capacity downstream of Hume Reservoir exceeded (25,000 ML/day, Jan 
– Apr) 

2.6% 2.6% 

% of years capacity of Edward offtake exceeded (1,600 ML/day Jan – Apr) 45.6% 32.5% 

% of days capacity of Gulpa offtake exceeded (350 ML/day, Feb – Apr) 27.4% 88.6% 

Hydropower generation 

Average annual power generation at Dartmouth Reservoir (GWh) 287.3 288.4 

Recreational water levels (Jan – Apr) 

Lake Mulwala Average water level (m AHD) 124.8 124.9 

Median water level (m AHD) 124.8 124.8 

Minimum water level (m AHD) 123.9 123.4 

95
th
 percentile water level (m AHD) 124.6 124.6 
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Indicator 
Individual 
Options 
Phase 

Options 
Integration 

Phase 

Euston Weir Average water level (m AHD) 47.7 47.7 

Median water level (m AHD) 47.7 47.7 

Minimum water level (m AHD) 46.9 46.8 

95
th
 percentile water level (m AHD 47.7 47.7 

 

 Table 32: Comparison of MDBA standard indicators 

Indicator 
Individual 
Options 
Phase 

Options 
Integration 

Phase 

Sustainable Rivers Audit hydrology index 

Original Murray-Lower Darling Index 0.588 0.606 

Zone 1 U/s Hume 0.763 0.777 

Zone 2 Hume to Yarrawonga 0.738 0.735 

Zone 3 Yarrawonga to Wakool Junction 0.605 0.610 

Zone 4 Wakool to Wentworth 0.615 0.627 

Zone 5 Wentworth to Lock 3 0.524 0.553 

Zone 6 Lower Darling 0.444 0.438 

Zone 7 Lock 3 to Lakes 0.510 0.551 

Zone 8 Lower Lakes 0.358 0.494 

Morgan salinity (EC) 

Average Morgan salinity 520.7 495.3 

95
th
 percentile Morgan salinity 840 753 

Average annual diversions (GL/year) 

NSW Murray diversions 1787.7 1700.0 

Victorian Murray diversions 1736.1 1658.3 

SA diversions 707.2 688.2 

Lower Darling diversions 132.9 55.6 

Total diversions 4363.9 4082.1 

SA country towns diversions 48.0 48.0 

Metropolitan Adelaide diversions 99.1 99.7 

Other SA diversions 560.1 520.5 

Average cap adjustments (GL/year) 

NSW Murray -2.4 -55.7 

Victorian Murray 74.4 12.6 

South Australia 32.4 -1.5 

Lower Darling 14.1 16.3 

Total cap adjustment 118.6 -28.3 

Tributary inflows (GL/year) 

Murrumbidgee 1224.6 1289.1 

Billabong Creek 307.1 321.7 

Menindee Lakes inflow 1721.1 1721.2 

Goulburn River 1450.2 1663.4 

Broken Creek 178.2 164.8 

Campaspe River 151.2 150.5 

Loddon flow at Appin South 57.6 64.0 

Total tributary flow 5090.1 5374.7 

Allocations 

Mean NSW high security allocation 99.1 99.2 

Mean other NSW general security allocation 81.6 82.6 

Minimum other NSW general security allocation 1.7 2.4 

Minimum Victorian February allocation 13.0 27.0 

% of years Victorian allocation < 100% 2.6 2.6 

Mean Victorian February allocation 180.5 181.1 

% of years SA entitlement restricted 43.0 39.5 

Maximum SA restriction (GL) 1031.8 973.9 

% of months Lower Darling restricted 100.0 100.0 
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Indicator 
Individual 
Options 
Phase 

Options 
Integration 

Phase 

Economic gross margin ($m/year) 

Value of irrigation – New South Wales 247.9 237.8 

Value of irrigation – Victoria 425.5 417.5 

Value of irrigation – South Australia 266.9 248.8 

Value of irrigation – total 940.3 904.0 

Value of hydro electricity – Dartmouth 5.8 5.8 

Value of hydro-electricity – Hume 4.8 5.0 

Value of hydro-electricity – total 10.6 10.7 

Hume recreation value 2.8 2.9 

Flooding benefit -1.6 -1.7 

Salinity benefit -92.4 -88.2 

Total economic benefit 859.6 827.8 

Mean annual flow (GL/year) 

Euston 6340.7 6614.6 

Flow to South Australia 6250.3 6644.9 

Barrages 4469.8 4902.1 

Average Salinities (EC) 

Yarrawonga 63.1 63.3 

Torrumbarry 116.5 121.2 

Swan Hill 269.4 287.9 

Stevens Weir 84.8 84.8 

Kyalite 327.1 297.0 

Wakool Junction 275.8 288.5 

Red Cliffs 307.0 318.8 

Merbein 239.7 339.6 

Lock 9 359.4 362.8 

Renmark 404.2 402.5 

Berri 445.4 344.8 

Morgan 520.7 495.3 

Murray Bridge 553.2 520.5 

Milang 695.8 646.8 

Weir 32 447.0 457.3 

Burtundy 455.8 474.1 

Anabranch outflow 931.5 579.9 

System losses (GL/year) 

Hume evaporation loss 75.2 77.7 

Dartmouth evaporation loss 0.5 0.5 

Lake Victoria evaporation loss 131.1 130.2 

Menindee Lakes evaporation loss 389.6 395.8 

Upper River Murray loss 1026.0 1047.4 

Lower Darling/Anabranch loss 251.9 265.5 

South Australian losses 1122.2 1120.3 

Total system loss 2996.7 3037.4 
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Appendix C Option package modelling 
methods 

C.1 Do nothing option 
The reference run model supplied by MDBA for use as the do nothing option for this Phase of the 

Study was reference run 23054: TLM preserve on 500 GL recovery preserved. 

As a part of the Investigation Phase of the Barmah Choke Study, several changes were made to the 

set-up of MSM-Bigmod to improve the modelling of rainfall rejection events and to ensure the 

model accurately reflects the current capacity of the Barmah Choke. These changes have since been 

adopted by the MDBA into the standard reference runs, however it was important to ensure that the 

changes are reflected in the reference run model supplied by MDBA for use as the do nothing option 

for this Phase of the Study. 

Table 33 provides a summary of the confirmation of the required model set-up. This summary shows 

that all of the required modifications made as a part of the Investigation Phase (SKM 2009) to 

improve the modelling of rainfall rejection events and accurately reflect the current capacity of the 

Barmah Choke are included in the supplied model. Based on this, no changes are required to the 

supplied reference run to establish the do nothing option. 

 Table 33: Confirmation of required model set up for improved modelling of rainfall 
rejection events and reflect the current capacity of the Barmah Choke 

Modification made as a part of the Investigation Phase (SKM 2009) that need to be included 
for the current Phase 

Status 

Updates to the model to use a new version of modflow which smooth’s demands between 
months 

 In the mod flow parameter file 

o Ensure column 14 is present for all lines, set to 0 for most, set to 4 (i.e. 
smoothed over 4 days) for ‘Mulwala Cannal’ and ‘Yarrawonga Channel at 8 m 3 
ch weir’ 

 Ensure the mod flow executable includes the required changes to smooth 
demands between month (if column 14 is present in the parameter file the 
changes are included) 

Included in the 
supplied model 

Updates to the model to set channel capacity to 10,600 ML/day 

 Bigmod control variable 239 (Yarrawonga Channel capacity) should be 12 x 
10600 

 MSM Card 68 (channel capacity d/s of Yarrawonga used for determining 
transfers to Lake Victoria) and Card 68a (Mandatory Yarrawonga Channel 
capacity) in GL/month (May- Apr) should be: Jan = 328.6, Feb = 296.8, Mar = 
328.6, Apr = 318.0 

 MSM Card 73, position 1 to 6, YARRABANKFULL (the flow in ML/day at which the 
banks are overtopped downstream of Yarrawonga) should be set to 10600. 

Included in the 
supplied model 
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Modification made as a part of the Investigation Phase (SKM 2009) that need to be included 
for the current Phase 

Status 

Updates to the Yarrawonga target level to improve rainfall rejection modelling 

 Bigmod control variable 265 (Targ Yarra Poll YMC > 2000 ML/day) should be 
124.6 m AHD 

 Bigmod control variable 266 (Targ Yarra Pool YMC > 2800 ML/day) should be 
124.6 m AHD 

Included in the 
supplied model 

Include additional outputs for the forest loss indicator 

 Under control variable, the following variables should be present as stated 

172 ‘NATIONAL CHANNEL DIVERSIONS’: 9, 0.000, 1, 0, 0, 0, ‘F2’, 6, 86 

232 ‘MULWALA CANAL DIVERSION’: 9, 0.000, 1, 0, 0, 0, ‘F2’, 3, 50 

782 ‘INFLOW TO FOREST’, 26, 0.000, 1, 0, 0, 0, ‘F1’, 129, 1 

783 ‘LOSSES IN FOREST’, 26, 0.000, 1, 0, 0, 0, ‘F1’, 3, 1 

784 ‘TUPPAL CK’, 26, 0.000, 1, 0, 0, 0, ‘FO’, 44, 1 

785 ‘BULLATALE CK’, 26, 0.000, 1, 0, 0, 0, ‘FO’, 45, 1 

786 ‘OVERBANK BARMAH’, 26, 0.000, 1, 0, 0, 0, ‘FO’, 19, 1 

787 ‘OVERBANK MILLEWA’, 26, 0.000, 1, 0, 0, 0, ‘FO’, 46, 1 

788 ‘BM LAKE’, 26, 0.000, 1, 0, 0, 0, ‘FO’, 20, 1 

Control variable 232 
‘Mulwala Canal 
Diversion’ is not 
output, but a suitable 
alternative is (405 
‘MULWALA Diversion 
in Bigmod output), so 
no change required 

All other variables 
included in the 
supplied model 

Updates to the model to predict demands (improved modelling of Lake Mulwala) 

 Under control variables, the following variables should be present as stated: 

778 ‘Yesterday Mulwala Canal Divers’, 9, 0.000, 0, 0, 0, 0, ‘CV’, 232, 50 

232 ‘Mulwala Canal Diversions’, 9, 0.000, 1, 0, 0, 0, ‘F2’, 3, 50 

779 ‘Yesterday Yarraw MC diversions’, 9, 0.000, 0, 0, 0, 0, ‘CV’, 245, 50 

245 ‘Yarrawonga Cannel Diversions’, 9, 0.000, 1, 0, 0, 0, ‘F2’, 9, 70 

780 ‘Increase in MC + YMC order >=0’, 9, 0.000, 0, 0, 124, 0, ‘F2’, 3, 50 

781 ‘Pred increase MC + YMC order’, 9, 0.000, 1, 0, 125, 0, ‘CV’, 507, 50 

 Under control variable combinations, the following combinations should be 
present as stated: 

124 ‘Change in MC + YMC order’ 3 – CV 778 + CV 245 – CV 779 

125 ‘Pred increase MC + YMC order’ 1 * CN 2.0 

Included in the 
supplied model 

C.2 Option package 1 
Option package 1 incorporates options which are low cost, low risk and can be implemented quickly 

with minimal infrastructure works. The option package will allow an assessment of what can be 

achieved with current infrastructure. This option package incorporates four options: 

 Option 2 – alter the 6-inch rule to increase operational flexibility 

 Option 16a – utilisation of Perricoota Escape as a bypass route (existing escape capacity, 

200 ML/day) 

 Option 17 – coordinated manipulation of mid-river weirs 

 Option 3b – modifications to the rules governing inter-valley transfers to manage 

shortfalls 
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Option 2 – alter the 6-inch rule to increase operational flexibility 

Option modelling method 

The 6-inch rule was modelled in Bigmod and required modification to the existing Bigmod code as 

well as the loss constants in MSM. The process was a two-step process to incorporate the 6-inch 

rule. The first step was to make the changes to Bigmod (Table 34) and run MSM-Bigmod. The results 

from this were used to determine the adjustments to the loss parameters in MSM (Table 35). Once 

these adjustments had been made, MSM-Bigmod was re-run to produce the final results. 

 Table 34: Changes to the Bigmod code in Special.f90 

New or original code Code 

Original (Line 2 to 6) 
!$Revision: 150 $ 
!$Date: 2011-05-18 11:32:53 +1000 (Wed, 18 May 2011) $ 
Module SPECIAL_Mod 
  Contains 

  !*==SPECIAL.spg  processed by SPAG 6.08Dc at 18:29 on  8 Mar 2001 

Revised (Line 1 to 12) 
Module Avge4Day 
        Real,dimension(4) :: DrAvgeFlow,HeyAvgeFlow 
        Integer InitAvge,ndpfall,nheyfall,dr9inch,hey8inch 
        Real InpFlow,InpHeight,minheight,drminflow,heyminflow 
End Module Avge4Day 

 
!$Revision: 150 $ 
!$Date: 2011-05-18 11:32:53 +1000 (Wed, 18 May 2011) $ 
Module SPECIAL_Mod 
  Contains 
  !*==SPECIAL.spg  processed by SPAG 6.08Dc at 18:29 on  8 Mar 2001 

Original (Line 43 to 46) 
    Use PENTAL_Mod 
    Use COSTNEW_Mod 
 

    IMPLICIT NONE 

Revised (Line 48 to 52)     Use PENTAL_Mod 
    Use COSTNEW_Mod 
    Use Avge4Day 
 

    IMPLICIT NONE 

Original (Line 89 to 90)       watervalue(20,2,2),swampfactor(2),RedbankShort,Aw,Ag,At,Ap, & 

      Apb,Awo,Agenoe,LVmaxPB,fillday,LAMinFlowFall,conv,InitSal 

Revised (Line 95 to 97)       watervalue(20,2,2),swampfactor(2),RedbankShort,Aw,Ag,At,Ap, & 
      Apb,Awo,Agenoe,LVmaxPB,fillday,LAMinFlowFall,conv,InitSal, & 

      dpfall9,heyfall9,dpheight,heyheight 

Original (Line  99 to 
101) 

      lim(3) , cst(3) , secvlim(12,2) , mdbclim(12,2) , & 
      secvcst(12,3) , mdbccst(12,3) 
    REAL rchlos(maxrch,12),rdvfac(maxrch,2),alexarea(5),albarea(5), & 

Revised (Line 106 to 
110) 

lim(3) , cst(3) , secvlim(12,2) , mdbclim(12,2) , & 
      secvcst(12,3) , mdbccst(12,3), & 
      heyfall9(7),dpfall9(6),dpheight(6),heyheight(7) 
       
    REAL rchlos(maxrch,12),rdvfac(maxrch,2),alexarea(5),albarea(5), & 

Original (Line 271 to 
285) 

!limits for doctors point rise and fall 
    ! 
    DATA dprisfal/0. , 814. , 5060. , 9990. , 20000. , 25100./ 
    DATA dprise/1630. , 1676. , 2910. , 3410. , 4100. , 4300./ 
    DATA dpfall/0. , 606. , 1300. , 1600. , 2000. , 2100./ 
    !DATA dpfall/0. , 814. , 2199. , 3025. , 3950. , 3738./   ! for SKM study (Uttam), if maxm rate 
of fall allowed is increased to 300 mm 
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New or original code Code 

  
  
    ! 
    !limits for heywoods fall 
    ! 
    DATA heyfallf/0. , 1000. , 6000. , 10000. , 15000. , 20000. , & 
      25100./ 
    DATA heyfall/0. , 676. , 1620. , 2070. , 2300. , 2600. , 3000./ 
    !DATA heyfall/0. , 847. , 2456. , 2975. , 3450. , 3754. , 4407./  ! for SKM study (Uttam), if 
maxm rate of fall allowed is increased to 300 mm 

Revised (Line 280 to 
297) 

!limits for doctors point rise and fall 
    ! 
    DATA dprisfal/0. , 814. , 5060. , 9990. , 20000. , 25100./ 
    DATA dprise/1630. , 1676. , 2910. , 3410. , 4100. , 4300./ 
    DATA dpfall/0. , 606. , 1300. , 1600. , 2000. , 2100./ 
    !DATA dpfall/0. , 814. , 2199. , 3025. , 3950. , 3738./   ! for SKM study (Uttam), if maxm rate 
of fall allowed is increased to 300 mm 
    Data dpfall9/0.,712.,1664.,2290.,2850.,2800./ 
    Data dpheight/0.,1.44,2.16,2.67,3.48,3.89/ 
  
    ! 
    !limits for heywoods fall 
    ! 
    DATA heyfallf/0. , 1000. , 6000. , 10000. , 15000. , 20000. , & 
      25100./ 
    DATA heyfall/0. , 676. , 1620. , 2070. , 2300. , 2600. , 3000./ 
    !DATA heyfall/0. , 847. , 2456. , 2975. , 3450. , 3754. , 4407./  ! for SKM study (Uttam), if 
maxm rate of fall allowed is increased to 300 mm 
    Data heyfall9/0.,726.,1895.,2277.,2600.,2850.,3300./ 
    Data heyheight/0.,1.34,2.04,2.45,2.90,3.30,3.66/ 

Original (Line 1917 to 
1937) 

      !calculate the acceptable rates of rise and fall at albury 
      !for pre-release 
      ! 
      IF ( docflow.GE.25100. ) THEN 
        pflmin = 23000. 
        pflmax = 99999999. 
      ELSEIF ( docflow.LE.0. ) THEN 
        pflmax = 1630. 
        pflmin = 0. 
      ELSE 
        DO i = 2 , 6 
          IF ( docflow.LE.dprisfal(i) ) GO TO 20 
        ENDDO 
        i = 6 
20      pflmax = docflow + dprise(i-1) + (docflow-dprisfal(i-1)) & 
          *(dprise(i)-dprise(i-1))/(dprisfal(i)-dprisfal(i-1)) 
        pflmin = docflow - dpfall(i-1) - (docflow-dprisfal(i-1)) & 
          *(dpfall(i)-dpfall(i-1))/(dprisfal(i)-dprisfal(i-1)) 
      ENDIF 
      pflmax = MAX(0.,pflmax-Valcon(65)+valcon(284)) 
      pflmin = MAX(0.,pflmin-Valcon(65)+valcon(284)) 

Revised (Line 1930 to 
1997) 

!calculate the acceptable rates of rise and fall at albury 
      !for pre-release 
      ! 
      If (InitAvge.ne.99) Then 
            DrAvgeFlow(:)=0. 
            HeyAvgeFlow(:)=0. 
            InitAvge=99 
            ndpfall=0 
            nheyfall=0 
            dr9inch=0 
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New or original code Code 

            hey8inch=0 
      End If 
       
      IF ( docflow.GE.25100. ) THEN 
        pflmin = 23000. 
        pflmax = 99999999. 
        ndpfall=0 
      ELSEIF ( docflow.LE.0. ) THEN 
        pflmax = 1630. 
        pflmin = 0. 
        ndpfall=0 
      ELSE 
        ndpfall=min(4,ndpfall+1) 
        DrAvgeFlow(4)=DrAvgeFlow(3) 
        DrAvgeFlow(3)=DrAvgeFlow(2) 
        DrAvgeFlow(2)=DrAvgeFlow(1) 
        DrAvgeFlow(1)=docflow 
        InpFlow=DrAvgeFlow(ndpfall) 
         
        Do i=2,6 
            If(InpFlow.le.dprisfal(i)) Exit 
        End Do 
        i=min(6,i) 
        InpHeight=dpheight(i-1)+((dpheight(i)-dpheight(i-1))*(InpFlow-dprisfal(i-1))/(dprisfal(i)-
dprisfal(i-1))) 
        minheight=max(0.,InpHeight-0.6096) 
         
        Do i=2,6 
            If(minheight.le.dpheight(i)) Exit 
        End Do 
        i=min(6,i) 
        drminflow=dprisfal(i-1)+((dprisfal(i)-dprisfal(i-1))*(minheight-dpheight(i-1))/(dpheight(i)-
dpheight(i-1))) 
 
         
        DO i = 2 , 6 
          IF ( docflow.LE.dprisfal(i) ) GO TO 20 
        ENDDO 
        i = 6 
20      pflmax = docflow + dprise(i-1) + (docflow-dprisfal(i-1)) & 
          *(dprise(i)-dprise(i-1))/(dprisfal(i)-dprisfal(i-1)) 
         
 

Revised (Line 1930 to 
1997) continued 

        If ((docflow.lt.12000).or.(Im.ge.6)) Then 
            pflmin = docflow - dpfall(i-1) - (docflow-dprisfal(i-1)) & 
            *(dpfall(i)-dpfall(i-1))/(dprisfal(i)-dprisfal(i-1)) 
            if(dr9inch.ge.1) then 
                pflmin=max(pflmin,drminflow) 
                dr9inch=dr9inch+1 
                if (dr9inch.gt.3) dr9inch=0 
            end if 
        Else 
            pflmin=docflow-dpfall9(i-1)-((docflow-dprisfal(i-1)) & 
            *(dpfall9(i)-dpfall9(i-1))/(dprisfal(i)-dprisfal(i-1))) 
            pflmin=max(pflmin,drminflow) 
            dr9inch=1 
        End If 
      ENDIF 
       
      pflmax = MAX(0.,pflmax-Valcon(65)+valcon(284)) 
      pflmin = MAX(0.,pflmin-Valcon(65)+valcon(284)) 



Barmah Choke Study – Options Integration Phase 
Murray-Darling Basin Authority 

 80 

New or original code Code 

Original (Line 1940 to 
1956) 

!calculate the acceptable rates of fall at heywoods 
      !for pre-release 
      !20 cm per day 
      ! 
      IF ( heyflow.GE.heyfallf(7) ) THEN 
        pflminhey = heyfallf(7) - heyfall(7) 
      ELSEIF ( heyflow.LE.0. ) THEN 
        pflminhey = 0. 
      ELSE 
        DO i = 2 , 7 
          IF ( heyflow.LE.heyfallf(i) ) GO TO 40 
        ENDDO 
        i = 7 
40      pflminhey = heyflow - heyfall(i-1) - (heyflow-heyfallf(i-1)) & 
          *(heyfall(i)-heyfall(i-1)) & 
          /(heyfallf(i)-heyfallf(i-1)) 
      ENDIF 

Revised (line 1999 to 
2054) 

!calculate the acceptable rates of fall at heywoods 
      !for pre-release 
      !20 cm per day 
      ! 
      IF ( heyflow.GE.heyfallf(7) ) THEN 
        pflminhey = heyfallf(7) - heyfall(7) 
        nheyfall=0 
      ELSEIF ( heyflow.LE.0. ) THEN 
        pflminhey = 0. 
        nheyfall=0 
      ELSE 
        nheyfall=min(4,nheyfall+1) 
        HeyAvgeFlow(4)=HeyAvgeFlow(3) 
        HeyAvgeFlow(3)=HeyAvgeFlow(2) 
        HeyAvgeFlow(2)=HeyAvgeFlow(1) 
        HeyAvgeFlow(1)=heyflow 
        InpFlow=HeyAvgeFlow(nheyfall) 
 
        Do i=2,7 
            If(InpFlow.le.heyfallf(i)) Exit 
        End Do 
        i=min(7,i) 
        InpHeight=heyheight(i-1)+((heyheight(i)-heyheight(i-1))*(InpFlow-heyfallf(i-
1))/(heyfallf(i)-heyfallf(i-1))) 
        minheight=max(0.,InpHeight-0.8128) 
     
        Do i=2,7 
            If (minheight.le.heyheight(i)) Exit 
        End Do 
        i=min(7,i) 
        heyminflow=heyfallf(i-1)+((heyfallf(i)-heyfallf(i-1))*(minheight-heyheight(i-
1))/(heyheight(i)-heyheight(i-1))) 
         
        DO i = 2 , 7 
          IF ( heyflow.LE.heyfallf(i) ) GO TO 40 
        ENDDO 
        i = 7 
!40      pflminhey = heyflow - heyfall(i-1) - (heyflow-heyfallf(i-1)) & 
!          *(heyfall(i)-heyfall(i-1)) & 
!          /(heyfallf(i)-heyfallf(i-1)) 
40      If((docflow.lt.12000).or.(Im.ge.6)) Then 
            pflminhey = heyflow - heyfall(i-1) - (heyflow-heyfallf(i-1)) & 
                        *(heyfall(i)-heyfall(i-1)) & 
                        /(heyfallf(i)-heyfallf(i-1)) 
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New or original code Code 

            if(hey8inch.ge.1) Then 
                pflminhey=max(pflminhey,heyminflow) 
                hey8inch=hey8inch+1 
                if(hey8inch.ge.3) hey8inch=0 
            end if 
        Else 
            pflminhey=heyflow-heyfall9(i-1)-(heyflow-heyfallf(i-1)) & 
                        *(heyfall9(i)-heyfall9(i-1)) & 
                        /(heyfallf(i)-heyfallf(i-1)) 
             
            pflminhey=max(pflminhey,heyminflow) 
            hey8inch=1 
        End If 
      ENDIF 

 

The calculation of the loss constants was undertaken by comparing the Bigmod flow at Doctors Point 

for the do nothing option with the flow at Doctors Point with the 6-inch rule implemented (Bigmod 

changes only). The difference between the two series was calculated at times when flow was 

decreasing (the 6-inch rule only applies when flow is decreasing). The differences were summed to a 

monthly time-step. This monthly time series was used to determine the monthly average difference 

between the do nothing option and the 6-inch rule. Only losses during the period the 6-inch rule 

applies (January to May) were adjusted. 

The resulting change to the MSM constants file for the "Constant term in the equation to estimate 

operational losses (May to April)" is shown in Table 35. 

 Table 35: Changes to MSM constants monthly series “Constant term in the equation to 
estimate operational losses (May to April)” 

Month Original Loss Constant 
(GL/month) 

Loss adjustment 
(GL/month) 

Revised Loss Constant 
(GL/month) 

May 64.0 -0.4 63.6 

June 17.9 -0.0 17.9 

July 54.5 -0.0 54.5 

August 37.9 -0.0 37.9 

September 59.7 -0.0 59.7 

October 174.6 -0.0 174.6 

November 174.6 -0.0 174.6 

December 174.6 -0.0 174.6 

January 194.6 -1.9 192.7 

February 232.8 -1.5 231.3 

March 276.4 -1.2 275.2 

April 128.9 -1.0 127.9 

 



Barmah Choke Study – Options Integration Phase 
Murray-Darling Basin Authority 

 82 

Option 16a – utilisation of Perricoota Escape as a bypass route (existing escape 
capacity, 200 ML/day) 
To model diversions through the Perricoota Escape, changes have been made to the MSM 

parameter file (Table 37), the code in modflw20.f90 (Table 38) and the Bigmod parameter file (Table 

39). 

The EDCAP (Edward River escape capacity) variable in the MSM parameter file has been modified to 

include the Perricoota Escape capacity (Table 37), along with the escape capacities to the Edward 

River, Wakool River and Yallakool River. This means the Perricoota Escape operates in the same way 

as the Wakool and Yallakool Escapes. 

 Table 36: Calculating the change required to the EDCAP variable in the MSM parameter file 
to model Option 16a – Perricoota Escape 

Base Case 

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

Days 31 30 31 31 30 31 30 31 31 28 31 30 

Edward Escape (ML/d) 2100 2400 2400 2400 2400 2400 2400 2400 2100 2100 2100 2100 

Wakool Escape (ML/d) 550 550 550 550 550 550 550 550 550 550 550 550 

Yallakool Escape (ML/d) 70 70 70 70 70 70 70 70 70 70 70 70 

Total (ML/d) 2720 3020 3020 3020 3020 3020 3020 3020 2720 2720 2720 2720 

Total (GL/month) 84.32 90.6 93.62 93.62 90.6 93.62 90.6 93.62 84.32 76.16 84.32 81.6 

Option 16a – Pericoota Escape 

Edward Escape (ML/d) As per base case 

Wakool Escape (ML/d) As per base case 

Yallakool Escape (ML/d) As per base case 

Perricoota Escape 
(ML/d) 

200 200 200 200 200 200 200 200 200 200 200 200 

Total (ML/d) 2920 3220 3220 3220 3220 3220 3220 3220 2920 2920 2920 2920 

Total (GL/month) 90.52 96.6 99.82 99.82 96.6 99.82 96.6 99.82 90.52 81.76 90.52 87.6 

 

 Table 37: Changes made to the MSM parameter file to model Option 16a – Perricoota 
Escape 

Variable Value 

Base Case 

MSM Card 68-2 84.32  90.6  93.62  93.62  90.6  93.62  90.6  93.62  84.32  76.16  84.32  81.6         68-2 

Option 16a – Pericoota Escape 

MSM Card 68-2 90.52  96.6  99.82  99.82  96.6  99.82  96.6  99.82  90.52  81.76  90.52  87.6         68-2 

MSM Card 68-2: EDCAP1. CAPACITY OF EDWARD ESCAPE (May-Apr) 

The modflow code was modified (Table 38) to include the Perricoota Escape, which is used after the 

capacity of the Wakool and Yallakool Escapes are exceeded. 

 Table 38: Changes made to the modflow FORTRAN code to model Option 16a – Perricoota 
Escape 

Base case code (1) 

  real          array1(31,80),array2(31,60), & 
    array3(31,103),array4(31,2)     ! Array 4 is where Wakesc and Yallesc are stored 
  real          array1Previous(31,80),array2Previous(31,60), & 
                array3Previous(31,103),array4Previous(31,2)     ! Storage of daily values for previous month 

Option 16a code (1) 
  real          array1(31,80),array2(31,60), & 
    array3(31,103),array4(31,3)     ! Array 4 is where Wakesc, Yallesc, Perresc are stored 
  real          array1Previous(31,80),array2Previous(31,60), & 
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                array3Previous(31,103),array4Previous(31,3)     ! Storage of daily values for previous month 

Base case code (2) 
  data array4/62*0./ 

Option 16a code (2) 
  data array4/93*0./ 

Base case code (3) 

  WRITE (17, '(I2)') No_Firstfile+8     ! 11 for WEIR32,CAW2DAR, 

  !     Ovens,Kiewa, Murrumbidgee,Darlot,ymcesc,Cawnout, Tandiv, WAKESC, 
  !     YALLESC, MCCOYSB+IVT, BALRAN+IVT  variables 

Option 16a code (3) 

  WRITE (17, '(I2)') No_Firstfile+9     ! 11 for WEIR32,CAW2DAR, 

  !     Ovens,Kiewa, Murrumbidgee,Darlot,ymcesc,Cawnout, Tandiv, WAKESC, 
  !     YALLESC, MCCOYSB+IVT, BALRAN+IVT, PERRESC  variables 

Additional Option 16a code (4) 

      call u_writecsvhead(ic1,icsv+9,precision, & 

        ninterp,endmth,'PERRESC',204,'1','PERRESC', & 
        'PERRESC-204 output from MSM',err) 

Base case code (5) 

      HEAD3 = HEAD3(1:HEAD3END) // ',' // 'WEIR32'//','// & 

        'CAW2DAR'//','//'CAWNOUT'//','// & 

        'TANDIV'//','//'WAKESC'//','//'YALLESC'//','// & 
        'MCCOYSB'//','//'BALRAN' 

Option 16a code (5) 

      HEAD3 = HEAD3(1:HEAD3END) // ',' // 'WEIR32'//','// & 

        'CAW2DAR'//','//'CAWNOUT'//','// & 

        'TANDIV'//','//'WAKESC'//','//'YALLESC'//','// & 
        'MCCOYSB'//','//'BALRAN'//','//'PERRESC' 

Base case code (6) 

      DO DAYLCV = 1, NUMDAYS 

        ! 

        !     If Edward Escape distribute excess Release to Wakool and Yallakool Escapes 

        if(EDWESC(RCHLCV))THEN 

          array4(daylcv,2)=max(0.,min(70.,day(daylcv)-uplim-550.)) 

          array4(daylcv,1)=max(0.,min(550.,day(daylcv)-uplim)) 

          totday(DAYLCV,NUM)=day(daylcv)-array4(daylcv,1) & 

            - array4(daylcv,2) 

        else 

          TOTDAY(DAYLCV,NUM) = DAY(DAYLCV) 

        endif 

      ENDDO 

Option 16a code (6) 

      DO DAYLCV = 1, NUMDAYS 

        ! 

        !     If Edward Escape distribute excess Release to Wakool, Yallakool and Perricoota Escapes 

        if(EDWESC(RCHLCV))THEN 

          array4(daylcv,2)=max(0.,min(70.,day(daylcv)-uplim-550.)) 

          array4(daylcv,1)=max(0.,min(550.,day(daylcv)-uplim)) 

          array4(daylcv,3)=max(0.,min(200.,day(daylcv)-uplim-550.-70.)) 

          totday(DAYLCV,NUM)=day(daylcv)-array4(daylcv,1) & 

            - array4(daylcv,2) - array4(daylcv,3) 

        else 

          TOTDAY(DAYLCV,NUM) = DAY(DAYLCV) 

        endif 

      ENDDO 

    ENDDO 

Base case code (7) 

!       Write to Daily flow file for BIGMOD 

! 

         WRITE(17,'(2(I2,A1),I4,33(A1,F11.1))') DAYLCV, COMMA, MonthPrevious, COMMA, YearPrevious, & 
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           (COMMA,TotDayPrevious(DAYLCV,LCV),LCV=1,No_firstfile),comma,                            & 

           array1Previous(daylcv,Col_w32), comma, array1Previous(daylcv,Col_Caw2dar), comma,       & 

           array1Previous(daylcv,Col_Cawnout), comma, array1Previous(daylcv,Col_tandou),comma,     & 

           array4Previous(daylcv,1), comma, array4Previous(daylcv,2), comma,                       & 

           array3Previous(daylcv,Col_McCoysB), comma, array3Previous(daylcv,Col_Balran) 

Option 16a code (7) 

!       Write to Daily flow file for BIGMOD 

! 

         WRITE(17,'(2(I2,A1),I4,33(A1,F11.1))') DAYLCV, COMMA, MonthPrevious, COMMA, YearPrevious, & 

           (COMMA,TotDayPrevious(DAYLCV,LCV),LCV=1,No_firstfile),comma,                            & 

           array1Previous(daylcv,Col_w32), comma, array1Previous(daylcv,Col_Caw2dar), comma,       & 

           array1Previous(daylcv,Col_Cawnout), comma, array1Previous(daylcv,Col_tandou),comma,     & 

           array4Previous(daylcv,1), comma, array4Previous(daylcv,2), comma,                       & 

           array3Previous(daylcv,Col_McCoysB), comma, array3Previous(daylcv,Col_Balran), comma,    & 

           array4Previous(daylcv,3) 

Base case code (8) 

           do i = 1, 2 

              array4Previous (DAYLCV, i) = array4 (DAYLCV, i) 

           end do 

Option 16a code (8) 

           do i = 1, 3 

              array4Previous (DAYLCV, i) = array4 (DAYLCV, i) 

           end do 

Base case code (9) 

!       Write to Daily flow file for BIGMOD 

! 

         WRITE(17,'(2(I2,A1),I4,33(A1,F11.1))') DAYLCV, COMMA, MonthPrevious, COMMA, YearPrevious, & 

           (COMMA,TotDayPrevious(DAYLCV,LCV),LCV=1,No_firstfile),comma,                            & 

           array1Previous(daylcv,Col_w32), comma, array1Previous(daylcv,Col_Caw2dar), comma,       & 

           array1Previous(daylcv,Col_Cawnout), comma, array1Previous(daylcv,Col_tandou),comma,     & 

           array4Previous(daylcv,1), comma, array4Previous(daylcv,2), comma,                       & 

           array3Previous(daylcv,Col_McCoysB), comma, array3Previous(daylcv,Col_Balran) 

Option 16a code (9) 

!       Write to Daily flow file for BIGMOD 

! 

         WRITE(17,'(2(I2,A1),I4,33(A1,F11.1))') DAYLCV, COMMA, MonthPrevious, COMMA, YearPrevious, & 

           (COMMA,TotDayPrevious(DAYLCV,LCV),LCV=1,No_firstfile),comma,                            & 

           array1Previous(daylcv,Col_w32), comma, array1Previous(daylcv,Col_Caw2dar), comma,       & 

           array1Previous(daylcv,Col_Cawnout), comma, array1Previous(daylcv,Col_tandou),comma,     & 

           array4Previous(daylcv,1), comma, array4Previous(daylcv,2), comma,                       & 

           array3Previous(daylcv,Col_McCoysB), comma, array3Previous(daylcv,Col_Balran), comma,    & 

           array4Previous(daylcv,3) 

 

The Bigmod parameter file has been modified to include a new branch from the Mulwala Canal (at 

the Edward Escape) to the River Murray at the Wakool Junction. The branch cannot be modelled as 

joining the River Murray at Torrumbarry, because for the purposes of modelling, Bigmod considers 

Torrumbarry to be upstream of the Mulwala Canal (at the Edward Escape). 

The changes required to Bigmod (Table 39) are: 

 Increase the number of reaches from 242 to 243 

 Increase the number of reaches for which there is definition data from 232 to 233 

 Increase the number of branches from 92 to 93 
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 Increase the number of inputs from modflow (‘BIGINFLOW2’) from 18 to 19 

 Add the reach, reach definition and branch data 

Changes have also been made to the Bigmod initialisation file (Table 40) to set initial conditions for 

the Pericoota Escape. 

 Table 39: Changes made to the Bigmod parameter file to model Option 16a – Perricoota 
Escape 

New Bigmod reach data – Option 16a 

?  1.       = REACH NUMBER 

?  2. IDSRCH = DOWNSTREAM REACH NUMBER (ALL OUTFLOW FROM REACH ENTERS HERE) 

?  3. IRACT  = IS REACH ACTIVE ?  (1=YES) 

?  4. IRSAL  = ARE CONCENTRATIONS CALCULATED FOR REACH (1=YES) 

?  5. RCHLEN = LENGTH OF REACH IN KM 

?  6. RUSCHN = U/S CHAINAGE DISTANCE FROM RIVER MOUTH IN KM 

?  7. TITRCH = TITLE FOR REACH (MAX 50 CHS) 

? 

?  NOTE: The reaches below must be in stream order. That is, no reach must 

?        have as its downstream reach one that is above it on the list. 

?        However, the reach numbers do not have to be in numerical order. 

? 

? ---------------------------------------------------------------------------- 

? 1   2   3   4      5      6                7 

300  76   1   1     60.    0. 'PERRICOOTA ESCAPE - EDW ESCAPE TO TORRUMBARRY' 

New BigMod reach definition – Option 16a 

?    1  2 

?    2    3      4       5       6       7       8      9       10     (11-20) 

? ---------------------------------------------------------------------- 

?    # TITRCH 

?   DS IEVAST1 IEVAST2 IRCHDV1 IRCHDV2 RDVFAC1 RDVFAC2 EXLSCV EXLSFAC (RCHLOD,RCHINI=1,NWQPD) 

?      F1  F2  F3  F4  F5  F6  F7  F8  F9  F10 (ML/D) 

?     TT1 TT2 TT3 TT4 TT5 TT6 TT7 TT8 TT9 TT10 (DAYS) 

?     AR1 AR2 AR3 AR4 AR5 AR6 AR7 AR8 AR9 AR10 (HA) 

?     HL1 HL2 HL3 HL4 HL5 HL6 HL7 HL8 HL9 HL10 (ML/D) 

?     RLJ RLF RLM RLA RLM RLJ RLJ RLA RLS RLO RLN RLD (ML/D) 

? 

?    WHERE : 

?            # = REACH NUMBER 

?           DS = DEAD STORAGE IN REACH (ML) 

?      IEVAST1 = THE FIRST EVAPORATION STATION APPLIED TO THIS REACH 

?      IEVAST2 = THE SECOND EVAPORATION STATION APPLIED TO THIS REACH 

?                (Where evaporation and rainfall are read in separately, 

?                 Ievast1 may be evaporation multiplied by a pan factor and 

?                 Ievast2 may be rainfall multiplied by -1) 

?      IRCHDV1 = THE FIRST MONTHLY DIVERSION FIELD APPLIED TO THIS REACH 

?      IRCHDV2 = THE SECOND MONTHLY DIVERSION FIELD APPLIED TO THIS REACH 

?      RDVFAC1 = THE FRACTION OF DIVERSION FIELD 1 REMOVED FROM REACH 

?      RDVFAC2 = THE FRACTION OF DIVERSION FIELD 2 REMOVED FROM REACH 

?      GWLSCV  = The Control Variable Number defining extra loss from Reach 

?      GWLSFAC = The Fraction of the Loss that applies in this reach 

? 

?     -----------THE FOLLOWING DATA ONLY REQUIRED WHEN nwqpd > 0 ------------- 

?     IRCVLD(1)= THE CONTROL VARIABLE DEFINING THE LOAD OF WQ PARAMETER 1 

?                ENTERING REACH 

?     RCHLOD(1)= THE FRACTION OF CONTROL VARIABLE IRCVLD(1) ENTERING REACH 

?     IRCVLD(2)= THE CONTROL VARIABLE DEFINING THE LOAD OF WQ PARAMETER 2 

?                ENTERING REACH 
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?     RCHLOD(2)= THE FRACTION OF CONTROL VARIABLE IRCVLD(2) ENTERING REACH 

?          etc for nwqpd sets of load and initial concentration 

?      ------------------- NEW LINE-------------------------------------- 

?           F1 = FIRST FLOW (ML/D) 

?          TT1 = TRAVEL TIME FOR FLOW 1 (DAYS) 

?          AR1 = SURFACE AREA AT FLOW 1 (HECTARES) 

?          HL1 = HIGH FLOW LOSS FOR FLOW 1 (ML/D) 

?           F2 = SECOND FLOW ETC. 

? 

? REACH 300 - PERRICOOTA ESCAPE - EDWARD ESCAPE TO TORRUMBARRY WEIR POOL 

 300 'PERRICOOTA ESCAPE - EDW ESCAPE TO TORRUMBARRY' 

       0.  5  4  1 2  0.000 0.000   0 0.000       34  0.000 

   0.  50. 500. 1000. 2000.  5000. 10000. 15000. 25000. 100000. 

  1.0   1.0   1.0   1.0    1.0     1.0     1.0     1.0     1.0     1.0 

   0.  75.  75.  75.   75.    75.    75.    75.    75.    75. 

   0.   0.   0.   0.    0.     0.     0.     0.     0.     0. 

  12*0.  

New BigMod branch – Option 16a 

?   1. IBRNRF    = BRANCH NUMBER 

?   2. TITBRN    = TITLE OF BRANCH 

?   3. IBRNCH(1) = REACH FROM WHICH BRANCH SPLITS 

?   4. FRCBRN    = LOCATION IN REACH FROM WHICH BRANCH SPLITS(0.=U/S,1.=D/S) 

?   5. IBRNCH(2) = REACH NUMBER OF BRANCH 

?   6. IFILBR    = THE NUMBER OF THE INPUT FLOW FILE CONTAINING BRANCH FLOW 

?   7. IBRPOS    = POSITION OF BRANCH FLOW ON INPUT FLOW FILE "IFILBR" 

?                  (0 IF FLOW NOT READ IN) - IF PRESENT DATA FROM THE INPUT FILE 

?                  OVER-RIDES ANY OTHER DEFINITION OF BRANCH FLOW 

?   8. IBRCV     = REFERENCE NO. OF CONTROL VARIABLE USED WITH BRANCH FLOW TABLE 

?   9. IOVREG    = NUMBER OF REGULATOR WHICH MODIFIES BRANCH FLOW RELATIONSHIP 

?                  +ve numbers specify regulators : 0 specifies no regulator 

?                  HOWEVER IF IOVFLD > 1 AND IBRCVO > 0 then: 

?                   0 => Maximum of tabulated flow and order 

?                  -1 => Minimum of tabulated flow and order 

?                  -2 => Two tables read. Branch = max(table1,min(order,table2)) 

?  10. IOVSUB    = IS CALCULATED BRANCH FLOW REDUCED BY EXISTING FLOW IN D/S 

?                  REACH (0=NO,1=YES) 

?                  IF IOVSUB = -1 THEN NO ERROR MESSAGE IS OUTPUT WHEN BRANCH 

?                  FLOW EXCEEDS FLOW IN REACH (IT IS HOWEVER TRUNCATED) 

?  11. IOVFLD    = NUMBER OF FIELDS IN THE TABLE DEFINING THE RELATIONSHIP 

?                  BETWEEN THE CONTROL VARIABLE AND THE BRANCH FLOW (Max 25) 

?                  Note: If IOVFLD = 0 the branch flow = the value of 

?                  the control variable 

?  12. IBRCVO    = REFERENCE NO. FOR CONTROL VARIABLE WHICH SPECIFIES 

?                  DOWNSTREAM ORDER AT BRANCH. FLOW IS SET AT MAXIMUM OF VALUE 

?                  CALCULATED FROM TABLE AND THE DOWNSTREAM ORDER. 

?   / 

?  13+ FOVER     = TABLE CONTAINING IOVFLD SETS OF THREE VALUES WHICH DEFINE 

?                  THE RELATIONSHIP BETWEEN FLOW IN THE MAIN REACH AND FLOW 

?                  IN THE BRANCH. 

? 

?                  Line 1. FLOWS IN MAIN REACH 

?                  Line 2. CORRESPONDING FLOW IN BRANCH WHEN REGULATOR CLOSED 

?                  Line 3. CORRESPONDING FLOW IN BRANCH WHEN REGULATOR OPEN 

?                  Note: When IOVREG = 0 or -1, only lines 1 and 2 will be read 

? 

?  1              2                     3      4   5  6   7   8   9  10  11 12 

?  --------------------------------------------------------------------------- 

 150 'TO PERRICOOTA ESCAPE'            50  1.000 300  2  19   0   0   0   0  0 
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 Table 40: Changes made to the Bigmod initialisation file to model Option 16a – Perricoota 
Escape 

Base case 

? 1. INIYR  - START YEAR                                                                             

? 2. INIM   - START MONTH                                                                            

? 3. NWQPI  - The number of water quality parameters input  (MAX=5)                                  

? 4. NRCHI  = TOTAL NUMBER OF REACHES (THEY NEED NOT ALL BE ACTIVE)                                  

?                                                                                                    

?     1   2    3    4                                                                                

? ---------------------                                                                              

   1895   7    1  239 

Option 16a 

? 1. INIYR  - START YEAR                                                                             

? 2. INIM   - START MONTH                                                                            

? 3. NWQPI  - The number of water quality parameters input  (MAX=5)                                  

? 4. NRCHI  = TOTAL NUMBER OF REACHES (THEY NEED NOT ALL BE ACTIVE)                                  

?                                                                                                    

?     1   2    3    4                                                                                

? ---------------------                                                                              

   1895   7    1  240 

Base Case 

61 'WAKOOL RIVER - DENI-WAK RD TO WAKOOL/BARHAM R'      -9.  250.   -9.   -9.   -9.   -9. 

62 'THULE CK     - KPF TO WAKOOL/BARHAM RD       '      -9.  250.   -9.   -9.   -9.   -9. 

 63 'WAKOOL RIVER - WAKOOL/BARHAM RD TO GEE GEE BR'      -9.  250.   -9.   -9.   -9.   -9. 

 64 'BARBERS CK   - MOULAMEIN RD TO GEE GEE BRIDGE'      -9.  250.   -9.   -9.   -9.   -9. 

 65 'WAKOOL RIVER - GEE GEE BRIDGE TO COONAMIT BR.'      -9.  250.   -9.   -9.   -9.   -9. 

Option 16a 

61 'WAKOOL RIVER - DENI-WAK RD TO WAKOOL/BARHAM R'      -9.  250.   -9.   -9.   -9.   -9. 

300 'PERRICOOTA ESCAPE - EDW ESCAPE TO TORRUMBARRY'      -9.  250.   -9.   -9.   -9.   -9. 

 62 'THULE CK     - KPF TO WAKOOL/BARHAM RD       '      -9.  250.   -9.   -9.   -9.   -9. 

 63 'WAKOOL RIVER - WAKOOL/BARHAM RD TO GEE GEE BR'      -9.  250.   -9.   -9.   -9.   -9. 

 64 'BARBERS CK   - MOULAMEIN RD TO GEE GEE BRIDGE'      -9.  250.   -9.   -9.   -9.   -9. 

 65 'WAKOOL RIVER - GEE GEE BRIDGE TO COONAMIT BR.'      -9.  250.   -9.   -9.   -9.   -9. 

 

Option 17 – coordinated manipulation of mid-river weirs 
As discussed as a part of the Investigation Phase (SKM 2009), daily shortfalls are not calculated by 

MSM-Bigmod. Rather, a spreadsheet modelling method was developed to calculate required flow 

downstream of Yarrawonga Weir as a function of demands plus losses less expected inflows (with 

allowances for travel time) (see Appendix A.1). Required flow can then be compared to operational 

channel capacity to calculate shortfalls. 

In line with modelling undertaken for the Individual Options Phase (SKM 2011) this option was 

modelled within the shortfall indicator using MSM-Bigmod model outputs for the option package 

without this option. The calculation of required flow was adapted to include the ability to 

temporarily drawdown the weirs to meet peak demands. 

To simulate the impact of drawing down the weirs to meet peak demands and avoid shortfalls, the 

daily shortfall volume calculated by the shortfall indicator was adjusted (reduced) by the volume of 

active storage available in the weirs. The drawdown of each individual weir was restricted based on 

travel time considerations and the volume of downstream demand that could be supplied from the 
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weir. Following a drawdown event, the weirs are refilled as soon as spare capacity for transfers 

becomes available. 

Option 3b – modifications to the rules governing inter-valley trade transfers to manage 
shortfalls 
As described in the Individual Option Phase Report (SKM 2011), shortfalls downstream of 

Yarrawonga Weir have been assessed on a daily basis using a shortfall indicator spreadsheet which 

was developed based on the River Operations spreadsheets and utilises a number of outputs from 

MSM-Bigmod (See Appendix A.1). Most of the shortfalls calculated are evident only on a daily basis 

while a small number of events are seen at the monthly time step in MSM results.  

The method developed to model this option for this phase of the project involves changes to the 

daily shortfall indicator spreadsheet and two changes to MSM. The first change to MSM is to the 

code (murray.f90) to allow a call on the Goulburn IVT if the Yarrawonga channel capacity would 

otherwise be exceeded in the months from December to April (Table 41). A second change is to the 

monthly pattern of delivery based on the pattern of shortfalls in the Phase 4 baseline conditions 

model  The pattern of IVT deliveries is defined as a time series in the “other models” input file in 

column 55 “'Goulburn IVT and Snowy Release”. The base case pattern was changed so that the total 

IVT volume in every water year was maintained but was redistributed into the relative percentages 

for each of the months as shown below (Table 42). 

 Table 41: Changes to the MSM code in Murray.f90 

New or 
original 
code 

Code 

Added 
line to 
original  
(Line 883) 

  real::EVA_Goulb_Capacity_Call !skm 

Added at 
line in 
original  
(Line 
5863) 

              !After checking for TLM order reductions next order water from Goulburn EVA if balance is available   !SKM 
              ! Note EVA_available is not used for this decision as it already has the EVA_pttaren applied to the remaining 
balance 
              if (iteryar.EQ.1) then 
                 if (m.gt.7) then  ! if month is between December and April 
                    ! EVA available in Goulburn is  
                    EVA_Goulb_Capacity_Call = max(0.,min((min(EVA_Balance(1),EVA_CallLimit(1))),(Q(Yar,T,m)-Yarchcap(m)))) 
                    !Debit EVA account by volume of call this month 
                    if(EVA_Addtoflow(1)== 0 )then 
                       flowg(m) = flowg(m) + EVA_Goulb_Capacity_Call  
                       Flow_goulb(m) = flow_goulb(m) + EVA_Goulb_Capacity_Call  
                    end if 
                    EVA_Supply(1)=EVA_Supply(1) + EVA_Goulb_Capacity_Call  
                    EVA_Available(1)=EVA_Available(1) - EVA_Goulb_Capacity_Call  
                    goto 160 
                 end if 
              end if 
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 Table 42: Altered IVT monthly pattern  

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

51.8% 31.1% 1.5 0 0 0 0 0 0 0 0 15.6% 

 

As there are only a small number of shortfall events on a monthly basis, the changes to MSM have 

only a limited impact on shortfalls. The majority of the impact of this option is modelled by making 

modifications to the shortfall indicator model. The changes to the spreadsheet include the ability to 

call on IVT water from the Goulburn with 6 days travel time if there is sufficient volume available in 

the account. The modelling has assumed that delivery will be possible from Goulburn Weir by G-MW 

manipulating diversions to Waranga Basin for short periods. If this is not possible and water is 

required to be ordered from Lake Eildon, travel times will be longer and water may not be available 

to meet the shortfall in the required time. There also may be constraints at certain times on delivery 

in the Goulburn River upstream of Goulburn Weir. 

The shortfall indicator model has been modified to include the balance of the simulated Goulburn 

IVT account and the IVT usage from the MSM results. The spreadsheet uses this information to 

assess whether additional volume could be called from the account on a particular day to avoid 

shortfalls.  

If there is sufficient volume available in the account, additional water can be drawn for the day to 

meet downstream orders. In later days when sufficient channel capacity exists (and IVT usage was 

greater than zero), IVT deliveries are reduced until the daily account balance matches the MSM 

monthly account balance. 

In terms of priority, the shortfalls spreadsheet only uses this option (adjusts the use of IVT) once all 

other options including active storage available through Option 17 have been exhausted. 

C.3 Option package 2 
Option package 2 is developed from option package 1 with additional options that will allow the 

relative merit and incremental benefit of greater manipulation of Euston and Mildura Weirs to be 

assessed. This option package incorporates all options in option package 1 (with adjustments to 

Option 17), plus two additional options: 

 Option 4a – lower the minimum operating level in Mildura Weir (1 m lowering) 

 Option 6c – lower the minimum (1.5 m lowering) and raise the maximum (0.5 m raising) 

operating level in Euston Weir 

Option 4a – lower the minimum operating level in Mildura Weir (1 m lowering) 
As discussed as a part of the Investigation Phase (SKM 2009), daily shortfalls are not calculated by 

MSM-Bigmod. Rather a shortfall indicator spreadsheet modelling method was developed to 

calculate required flow downstream of Yarrawonga Weir as a function of demands plus losses less 

expected inflows (with allowances for travel time) (see Appendix A.1). Required flow can then be 

compared to operational channel capacity to calculate shortfalls. 
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This option has been modelled using the same modelling method as Option 17 (Appendix C2). This 

option was modelled within the shortfall indicator using MSM-Bigmod model outputs for the option 

package without this option. The calculation of required flow was adapted to include the ability to 

temporarily drawdown the weirs to meet peak demands. To simulate the impact of drawing down 

the weirs to meet peak demands and avoid shortfalls, the daily shortfall volume calculated by the 

shortfall indicator was adjusted (reduced) by the volume of active storage available in the weirs. The 

drawdown of each individual weir was restricted based on travel time considerations and the 

volume of downstream demand that could be supplied from the weir. Following a drawdown event, 

the weirs are refilled as soon as spare capacity for transfers becomes available. 

Option 6c – lower the minimum (1.5 m lowering) and raise the maximum (0.5 m raising) 
operating level in Euston Weir 
This option has been modelled using the same modelling method as Options 4a and 17 (Appendix 

C2). This option was modelled within the shortfall indicator using MSM-Bigmod model outputs for 

the option package without this option. The calculation of required flow was adapted to include the 

ability to temporarily drawdown the weirs to meet peak demands. To simulate the impact of 

drawing down the weirs to meet peak demands and avoid shortfalls, the daily shortfall volume 

calculated by the shortfall indicator was adjusted (reduced) by the volume of active storage available 

in the weirs. The drawdown of each individual weir was restricted based on travel time 

considerations and the volume of downstream demand that could be supplied from the weir. 

Following a drawdown event, the weirs are refilled as soon as spare capacity for transfers becomes 

available. 

C.4 Option package 3 
Option package 3 is developed from option package 1 with an additional option that will allow the 

relative merit and incremental benefit of an additional 2,000 ML/day capacity to manage water 

around the Barmah Choke to be assessed. This option package incorporates all options in option 

package one, plus one additional option: 

 Option 12c – increase the escape capacity to the Edward River by 2,000 ML/day 

Option 12c – increase the escape capacity to the Edward River to 4,400 ML/day 
To model an increased escape capacity to the Edward River, changes were made to the MSM 

parameter file (Table 43 and Table 44), the BigMod parameter file (Table 45) and the Modflow 

parameter file (Table 46). 

 Table 43: Calculating the change required to the EDCAP (Edward River escape capacity) 
variable in the MSM parameter file to model Option 12c – increased escape capacity to the 
Edward River 

Package 2 

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

Days 31 30 31 31 30 31 30 31 31 28 31 30 

Edward Escape (ML/d) 2100 2400 2400 2400 2400 2400 2400 2400 2100 2100 2100 2100 

Wakool Escape (ML/d) 550 550 550 550 550 550 550 550 550 550 550 550 

Yallakool Escape (ML/d) 70 70 70 70 70 70 70 70 70 70 70 70 

Perricoota Escape 
(ML/d) 

200 200 200 200 200 200 200 200 200 200 200 200 
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Package 2 

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

Total (ML/d) 2920 3220 3220 3220 3220 3220 3220 3220 2920 2920 2920 2920 

Total (GL/month) 90.52 96.6 99.82 99.82 96.6 99.82 96.6 99.82 90.52 81.76 90.52 87.6 

Option 12c 

Edward Escape (ML/d) 4400 4400 4400 4400 4400 4400 4400 4400 4400 4400 4400 4400 

Wakool Escape (ML/d) 

As per Package 1 
Yallakool Escape (ML/d) 

Perricoota Escape 
(ML/d) 

Total (ML/d) 5220 5220 5220 5220 5220 5220 5220 5220 5220 5220 5220 5220 

Total (GL/month) 161.82 156.6 161.82 161.82 156.6 161.82 156.6 161.82 161.82 146.16 161.82 156.6 

 

 Table 44: Changes made to the MSM parameter file to model Option 12c – increased 
escape capacity to the Edward River 

Variable Value 

Package 2 

MSM Card 68-2 90.52  96.6 99.82 99.82  96.6 99.82  96.6 99.82 90.52 81.76 90.52  87.6         68-2 

Option 12c – increased escape capacity to the Edward River 

MSM Card 68-2 161.82 156.6161.82161.82 156.6161.82 156.6161.82161.82146.16161.82 156.6         68-2 

MSM Card 68-2: EDCAP1. CAPACITY OF EDWARD ESCAPE (May-Apr) 

 

 Table 45: Changes made to the BigMod parameter file to model Option 12c – increased 
escape capacity to the Edward River 

Control Variable Changed from Changed to 

402 'EDWESC Edward Escape Capacity' 
(column 12) 

5*2100.,7*2400. 5*4400.,7*4400. 

 

 Table 46: Changes made to the Modflow parameter file to model Option 12c – increased 
escape capacity to the Edward River 

Variable Changed from Changed to 

EDWESC (column 2) 2100 4400 

EDWESC (column 3) 2400 4400 

 

C.5 Option package 4 
Option package 4 is developed from option package 1 with an additional option that will allow the 

relative merit and incremental benefit of a maintaining air space in Lake Mulwala to be assessed. 

This option package incorporates all options in option package one, plus one additional option: 

 Option 5a – lower the typical operating level in Lake Mulwala by 0.1 m during the 

unseasonal flooding period 

Option 5a – lower the typical operating level in Lake Mulwala by 0.1 m during the 
unseasonal flooding period 
To model a lower operating level for Lake Mulwala, the target pool level was changed in the 

Special.f90 BigMod fortran file (Table 47). 
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 Table 47: Changes made to the Special.f90 BigMod fortran file to model Option 5a – 
lowering the operating level in Lake Mulwala 

Revision Type Code 

Package 1     ELSEIF ( Icnp.EQ.42 ) THEN 
      !SPECIAL CODE 42 
  
      !Doctors Point Order AFC Method 
      ! 
      !Control variable  20 - Order Downstream of Yarrawonga 
      !Control variable 223 - Diversions from Albury to Yarrawonga 
      !Control variable 224 - Losses from Albury to Yarrawonga 
      !Control variable 232 - Mulwala Canal Diversions 
      !Control variable 245 - Yarrawonga Main Channel Diversions 
      !Control variable 246 - Wangaratta Flow(0.88 for 1 days 500 ML/d) 
      !Control variable 247 - Albury Minimum Flow 
      !Control variable  74 - Albury Channel Capacity for Regulated Releases 
      !Control variable 177 - Yarrawonga Pool Level yesterday 
      !Control variable  66 - Yesterdays Doctors Point Flow 
      !Control variable 265 - Target Level in Yarrawonga Pool If Yarrawonga main Channel < 2000 
ML/d => 124.65 
      !Control variable 266 - Target Level in Yarrawonga Pool If Yarrawonga main Channel > 2800 
ML/d => 124.65 
      !Control variable 781 - Twice the net increase in Yarrawonga Channel and Mulwala Canal 
yesterday 
  
       ! 
      !Calculate Target Level in Yarrawonga Pool 
      !If Yarrawonga main Channel < 2000 ML/d => 124.65 
      !If Yarrawonga main Channel > 2800 ML/d => 124.80 
      !Vary linearly in between 2000 and 2800 Ml/d 
      ! 
      !yarrawongaTarget=max(124.65,min(124.80,124.65+ 
      !&                   0.15*(valcon(245)-2000.)/800.)) 
             
      yarrawongaTarget=max(valcon(265),min(valcon(266),valcon(265)+ & 
        0.15*(valcon(245)-2000.)/800.)) 
  
       !Aim to get back to Target Level in 6 days 
      !Neither Yarrawonga Main Channel or Mulwala Canal included in reach diversions 
      !Correction for Yarrawonga Main Channel 16-6-2004 
  
      if(valcon(177).lt. 120.)then 
        valcon(177)=yarrawongaTarget 
      endif 

Option 5a     ELSEIF ( Icnp.EQ.42 ) THEN 
      !SPECIAL CODE 42 
  
      !Doctors Point Order AFC Method 
      ! 
      !Control variable  20 - Order Downstream of Yarrawonga 
      !Control variable 223 - Diversions from Albury to Yarrawonga 
      !Control variable 224 - Losses from Albury to Yarrawonga 
      !Control variable 232 - Mulwala Canal Diversions 
      !Control variable 245 - Yarrawonga Main Channel Diversions 
      !Control variable 246 - Wangaratta Flow(0.88 for 1 days 500 ML/d) 
      !Control variable 247 - Albury Minimum Flow 
      !Control variable  74 - Albury Channel Capacity for Regulated Releases 
      !Control variable 177 - Yarrawonga Pool Level yesterday 
      !Control variable  66 - Yesterdays Doctors Point Flow 
      !Control variable 265 - Target Level in Yarrawonga Pool If Yarrawonga main Channel < 2000 
ML/d => 124.65 
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Revision Type Code 

      !Control variable 266 - Target Level in Yarrawonga Pool If Yarrawonga main Channel > 2800 
ML/d => 124.65 
      !Control variable 781 - Twice the net increase in Yarrawonga Channel and Mulwala Canal 
yesterday 
  
       ! 
      !Calculate Target Level in Yarrawonga Pool 
      !If Yarrawonga main Channel < 2000 ML/d => 124.65 
      !If Yarrawonga main Channel > 2800 ML/d => 124.80 
      !Vary linearly in between 2000 and 2800 Ml/d 
      ! 
      !yarrawongaTarget=max(124.65,min(124.80,124.65+ 
      !&                   0.15*(valcon(245)-2000.)/800.)) 
       
       If (Im.ge.1.and.Im.le.4) Then 
        valcon(265)=124.50 
        valcon(266)=124.50 
       Else 
        valcon(265)=124.60 
        valcon(266)=124.60 
       End If 
       
      yarrawongaTarget=max(valcon(265),min(valcon(266),valcon(265)+ & 
        0.15*(valcon(245)-2000.)/800.)) 
  
  
      !Aim to get back to Target Level in 6 days 
      !Neither Yarrawonga Main Channel or Mulwala Canal included in reach diversions 
      !Correction for Yarrawonga Main Channel 16-6-2004 
  
      if(valcon(177).lt. 120.)then 
        valcon(177)=yarrawongaTarget 
      endif 

 

The potential to operate this option by lowering water level rapidly when an unseasonal event is 

predicted to occur based on forecasting of rainfall and demands rather than maintaining the lower 

water level across the unseasonal flooding period was also investigated. However, the ability to 

lower the lake level rapidly is dependent on having available capacity in the river downstream of 

Yarrawonga Weir when needed. Preliminary analysis (Figure 16) indicates that to drawdown Lake 

Mulwala by 0.1 m under current conditions would require at least 6 days to be successful for 50% of 

events and at least 34 days to be successful for 75% of events. 
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 Figure 16: Number of days required to drawdown Lake Mulwala by 0.1 m in advance of an 
unseasonal flooding event. 
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Appendix D Option package modelling results 
 

D.1 Base Case 
 

 Table 48: Shortfalls based on flow downstream of Yarrawonga Weir, including delivery of 
water under The Living Murray 

Shortfalls 
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Shortfalls which are 
expected to be 
manageable 

Number (total) 17 1 3 2 1 

Number (type I- peak demand) 13 0 0 0 0 

Number (type II- lower system storage) 4 1 3 2 1 

Average volume (GL) 1.8 1.0 2.9 0.6 1.2 

Average duration (days) 4.2 3.0 3.7 2.0 3.0 

Shortfalls which are 
expected to be 
challenging to 
manage 

Number 8 1 0 1 1 

Number (type I- peak demand) 4 1 0 1 1 

Number (type II- lower system storage) 4 0 0 0 0 

Average volume (GL) 11.8 11.9 N/A 7.8 11.9 

Average duration (days) 13.8 10.0 N/A 6.0 10.0 

Shortfalls which are 
expected to be 
more difficult to 
manage 

Number 11 2 0 2 2 

Number (type I- peak demand) 1 0 0 0 0 

Number (type II- lower system storage) 10 2 0 2 2 

Average volume (GL) 58.3 23.8 N/A 28.5 23.8 

Average duration (days) 38.4 14.5 N/A 10.5 14.5 

Total shortfalls Number (total) 36 4 3 5 4 

Number (type I- peak demand) 18 1 0 1 1 

Number (type II- lower system storage) 18 3 3 4 3 
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 Table 49: Shortfalls based on flow downstream of Yarrawonga Weir, excluding delivery of 
water under The Living Murray 

Shortfalls 
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Shortfalls which are 
expected to be 
manageable 

Number (total) 8 0 1 0 0 

Number (type I- peak demand) 12 0 0 0 0 

Number (type II- lower system storage) -4* 0 1 0 0 

Average volume (GL) 1.4 N/A 0.7 N/A N/A 

Average duration (days) 2.8 N/A 2.0 N/A N/A 

Shortfalls which are 
expected to be 
challenging to 
manage 

Number 4 1 0 1 1 

Number (type I- peak demand) 4 1 0 1 1 

Number (type II- lower system storage) 0 0 0 0 0 

Average volume (GL) 6.8 20.9 N/A 23.4 21.0 

Average duration (days) 9.5 4.0 N/A 4.0 4.0 

Shortfalls which are 
expected to be 
more difficult to 
manage 

Number 6 0 0 0 0 

Number (type I- peak demand) 1 0 0 0 0 

Number (type II- lower system storage) 5 0 0 0 0 

Average volume (GL) 60.6 N/A N/A N/A N/A 

Average duration (days) 42.3 N/A N/A N/A N/A 

Total shortfalls Number (total) 18 1 1 1 1 

Number (type I- peak demand) 17 1 0 1 1 

Number (type II- lower system storage) 1 0 1 0 0 

* Shortfall events have been classified as type I (peak demand) or type II (lower system storage) events based on whether 

or not the event would have occurred if resources in Lake Victoria and the Menindee Lake (lower system storages) were 

unlimited. Type I (peak demand) events occur regardless of access to lower system storage while type II events would be 

avoided if lower system storages resources were unlimited. Some events can be a combination of both types: the event 

would occur regardless of access to lower system storage (type I) however the severity of the event would increase if 

access to lower system storage was constrained (type II). This can lead to negative results in the shortfall indicator matrix. 

Negative results indicate that if access to lower system storage was constrained shortfall events that would have occurred 

regardless (type I) would become more severe events (type II). 
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 Table 50: Unseasonal Flooding of the Barmah-Millewa Forest 

Unseasonal Flooding 
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Total years of unseasonal  flooding 70 66 66 52 55 

Total years of moderate unseasonal flooding 39 30 30 27 24 

Total years of more severe unseasonal flooding 25 25 25 18 22 

Proportion of wet years for each side of the forest 39% 35% 35% 28% 30% 

 

 Table 51: Other project specific indicators 

Indicator   
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Forest losses (15
th

 December to 30
th
 April)           

Total loss from Yarrawonga to Barmah (GL/year) 150.6 149.5 149.5 145.4 148.6 

Barmah Forest loss (GL/year) 136.8 135.9 135.9 129.3 135.0 

Allocations   
     

Years with 100% allocation for general security 
entitlement (NSW) 

72% 71% 71% 72% 71% 

Average allocation for general security entitlement (NSW) 86.7% 86.6% 86.6% 86.6% 86.6% 

Years with 100% allocation for high reliability water 
shares (Victoria) 

97% 97% 97% 97% 97% 

Years with 100% allocation for low reliability water shares 
(Victoria) 

80% 79% 79% 78% 79% 

Average allocation for high + low reliability water shares 
(Victoria) 

181.1% 180.8% 180.8% 180.4% 180.8% 

Beneficial flooding of the Barmah-Millewa Forest 
     

% of years with a medium/large flood of 25,000 ML/day at 
Yarrawonga for >= 2 months 

19% 18% 18% 18% 18% 

Maximum duration with no medium/large flood (years) 14.0 16.0 16.0 16.0 16.0 

% of years with a small flood of 18,000 ML/day at 
Yarrawonga for >= 3 months 

15% 16% 16% 15% 16% 

Maximum duration with no small flood (years) 21.0 21.0 21.0 21.0 21.0 

Beneficial flooding of Koondrook/Gunbower Wetlands 
     

% of years with a medium/large flood of 35,000 ML/day at 
Torrumbarry for >= 3 months 

6% 6% 6% 5% 6% 

Maximum duration with no medium/large flood (years) 34.0 34.0 34.0 34.0 34.0 

% of years with a small flood of 25,000 ML/day at 
Torrumbarry for >= 3 months 

14% 14% 14% 14% 14% 

Maximum duration with no small flood (years) 20.0 20.0 20.0 20.0 20.0 



Barmah Choke Study – Options Integration Phase 
Murray-Darling Basin Authority 

 98 

Indicator   
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Beneficial flooding of Hattah Lakes   
     

% of years with a medium/large flood of 75,000 ML/day at 
Euston for >= 1 month 

10% 10% 10% 10% 10% 

Maximum duration with no medium/large flood (years) 21.0 21.0 21.0 21.0 21.0 

% of years with a small flood of 45,000 ML/day at Euston 
for >= 3 months 

15% 15% 15% 15% 15% 

Maximum duration with no small flood (years) 20.0 20.0 20.0 20.0 20.0 

Beneficial flooding of Chowilla/Lindsay-Wallpolla 
     

% of years with a medium/large flood of 80,000 ML/day at 
SA border for >= 3 months 

4% 4% 4% 4% 4% 

Maximum duration with no medium/large flood (years) 37.0 37.0 37.0 37.0 37.0 

% of years with a small flood of 50,000 ML/day at SA 
border for >= 3 months 

13% 13% 13% 13% 13% 

Maximum duration with no small flood (years) 21.0 21.0 21.0 21.0 21.0 

Unregulated flows   
     

Average flow to SA in excess of entitlement (GL/year) 4,832 4,836 4,836 4,827 4,837 

% of years where flows to SA < 1,850 GL/year 97% 97% 97% 97% 97% 

Lake Victoria target levels   
     

% of years Lake Victoria level of the last day of February 
meets target (≤26.5 m AHD) 

96% 96% 96% 98% 96% 

Proportion of time (years) target not applied due to 
conditional rules 

55% 53% 53% 52% 53% 

% of years Lake Victoria level of the last day of March 
meets target (≤25.6 m AHD) 

94% 98% 98% 96% 98% 

Proportion of time (years) target not applied due to 
conditional rules 

55% 54% 54% 53% 54% 

% of years Lake Victoria level of the last day of April 
meets target (≤24.6 m AHD) 

92% 94% 94% 94% 94% 

Proportion of time (years) target not applied due to 
conditional rules 

55% 54% 54% 53% 54% 

% of time (days) Lake Victoria level is > 25.5 m AHD in 
May (target = minimal) 

3% 6% 6% 4% 6% 

Proportion of time (days) target not applied due to 
conditional rules 

49% 47% 47% 47% 47% 

% of time (days) during winter and spring where lake level 
is ≥ 27.0 m AHD in (target = minimal) 

20% 19% 19% 19% 19% 

Werai Forest flooding   
     

% of years of undesirable flooding 44% 42% 42% 74% 41% 

Undesirable exceedences- other locations 
     

% of years capacity downstream of Hume Reservoir 
exceeded (25,000 ML/day, Jan – Apr) 

3% 3% 3% 4% 3% 

% of years capacity of Edward offtake exceeded (1,600 
ML/day Jan – Apr) 

32% 31% 31% 33% 32% 

% of days capacity of Gulpa offtake exceeded 
(350 ML/day, Feb – Apr) 

22% 22% 22% 17% 22% 

Hydropower generation   
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Indicator   
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Average annual power generation at Dartmouth Reservoir 
(GWh) 

288.4 288.5 288.5 287.9 288.5 

Recreational water levels (Jan – Apr) 
     

Lake Mulwala 

Average water level (m AHD) 124.9 124.9 124.9 124.9 124.8 

Median water level (m AHD) 124.8 124.8 124.8 124.8 124.7 

Minimum water level (m AHD) 123.4 123.9 123.9 123.7 123.7 

95
th

 percentile water level (m AHD 124.6 124.6 124.6 124.6 124.5 

Euston Weir 

Average water level (m AHD) 47.7 47.7 47.7 47.7 47.7 

Median water level (m AHD) 47.7 47.7 47.7 47.7 47.7 

Minimum water level (m AHD) 46.8 46.8 46.8 46.7 46.8 

95
th

 percentile water level (m AHD 47.7 47.7 47.7 47.7 47.7 

 

 Table 52: MDBA standard indicators 

Indicator 
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Sustainable Rivers Audit hydrology index 
     

Original Murray-Lower Darling Index 0.606 0.607 0.607 0.608 0.607 

Zone 1 U/s Hume 0.777 0.775 0.775 0.774 0.775 

Zone 2 Hume to Yarrawonga 0.735 0.734 0.734 0.742 0.732 

Zone 3 Yarrawonga to Wakool Junction 0.610 0.611 0.611 0.613 0.611 

Zone 4 Wakool to Wentworth 0.627 0.630 0.630 0.630 0.630 

Zone 5 Wentworth to Lock 3 0.553 0.555 0.555 0.555 0.555 

Zone 6 Lower Darling 0.438 0.438 0.438 0.437 0.438 

Zone 7 Lock 3 to Lakes 0.551 0.552 0.552 0.550 0.552 

Zone 8 Lower Lakes 0.494 0.494 0.494 0.494 0.494 

Morgan salinity (EC) 
     

Average Morgan Salinity 495 495 495 494 495 

Morgan 95%ile Salinity 753 757 757 760 762 

Average annual diversions (GL) 
     

NSW Murray Diversion 1,700 1,701 1,701 1,699 1,701 

Victorian Murray Diversion 1,658 1,657 1,657 1,654 1,657 
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Indicator 
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SA Diversion 668 668 668 669 668 

Lower Darling Diversion 56 56 56 56 56 

Total Diversion (GL/yr) 4,082 4,081 4,081 4,077 4,081 

SA Country Towns Diversion 48 48 48 48 48 

Metropoilitan Adelaide Diversion 100 100 100 100 100 

Other SA Diversions 521 521 521 521 521 

Average cap adjustment (GL/yr) 
     

NSW Murray -55.7 -55.0 -55.0 -54.8 -55.0 

Victorian Murray 12.6 12.3 12.3 12.5 12.3 

South Australia -1.5 -2.3 -2.3 -2.1 -2.3 

Lower Darling 16.3 16.3 16.3 16.4 16.3 

Total Cap Adjustment (GL/yr) -28.3 -28.7 -28.7 -28.0 -28.7 

Tributary inflows (GL/yr) 
     

Murrumbidgee 1,289 1,289 1,289 1,289 1,289 

Billabong Creek 322 322 322 322 322 

Menindee Lakes Inflow 1,721 1,721 1,721 1,721 1,721 

Goulburn River 1,663 1,663 1,663 1,663 1,663 

Broken Creek 165 165 165 165 165 

Campaspe River 151 151 151 151 151 

Loddon Flow at Appin South 64 64 64 64 64 

Total Tributary Flow (GL/year) 5,375 5,374 5,374 5,375 5,374 

Allocations 
     

Mean NSW High Security Allocation 99.2 99.2 99.2 99.2 99.2 

Mean Other NSW Gen Sec Allocation  82.6 82.4 82.4 82.9 82.4 

Minimum Other NSW Gen Sec Allocation  2.4 3.4 3.4 1.2 3.4 

Minimum Vict. Feb Allocation % 27.0 25.0 25.0 26.0 25.0 

% of Years Victorian Allocation < 100% 2.6 2.6 2.6 2.6 2.6 

Mean Vict. Feb Allocation % 181.1 180.8 180.8 180.4 180.8 

% of Years SA Entitlement Restricted 39.5 38.6 38.6 38.6 38.6 

Maximum SA Restriction (GL) 973.9 972.3 972.3 973.2 972.3 

% of Months Lower Darling Restricted 100.0 100.0 100.0 100.0 100.0 

Economic gross margin ($m/yr) 
     

Value of irrigation - NSW 237.7 237.8 237.8 237.6 237.8 

Value of irrigation - Victoria 417.5 417.4 417.4 417.2 417.4 

Value of irrigation - SA 248.8 248.8 248.8 249.0 248.8 
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Value of Irrigation - total 904.0 904.0 904.0 903.8 904.0 

Value of hydro-electricity - Dartmouth 5.8 5.8 5.8 5.8 5.8 

Value of hydro-electricity - Hume 5.0 4.9 4.9 4.9 4.9 

Value of hydro-electricity - total 10.7 10.7 10.7 10.7 10.7 

Hume Recreation Value 2.9 2.9 2.9 2.9 2.9 

Flooding Benefit 0.0 0.0 0.0 0.0 0.0 

Salinity Benefit 0.0 0.0 0.0 0.0 0.0 

Total Economic Benefit ($m/yr) 928.4 928.4 928.4 928.1 928.4 

Mean annual flow (GL/year) 
     

Euston 6,615 6,618 6,618 6,609 6,618 

Flow to South Australia 6,645 6,648 6,648 6,641 6,648 

Barrages 4,902 4,906 4,906 4,897 4,906 

Average salinities (EC) 
     

Yarrawonga 63 63 63 63 63 

Torrumbarry 121 121 121 122 121 

Swan Hill 288 289 289 292 288 

Stevens Weir 85 85 85 84 85 

Kyalite 297 296 296 291 297 

Wakool Junction 289 289 289 290 289 

Red Cliffs 319 319 319 319 319 

Merbein 340 340 340 340 340 

Lock 9 363 363 363 363 364 

Renmark 402 402 402 402 403 

Berri 434 434 434 433 434 

Morgan 495 495 495 494 495 

Murray Bridge 520 520 520 520 520 

Milang 647 647 647 647 647 

Weir 32 457 456 456 458 456 

Burtundy 474 471 471 475 471 

Anabranch Outflow 580 575 575 580 575 

System losses (GL/yr) 
     

Hume Evaporation Loss 78 78 78 78 78 

Dartmouth Evaporation Loss 1 1 1 1 1 

Lake Victoria Evaporation Loss 130 130 130 130 130 

Menindee Lakes Evaporation Loss 396 396 396 396 396 
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Upper River Murray Loss 1,047 1,045 1,045 1,039 1,045 

Lower Darling/Anabranch Loss 266 265 265 266 265 

South Australian Losses 1,120 1,121 1,121 1,121 1,120 

Total System Loss 3,037 3,036 3,036 3,030 3,035 

 

D.2 2030 Dry 
 Table 53: Shortfalls based on flow downstream of Yarrawonga Weir, including delivery of 

water under The Living Murray 

Shortfalls 
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Shortfalls which are 
expected to be 
manageable 

Number (total) 17 2 0 1 2 

Number (type I- peak demand) 16 0 0 0 0 

Number (type II- lower system storage) 1 2 0 1 2 

Average volume (GL) 1.8 1.3 N/A 0.0 1.3 

Average duration (days) 3.4 3.0 N/A 1.0 3.0 

Shortfalls which are 
expected to be 
challenging to 
manage 

Number 11 1 0 1 1 

Number (type I- peak demand) 4 0 0 0 0 

Number (type II- lower system storage) 7 1 0 1 1 

Average volume (GL) 14.8 5.6 N/A 15.9 5.6 

Average duration (days) 20.4 2.0 N/A 11.0 2.0 

Shortfalls which are 
expected to be 
more difficult to 
manage 

Number 14 1 1 0 1 

Number (type I- peak demand) 2 0 0 0 0 

Number (type II- lower system storage) 12 1 1 0 1 

Average volume (GL) 36.0 15.8 12.9 N/A 15.8 

Average duration (days) 21.7 10.0 7.0 N/A 10.0 

Total shortfalls Number (total) 42 4 1 2 4 

Number (type I- peak demand) 22 0 0 0 0 

Number (type II- lower system storage) 20 4 1 2 4 
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 Table 54: Shortfalls based on flow downstream of Yarrawonga Weir, excluding delivery of 
water under The Living Murray 
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Shortfalls which are 
expected to be 
manageable 

Number (total) 18 1 0 0 1 

Number (type I- peak demand) 14 0 0 0 0 

Number (type II- lower system storage) 4 1 0 0 1 

Average volume (GL) 1.5 1.5 N/A N/A 1.5 

Average duration (days) 3.4 3.0 N/A N/A 3.0 

Shortfalls which are 
expected to be 
challenging to 
manage 

Number 8 0 0 0 0 

Number (type I- peak demand) 3 0 0 0 0 

Number (type II- lower system storage) 5 0 0 0 0 

Average volume (GL) 15.0 N/A N/A N/A N/A 

Average duration (days) 18.3 N/A N/A N/A N/A 

Shortfalls which are 
expected to be 
more difficult to 
manage 

Number 3 0 0 0 0 

Number (type I- peak demand) 1 0 0 0 0 

Number (type II- lower system storage) 2 0 0 0 0 

Average volume (GL) 31.1 N/A N/A N/A N/A 

Average duration (days) 26.0 N/A N/A N/A N/A 

Total shortfalls Number (total) 29 1 0 0 1 

Number (type I- peak demand) 18 0 0 0 0 

Number (type II- lower system storage) 11 1 0 0 1 

 

 Table 55: Unseasonal flooding of the Barmah-Millewa Forest 

Unseasonal Flooding 
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Total years of unseasonal  flooding 48 45 45 42 36 

Total years of moderate unseasonal flooding 31 26 26 27 24 

Total years of more severe unseasonal flooding 12 14 14 6 10 

Proportion of wet years for each side of the forest 24% 24% 24% 17% 19% 
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 Table 56: Other project specific indicators 

Indicator   
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Forest losses (15
th

 December to 30
th
 April) 

     

Total loss from Yarrawonga to Barmah (GL/year) 116.7 116.9 116.9 116.2 116.3 

Barmah Forest loss (GL/year) 93.7 94.0 94.0 91.6 93.4 

Allocations   
     

Years with 100% allocation for general security 
entitlement (NSW) 

22% 22% 22% 22% 22% 

Average allocation for general security entitlement (NSW) 55.3% 55.7% 55.7% 55.5% 55.7% 

Years with 100% allocation for high reliability water 
shares (Victoria) 

76% 76% 76% 76% 76% 

Years with 100% allocation for low reliability water shares 
(Victoria) 

23% 23% 23% 24% 23% 

Average allocation for high + low reliability water shares 
(Victoria) 

118.9% 119.1% 119.1% 119.0% 119.1% 

Beneficial flooding of the Barmah-Millewa Forest 
     

% of years with a medium/large flood of 25,000 ML/day at 
Yarrawonga for >= 2 months 

4% 4% 4% 3% 4% 

Maximum duration with no medium/large flood (years) 33.0 33.0 33.0 38.0 33.0 

% of years with a small flood of 18,000 ML/day at 
Yarrawonga for >= 3 months 

4% 4% 4% 4% 4% 

Maximum duration with no small flood (years) 38.0 38.0 38.0 38.0 38.0 

Beneficial flooding of Koondrook/Gunbower Wetlands 
     

% of years with a medium/large flood of 35,000 ML/day at 
Torrumbarry for >= 3 months 

3% 3% 3% 3% 3% 

Maximum duration with no medium/large flood (years) 38.0 38.0 38.0 38.0 38.0 

% of years with a small flood of 25,000 ML/day at 
Torrumbarry for >= 3 months 

3% 3% 3% 3% 3% 

Maximum duration with no small flood (years) 38.0 38.0 38.0 38.0 38.0 

Beneficial flooding of Hattah Lakes   
     

% of years with a medium/large flood of 75,000 ML/day at 
Euston for >= 1 month 

2% 2% 2% 2% 2% 

Maximum duration with no medium/large flood (years) 52.0 52.0 52.0 52.0 52.0 

% of years with a small flood of 45,000 ML/day at Euston 
for >= 3 months 

3% 3% 3% 3% 3% 

Maximum duration with no small flood (years) 38.0 38.0 38.0 38.0 38.0 

Beneficial flooding of Chowilla/Lindsay-Wallpolla 
     

% of years with a medium/large flood of 80,000 ML/day at 
SA border for >= 3 months 

1% 1% 1% 1% 1% 

Maximum duration with no medium/large flood (years) 60.0 60.0 60.0 60.0 60.0 

% of years with a small flood of 50,000 ML/day at SA 
border for >= 3 months 

3% 3% 3% 3% 3% 

Maximum duration with no small flood (years) 38.0 38.0 38.0 38.0 38.0 

Unregulated flows   
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Indicator   
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Average flow to SA in excess of entitlement (GL/year) 2,138 2,137 2,137 2,126 2,137 

% of years where flows to SA < 1,850 GL/year 81% 81% 81% 82% 81% 

Lake Victoria target levels   
     

% of years Lake Victoria level of the last day of February 
meets target (≤26.5 m AHD) 

100% 100% 100% 100% 100% 

Proportion of time (years) target not applied due to 
conditional rules 

87% 86% 86% 88% 86% 

% of years Lake Victoria level of the last day of March 
meets target (≤25.6 m AHD) 

100% 100% 100% 100% 100% 

Proportion of time (years) target not applied due to 
conditional rules 

89% 88% 88% 89% 88% 

% of years Lake Victoria level of the last day of April 
meets target (≤24.6 m AHD) 

79% 73% 73% 77% 73% 

Proportion of time (years) target not applied due to 
conditional rules 

88% 87% 87% 89% 87% 

% of time (days) Lake Victoria level is > 25.5 m AHD in 
May (target = minimal) 

11% 12% 12% 6% 12% 

Proportion of time (days) target not applied due to 
conditional rules 

85% 85% 85% 87% 85% 

% of time (days) during winter and spring where lake level 
is ≥ 27.0 m AHD in (target = minimal) 

29% 26% 26% 25% 26% 

Werai Forest flooding   
     

% of years of undesirable flooding 44% 48% 48% 66% 46% 

Undesirable exceedences- other locations 
     

% of years capacity downstream of Hume Reservoir 
exceeded (25,000 ML/day, Jan – Apr) 

1% 1% 1% 1% 1% 

% of years capacity of Edward offtake exceeded (1,600 
ML/day Jan – Apr) 

25% 23% 23% 32% 23% 

% of days capacity of Gulpa offtake exceeded 
(350 ML/day, Feb – Apr) 

19% 19% 19% 12% 19% 

Hydropower generation   
     

Average annual power generation at Dartmouth Reservoir 
(GWh) 

138.2 139.6 139.6 135.2 139.6 

Recreational water levels (Jan – Apr) 
     

Lake Mulwala 

Average water level (m AHD) 124.8 124.8 124.8 124.8 124.7 

Median water level (m AHD) 124.8 124.8 124.8 124.8 124.7 

Minimum water level (m AHD) 122.4 122.4 122.4 122.5 122.4 

95
th

 percentile water level (m AHD 124.6 124.6 124.6 124.5 124.5 

Euston Weir 

Average water level (m AHD) 47.7 47.7 47.7 47.7 47.7 

Median water level (m AHD) 47.7 47.7 47.7 47.7 47.7 

Minimum water level (m AHD) 46.7 46.8 46.8 45.5 46.8 

95
th

 percentile water level (m AHD 47.7 47.7 47.7 47.7 47.7 
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 Table 57: MDBA standard indicators 

Indicator 
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Sustainable Rivers Audit hydrology index 
     

Original Murray-Lower Darling Index 0.484 0.483 0.483 0.488 0.483 

Zone 1 U/s Hume 0.746 0.746 0.746 0.746 0.746 

Zone 2 Hume to Yarrawonga 0.635 0.633 0.633 0.662 0.631 

Zone 3 Yarrawonga to Wakool Junction 0.482 0.483 0.483 0.489 0.483 

Zone 4 Wakool to Wentworth 0.530 0.530 0.530 0.532 0.530 

Zone 5 Wentworth to Lock 3 0.406 0.403 0.403 0.403 0.404 

Zone 6 Lower Darling 0.380 0.381 0.381 0.380 0.381 

Zone 7 Lock 3 to Lakes 0.385 0.383 0.383 0.382 0.383 

Zone 8 Lower Lakes 0.300 0.301 0.301 0.298 0.300 

Morgan salinity (EC) 
     

Average Morgan Salinity 651 652 652 652 652 

Morgan 95%ile Salinity 1058 1055 1055 1056 1059 

Average annual diversions (GL) 
     

NSW Murray Diversion 1,300 1,307 1,307 1,305 1,307 

Victorian Murray Diversion 1,473 1,473 1,473 1,471 1,473 

SA Diversion 576 576 576 577 576 

Lower Darling Diversion 49 49 49 48 49 

Total Diversion (GL/yr) 3,397 3,404 3,404 3,402 3,404 

SA Country Towns Diversion 44 44 44 44 44 

Metropoilitan Adelaide Diversion 98 98 98 98 98 

Other SA Diversions 434 434 434 435 434 

Average cap adjustment (GL/yr) 
     

NSW Murray -49.0 -50.0 -50.0 -49.9 -50.0 

Victorian Murray 31.5 31.5 31.5 31.9 31.5 

South Australia 1.6 2.0 2.0 1.8 2.0 

Lower Darling 10.6 10.6 10.6 10.6 10.6 

Total Cap Adjustment (GL/yr) -5.4 -5.9 -5.9 -5.6 -5.9 

Tributary inflows (GL/yr) 
     

Murrumbidgee 748 748 748 748 748 

Billabong Creek 224 224 224 224 224 

Menindee Lakes Inflow 1,188 1,188 1,188 1,188 1,188 

Goulburn River 905 906 906 906 906 

Broken Creek 116 116 116 116 116 
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Campaspe River 58 58 58 58 58 

Loddon Flow at Appin South 30 30 30 30 30 

Total Tributary Flow (GL/year) 3,269 3,270 3,270 3,269 3,270 

Allocations 
     

Mean NSW High Security Allocation 97.1 97.1 97.1 96.5 97.1 

Mean Other NSW Gen Sec Allocation  45.1 45.5 45.5 44.6 45.5 

Minimum Other NSW Gen Sec Allocation  0.1 0.1 0.1 0.1 0.1 

Minimum Vict. Feb Allocation % 0.0 0.0 0.0 0.0 0.0 

% of Years Victorian Allocation < 100% 23.7 23.7 23.7 23.7 23.7 

Mean Vict. Feb Allocation % 118.9 119.1 119.1 119.0 119.1 

% of Years SA Entitlement Restricted 88.6 88.6 88.6 88.6 88.6 

Maximum SA Restriction (GL) 1247.6 1247.0 1247.0 1243.6 1247.0 

% of Months Lower Darling Restricted 100.0 100.0 100.0 100.0 100.0 

Economic gross margin ($m/yr) 
     

Value of irrigation - NSW 182.3 183.0 183.0 182.9 183.0 

Value of irrigation - Victoria 384.2 384.2 384.2 383.9 384.2 

Value of irrigation - SA 223.6 223.5 223.5 223.7 223.5 

Value of Irrigation - total 790.1 790.8 790.8 790.5 790.8 

Value of hydro-electricity - Dartmouth 2.8 2.8 2.8 2.8 2.8 

Value of hydro-electricity - Hume 2.9 3.0 3.0 2.9 3.0 

Value of hydro-electricity - total 5.8 5.8 5.8 5.7 5.8 

Hume Recreation Value 1.9 1.9 1.9 1.8 1.9 

Flooding Benefit 0.0 0.0 0.0 0.0 0.0 

Salinity Benefit 0.0 0.0 0.0 0.0 0.0 

Total Economic Benefit ($m/yr) 803.5 804.2 804.2 803.7 804.2 

Mean annual flow (GL/year) 
     

Euston 4,001 3,994 3,994 3,982 3,994 

Flow to South Australia 3,925 3,917 3,917 3,905 3,917 

Barrages 2,256 2,249 2,249 2,236 2,249 

Average salinities (EC) 
     

Yarrawonga 66 66 66 66 66 

Torrumbarry 121 122 122 123 122 

Swan Hill 324 325 325 329 325 

Stevens Weir 95 95 95 95 95 

Kyalite 349 349 349 346 350 
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Wakool Junction 335 336 336 336 336 

Red Cliffs 390 390 390 392 390 

Merbein 421 421 421 423 421 

Lock 9 432 432 432 431 432 

Renmark 491 491 491 492 491 

Berri 542 542 542 542 542 

Morgan 651 652 652 652 652 

Murray Bridge 713 713 713 714 713 

Milang 1105 1108 1108 1115 1107 

Weir 32 473 472 472 472 472 

Burtundy 490 491 491 490 491 

Anabranch Outflow 839 839 839 842 839 

System losses (GL/yr) 
     

Hume Evaporation Loss 78 78 78 77 78 

Dartmouth Evaporation Loss 9 9 9 9 9 

Lake Victoria Evaporation Loss 137 137 137 138 137 

Menindee Lakes Evaporation Loss 316 316 316 316 316 

Upper River Murray Loss 741 739 739 734 739 

Lower Darling/Anabranch Loss 170 170 170 170 170 

South Australian Losses 1133 1133 1133 1133 1133 

Total System Loss 2585 2583 2583 2577 2583 
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D.3 Additional 500 GL TLM 
 

 Table 58: Shortfalls based on flow downstream of Yarrawonga Weir, including delivery of 
water under The Living Murray 

Shortfalls 
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Shortfalls which are 
expected to be 
manageable 

Number (total) 11 0 2 0 0 

Number (type I- peak demand) 12 0 0 0 0 

Number (type II- lower system storage) -1 0 2 0 0 

Average volume (GL) 1.7 N/A 3.9 N/A N/A 

Average duration (days) 4.5 N/A 5.0 N/A N/A 

Shortfalls which are 
expected to be 
challenging to 
manage 

Number 9 0 0 1 0 

Number (type I- peak demand) 1 1 0 1 1 

Number (type II- lower system storage) 8 -1 0 0 -1 

Average volume (GL) 13.1 N/A N/A 18.9 N/A 

Average duration (days) 16.7 N/A N/A 3.0 N/A 

Shortfalls which are 
expected to be 
more difficult to 
manage 

Number 11 3 0 0 3 

Number (type I- peak demand) 1 0 0 0 0 

Number (type II- lower system storage) 10 3 0 0 3 

Average volume (GL) 53.6 16.3 N/A N/A 16.4 

Average duration (days) 31.5 11.7 N/A N/A 12.0 

Total shortfalls Number (total) 31 3 2 1 3 

Number (type I- peak demand) 14 1 0 1 1 

Number (type II- lower system storage) 17 2 2 0 2 

* Shortfall events have been classified as type I (peak demand) or type II (lower system storage) events based on whether 

or not the event would have occurred if resources in Lake Victoria and the Menindee Lake (lower system storages) were 

unlimited. Type I (peak demand) events occur regardless of access to lower system storage while type II events would be 

avoided if lower system storages resources were unlimited. Some events can be a combination of both types: the event 

would occur regardless of access to lower system storage (type I) however the severity of the event would increase if 

access to lower system storage was constrained (type II). This can lead to negative results in the shortfall indicator matrix. 

Negative results indicate that if access to lower system storage was constrained shortfall events that would have occurred 

regardless (type I) would become more severe events (type II). 
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 Table 59: Shortfalls based on flow downstream of Yarrawonga Weir, excluding delivery of 
water under The Living Murray 

Shortfalls 
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Shortfalls which are 
expected to be 
manageable 

Number (total) 10 0 1 0 0 

Number (type I- peak demand) 10 0 0 0 0 

Number (type II- lower system storage) 0 0 1 0 0 

Average volume (GL) 1.8 N/A 2.7 N/A N/A 

Average duration (days) 3.6 N/A 5.0 N/A N/A 

Shortfalls which are 
expected to be 
challenging to 
manage 

Number 3 1 0 1 1 

Number (type I- peak demand) 1 1 0 1 1 

Number (type II- lower system storage) 2 0 0 0 0 

Average volume (GL) 14.6 12.9 N/A 15.3 12.9 

Average duration (days) 18.7 3.0 N/A 3.0 3.0 

Shortfalls which are 
expected to be 
more difficult to 
manage 

Number 3 1 0 0 1 

Number (type I- peak demand) 1 0 0 0 0 

Number (type II- lower system storage) 2 1 0 0 1 

Average volume (GL) 61.8 19.5 N/A N/A 19.5 

Average duration (days) 31.3 19.0 N/A N/A 19.0 

Total shortfalls Number (total) 16 2 1 1 2 

Number (type I- peak demand) 12 1 0 1 1 

Number (type II- lower system storage) 4 1 1 0 1 

* Shortfall events have been classified as type I (peak demand) or type II (lower system storage) events based on whether 

or not the event would have occurred if resources in Lake Victoria and the Menindee Lake (lower system storages) were 

unlimited. Type I (peak demand) events occur regardless of access to lower system storage while type II events would be 

avoided if lower system storages resources were unlimited. Some events can be a combination of both types: the event 

would occur regardless of access to lower system storage (type I) however the severity of the event would increase if 

access to lower system storage was constrained (type II). This can lead to negative results in the shortfall indicator matrix. 

Negative results indicate that if access to lower system storage was constrained shortfall events that would have occurred 

regardless (type I) would become more severe events (type II). 
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 Table 60: Unseasonal flooding of the Barmah-Millewa Forest 

Unseasonal Flooding 
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Total years of unseasonal  flooding 71 65 65 62 56 

Total years of moderate unseasonal flooding 35 30 30 42 30 

Total years of more severe unseasonal flooding 27 25 25 16 24 

Proportion of wet years for each side of the forest 39% 35% 35% 32% 34% 

 

 Table 61: Project specific indicators 

Indicator   
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Forest losses (15
th

 December to 30
th
 April) 

     

Total loss from Yarrawonga to Barmah (GL/year) 180.5 149.7 149.7 173.4 179.0 

Barmah Forest loss (GL/year) 180.9 135.8 135.8 171.1 179.3 

Allocations   
     

Years with 100% allocation for general security 
entitlement (NSW) 

85% 73% 73% 85% 83% 

Average allocation for general security entitlement (NSW) 92.5% 86.9% 86.9% 92.8% 92.3% 

Years with 100% allocation for high reliability water 
shares (Victoria) 

97% 97% 97% 97% 97% 

Years with 100% allocation for low reliability water shares 
(Victoria) 

79% 80% 80% 78% 78% 

Average allocation for high + low reliability water shares 
(Victoria) 

182.1% 181.1% 181.1% 182.3% 182.0% 

Beneficial flooding of the Barmah-Millewa Forest 
     

% of years with a medium/large flood of 25,000 ML/day at 
Yarrawonga for >= 2 months 

22% 18% 18% 22% 22% 

Maximum duration with no medium/large flood (years) 12.0 16.0 16.0 12.0 12.0 

% of years with a small flood of 18,000 ML/day at 
Yarrawonga for >= 3 months 

22% 16% 16% 23% 23% 

Maximum duration with no small flood (years) 12.0 21.0 21. 13.0 12.0 

Beneficial flooding of Koondrook/Gunbower Wetlands 
     

% of years with a medium/large flood of 35,000 ML/day at 
Torrumbarry for >= 3 months 

6% 6% 6% 6% 7% 

Maximum duration with no medium/large flood (years) 34.0 34.0 34.0 34.0 34.0 

% of years with a small flood of 25,000 ML/day at 
Torrumbarry for >= 3 months 

17% 14% 14% 17% 17% 

Maximum duration with no small flood (years) 20.0 20.0 20.0 20.0 20.0 
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Indicator   

D
o

 n
o

th
in

g
 o

p
ti

o
n

 

O
p

ti
o

n
 p

a
c
k

a
g

e
 1

 

O
p

ti
o

n
 p

a
c
k

a
g

e
 2

 

O
p

ti
o

n
 p

a
c
k

a
g

e
 3

 

O
p

ti
o

n
 p

a
c
k

a
g

e
 4

 

Beneficial flooding of Hattah Lakes   
     

% of years with a medium/large flood of 75,000 ML/day at 
Euston for >= 1 month 

10% 10% 10% 10% 10% 

Maximum duration with no medium/large flood (years) 21.0 21.0 21.0 21.0 21.0 

% of years with a small flood of 45,000 ML/day at Euston 
for >= 3 months 

16% 15% 15% 16% 16% 

Maximum duration with no small flood (years) 20.0 20.0 20.0 20.0 20.0 

Beneficial flooding of Chowilla/Lindsay-Wallpolla 
     

% of years with a medium/large flood of 80,000 ML/day at 
SA border for >= 3 months 

4% 4% 4% 4% 4% 

Maximum duration with no medium/large flood (years) 34.0 37.0 37.0 3.0 38.0 

% of years with a small flood of 50,000 ML/day at SA 
border for >= 3 months 

16% 13% 13% 14% 15% 

Maximum duration with no small flood (years) 21.0 21.0 21.0 21.0 20.0 

Unregulated flows   
     

Average flow to SA in excess of entitlement (GL/year) 5,156 4,832 4,832 5,143 5,158 

% of years where flows to SA < 1,850 GL/year 98% 97% 97% 98% 98% 

Lake Victoria target levels   
     

% of years Lake Victoria level of the last day of February 
meets target (≤26.5 m AHD) 

100% 98% 98% 100% 100% 

Proportion of time (years) target not applied due to 
conditional rules 

44% 53% 53% 42% 42% 

% of years Lake Victoria level of the last day of March 
meets target (≤25.6 m AHD) 

98% 98% 98% 98% 100% 

Proportion of time (years) target not applied due to 
conditional rules 

45% 54% 54% 44% 44% 

% of years Lake Victoria level of the last day of April 
meets target (≤24.6 m AHD) 

97% 94% 94% 97% 97% 

Proportion of time (years) target not applied due to 
conditional rules 

46% 54% 54% 46% 46% 

% of time (days) Lake Victoria level is > 25.5 m AHD in 
May (target = minimal) 

6% 6% 6% 5% 8% 

Proportion of time (days) target not applied due to 
conditional rules 

40% 47% 47% 39% 39% 

% of time (days) during winter and spring where lake level 
is ≥ 27.0 m AHD in (target = minimal) 

19% 19% 19% 18% 18% 

Werai Forest flooding   
     

% of years of undesirable flooding 37% 43% 43% 65% 44% 

Undesirable exceedences- other locations 
     

% of years capacity downstream of Hume Reservoir 
exceeded (25,000 ML/day, Jan – Apr) 

4% 3% 3% 4% 4% 

% of years capacity of Edward offtake exceeded (1,600 
ML/day Jan – Apr) 

34% 30% 30% 32% 33% 

% of days capacity of Gulpa offtake exceeded 
(350 ML/day, Feb – Apr) 

23% 21% 21% 17% 23% 

Hydropower generation   
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Indicator   
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Average annual power generation at Dartmouth Reservoir 
(GWh) 

298.6 288.7 288.7 298.5 298.4 

Recreational water levels (Jan – Apr) 
     

Lake Mulwala 

Average water level (m AHD) 124.8 124.8 124.8 124.8 124.8 

Median water level (m AHD) 124.8 124.8 124.8 124.8 124.8 

Minimum water level (m AHD) 123.4 123.2 123.2 123.4 123.4 

95
th

 percentile water level (m AHD 124.6 124.6 124.6 124.6 124.5 

Euston Weir 

Average water level (m AHD) 47.7 47.7 47.7 47.7 47.7 

Median water level (m AHD) 47.7 47.7 47.7 47.7 47.7 

Minimum water level (m AHD) 46.7 46.8 46.8 46.7 46.8 

95
th

 percentile water level (m AHD 47.7 47.7 47.7 47.7 47.7 
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Sustainable Rivers Audit hydrology index 
     

Original Murray-Lower Darling Index 0.630 0.607 0.607 0.631 0.631 

Zone 1 U/s Hume 0.783 0.776 0.776 0.782 0.783 

Zone 2 Hume to Yarrawonga 0.738 0.733 0.733 0.739 0.732 

Zone 3 Yarrawonga to Wakool Junction 0.644 0.611 0.611 0.647 0.644 

Zone 4 Wakool to Wentworth 0.654 0.629 0.629 0.659 0.658 

Zone 5 Wentworth to Lock 3 0.577 0.553 0.553 0.576 0.578 

Zone 6 Lower Darling 0.439 0.432 0.432 0.438 0.438 

Zone 7 Lock 3 to Lakes 0.573 0.551 0.551 0.572 0.573 

Zone 8 Lower Lakes 0.526 0.498 0.498 0.522 0.526 

Morgan salinity (EC) 
     

Average Morgan Salinity 473.3 495.0 495.0 474.1 474.0 

Morgan 95%ile Salinity 741 755 755 746 741 

Average annual diversions (GL) 
     

NSW Murray Diversion 1,432 1,700 1,700 1,432 1,432 

Victorian Murray Diversion 1,487 1,659 1,659 1,478 1,486 
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SA Diversion 607 668 668 607 607 

Lower Darling Diversion 56.1 55.7 55.7 56.2 56.2 

Total Diversion (GL/yr) 3,582 4,083 4,083 3,585 3,582 

SA Country Towns Diversion 48.1 47.9 47.9 48.1 48.2 

Metropoilitan Adelaide Diversion 99.7 99.7 99.7 99.7 99.7 

Other SA Diversions 459 520 520 459 459 

Average cap adjustment (GL/yr) 
     

NSW Murray -43.9 -56.4 -56.4 -48.1 -45.1 

Victorian Murray -24.1 11.4 11.4 -26.7 -22.9 

South Australia -32.9 -2.1 -2.1 -33.3 -32.9 

Lower Darling 17.0 16.3 16.3 17.0 17.0 

Total Cap Adjustment (GL/yr) -83.9 -30.7 -30.7 -91.0 -83.9 

Tributary inflows (GL/yr) 
     

Murrumbidgee 1,289 1,289 1,289 1,289 1,289 

Billabong Creek 322 322 322 322 322 

Menindee Lakes Inflow 1,721 1,721 1,721 1,721 1,721 

Goulburn River 1,662 1,662 1,662 1,662 1,662 

Broken Creek 165 165 165 165 165 

Campaspe River 151 151 151 151 151 

Loddon Flow at Appin South 64.0 64.0 64.0 64.0 64.0 

Total Tributary Flow (GL/year) 5,373 5,373 5,373 5,373 5,373 

Allocations 
     

Mean NSW High Security Allocation 99.6 99.2 99.2 99.6 99.5 

Mean Other NSW Gen Sec Allocation  89.9 82.8 82.8 89.9 89.7 

Minimum Other NSW Gen Sec Allocation  2.4 1.3 1.3 2.8 2.3 

Minimum Vict. Feb Allocation % 22.0 28.0 28.0 22.0 24.0 

% of Years Victorian Allocation < 100% 2.6 2.6 2.6 2.6 2.6 

Mean Vict. Feb Allocation % 182.1 181.1 181.1 182.3 182.0 

% of Years SA Entitlement Restricted 25.4 39.5 39.5 25.4 25.4 

Maximum SA Restriction (GL) 972.2 974.4 974.4 973.0 972.2 

% of Months Lower Darling Restricted 100.0 100.0 100.0 100.0 100.0 

Economic gross margin ($m/yr) 
     

Value of irrigation - NSW 219.2 237.8 237.8 219.5 219.2 

Value of irrigation - Victoria 397.2 417.7 417.7 397.3 397.2 

Value of irrigation - SA 228.2 248.8 248.8 228.4 228.3 
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Value of Irrigation - total 844.5 904.2 904.2 845.2 844.7 

Value of hydro-electricity - Dartmouth 5.9 5.8 5.8 5.9 5.9 

Value of hydro-electricity - Hume 5.2 5.0 5.0 5.2 5.2 

Value of hydro-electricity - total 11.1 10.7 10.7 11.1 11.1 

Hume Recreation Value 3.1 2.9 2.9 3.1 3.1 

Flooding Benefit 0.0 0.0 0.0 0.0 0.0 

Salinity Benefit 0.0 0.0 0.0 0.0 0.0 

Total Economic Benefit ($m/yr) 869.9 928.6 928.6 870.5 870.0 

Mean annual flow (GL/year) 
     

Euston 6,973 6,613 6,613 6,958 6,976 

Flow to South Australia 6,972 6,644 6,644 6,958 6,974 

Barrages 5,286 4,902 4,902 5,271 5,286 

Average salinities (EC) 
     

Yarrawonga 63.4 63.3 63.3 63.4 63.4 

Torrumbarry 118.6 121.4 121.4 119.2 118.8 

Swan Hill 273.9 188.6 188.6 277.2 274.6 

Stevens Weir 84.1 84.8 84.8 83.9 84.1 

Kyalite 296.0 297.6 297.6 292.4 291.3 

Wakool Junction 274.5 288.9 288.9 275.6 275.0 

Red Cliffs 306.3 319.0 319.0 307.2 306.8 

Merbein 325.8 339.9 339.9 326.8 326.4 

Lock 9 350.9 362.9 362.9 351.8 351.6 

Renmark 387.0 402.5 402.5 387.5 387.4 

Berri 416.6 433.7 433.7 417.3 417.0 

Morgan 473.3 495.0 495.0 474.1 474.0 

Murray Bridge 498.3 520.1 520.1 498.2 498.7 

Milang 611.8 646.9 646.9 611.7 612.1 

Weir 32 466.7 457.6 457.6 466.9 467.7 

Burtundy 487.7 474.4 474.4 488.2 488.1 

Anabranch Outflow 576.0 583.0 583.0 576.0 576.8 

System losses (GL/yr) 
     

Hume Evaporation Loss 81.2 77.8 77.8 81.1 81.1 

Dartmouth Evaporation Loss 0.6 0.5 0.5 0.6 0.6 

Lake Victoria Evaporation Loss 131.5 130.1 130.1 131.8 131.7 

Menindee Lakes Evaporation Loss 407.7 395.5 395.5 408.8 408.9 
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Upper River Murray Loss 1,089 1,047 1,047 1,080 1,088 

Lower Darling/Anabranch Loss 265.6 265.8 265.8 265.2 265.4 

South Australian Losses 1,125 1,120 1,120 1,125 1,126 

Total System Loss 3,101 3,036 3,036 3,093 3,102 
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