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Foreword 
 

In undertaking the first phase of the Barmah Choke Study the Murray-Darling Basin Authority 
has endeavoured to use the best available information (as at December 2008) to capture recent 
system changes. Rapid and ongoing change in water resource management is occurring in the 
basin and initiatives such as the Basin Plan, The Living Murray, additional environmental water 
recovery efforts and the response to prolonged drought have the potential to impact the findings 
presented in the report. Many of the anticipated changes in the Basin are in an early stage of 
development and will be difficult to assess until they become more clearly defined. If adequate 
details become available in a timeframe compatible with the remainder of the study, every effort 
will be taken to include them when assessing the identified options. Further consideration and 
testing of changes occurring in the Basin will be required before final options are selected and 
implemented.  
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Executive Summary 
Introduction 
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 this study is to develop an understanding of the current and potential future water 
supply and environmental risks associated with the Barmah Choke.  It is intended that this study 
will also ultimately identify a preferred option, or package of options, to reduce the risks whilst 
meeting the project objectives however the project is yet to reach this stage. 

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 transfer to Lake Victoria. 

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

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 of the Barmah Choke to downstream of 
the Barmah Choke. 

6) Improve the efficiency of delivering water to the Icon sites. 

In working toward the above objectives, future stages of 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; and 

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

 

The Barmah Choke study comprises five phases: discovery; investigation; modelling and 
assessment; option integration; and reporting.  The Discovery Phase was completed in 
December 2007 and produced the Barmah Choke Study Project Plan (SKM, 2007). 

This report forms the outcome of the Investigation Phase.  The objectives of this phase were to 
determine and quantify the significance of the problem; provide indicators and benchmark 
conditions for assessing options; and propose options or a combination of options for further 
assessment. 
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Background 
The Barmah Choke is associated with, or a contributing factor towards, a number of issues 
which affect the operation of the River Murray.  For the purposes of this study, the issues have 
been grouped into three categories: 

 Ecological issues, associated with the watering requirements of the Barmah-Millewa Forest; 

 Operational issues, associated with the management of, and ability to avoid, unseasonal 
flooding and shortfalls; and 

 Social and economic issues, associated with the impacts of unseasonal flooding on forest 
users and the impacts of shortfalls on water users. 

The operation of the River Murray is also affected by system constraints, which must be 
considered when identifying options.  System constraints were defined as either structural 
constraints: physical barriers either natural or built; or non-structural constraints: operational 
rules either chosen by operators or formalised by agreements or legislation. 

Three scenarios covering current and potential future climatic conditions (medium and high 
climate change) were developed, against which the issues were assessed (all scenarios 
assume system operations as at June 2008).  Assessing the issues over a number of scenarios 
will enable their potential future significance to be assessed.  The scenarios will also be used to 
test the sensitivity and robustness of the options. 

Modelling for this study was undertaken using MSM-Bigmod.  MSM-Bigmod is a complex flow 
and salinity modelling suite which has been used extensively to simulate current and potential 
future system conditions in the River Murray.  MSM-Bigmod is often used to inform the policy 
and decision making process. 

Significance of the Problem 
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 over recent years. 

As a part of this study, a detailed analysis of flow and level data at key locations was 
undertaken, finding no evidence of a continuing decline in capacity.  Based on the analysis, it 
has been assumed that the operational capacity of the Barmah Choke is, and will remain, 
constant at 10,600 ML/day at downstream Yarrawonga Weir for the purposes of assessing the 
scenarios. 

To determine the significance of the problem, indicators were developed and applied to assess 
the problems associated with shortfalls and unseasonal flooding.  Table ES- 1 shows the results 
for the shortfalls indicator, while Table ES- 2 shows the results for the unseasonal flooding 
indicator. 



 
 

       
Barmah Choke Study- Investigation Phase PAGE iv 

 

 Table ES- 1: Shortfalls at downstream Yarrawonga Weir. 
Shortfall Indicators Historical 

Climate 
Medium 
Climate 
Change 

High Climate 
Change 

Shortfalls which are 
expected to be 
manageable 

Number 5 11 17 
Average Volume (GL) 2.0 2.6 2.8 
Average Duration (days) 2.8 3.9 4.2 

Shortfalls which are 
expected to be 
challenging to manage 

Number 0 6 8 
Average Volume (GL) n/a 7.8 10.9 
Average Duration (days) n/a 7.2 10.6 

Shortfalls which are 
expected to be more 
difficult to manage 

Number 7 8 8 
Average Volume (GL) 78.5 59.0 48.5 
Average Duration (days) 34.7 34.4 26.8 

 

 Table ES- 2: Unseasonal flooding of the Barmah-Millewa Forest. 
Flooding Indicators Natural 

(modelled) 
Historical 
Climate 

Medium 
Climate 
Change 

High Climate 
Change 

Total years of unseasonal flooding  39 99 85 53 
Total years of moderate flooding  16 54 43 32 
Total years of more severe flooding  22 37 31 18 
Proportion of wet years for each 
side of the forest  

32% 55% 45% 29% 

 
These results show 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. 

The restricted ability to meet the demands of irrigators and other water users may result in 
rationing of peak demands in Torrumbarry and Sunraysia and restrictions on supply to South 
Australia.  The restricted ability to manage high summer flows through the Barmah-Millewa 
Forest is leading to changes in forest vegetation communities, threatening Moira Grass plains 
and Red Gums. 

These problems are likely to persist into the future, including under climate change conditions, 
which are expected to lead to: 

 An increase in shortfalls, which may increase the frequency of demand rationing to 
Torrumbarry and Sunraysia and restrictions on supply to South Australia. 

This is due to the differential impact of climate change on inflows across the River Murray 
system.  Although allocations are reduced under both climate change scenarios, there are 
still a large number of years with allocations high enough for demands in the system to 
exceed the capacity of the Barmah Choke.  This is then exacerbated by the impact of the 
large reduction in inflows to the River Murray between the Barmah Choke and the Darling 
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River which are reduced more than upper system inflows.  This results in greater reliance 
on regulated releases from upper system storages. 

 A reduction in the frequency and severity of unseasonal flooding, reducing the impact of 
unseasonal flooding on the forest. 

This is due to a reduction in the frequency of large unexpected rainfall events, reducing the 
frequency of irrigation rejections and unexpected tributary inflows. 

Despite the reduction in the frequency of unseasonal flooding it is unlikely that the forest will 
be able to return to natural conditions, as the flood characteristics (volume and duration) 
remain very different to those observed under natural conditions. 

These results do however show that the issues associated with the Barmah Choke are not as 
large as sometimes portrayed, and that overcoming or addressing the issues may not require 
the big ‘bypass’ options that are sometimes considered. 

Indicators and Benchmark for the Future Assessment of Options 
A range of additional indicators were developed and applied to establish benchmark conditions 
for each of the broader study objectives.  The benchmark conditions will be used for the 
assessment of options as a part of the modelling and assessment phase. 

Options 
Based on the outcomes of this study, fifteen options have been identified as suitable for further 
investigation.  The options cover a range of solution types and include: 

 Policy options to manage within the limited capacity of the Barmah Choke; 

 Mid-river storage options to re-regulate unregulated flows and increase flexibility to meet 
peak irrigation demands; 

 Upgrade of existing bypass options to enable undesirable floods (and potentially peak 
demands) to be diverted around the Barmah Choke; and 

 New bypass options to enable undesirable floods and supply to peak demands to be 
diverted around the Barmah Choke. 

Whilst the study team identified that it is unlikely that a large scale bypass option would be 
required to manage the issues into the future, it was agreed that this should be demonstrated by 
modelling and assessment, and consequently these options should be included in the suite of 
options for further investigation. 
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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.  Relative to other nearby sections the operating capacity (near 
bankfull) of the Barmah Choke is small, approximately 8,000 ML/day near the township of Barmah (at 
the downstream end of the Barmah-Millewa Forest). 

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 rain rejection1

4) Delivery of future environmental flows; and 

 events that can lead to undesirable flooding of the Barmah-
Millewa Forest; 

5) Constraints on the trade of water. 

These operational challenges are not entirely attributable to the Barmah Choke, particularly those 
where meeting peak irrigation demands requires long travel times. 

1.2. Objectives of the Barmah Choke Study 

This study aims to understand current and potential future water supply and environmental risks 
associated with the Barmah Choke and other ‘mid-river’ operational issues.  This study will consider 
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 seeks to identify a preferred option, or package of integrated options, which meet a 
number of objectives as outlined in the following box. 

 

                                                      

1 Rainfall rejections occur when a combination of reduced irrigation demands (due to the rain in the irrigation areas) and 
increases in inflows from unregulated tributaries leads to increased flows in the River Murray.  River levels rise and exceed 
the capacity of the Barmah Choke, flooding the forest (MDBC, 2008b). 
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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 transfer to Lake Victoria. 

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

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 of the Barmah Choke to 
downstream of the Barmah Choke. 

6) Improve the efficiency of delivering water to the Icon sites. 

In working toward the above objectives, future stages of 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; and 

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

 

1.3. Study Phasing 

The Barmah Choke Study comprises five phases: 

 Discovery; 

 Investigation; 

 Modelling and Assessment; 

 Options Integration; and 

 Reporting. 

The Discovery Phase was completed in December 2007 and resulted in the preparation of the 
Barmah Choke Study Project Plan (SKM, 2007a).  More detailed descriptions of the project phases 
can be found in this report. 
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This report covers the Investigation Phase.  The investigation phase which involves defining the 
magnitude of the problem; developing criteria or indicators against which to assess the options; and 
identifying options, or a package of options for further assessment. 

A key output of the Investigation Phase will be an agreed list of options that have the potential to 
improve the management of the Murray System.  Options will also need to deliver economic, 
environmental and social value.  These options will be modelled and assessed as a part of the next 
phase of the Barmah Choke Study; the Modelling and Assessment Phase. 

The Options Integration Phase will review the outputs from the individual options assessment in an 
integrated manner.  This phase will lead to a recommended package of management options for 
consideration by the MDBA and other stakeholders. 

The Reporting Phase will ensure the knowledge gained and outcomes from the project are reported 
to the relevant stakeholders and general community. 

1.4. Objectives of this Phase of the Study 

The Investigation Phase of the Barmah Choke Study has three primary objectives: 

1) Determine and quantify the significance of the problem; 

2) Provide indicators and benchmark conditions for assessing options; and 

3) Propose options or a combination of options for further assessment. 

In order to complete this Phase of the Barmah Choke Study, the following actions have been 
completed and documented in this report: 

 The extent of the problems associated with the Barmah Choke have been quantified under 
current and potential future conditions.  This was achieved through the application and discussion 
of indicators relating to shortfalls in supplying demand and unseasonal flooding of the Barmah-
Millewa Forest (Section 3). 

 Indicators relating to the broader study objectives have been developed and applied to establish 
benchmark conditions.  These indicators will be used to assess options against issues relating to 
the broader study objectives (Section 4). 

 A shortlist of options was identified for further investigation as a part of the Modelling and 
Assessment Phase (Section 5). 
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2. Background Information 
2.1. Context of Barmah Choke in River Murray System 

Figure 2-1 shows a system schematic of the River Murray system from Dartmouth Reservoir to the 
South Australian border.  This schematic includes the key tributaries, structures and forests and 
indicates the location of the Barmah Choke. 

 

 Figure 2-1: System schematic of the River Murray. 

Figure 2-2 shows a view of the Barmah Choke looking downstream.  This photo was taken during 
winter (June 2008) when the flow through the Barmah Choke was below capacity.  During peak 
summer periods, water levels through the Barmah Choke would be significantly higher. 

The Barmah Choke is associated with, or a contributing factor towards, a number of issues which 
affect the operation of the River Murray.  For the purposes of this study the issues have been grouped 
into three categories: ecological; operational; and social and economic.  An overview of the key 
issues under each category is provided in the following sub-sections. 
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 Figure 2-2: View of Barmah Choke (looking downstream) during winter (June 2008). 

 
2.1.1. Ecological Issues Associated with the Barmah Choke 

There are a number of ecological issues associated with the Barmah Choke including: 

 Water requirements of the Barmah-Millewa Forest; 
 Timing, frequency and duration of flooding; and 
 Rainfall rejections. 

The Barmah-Millewa Forest is a Living Murray Icon Site which covers an area of the floodplain 
between Tocumwal, Echuca and Deniliquin (approximately 66,000 ha).  The region is known for its 
River Red Gum forest, which is the largest in Australia, and also contains a number of important 
wetlands.  The significance of the region is recognised through its listing as a wetland of international 
importance. 

The natural watering regime of forests on the River Murray has floods occurring most frequently over 
the winter and spring period between August and November, with a drying period over the summer 
months.  This drying period is necessary for forest health.  The water table needs to fall below the root 
zone for a period (ideally several months from January to April) to enable oxygen regeneration to 
occur.  Flooding is generally considered to be undesirable if it occurs between mid December and the 
end of April (MDBC, 2006b).  Regular flooding during this time is particularly undesirable. 

Regulation of the River Murray has altered the natural watering regime.  The frequency, extent and 
duration of flooding has decreased in winter months and increased in summer months.  Summer 
flooding in the Barmah-Millewa Forest is often due to rainfall rejections, which occur when unexpected 
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rainfall causes irrigators to cancel their orders after releases have been made from Hume Reservoir.  
During summer, when river levels are high, the rejected irrigation releases are unable to pass through 
the Barmah Choke due to its limited operational capacity (8,000 ML/day at Barmah) and flood out into 
the forest. 

The increase in unseasonal flooding is considered to be contributing to changes in vegetation 
communities in the forest (personal communications, Keith Ward, GBCMA).  The Barmah-Millewa 
Forest Environmental Management Plan (MDBC, 2006b) identifies six major vegetation communities 
within the forest.  These are, in order from lowest elevation to highest: 

1) Lakes and billabongs which are generally deeper water environments; 
2) Swamps and marshes in low areas which are frequently flooded; 
3) Rush beds surrounding swamps and marshes; 
4) Open grassland plains including large plains of Moira Grass; 
5) Red Gum forests; and 
6) Black Box woodlands in the higher, drier zones. 

Of these, management of unseasonal flooding is critical for the Moira Grass plains, which have been 
identified as a priority site in the Barmah-Millewa Forest Environmental Management Plan (MDBC, 
2006b). 

Moira Grass plains are significant as breeding and feeding habitat for colonial water birds such as 
egrets, herons, spoonbills and marsh terns.  The Moira Grass plains have been recognised under the 
Ramsar Convention as contributing to the ecological character of the Barmah-Millewa Forest.  
Colonisation of the plains by different species, although indigenous, is changing the ecological 
character of the forest, destroying the vegetation community and reducing biodiversity. 

Moira Grass plains are located at the lower end of the Barmah-Millewa Forest, including War Plain, 
Steamer Plain and around Moira Lake and in the central forest plains, including Duckhole Plain, 
Keyes Point and Doctors Point Wetlands.  Moira Grass plains established in their current location 
under natural conditions as they are adapted to the natural hydrological regime at this location; long 
periods of inundation (5-9 months during winter/spring) followed by a dry period (2-3 months during 
summer/autumn). 

Under natural conditions, Moira Grass was flooded unseasonally in some years (approximately 1 in 4 
years from January to March), however this was much less frequent than is occurring under current 
conditions (approximately 1 in 2 years from January to March). 

Reasonably constant flows without extreme high and low flows observed under the current 
hydrological regime provide conditions more suited to Giant Rush than Moira Grass. 

Under natural conditions Giant Rush was unable to establish in Moira Grass areas as it requires 
damp soils in spring to germinate followed by shallow flooding (not complete submersion).  Under 
current conditions, reduced seasonal flood depths combined with an increased incidence of shallow 
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unseasonal flooding provides additional time for Giant Rush to establish, taking over the Moira Grass 
(personal communications, Keith Ward, GBCMA). 

 
 Figure 2-3: A large former Moira Grass plain in the Barmah-Millewa Forest which has been 

colonised by Giant Rush in recent years. 

Management of Giant Rush germination events is currently being investigated by CSIRO.  Fire has 
been trialled as a management tool, however “burning off” alone is not able to prevent Giant Rush 
from reshoots.  It is aimed to have a flood after burning to completely submerge the grass over an 
extended period to destroy the plant by drowning.  To date, no trial burn has been followed by a flood 
to test the hypothesis. 

It is not believed that longer dry periods than occurred under natural conditions are required for Moira 
Grass to re-establish over Giant Rush.  Although Moira Grass is believed to be more tolerant of dry 
conditions than Giant Rush, it is not sufficiently tolerant to be able to take over Giant Rush in an 
extended dry period (personal communications, Keith Ward, GBCMA). 

The lower Moira Grass plains are flooded by flows in excess of 11,000 ML/day through the Barmah 
Choke (measured at downstream of Yarrawonga Weir) while the central plains are flooded by flows in 
excess of 12,500 ML/day (personal communications, Keith Ward, GBCMA).  The lower plains are 
significant Moira Grass areas, therefore the critical flow for impact on Moira Grass is considered to be 
11,000 ML/day.  Even floods of a short duration over 11,000 ML/day can have significant impact on 
the Moira Grass areas. 

A recent unseasonal flood event just over 11,000 ML/day occurring simultaneously with a broken or 
closed regulator in the Edward River system was sufficient to result in 5-10 cm depth of flooding 
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Steamer and War Plains leading to re-invigoration of establishing Giant Rush (personal 
communications, Keith Ward, GBCMA). 

The destruction of Moira Grass habitat is mainly due to the change in the hydrological regime; 
however cattle grazing is also believed to be contributing factor (personal communications, Keith 
Ward, GBCMA). 

Red Gums are also impacted by the increased incidence of unseasonal flooding.  Red Gum forests 
are impacted by flows in excess of 15,000 ML/day through the Barmah Choke (measured at 
downstream of Yarrawonga Weir). 

Unseasonal flooding of Red Gums affects their commercial value for timber and honey production.  
Red Gums flower from late spring to the middle of summer (CSIRO, n.d.); wetting during summer can 
cause them to drop their flowers, which affects honey production for the season.  Loss of a flowering 
season does not have a significant effect on the reproduction of the Red Gums as their seeds are 
retained in the canopy and the requirement for annual germination is low. 

Unseasonal flooding can also result in a growth spurt which weakens the tensile strength of the wood 
and can lead to a fungal attack in the xylum.  This creates a weak shear point, discolouration and 
reduces strength, reducing the value of the wood for the timber industry (personal communications, 
Keith Ward, GBCMA). 

Unseasonal flooding during February is considered to cause the greatest environmental risk due to 
elevated water temperatures on the floodplain.  If warm conditions prevail there is a risk of fish kills 
and vegetation stress and possible death.  Unseasonal flooding during January and March can also 
be problematic, the risks reduce further in December and April (personal communications, Keith 
Ward, GBCMA). 

A short duration event can still result in the full detrimental impact.  Short duration unseasonal 
flooding events may prevent soil cracking.  In addition, some wetlands only take 1-2 days to fill and 
then stay wet for a few months.  However, if one unseasonal flooding event occurs in a year, further 
events of a similar or lower magnitude will not significantly increase the detriment to the forest 
(personal communications, Keith Ward, GBCMA). 

There are a few instances when unseasonal flooding can be beneficial.  There may be some 
occasions when forest managers wish to prolong inundation of the floodplain following or prior to a 
winter/spring event, as some birds require extended inundation to complete breeding.  In these cases 
unseasonal flooding adjoining a winter/spring flood event could be beneficial.  In addition, if summer 
flooding were to occur following a long period with no effective winter/spring floods there may be 
potential for water to be distributed in a regulated manner to achieve some aims (personal 
communications, Keith Ward, GBCMA). 

2.1.2. Operational Issues Associated with the Barmah Choke 

There are a number of operational issues associated with the Barmah Choke including: 
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 Current operation of levees for rain rejections (NSW and Vic); 
 Regulated flow travel times; 
 Evaporative losses from storages; and 
 Six-inch rule. 

Under current operations, where possible, Victoria and New South Wales operate regulators to take 
rainfall rejections in alternating years.  Ideally this would enable the forests and wetlands in each state 
to undergo a drying period in at least every second year.  However the regulators that control these 
flows are only effective for flows of less than 15,000 ML/day downstream of Yarrawonga Weir. 

For flows above this 15,000 ML/day threshold, flooding will occur on both sides of the river with some 
control of flows maintained.  Flows above 18,000 ML/day will result in uncontrolled flooding on both 
sides of the river. 

Regulators are the mechanical gate like structures built on channels to control water movement within 
the forest by opening and closing.  Figure 2-4 shows an example of a large (primary) regulator while 
Figure 2-5 shows an example of a smaller (secondary) regulator. 
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 Figure 2-4: Gulf Creek regulator, a large, primary, regulator to the Barmah Forest. 

 
 Figure 2-5: A smaller, secondary, regulator to the Barmah Forest. 

Flooding from rainfall rejections is currently unable to be fully avoided due to a number of contributing 
factors.  These include: the necessity to supply irrigators downstream of the Barmah Choke and 
dilution flows to South Australia; the travel time for releases from Hume Reservoir to reach irrigators; 
and restrictions on the rate of drawdown of releases from Hume Reservoir. 
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Downstream of the Barmah Choke there is relatively little active storage.  Due to this, releases from 
Hume Reservoir are required to supply downstream irrigators and contribute to salt dilution flows to 
South Australia.  This means that River Murray flows are at or near the operational capacity of the 
Barmah Choke for most of the December to April period, even in relatively dry years. 

The regulated travel time between Hume Reservoir and Yarrawonga Weir is four days.  As such 
irrigators downstream of Yarrawonga Weir must place their orders more than four days in advance.  
Any unexpected rainfall that occurs during this four day period may lead to order cancellations and 
flows in excess of operational channel capacity through the Barmah Choke. 

In addition, there are restrictions governing the rate at which releases from Hume Reservoir can be 
reduced.  Currently the maximum rate of water level reduction is six inches or 150 mm per day at 
Doctor’s Point near Albury.  This restriction is known as the “six-inch rule” and has been put in place 
to reduce the risk of bank slumping and erosion.  The six inch rule is currently under review by the 
MDBA.  Changes to the rule are included as an option for this project. 

2.1.3. Social and Economic Issues Associated with the Barmah Choke 

There are a number of social and economic issues associated with the Barmah Choke including: 

 Irrigation trends; 
 Power generation; 
 Recreational values; 
 Cultural heritage values; 
 Pumping from Euston Weir Pool; and 
 Effects of unseasonal flooding on forest tourism; forest industries; emergency access; etc. 

Current trends show increases in summer irrigation downstream of the Barmah Choke and permanent 
trade from the Torrumbarry and Goulburn regions to Sunraysia.  These trends reflect the greater 
economic returns from summer crops such as grapes, almonds and vegetables.  They also contribute 
to higher peak demands, which put pressure on the capacity of the system. 

There are a number of competing values and uses within the system that need consideration when 
assessing the costs and benefits of individual options.  They include recreational uses; power 
generation; pumped diversions from weir pools; cultural heritage values; and tourism. 

Boating is a popular recreational activity on Lake Boga and Lake Mulwala, as well as the River Murray 
itself.  Minimum depths are required for boating, as well as minimum flows for passage of Locks 
(SKM, 2004; 2005; and 2006a).  This may have implications for options that involve changes to weir 
operation. 

Hydro-electric power generation is also affected by weir levels.  AGL runs a hydro-electric power 
station at Yarrawonga Weir.  Operation of the weir is subject to limits in the operating agreement 
(SKM, 2006a). 
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There are a number of individuals and organisations that pump water directly from the Euston Weir 
pool and nearby water bodies with related water levels.  A study undertaken by SKM and Price 
Merrett Consulting (SKM, 2005) examined the impacts of weir drawdown on these users and 
estimated the associated costs. 

Both Lake Victoria and the Menindee Lakes are known for their cultural heritage value.  Lake level, 
combined with wave and wind action can impact on the degree of disturbance to these sites (MDBC, 
1998; Pardoe and Martin, 2002). 

Apart from the environmental impacts of unseasonal flooding on the Barmah-Millewa Forest, there are 
also implications for tourism, forest industries and emergency access which will need to be 
considered as a part of the options assessment. 

2.2. System Constraints 

System constraints affect the operation of the river and may affect the achievement of the project 
objectives.  System constraints must be considered when identifying options to address the issues 
associated with the Barmah Choke. 

As a part of the Investigation Phase, system constraints relevant to the preliminary list of options (see 
Appendix A) were identified and quantified.  System constraints were split into two categories: 

 Physical barriers (structural constraints) – natural or built, such as reservoir capacities, channel 
capacities and offtake capacities; or 

 Operational rules (non-structural constraints) – either chosen by operators or formalised by 
agreements or legislation (such as the “6-inch rule”). 

System constraints can be fixed (such as the capacity of a reservoir) while others may be variable in 
either time or space (such as target operating levels which may vary seasonally).  Additionally, 
system constraints may be conditional, with the rule changing depending on conditions (such as the 
control of water levels in Menindee Lakes). 

Figure 2-6 shows the location of system constraints on a schematic of the River Murray.  The system 
constraints are also detailed in Appendix B.  The constraints shown on Figure 2-6 and detailed in 
Appendix B represent current system constraints.  These constraints may be modified as a part of an 
option. 
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 Figure 2-6 : Constraints within the Murray System (Flow capacity in ML/day, storage capacity in ML). 
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2.3. Scenarios for Assessment of Issues and Options 

As a part of the Investigation Phase of the Barmah Choke Study a set of scenarios were developed 
against which the issues can be assessed.  The scenarios cover the current conditions within the 
Basin, and a range of potential future conditions. 

Modelling the issues over a range of scenarios enables their potential future significance to be tested.  
In the next phase of the study the scenarios will also be used to test the sensitivity and robustness of 
options. 

2.3.1. Scenario Factors 

Scenario factors have been related to five main groups: 

 Water availability; 
 Environmental water arrangements; 
 Demand patterns 
 Flow control; and 
 Water allocation policy 

Each of the five scenario factors are considered individually in the following subsections.  The 
scenario factors are then combined to develop a limited number of scenarios which represent the 
cross-section of potential future conditions. 

2.3.2. Water Availability 

Risks to the Shared Resources of the Murray-Darling Basin (CSIRO and MDBC, 2006) identified four 
major and two less significant risks to water resources in the Murray-Darling Basin.  The four major 
risks were identified as: 

 Climate change: historical data shows rising mean temperatures across the Murray-Darling 
Basin since the 1950s.  These increases are similar to observed changes in average global 
temperature, and have been ascribed to increases in greenhouse gas concentrations.  Climate 
change models suggest that future temperature increases are likely to be associated with 
declining rainfall and increasing evapo-transpiration, resulting in an overall reduction in 
streamflows (CSIRO and MDBC, 2006; Chiew et al., 2008a). 

 Growth in farm dams: farm dams intercept overland flow prior to it entering streams.  The 
cumulative impact of farm dams can be significant.  Historical trends show increases in the 
number and size of farm dams.  Models show that future development of farm dams is likely to 
reduce streamflows (Chiew et al., 2008b). 

 Increased groundwater extractions: increased groundwater extractions are likely in the future 
due to reduced surface water flows.  Groundwater pumping can reduce available surface water 
resources in three ways: 

 Induced recharge: groundwater pumping may increase the hydraulic gradient between 
the site of pumping and a nearby stream, causing water to flow from the stream to the 
groundwater aquifer. 

 Captured discharge: groundwater that would have otherwise flowed into a river or 
stream is captured. 
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 Induced leakage: in semi-confined aquifers groundwater pumping can cause water to 
leak out of the semi-confining layer above.  The leakage is matched by water being 
added to the semi-confining layer from the river or stream. 

There is often a time lag between the onset of groundwater pumping and the full impact on 
streamflow.  As such, there is also a legacy of impacts due to past groundwater extractions which 
must be taken into account (CSIRO and MDBC, 2006; Rassam et al., 2008). 

 Growth in plantation forests: an additional 141,000 ha of commercial plantations are expected 
to be established over the Murray-Darling Basin by 2020.  Converting an area from pasture to 
forest will reduce water yield, due to higher water demands from forests and increased 
interception of rainfall and overland flow (compared to crops).  The impact on water yield is 
greatest in areas of high rainfall (CSIRO and MDBC, 2006; Chiew et al., 2008b). 

The two less significant risks were identified as: 

 Bushfires: vegetation water requirements vary over the plants lifecycle.  If trees are destroyed by 
a bushfire, water use will be reduced (compared to a mature forest) for a period of 2 to 6 years.  
After this period, vegetation will enter a phase of rapid growth, with increased water use 
(compared to a mature forest).  The period of the rapid growth phase varies considerably 
between plant species, but may last for 20 to 200 years.  The frequency of bushfires is expected 
to increase with climate change, leading to a net reduction in available water. 

 Changes in irrigation water management: there is a current trend towards increased efficiency 
in the delivery and use of irrigation water.  Increased efficiency has the potential to create water 
savings, however some water savings may arise from a reduction in return flows to rivers and 
streams (for example, reduced farm run-off) which will need to be offset.  Overall changes in 
irrigation water management are expected to lead to an increase in water availability.  While this 
increase is expected to be minor, it will be dependent on future social, economic and policy 
developments. 

The CSIRO Murray-Darling Basins Sustainable Yields Study (MDBSY) (CSIRO, 2008, Chiew et al., 
2008a) investigated the impact of the risks to shared resources on the Basin’s water resources under 
four different scenarios: 

 Scenario A: historical climate conditions; 
 Scenario B: continuation of the past 10 years drought (since 1997); 
 Scenario C: climate change (high, medium and low) at 2030; and 
 Scenario D: climate change with the impacts of growth in farm dams, groundwater extractions 

and plantation forests. 

For the Barmah Choke Study, CSIRO Scenario C at medium climate change at 2030 was adopted as 
a scenario as it represents the best estimate of future climate change.  CSIRO Scenario C at high 
climate change at 2030 was also modelled to represent a more extreme climate change scenario. 

These scenarios enable an assessment of the impacts associated with climate change only.  Climate 
change is predicted to pose the most significant risk to water resources in the future.  The impact of 
the other risks to water availability will not be assessed as a part of this study, as they are predicted to 
pose a lower risk to water resources and the required data is not available. 
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It is also noted that only two climate change scenarios have been modelled as a part of this study.  
There is a high degree of uncertainty surrounding potential impacts of climate change.  The future 
impacts of climate change may result in different spatial and temporal impacts than those simulated 
as part of this project. 

2.3.3. Environmental Water Arrangements 

There are a number of policy measures under implementation that will have a significant impact on 
environmental water arrangements, the operation of the River Murray system and potentially the 
Barmah Choke: 

 The Living Murray; 

 Other environmental water recovery programs to be implemented by the State and 
Commonwealth Governments; and 

 The development of a new Basin Plan, including a sustainable diversion limit and 
environmental water plan. 

With the exception of The Living Murray, these measures are at an early phase of implementation and 
insufficient detail is known to enable their inclusion in a detailed assessment such as the Barmah 
Choke Study.  The study taskforce therefore agreed that The Living Murray would be the main focus, 
and would be likely to give a good indication of the direction of impacts associated with the other 
policy initiatives. 

The Living Murray (TLM) aims to achieve a healthy working river through the return of water to the 
environment.  TLM First Step decision called for the recovery of 500 GL over the five year period from 
2004 to 2009 and the achievement of environmental objectives at six identified significant ecological 
assets (Icon Sites): 

 Barmah-Millewa Forest; 
 Gunbower, Koondrook-Perricoota Forest; 
 Hattah Lakes; 
 Chowilla Floodplain (including Lindsay-Wallpolla wetlands); 
 Lower Lakes, Coorong and the Murray Mouth; and 
 River Murray Channel 

TLM is a partnership program between all of the Basin States (except Queensland) with required 
water savings of 249 GL/year from NSW, 214 GL/year from Victoria, 35 GL/year from South Australia 
and 2 GL/year from the ACT. 

TLM is also investing $270M in works and measures to enable the efficient delivery and utilisation of 
the water at the icon sites.  Major works to enable seasonal floodplain inundation are proposed for 
Gunbower, Koondrook-Perricoota, Hattah and Chowilla. 

The water recovery and works programs are well advanced, but as they are yet to be completed, 
some uncertainty remains around how the environmental water will be delivered and utilised at the 
icon sites.  This will be considered further whilst the programs are being completed, and subject to 
adaptive management once they are operated and monitored.  Allocation of water to the icon sites is 
however likely to depend on: 

 Significance of the predicted ecological outcome at the site; 
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 Watering history of the site; 
 Identification of the ecological costs of the action; 
 Other actions required to achieve the predicted ecological outcome; and 
 Financial costs (MDBC, 2006c). 

The impact of TLM will be highly dependent on the sourcing and delivery of water.  In particular, while 
delivery of TLM water in winter and spring is likely to lead to beneficial outcomes for the issues 
associated with the Barmah Choke, increases in delivery of water in summer may lead to an increase 
in frequency and severity of shortfalls and unseasonal flooding events. 

Water recovery and the supply and delivery of water to the icon sites under TLM is subject to 
modelling being undertaken by the MDBA.  Initially the modelling was implemented to test the 
feasibility of supplying and delivering the water required to operate the proposed major works and 
deliver the predicted environmental outcomes.  The capacity of the modelling is now being improved 
to enable policy issues to be examined, and ultimately to inform actual operations. 

At the commencement of the Barmah Choke Study it was intended that ‘TLM Water and Works 
Modelling’ would form a major input to the study and enable the impacts of TLM in relation to the 
Barmah Choke to be assessed.  However, when preliminary Barmah Choke Study modelling was 
undertaken it became clear that some of the assumptions and limitations present in TLM modelling at 
that time were delivering erroneous outcomes in the context of the Barmah Choke.  Whilst the 
assumptions and limitations were appropriate for the purpose of TLM modelling, further development 
is required before the modelling is appropriate for detailed use in relation to other issues such as the 
Barmah Choke.  This model development is now underway. 

To the extent possible, indications of the impact of TLM have been gained from the preliminary 
modelling, and commentary is provided in appropriate areas.  However it was felt that the specific 
results and indicator values had a high degree of uncertainty and to avoid misinterpretation they are 
not presented in the report.  More detailed assessment of the likely impacts of TLM in relation to the 
Barmah Choke will be included in the study when ‘TLM Water and Works Modelling’ is more 
advanced. 

2.3.4. Demand Patterns 

Scenario modelling undertaken for this phase of the Barmah Choke Study are based on current levels 
of demand across the River Murray system.  This includes entitlements distributions and demand 
patterns and all policies and management practices as of mid-2008. 

Trade of water entitlements in the future is expected to have a significant impact on demand patterns.  
Current trends indicate trade of water from lower value crops in the upper Murray system, to higher 
value crops in the lower Murray system near Sunraysia and in South Australia.  The future trade of 
water for environmental purposes may also impact across the system, the extent of this trade is 
presently difficult to determine due to developmental processes in this area. 

The impact of potential future trade will be considered through two future trade scenarios.  These 
scenarios were modelled as a part of a recent study for the Murray-Goulburn Interconnector (SKM, 
2007b). 
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Trade A was the trade of 210 GL of high reliability water shares into the Sunraysia Irrigation Area from 
across the Murray and Goulburn Systems including a small volume (17 GL) of trade from areas 
upstream of the Barmah Choke. 

Trade B was the trade of 265 GL of high reliability water shares into the Sunraysia Irrigation Area from 
across the Murray and Goulburn Systems including a significant volume from areas upstream of the 
Barmah Choke.  Table 2-1 shows the breakdown of the trade scenarios. 

 Table 2-1: Breakdown of the trade scenarios. 
Region Trade Volume (GL) 

Trade A Trade B 
Sunraysia +210 +265 
Torrumbarry -67 -53 
Goulburn System -125 -98 
Murray Valley -2 -15 
NSW (MIL) -15 -100 
Balance 0 0 
 

For this study, Trade A and Trade B will be considered as a part of the options assessment.  As both 
trade scenarios incorporate additional trade from upstream of the Barmah Choke to downstream 
areas, scenarios incorporating Trade A or Trade B will enable the ability of options to free-up trade 
across the Barmah Choke to be assessed. 

2.3.5. Flow Control 

Over recent decades, the capacity of the Barmah Choke has been thought to have been declining.  A 
comprehensive investigation carried out as a part of this study (Section 3.1) found that the capacity 
has remained unchanged at 2.57 m at Picnic Point or 8,000 ML/day at Barmah.  This corresponds to 
an operating capacity of 10,600 ML/day at downstream Yarrawonga (since 1995/96). 

As a result of this finding, this study will assume that the operating capacity of the Barmah Choke is, 
and will remain, constant at 10,600 ML/day at downstream Yarrawonga.  This capacity will be 
assumed for all scenarios. 

2.3.6. Water Allocation Policy 

Water allocation policy changes are not covered as a part of this study, as it is not possible to predict 
what policy changes may be implemented in the future.  Scenarios incorporating water policy changes 
could be considered in future projects, once information regarding potential changes becomes clear. 

2.3.7. Adopted Scenarios 

Table 2-2 shows the combination of scenarios that will be modelled to define the extent and 
significance of the problems associated with the limited operating capacity of the Barmah Choke.  
These scenarios will also be used to assess the options; these scenarios represent a range of current 
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and potential future scenarios and will enable the sensitivity and robustness of options to be 
assessed.  An option should lead to a positive outcome under all scenarios to be considered. 

Trade scenarios are yet to be included in the assessments.  The promotion of trade is a policy issue 
related to the Barmah Choke, but which goes beyond the immediate issues associated with the choke 
and therefore is to be considered in addition to the other objectives. 

 

 Table 2-2: Scenarios modelled for the Barmah Choke Study. 
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2.4. Description of Modelling 

2.4.1. MSM-Bigmod 

The MSM-Bigmod modelling suite has been progressively developed from a relatively simple model 
when it was first developed in the 1960’s to the highly complex and sophisticated model that it is 
today, incorporating tributaries, storages, irrigation and other diversions, floodplain storages and 
wetlands and salt and drainage interception schemes. 

The MSM-Bigmod modelling suite is comprised of five separate FORTRAN based computer models 
which run sequentially to model flow and salinity across the River Murray system. 

 MSM: a monthly simulation model covering the River Murray system from Dartmouth Dam to the 
South Australian border including the lower Darling River from the Menindee Lakes.  MSM 
models flow using hydrological routing to calculate irrigation demands and water accounting 
including allocations and cap modelling. 

 MODFLW: an intermediate program which converts monthly outputs from MSM into daily outputs 
suitable for input to Bigmod using historical daily patterns. 

 GETDVM: another intermediate program which creates monthly input files for Bigmod from MSM 
output. 



 
 

       
Barmah Choke Study- Investigation Phase PAGE 20 

 Bigmod: a daily simulation model covering the River Murray system from Dartmouth Dam to Lake 
Alexandrina including the lower Darling River from immediately downstream of the Menindee 
Lakes.  Bigmod models both flow and salinity using hydrological routing. 

 BIGARKW: a final intermediate program which is used to analyse the results of MSM and 
Bigmod. (MDBC, 2005) 

Extensive calibration has been regularly carried out since the model’s development in the 1960’s 
using available historical records including streamflow, storage, demands and climate data.  The 
model has also been continuously improved and updated to meet the changing and increasingly 
complex needs of water resource management. 

The model can be used to simulate the operation of the River Murray system to investigate what 
would happen under a given set of operating, climate or demand conditions.  MSM-Bigmod has been 
used extensively in this way to inform the policy and decision making process.  The model is 
considered to be reflective of the current situation including existing infrastructure and operating 
arrangements. 

The model currently contains 117 years of flow simulation data running over the period from 1891 to 
2008 and 25 years of salinity simulation data (1975 to 2000 only). 

MSM-Bigmod was selected as a suitable tool for defining the extent of the problems associated with 
the Barmah Choke and assessing potential options.  The selection was based on the model’s long 
simulation period, acceptance as an aid to the policy and decision making process and suitability for 
scenario modelling. 

2.4.2. Model Development 

During the study it became apparent that MSM-Bigmod was not adequately reproducing the 
magnitude and occurrence of unseasonal flooding events.  It was also found that the model was 
overestimating levels in Lake Mulwala.  Investigations were undertaken to identify and correct the 
cause of these issues.  This work is described in Appendix C. 

Four possible areas of improvements were identified: 

 Modification of the Modflow routine to avoid step changes in diversions between the end of one 
month and the start of the next (which was caused by the algorithm for disaggregating monthly 
flows calculated by MSM into daily flows for use by Bigmod); 

 Modification of the model target level for Lake Mulwala; 

 Modification of the calculation of order at Doctor’s Point to incorporate prediction of future 
changes in demand; and 

 Modification of the calculation of order at Doctor’s Point to account for releases of water already 
in transit. 

Each of these possible improvements were tested in MSM-Bigmod and compared with observed data.  
This enabled their potential to improve modelling of unseasonal flooding and Lake Mulwala level to be 
determined. 
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Based on the outcomes of this investigation, Modflow was revised with a Lake Mulwala target level of 
124.6 m AHD2

The performance of the model incorporating these recommendations was investigated for unseasonal 
flooding events between January 2001 and April 2006.  It was found that with the adoption of these 
recommendations, the model is now performing well in accurately identifying the incidence and 
magnitude of unseasonal flooding events. 

 and with prediction of diversions during periods of increasing demand (assuming the 
rate of change continues).  Adjustments for releases in transit were not found to be effective. 

                                                      

2 The recommended change to the Lake Mulwala target level is a recommendation for model calibration purposes only.  No 
changes to the operational strategy are recommended. 
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3. Significance of the Problem 
The first key objective of the Investigation Phase (Section 1.4) was to determine and quantify the 
extent of the problems associated with the Barmah Choke under current and potential future 
conditions.  This was achieved through the application of indicators relating to shortfalls in supplying 
demand and unseasonal flooding of the Barmah-Millewa Forest. 

This Section addresses this objective through a discussion of the operational channel capacity of the 
Barmah Choke, the development and application of indicators and a discussion of the assessment 
results. 

3.1. Barmah Choke Capacity 

Over recent decades the operational channel capacity of the Barmah Choke has been thought to 
have been declining.  There are several reasons postulated for the apparent decline in capacity, 
including physical changes such as sedimentation and other geomorphic changes, and increased 
snag density.  The capacity of the Barmah Choke is typically measured at one of three locations.  
These are, from upstream to downstream, immediately downstream of Yarrawonga Weir (gauging 
station 409025), Tocumwal (gauging station 409202) and Picnic Point (gauging station 409006). 

Analysis of operational and hydrographically corrected flow and level data at Picnic Point, Tocumwal 
and downstream Yarrawonga Weir was undertaken to identify if the physical capacity has been 
declining and, if so, the reasons for the decline.  See Appendix D for the full analysis. 

The analysis found that the capacity of the Barmah Choke at Picnic Point has remained relatively 
constant over time, however in 1995/96 a step change in operating level occurred.  Prior to 1995/96 
average operating level was 2.59 m.  After 1995/96 average operating level was lowered to 2.57 m (a 
change of 2 cm). 

The analysis also found that there was a step change in operating flow at downstream Yarrawonga 
Weir.  Operating flow decreased from 11,300 ML/day to 10,600 ML/day (a change of 700 ML/day) in 
around 1995/96.  Part of this change was the result of the operating capacity of the Edward River 
offtake being revised in 1996 from 2,000 ML/day to 1,600 ML/day (a change of 400 ML/day). 

The remainder of the step-change can be explained by the Barmah Choke not being run as high 
today (evidenced by the 2 cm decline in level at Picnic Point).  This change occurred at the same time 
the Edward River off-take operating capacity was revised (personal communications, B. Dyer, 
MDBC). 

Similarly, analysis of flow and level data at Barmah showed that the flow and level had undergone a 
step change in 1995/96 from 8,300 ML/day (2.64 m) to 8,000 ML/day (2.58 m).  This represents a 
decline in level of 6 cm and flow of 300 ML/day. 

These changes are illustrated in Figure 3-1. 
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Early 1980s: 

 

2005/2006: 

 

 Figure 3-1: Step change in operating flow at Yarrawonga (early 1980's to 2005/06).  The change in 
flow from downstream Yarrawonga Weir to the sum of Edward River Offtake, Gulpa Creek Offtake 
and flow at Barmah is 650 ML/day in both scenarios.  This difference is primarily due to losses, plus 
some small diversions. 

Figure 3-1 shows that downstream Yarrawonga Weir (excluding Edward and Gulpa offtake flows) and 
Barmah both show a decline of 300 ML/day.  However, the reduction in operating level at Picnic Point 
corresponds to a reduction in flow of only 100 ML/day (from 8,450 ML/day to 8,350 ML/day).  
Correspondence with operators suggests that the Picnic Point rating table has not been revised since 
1998 and may require revision. 

In addition to the step change in operating flow at downstream Yarrawonga Weir, levels at 
downstream Yarrawonga Weir have undergone a constant decline.  For a constant operating flow of 
10,600 ML/day level has declined by approximately 0.3 m from 1980/81 to 2005/06.  Levels at Picnic 
Point and Barmah have remained unchanged for a constant operating flow level. 

EarthTech (2007) assessed actual channel survey data and concluded that there have been no real 
changes in river cross-section from Tocumwal to Echuca over the period from 1976 to 2006. 

Despite the decline in operating level at downstream Yarrawonga Weir, calculations performed using 
hydrographically corrected rating tables show that flow has remained constant since 1995/96.  The 
capacity of 8,000 ML/day at Barmah (depending on flow in Broken Creek) currently corresponds to a 
capacity of 10,600 ML/day at downstream Yarrawonga Weir, which has remained unchanged since 
1995/96. 

Edward River offtake 1,600 ML/d (Δ = -400 ML/d) 
Gulpa Creek offtake 350 ML/d 

Downstream Yarrawonga Weir 10,600 
ML/d (Δ = -700 Ml/d) 

Picnic Point 
2.57 m (Δ = -2 cm) 

Barmah 
8,000 ML/d 
(Δ = -300 
ML/d) 

Edward River offtake 2,000 ML/d 
Gulpa Creek offtake 350 ML/d 

Downstream 
Yarrawonga Weir 
11,300 ML/d 

Picnic Point 
2.59 m 

Barmah 
8,300 ML/d 
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Hydrographically corrected flow data at downstream Yarrawonga Weir, Tocumwal, Picnic Point and 
Barmah provides no evidence of a decline in Barmah Choke capacity.  Operational flow data at 
downstream Yarrawonga Weir has shown a decline in Barmah Choke capacity.  This has been due to 
the adoption of different rating tables, particularly during the period from 2002/03 to 2005/06. 

In conclusion, this study has found that: 

Based on hydrographically corrected flow data, the capacity of the Barmah Choke has remained 
unchanged since 1995/96 at 2.57 m at Picnic Point or 8,000 ML/day at Barmah.  Prior to 
1995/96 the Barmah Choke was operated slightly higher at 2.59 m at Picnic Point or 8,300 
ML/day at Barmah. 

This capacity corresponds to a flow of 11,300 ML/day pre-1995/96 at downstream Yarrawonga 
Weir and 10,600 ML/day post 1995/96. 

The step change in flow at downstream Yarrawonga Weir is due to a reduction in the capacity of 
the Edward River offtake and a conscious decision not to operate the Barmah Choke as high 
as in the past. 

The rating table at downstream Yarrawonga Weir has undergone substantial change since 
1980/81 resulting in lower water levels required to maintain a constant flow downstream of 
Yarrawonga Weir. 

The overall finding is that there has been a step change reduction in Edward River offtake and in 
operating level at Picnic Point.  There is no evidence of a general decline in hydraulic capacity that 
could be expected to continue in the future. 

As a result of these findings, it has been assumed for modelling and assessing scenarios in this study 
that the operating capacity of the Barmah Choke is, and will remain, constant at 10,600 ML/day 
measured at downstream Yarrawonga Weir. 

3.2. Shortfalls and Rationing of Diversions 

Objective 2 of the broader study objectives (Section 1.2) is to: 

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

While Objective 3 is to: 

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

Each year in the 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 progressively 
updated during the season.  Irrigator and other demands are then restricted based on the announced 
allocation.  A shortfall occurs when the restricted demands cannot be supplied due to channel 
capacity constraints or a lack of resource storage in the lower system.  Channel capacity constraints 
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occur at two main points in the River Murray system: downstream of Hume Reservoir and at the 
Barmah Choke. 

The operating channel capacity downstream of Hume Reservoir is restricted to 25,000 ML/day.  The 
operating channel capacity of the Barmah Choke is 8,000 ML/day at Barmah, which equates to 
10,600 ML/day downstream of Yarrawonga Weir. 

Shortfalls are calculated on 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-scale is 
inadequate for the purpose of this study as shortfalls occurring over short time periods are not 
identified.  For example, if a shortfall of 100 ML/day occurred for 7 days within a month, but there was 
100 ML/day excess capacity on more than 7 other days, across the month the channel would have 
excess capacity and a shortfall would not be identified. 

Daily shortfalls are not calculated directly by Bigmod as the demands passed to Bigmod from MSM 
have already been restricted based on monthly channel capacity. 

To gain a better understanding of the likelihood of shortfalls on a daily time-step, a methodology was 
developed to determine required flow at downstream Hume Reservoir and downstream Yarrawonga 
Weir based on model outputs.  Required flow was then compared to operational channel capacity. 

The methodology for determining required flows was developed based on the method used by River 
Murray Water operators to determine the required releases from Hume Reservoir and Yarrawonga 
Weir.  The calculation of required flow is based on the concept that required flow is equal to the sum 
of demands plus losses, less expected inflows (with allowances for travel time considered). 

Table 3-1 outlines the methodology and components used to calculate required flow at downstream 
Yarrawonga Weir.  The volume of required flow was then compared to the operational channel 
capacity of 10,600 ML/day to estimate the timing and volume of shortfall events.  Note that in 
calculating shortfalls at downstream Yarrawonga Weir the ability to temporarily drawdown Euston 
Weir for short periods of time has been considered.  The maximum drawdown level for Euston Weir 
was assumed to be 47.3 m AHD, providing approximately 4 GL of drawdown. 
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 Table 3-1: Calculation of required flow at downstream Yarrawonga Weir. 
Component Contribution 

to Flow at 
Yarrawonga 
(+ve or –ve) 

Lag 
(days in 

advance) 

Model Component Used 

Edward Offtake + 3 Modelled Edward offtake flows from Bigmod 
Gulpa Offtake + 3 Modelled Gulpa offtake flows from Bigmod 
Broken Creek Inflows - 4 Modelled inflows from Bigmod 
Goulburn River Inflows - 4 Modelled inflows from Bigmod 
National Channel Orders + 6 National Channel Diversions 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. 

Pental Island Orders + 9 Pental Island pumps diversions from Bigmod. 
Leiwah inflows - 9 Modelled inflows from Bigmod 
Stoney inflow - 9 Modelled inflows from Bigmod 
Swan Hill Orders + 10 Calculated as 0.745 times Channel 9 diversions 

(from Bigmod) 
Balranald Inflow - 11 Modelled inflows from Bigmod 
Loss Torrumbarry – 
Wakool Junction 

+ 14 Loss (evap loss + short evap) for Torrumbarry to 
Wakool Junction, 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 to 
Euston 

+ 14 Assumed to be 40% of loss from Wakool Junction 
to Wentworth 

Required flow at Euston + 14 Minimum 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 Loss Wentworth to Rufus River plus 250 (minimum 
Lake Victoria inflow), plus the maximum of SA 
regulated flow 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 the SA regulated flow or the maximum 
possible flow otherwise* if Lake Victoria is unable 
to supply the SA regulated flow. 
Note the Lake Victoria outlet capacity has been 
assumed to be equal to the maximum capacity at 
all times.  As such the equation gives the required 
flow assuming Lake Victoria is not a constraint. 

*- 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, Pamamarro and Menindee less loss from 
Weir 32 to Burtundy. 

Table 3-2 outlines the methodology and components used to calculate required flow at downstream 
Hume Reservoir.  The volume of required flow was then compared to the operational channel 
capacity of 25,000 ML/day to estimate the timing and volume of shortfall events. 
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 Table 3-2: Calculation of required flow at downstream Hume Reservoir. 
Component Contribution 

to Flow at 
Hume 

(+ve or –ve) 

Lag 
(days in 

advance) 

Model Component Used 

Wangaratta Flow - 1 Modelled inflows from Bigmod 

Mulwala Canal Order + 2 Modelled demands from Bigmod 

Yarrawonga Main 
Channel Order 

+ 2 Modelled demands from Bigmod 

Loss Doctors Point to 
Yarrawonga 

+ 3 Loss (evap loss + short evap) for Doctors Point to 
Yarrawonga, plus monthly Doctors Point to 
Yarrawonga PD demands (restricted for channel 
capacity) all from MSM.  Disaggregated based on 
a calibrated daily pattern from PRIDE. 

Required flow at 
downstream Yarrawonga 
Weir 

+ 3 Calculated as per Table 3-1. 

 

The methodologies outlined above were applied to estimate the timing and volume of shortfalls 
downstream Yarrawonga Weir and downstream Hume Reservoir for each of the modelling scenarios 
(Section 2.3). 

The calculated shortfalls were then classified in terms of the expected manageability of the event 
based on advice from MDBA river operators.  For the purposes of this study, manageability was 
based on the average magnitude (volume per day) and duration of the event.  Other factors also 
contribute to the manageability of a shortfall event such as timing and peak magnitude. 

Shortfalls of short duration and low magnitude were classified as expected to be manageable.  
Shortfalls of either short duration or low magnitude were classified as challenging to manage.  
Shortfalls of long duration and high magnitude were classified as more difficult to manage. 

In general, it has been found that a maximum of one shortfall event occurs in a given year.  As such, 
the number of years with a shortfall of a specified magnitude is approximately equal to the number of 
shortfall events of the same magnitude. 

Table 3-3 to Table 3-5 details the results for downstream Yarrawonga Weir while Table 3-6 to Table 
3-8 details the results for downstream Hume Reservoir.  A detailed breakdown of the timing, duration 
and magnitude of shortfalls at each location is included in Appendix E.  The outcomes of the shortfall 
assessment are discussed in more detail in the following sub-sections. 
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 Table 3-3: Shortfalls at downstream Yarrawonga Weir under the Historical Climate Scenario. 
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 2 2 0 4 
6 – 10 days 1 0 2 3 
11 – 15 days 0 0 0 0 
> 15 days 0 1 4 5 
Total by magnitude 3 3 6 12 
Shortfalls which are expected to be manageable Total Number 5 

Average total volume (GL) 2.0 
Shortfalls which are expected to be challenging to 
manage 

Total Number 0 
Average total volume (GL) n/a 

Shortfalls which are expected to be more difficult to 
manage 

Total Number 7 
Average total volume (GL) 78.5 

 

 

 

 Table 3-4: Shortfalls at downstream Yarrawonga Weir under the Medium Climate Change Scenario. 
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 8 1 3 12 
6 – 10 days 2 1 2 5 
11 – 15 days 1 0 0 1 
> 15 days 1 3 3 7 
Total by magnitude 12 5 8 25 
Shortfalls which are expected to be manageable Total Number 11 

Average total volume (GL) 2.6 
Shortfalls which are expected to be challenging to 
manage 

Total Number 6 
Average total volume (GL) 7.8 

Shortfalls which are expected to be more difficult to 
manage 

Total Number 8 
Average total volume (GL) 59.0 
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 Table 3-5: Shortfalls at downstream Yarrawonga Weir under the High Climate Change Scenario. 
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 11 3 2 16 
6 – 10 days 3 1 1 5 
11 – 15 days 2 2 1 5 
> 15 days 1 1 5 7 
Total by magnitude 17 7 9 33 
Shortfalls which are expected to be manageable Total Number 17 

Average total volume (GL) 2.8 
Shortfalls which are expected to be challenging to 
manage 

Total Number 8 
Average total volume (GL) 10.9 

Shortfalls which are expected to be more difficult to 
manage 

Total Number 8 
Average total volume (GL) 48.5 

 

 

 

 

 

 Table 3-6: Shortfalls at downstream Hume Reservoir under the Historical Climate Scenario. 
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 0 0 1 1 
6 – 10 days 0 0 0 0 
11 – 15 days 0 0 0 0 
> 15 days 0 0 0 0 
Total by magnitude 0 0 0 1 
Shortfalls which are expected to be manageable Total Number 0 

Average total volume (GL) n/a 
Shortfalls which are expected to be challenging to 
manage 

Total Number 1 
Average total volume (GL) 18.0 

Shortfalls which are expected to be more difficult to 
manage 

Total Number 0 
Average total volume (GL) n/a 
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 Table 3-7: Shortfalls at downstream Hume Reservoir under the Medium Climate Change Scenario. 
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 1 0 1 2 
6 – 10 days 0 0 0 0 
11 – 15 days 0 0 0 0 
> 15 days 0 0 0 0 
Total by magnitude 1 0 1 2 
Shortfalls which are expected to be manageable Total Number 1 

Average total volume (GL) 0.8 
Shortfalls which are expected to be challenging to 
manage 

Total Number 1 
Average total volume (GL) 24.0 

Shortfalls which are expected to be more difficult to 
manage 

Total Number 0 
Average total volume (GL) n/a 

 

 

 

 

 Table 3-8: Shortfalls at downstream Hume Reservoir under the High Climate Change Scenario. 
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 0 0 0 0 
6 – 10 days 0 0 0 0 
11 – 15 days 0 0 0 0 
> 15 days 0 0 0 0 
Total by magnitude 0 0 0 0 
Shortfalls which are expected to be manageable Total Number 0 

Average total volume (GL) n/a 
Shortfalls which are expected to be challenging to 
manage 

Total Number 0 
Average total volume (GL) n/a 

Shortfalls which are expected to be more difficult to 
manage 

Total Number 0 
Average total volume (GL) n/a 
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3.2.1. Extent of the Shortfall Issue 

Table 3-9 summarises the extent of the shortfall issue at downstream Yarrawonga Weir under each 
modelling scenario.  Minimal shortfalls were observed for downstream Hume Reservoir. 

Overall, these results show that shortfalls are a problem under historical climate scenario, and that the 
magnitude of the problem is expected to increase with climate change scenarios. 

 Table 3-9: Shortfalls at downstream Yarrawonga Weir under each modelling scenario 
Shortfall Characteristics Historical 

Climate 
Medium Climate 

Change 
High Climate 

Change 
Shortfalls which 
are expected to 
be manageable 

Number (Total) 5 11 17 
Number (Peak Demands) 5 10 14 
Number (Lower System Storage) 0 1 3 
Average Volume (GL) 2.0 2.6 2.8 
Average Duration (days) 2.8 3.9 4.2 

Shortfalls which 
are expected to 
be challenging to 
manage 

Number (Total) 0 6 8 
Number (Peak Demands) 0 4 7 
Number (Lower System Storage) 0 2 1 
Average Volume (GL) n/a 7.8 10.9 
Average Duration (days) n/a 7.2 10.6 

Shortfalls which 
are expected to 
be more difficult 
to manage 

Number (Total) 7 8 8 
Number (Peak Demands) 2 2 1 
Number (Lower System Storage) 5 6 7 
Average Volume (GL) 78.5 59.0 48.5 
Average Duration (days) 34.7 34.4 26.8 

Total Shortfalls Number (Total) 12 25 (200%)* 33 (275%)* 
Number (Peak Demands) 7 16 (229%)* 22 (314%)* 
Number (Lower System Storage) 5 9 (180%)* 11 (220%)* 

* % of historical shortfalls (number). 

There is generally considered to be two broad categories of shortfall events.  The first type 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 (ML/day) of such events can be very large which would make the event challenging to 
manage. 

This type of event occurred in 6% of years under historical conditions and may lead to outcomes such 
as rationing of peak demands in Torrumbarry and Sunraysia. 

The results indicate that the number of this type of shortfall event is expected to more than double 
under medium climate change scenario (compared to historical climate scenario), and further 
increase under high climate change scenario.  This means that rationing of peak demands to avoid 
mid-river shortfalls would occur much more frequently under climate change scenarios (in up to 14% 
of years under medium climate change scenario and up to 19% of years under high climate change 
scenario). 
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To manage this type of shortfall event, options focused on enabling rapid, short-term responses may 
be appropriate.  This includes mid-river storage options and policy options which increase operational 
flexibility such as flexibility in the management of IVT releases and changes to the 6-inch rule. 

The second type of shortfalls 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) due to limited resources in Lake Victoria and the Menindee Lakes (and 
insufficient channel capacity to implement bulk transfers to Lake Victoria). 

This type of shortfall event is most likely to be classified as challenging or more difficult to manage 
due to the typically long duration of the event.  These events also tend to have a reasonably large 
average magnitude. 

This type of event occurred in 4% of years under historical climate scenario and may lead to rationing 
of supplies along the entire River Murray downstream of the Barmah Choke including supply to South 
Australia. 

The results indicate that the number of this type of event is expected to nearly double under medium 
climate change scenarios (compared to historical climate scenario), and further increase under high 
climate change scenario.  This means that rationing of supply to South Australia may occur more 
frequently under climate change conditions (in up to 8% of years under medium climate change 
scenario and up to 9% of years under high climate change scenario). 

To manage this type of shortfall event, options focused on enabling long-term increased flexibility may 
be appropriate.  This includes options to enhance existing by-pass capacity and policy options such 
as modifying the Hume to Lake Victoria transfer rules. 

The increase in the magnitude of the shortfall problem with medium climate change scenario is due to 
the differential impact of climate change on inflows across the River Murray system, combined with 
the geographic location of demands. 

Although medium climate change reduces allocations, 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 the impact of the large reduction in inflows to the River Murray between the Barmah 
Choke and the Darling River.  This results in greater reliance on regulated releases from upper 
system storages. 

High climate change conditions further exacerbates this problem, with the discrepancy between the 
effects of climate change on upper system inflows and lower system inflows becoming more 
pronounced. 

The relative reduction in inflows to three sections of the Murray system are documented in Table 3-10 
below.  This illustrates that the inflows in the reach of the River from Barmah Choke to Wentworth 
(just upstream of the Darling River) are decreased by the greatest in percentage terms.  Darling River 
inflow to the Menindee Lakes (included as Downstream of Wentworth in the table) is reduced by 
approximately the same percentage as the inflows upstream of Barmah Choke for both climate 
change scenarios.  
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 Table 3-10: Climate Change Scenarios – Percent Reduction in Inflows  

Climate Change 
Scenario 

Upstream of  
Barmah Choke 

Barmah Choke to 
Wentworth 

Downstream of 
Wentworth 

Medium 11% 18% 11% 
High 37% 52% 37% 

 

It is noted that under current management and operational policies, net water trade from upstream of 
the Barmah Choke to downstream is not permitted except in extreme drought conditions. This policy 
is in place so as to not increase the risk of shortfalls.  Any solution to reduce the risk or impact of 
shortfalls may also allow for trade to be delivered through the Barmah Choke.  Water trade is 
discussed further in Section 4.2 below. 

3.3. Undesirable Flooding 

Objective 1 of the broader study objectives (Section 1.2) is to: 

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. 

There are two parts to this objective; one is to reduce the incidence and magnitude of unseasonal 
flooding and the other is to reduce water losses through the forest.  To assess the two parts of this 
objective, two indicators were developed.  The first considers the incidence and magnitude of 
unseasonal flooding and the second considers losses through the forest. 

3.3.1. Incidence and Magnitude of Undesirable Flooding 

This indicator was based on an understanding of the implications of 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 the 15th December and 30th of April (MDBC, 2006b)) can 
be detrimental to the health of the forest (see Section 2.1.1). 

The capacity of the Barmah Choke is commonly measured at downstream Yarrawonga Weir, 
Tocumwal and Picnic Point.  Downstream Yarrawonga Weir was selected as the flow site for this 
analysis as this site is typically used as the reference site for operating purposes and the Barmah 
Choke capacity is defined at this site in the model. 

SKM (2006) investigated options for improved management of rainfall rejections upstream of the 
Barmah Choke to reduce unseasonal discharges to the Barmah-Millewa Forest.  This study identified 
three important reference flows when considering the occurrence and impact of unseasonal flows in 
the Barmah-Millewa Forest: 

 The capacity of the Barmah Choke at downstream Yarrawonga Weir, estimated at 10,600 ML/day 
(operational capacity); and 

 The regulation points 15,000 ML/day and 18,000 ML/day at downstream Yarrawonga Weir. 
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Unseasonal excess River Murray flows through the forest are currently managed under a cooperative 
arrangement between the relevant NSW and Victorian State Government agencies using controlled 
flooding of the forests. 

Flows greater than 10,600 ML/day, but peaking below 15,000 ML/day (at downstream Yarrawonga 
Weir), are shared alternately between the Barmah Forest (Victoria) and Millewa Forest (NSW) on an 
annual basis.  If the flow is between 10,600 ML/day and 15,000 ML/day 4 years in 10, each side will 
be wet only 2 years in 10. 

For River Murray flows between 15,000 ML/day and 18,000 ML/day regulators on both sides of the 
river can be used to maintain some control over flows.  Under this scenario, it is assumed for 
modelling purposes that both sides of the river will be flooded. 

If River Murray flows exceed 18,000 ML/day, all regulators are opened and flooding would be 
expected on both sides of the river. 

Correspondence with Keith Ward (GBCMA) suggests that there is a third important reference flow for 
unseasonal flooding, the level at which Moira Grass plains begin to be significantly impacted.  This 
critical flow is believed to be 11,000 ML/day. 

Understanding the implications of, and reference flows for, unseasonal flooding of the Barmah-
Millewa Forest lead to the following conclusions: 

1. Unseasonal flooding which extends a winter/spring flood event can be beneficial. 

2. Unseasonal flooding creates the greatest environmental risk in February; the risk is lower in 
January and March and least (but still significant) in December and April. 

3. If one unseasonal flooding event occurs in a year then subsequent events in the same year do 
not greatly increase detriment to the forest (although the detriment increases the further apart 
the flood events occur). 

4. If unseasonal flooding occurs after a long period without an effective winter/spring flood then it 
may be able to be used in a beneficial manner for some species. 

5. Unseasonal flooding occurs when flow in the River Murray exceeds the Barmah Choke 
capacity (10,600 ML/day downstream of Yarrawonga Weir) but can be managed so that only 
one side of the forest is flooded up to 15,000 ML/day. 

6. Flows below 11,000 ML/day are not likely to impact significantly on vegetation communities.  
Flows between 11,000 and 15,000 ML/day are likely to impact significantly on Moira Grass.  
Flows greater than 15,000 ML/day also impact on Red Gums. 

7. Flood events greater than 7 days apart are considered independent. 

8. Short duration flood events can have major impact on the forest, however in order to 
understand the likely extent of impact the duration of events is also considered in analysis. 

To assess unseasonal flooding a (detailed) matrix was developed which counted the number of 
unseasonal flooding events by timing (month), magnitude and duration.  The event magnitude was 
equal to the maximum flow during the event.  Event length was defined as the number of days flow 
was above 10,600 ML/day including any subsequent spikes which occurred less than 7 days following 
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the 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 events occur and categorises them according to magnitude and duration.  
If there is more than one unseasonal flooding event in a year then only the most severe event 
(defined by magnitude) is reported. 

The development of the matrix also took into account an understanding of the constraints of MSM-
BIGMOD.  The period of unseasonal flooding is defined as the 15th of December to the 30th of April 
(MDBC, 2006b).  However, in MSM-Bigmod, channel capacity downstream of Yarrawonga Weir is set 
on a monthly basis, resetting on the first of each month.  Therefore, for modelling purposes, the 
period of unseasonal flooding has been defined as the 1st January to the 30th of April. 

It takes time for the model to reset maximum flow from the Barmah Choke capacity in December to 
the Barmah Choke capacity in 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 periods of undesirable flooding. 

To ensure that beneficial events were not counted as unseasonal flooding and that single events were 
not double counted, the following adjustments were made: 

 Flows which represent the tail end or start of a winter/spring flood event were excluded from the 
period of analysis, recognising that unseasonal flooding which extends winter/spring floods can 
be beneficial.  This also allows for the model to adjust as it may take time to adjust from the 
maximum monthly flow set in December to that set for January (see Figure 3-2). 

 Flow spikes which occurred less than or equal to 7 days after coming off a winter/spring flood or 
which occurred less than or equal to 7 days leading into a winter/spring flood event were 
excluded from the period of analysis.  Flood events less than or equal to 7 days apart were not 
considered independent (see Figure 3-2). 
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 Figure 3-2: Hypothetical flow record (ML/day) from 1st January to 30th April with selected period for 
unseasonal flooding analysis shown 

For the purposes of this study, the proportion of wet years has been adopted as an indicator of 
unseasonal flooding.  Based on the reference flows and regulation thresholds, the proportion of wet 
years was defined as: 

Proportion of wet years = ((Number of years flow is between 11,000 ML/day and 15,000 ML/day)/2 + 
Number of years flow exceeds 15,000 ML/day)/ Number of years 

This indicator is independent of the number of flooding events within a year as it is recognised that 
once the forest has been flooded once in a year, subsequent events of a similar or lower magnitude 
do not greatly increase detriment to the forest.  Other indicators are also reported on: 

 The number of years the forest was flooded unseasonally by magnitude; and 

 The number of unseasonal flooding events over the period. 

Note that this study does not distinguish between the different causes of unseasonal flooding.  
Unseasonal flooding may be due to: 

1) Rain rejections, when a rain event occurs in an irrigation area(s) and irrigators cancel their 
orders after water has been released from Hume;  

2) Unexpected rainfall occurring in tributary catchments, causing additional unexpected inflows 
from tributary catchments downstream of Hume, after water has been released from Hume; 
or 

3) A combination of both Cause 1 and Cause 2. 

Cause 2 may be considered a more “natural” unseasonal flooding event.  However, under current 
management flooding events resulting from this cause are likely to occur at different times and with 

Start of an Autumn Event 
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different magnitude, frequency and duration than under the natural regime.  As such, it is not 
appropriate to exclude these events from the analysis. 

An option leading to re-capture of a "natural" unseasonal flood will derive the same benefit as capture 
of an unseasonal flood due to Cause 1.  Furthermore, many events are likely to be the result of Cause 
3 (a combination of 1 and 2) and it would be problematic to classify them as one type or the other. 

The indicators outlined above were applied to assess unseasonal flooding for each of the modelling 
scenarios.  The results of the assessment are shown in Table 3-12 to Table 3-14.  For the purposes 
of assessing unseasonal flooding, it is useful to make a comparison with unseasonal flooding under 
natural conditions assuming the historical climate.  Results for this additional scenario are presented 
in Table 3-11 for comparison.  A detailed breakdown of the timing and volume of unseasonal flooding 
for each scenario is included in Appendix F.  The results of the unseasonal flooding assessment are 
discussed in more detail in the following sub-sections. 

 

 

 Table 3-11: Unseasonal flooding under modelled natural conditions. 
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 1 1 0 0 0 2 
3-7 days 0 7 0 0 0 7 
>7 days 0 1 7 8 14 30 
Total by Flow 1 9 7 8 14  
Total years of unseasonal flooding 39 
Proportion of wet years for each side of the forest 32%* 
Total number of years 117 
Total number of events 63 
* 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 less than 15,000 ML/day contribute towards the proportion of wet years under natural 
conditions. 

 

 Table 3-12: Unseasonal flooding for the Historic Climate Scenario. 
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 8 20 6 0 0 34 
3-7 days 0 8 19 19 14 60 
>7 days 0 0 1 0 4 5 
Total by Flow 8 28 26 19 18  
Total years of unseasonal flooding 99 
Proportion of wet years on each side of the forest 55% 
Total number of years 117 
Total number of events 173 
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 Table 3-13: Unseasonal flooding for the Medium Climate Change Scenario. 
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 11 15 4 0 0 30 
3-7 days 0 7 17 14 13 51 
>7 days 0 0 0 0 4 4 
Total by Flow 11 22 21 14 17  
Total years of unseasonal flooding 85 
Proportion of wet years on each side of the forest 45% 
Total number of years 117 
Total number of events 145 

 

 Table 3-14: Unseasonal flooding for the High Climate Change Scenario. 
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 3 16 3 0 0 22 
3-7 days 0 1 12 9 6 28 
>7 days 0 0 0 0 3 3 
Total by Flow 3 17 15 9 9  
Total years of unseasonal flooding 53 
Proportion of wet years on each side of the forest 29% 
Total number of years 117 
Total number of events 87 

 

3.3.1.1. Extent of Unseasonal Flooding Issue 

Table 3-15 summarises the extent of the unseasonal flooding issue under three scenarios for current 
conditions (i.e. current level of infrastructure, demands, operational practices, policies, etc) assuming 
different climate scenarios and the natural conditions assuming historical climate scenario. 

Overall, these results show that unseasonal flooding is a problem under current conditions assuming 
the historical climate scenario, however, based on the two climate change scenarios modelled as part 
of this study, the magnitude of the problem is expected to reduce as climate change impacts increase. 

 Table 3-15: Unseasonal flooding under each modelled scenario. 
Flooding Indicator Natural 

Conditions 
Historical 
Climate  

Current 
Conditions 
Historical 
Climate 

Current 
Conditions 

Medium Climate 
Change 

Current 
Conditions 

High Climate 
Change 

Total years of unseasonal flooding 39 99 85 53 
Total years of moderate flooding 16 54 43 32 
Total years of more severe flooding 22 37 31 18 
Proportion of wet years on each side 
of the forest 

32% 55% 45% 29% 

Average flood volume (GL) 69.1 19.2 18.7 16.3 
Average flood duration (days) 14.4 3.8 3.7 3.4 
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Average flood magnitude (ML/day) 3,614 3,062 3,188 3,061 

 
 
 
A certain level of unseasonal flooding would be expected to occur under natural conditions.  Modelled 
results indicate that under natural conditions, each side of the forest would be flooded 1 in every 3 
years (approximately).  These natural flooding events tend to be long in duration with large total 
volumes. 

Such long, large events occurring at low frequency are less likely to allow for the establishment of 
Giant Rush, which is drowned if complete submersion occurs shortly after germination when the grass 
height is still low. 

The results indicate that the frequency of unseasonal flooding events (proportion of years each side of 
the forest is wet) under current conditions assuming historical climate, is nearly double the frequency 
that occurred under natural conditions.  Flooding events under current conditions assuming historical 
climate tend to be shorter in duration than occurred under natural conditions (approximately 25% of 
the average natural duration) with smaller volumes (including a lower daily flood magnitude). 

The move to more frequent smaller unseasonal flooding events occurring under historical climate 
conditions is currently contributing to changes in the vegetation communities within the forest, with 
Giant Rush colonising Moira Grass plains and the suitability of the forest for Red Gums being 
reduced.  If the current flooding regime continues long-term, it is reasonable to assume that Moira 
Grass and Red Gums (and potentially other species) will be lost from the forest. 

These results indicate that the frequency of unseasonal flooding (proportion of years each side of the 
forest is wet) will reduce under the climate change scenarios, however the duration and volume of 
unseasonal flooding events will remain low.  Under the high climate change scenario, unseasonal 
flooding events would be expected to occur at a similar frequency as under natural conditions. 

It is difficult to predict the impact of such future flooding conditions of the ecology of the Barmah-
Millewa Forest.  Whilst the frequency of unseasonal flooding events may approximately replicate 
natural conditions, it is not reasonable to assume that the forest vegetation communities will be able 
to return to natural conditions even with pro-active management, as the characteristics of the floods 
(total volume, daily flood rate and timing) will be very different to those observed under natural 
conditions. 

The reduction in the unseasonal flooding problem with the medium climate change scenario is due to 
a reduction in the frequency of large unexpected rainfall events.  This means that there will be fewer 
incidences where unexpected (large) rainfall events over irrigation areas cause irrigators to cancel 
their orders after the water has been releasedfrom Hume and fewer incidences of large (unexpected) 
inflows from the tributaries downstream of Hume after the water has been released. 

The high climate change scenario further reduces the frequency of large rainfall events, amplifying the 
impacts observed under the medium climate change scenario. 
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3.3.2. Forest Losses 

Barmah-Millewa forest losses are modelled in MSM-BIGMOD as 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 is not included and has been added 
separately. 

Not all of the losses within the BARMILL variable are associated with overbank flooding through the 
Barmah-Millewa forest.  BARMILL is a control variable (CV) which is comprised of a number of control 
and combination variables (losses (LS), reach flows (FI, FO) and branch flows (BR)).  Flow out to 
Barmah Lake (FO 20) was also included as part of the total loss in the reach from Yarrawonga to 
Barmah. 

Part of Objective One is to reduce losses in the Barmah-Millewa Forest.  The loss variables from 
BARMILL associated with overbank flooding are assumed to be: 

 BARMAH FOREST (FI 129) 

 LOSSES IN FORESTS (BR 3) 

 OVERBANK FLOW THROUGH BARMAH (FI 19) 

 Losses through the 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 is 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 it was proposed to consider both total losses from Yarrawonga to Barmah (BARMILL + FO 
20) and the sum of the above overbank flooding loss variables (Barmah forest losses).  Figure 3-3 
shows the correlation between these two loss terms; it can be seen that they are highly correlated. 
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 Figure 3-3: Barmah Forest Losses (1891/92-2006/07) 

The indicator for this objective is the average volume of water lost through the forest over the 
unseasonal flooding period (December 15th to April 30th).  This indicator was used to assess forest 
losses for each of the modelling scenarios.  The results of the assessment are summarised in Table 
3-16.  Losses under the natural conditions scenario are not presented in this table as there is high 
uncertainty due to lack of data available to calibrate this component of the model under natural 
conditions.  

 Table 3-16: Modelled Barmah Forest Losses (15th December to 30th April). 
 Average Loss (GL/year) 

Historic Climate Medium Climate 
Change 

High Climate 
Change 

Total Loss from Yarrawonga to Barmah 155 145 116 
Barmah Forest Loss 138 126 88 

 

These results indicate that climate change (medium and high climate change at 2030) will lead to 
reductions in the volume of unseasonal forest losses.  This result is in line with the observed 
reductions in unseasonal flooding which are observed with climate change (Section 3.3.1). 

It is important to note that losses are a normal part of running the river system and are not fully 
attributable to unseasonal flooding.  It may be possible to achieve water savings by reducing the 
frequency and severity of unseasonal flooding; however a certain volume of loss will always occur 
through natural river processes (including seepage and evaporation from the river channel). 
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4. Indicators and Benchmark for Further Assessment 
of Options 

The second key objective of the Investigation Phase (Section 1.4) was to develop indicators relating 
to the broader study objectives and apply the indicators to establish benchmark conditions.  The 
benchmark conditions will be used to assess options against issues relating to the broader study 
objectives as a part of the Modelling and Assessment Phase. 

This section addresses this objective, through the development and application of indicators relating 
to each of the broader study objectives.  As the intent of this objective is to establish benchmarking 
conditions, the results of the assessment are not discussed in detail. 

4.1. Conservation of Water Resources 

Objective 4 of the broader study objectives (Section 1.2) is to: 

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

If water resources are conserved then announced allocations will increase.  Achievement of this 
objective can therefore be assessed by changes in allocations. 

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 1st of October, the start of the irrigation 
season, to assist irrigators with planting decisions.  It is also common to look at the announced 
allocation at April 30th. 

As an indicator for NSW irrigators the CSIRO Murray Darling Basin Sustainable Yields Study used the 
maximum announced allocation for general security entitlements in the water year.  This is almost 
always the same as the April 30th allocation.  It is proposed to adopt the maximum allocation for 
general security entitlements for this study.  Key allocation thresholds for each state will also be 
presented. 

These indicators have been used to determine benchmark conditions for each of the modelling 
scenarios.  Figure 4-1 and Figure 4-2 show the allocations under each scenario for Victoria and NSW 
respectively while Table 4-1 summarises the key allocation thresholds under each scenario. 
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 Table 4-1: Key allocation thresholds under each scenario. 
Allocation Threshold Scenario 

Historical Climate Medium Climate 
Change 

High Climate 
Change 

Years with 100% allocation for 
general security entitlement (NSW) 

72% 53% 14% 

Average allocation for general 
security entitlement (NSW) 

86% 76% 47% 

Years with 100% allocation for high 
reliability water shares (Victoria) 

99% 96% 62% 

Years with 100% allocation for low 
reliability water shares (Victoria) 

81% 63% 15% 

Average allocation for high + low 
reliability water shares (Victoria) 

185% 169% 101% 

 

 
 Figure 4-1: Victorian Murray allocations for each scenario as at 2006/07. 
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 Figure 4-2: NSW Murray allocations for each scenario as at 2006/07. 

 

4.2. Water Trade 

Currently there is a policy in place to prevent net trade of water from upstream of the Barmah Choke 
to downstream (except under extreme drought conditions), so as to not increase the risk of shortfalls.  
This policy creates a barrier to water trade within the River Murray system, which may result in water 
not being able to trade to its most efficient use. 

Objective 5 of the broader study objectives (Section 1.2) is to: 

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

The achievement of this objective will be indicated by ability to supply demands under a scenario of 
increased trade from upstream to downstream of the Barmah Choke without increased shortfalls.  The 
options assessed under a high trade scenario will consider this. 

Options with the potential to increase trade from upstream to downstream will be assessed under 
multiple trade scenarios; assessing the frequency and magnitude of shortfalls under the trade 
scenarios will indicate if the option has provided any additional capacity for the delivery of water trade. 

 

4.3. Delivery of Environmental Flows 

Objective 6 of the broader study objectives (Section 1.2) is to: 

Improve the efficiency of delivering water to the Icon Sites. 

The indicator for this will be based on losses through the Barmah-Millewa Forest, excluding periods 
when unregulated desirable flooding is occurring or managed environmental watering of the Barmah-
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Millewa Forest is being attempted.  At this stage, the indicator has not been sufficiently developed to 
enable results to be provided. 

4.4. Beneficial Influence of the Barmah Choke 

In working toward the achievement of the primary study objectives, this 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; and 

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

Indicators have also been developed to assess whether these aims are achieved. 

4.4.1. Maintain beneficial influence of Barmah Choke on flooding regime of the Barmah-
Millewa forest 

Seasonal flooding during winter/spring is fundamental to the health of the Barmah Millewa Forest. 

The indicator for this objective will look at the percentage of years with small and large floods in the 
Barmah-Millewa Forest and the maximum duration (in years) with no flood. 

This indicator has been used to determine benchmark conditions for each of the modelling scenarios.  
Table 4-2 shows the results for this indicator under each scenario. 

 Table 4-2: Beneficial flooding of the Barmah-Millewa Forest under each scenario 
Indicator Natural 

(modelled) 
Historical 
Climate 

Medium 
Climate 
Change 

High 
Climate 
Change 

Barmah-Millewa Forest 
% of years with a medium/large flood of 25,000 ML/day 
at Yarrawonga for >= 2 months 

41% 18% 9% 3% 

Maximum duration with no medium/large flood (years) 11 22 22 51 
% of years with a small flood of 18,000 ML/day at 
Yarrawonga for >= 3 months 

53% 17% 11% 3% 

Maximum duration with no small flood (years) 5 22 22 51 
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4.4.2. Identify any significant impacts on frequency and magnitude of environmental and 
unregulated flows in River Murray system 

To measure the impact of options on environmental and unregulated flows in the system a set of 
indicators have been established as shown in Table 4-3. 

 Table 4-3: Frequency of key flooding criteria at four key locations. 
Indicator Natural Historical 

Climate 
Medium 
Climate 
Change 

High 
Climate 
Change 

Koondrook/Gunbower Wetlands 
% of years with a medium/large flood of 35,000 
ML/day at Torrumbarry for >= 3 months 

28% 5% 3% 0% 

Maximum duration with no medium/large flood 14 33 38 116 
% of years with a small flood of 25,000 ML/day at 
Torrumbarry for >= 3 months 

48% 16% 12% 2% 

Maximum duration with no small flood 5 21 22 51 
Hattah Lakes 
% of years with a medium/large flood of 75,000 
ML/day at Euston for >= 1 month 

35% 11% 9% 1% 

Maximum duration with no medium/large flood 11 22 22 64 
% of years with a small flood of 45,000 ML/day at 
Euston for >= 3 months 

53% 17% 9% 3% 

Maximum duration with no small flood 6 21 32 38 
Chowilla/Lindsay-Wallpolla 
% of years with a medium/large flood of 80,000 
ML/day at SA border for >= 3 months 

12% 5% 3% 1% 

Maximum duration with no medium/large flood 32 37 38 64 
% of years with a small flood of 50,000 ML/day at 
SA border for >= 3 months 

58% 16% 11% 3% 

Maximum duration with no small flood 6 21 31 38 
Unregulated Flows 
Average flow to SA in excess of entitlement 
(GL/year) 

11,009 4,825 3,680 1,543 

% of years where flows to SA < 1850GL/year 0% 2% 6% 31% 

 

4.4.3. Identify any significant impacts to other areas or to third parties 

4.4.3.1. Maintain water levels in Lake Victoria and Menindee Lakes for cultural heritage 
reasons 

Lake Victoria 
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.  Some cultural heritage sites are threatened by the regulation of Lake Victoria which 
contributes to exposure and erosion.  Foreshore vegetation is essential for the stabilisation of the 
Lake foreshore and protection of indigenous heritage artefacts. 
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The Lake Victoria operating strategy (MDBC, 2002) has been developed with consideration for the 
requirements of foreshore vegetation and the protection of indigenous heritage artefacts.  The basic 
operating strategy for Lake Victoria is as follows: 

 Commencing late February, drawdown Lake Victoria to 26.5 m by the end of February, 25.6 m by 
the end of March and to 24.5 m by the end of April (unless upstream resources are low); 

 Do not store water in Lake Victoria above 24.5 m in May (unless upstream resources are low).  
Supply South Australian entitlement from a combination of River Murray flow and Lake Victoria 
storage as necessary. 

 On 1 June, commence refilling Lake Victoria with surplus flow (unless surplus flow is more than 
sufficient to fully refill the Lake). 

 During winter and spring, if sufficient flows to refill the Lake are predicted under minimum inflow 
conditions, temporarily cease or if feasible, reverse refilling of Lake Victoria and refill to 27 m 
(FSL) as late as possible.  (MDBC, 2002) 

The basic operating strategy is conditional upon the state of other storages in the River Murray 
system.  There are two alternative conditions: 

 High system storage: if the combined capacity of Hume and Dartmouth Reservoirs is greater than 
5,500 GL (79% of combined storage) and Menindee storage is greater than 1,000 GL (50% of 
surcharge capacity) use the 75% probability of exceedance inflows to plan the refilling of Lake 
Victoria (rather than the minimum inflows). 

 Low system storage: if forecast NSW reserve (combined storage) at the end of May is less than 
1,000 GL or the Menindee Lakes are under NSW control do not drawdown Lake Victoria during 
February to May (MDBC, 2002). 

From this operating strategy, a number of indicators have been developed as follows: 

1) Percent of years Lake Victoria level on the last day of February meets the target (target = 26.5 m 
AHD or lower); 

2) Percentage of years Lake Victoria level on the last day of March meets the target (target = 25.6 m 
AHD or lower); 

3) Percentage of years Lake Victoria level of the last day of April meets the (target = 24.5 m AHD or 
lower); 

4) Percent of time where lake level is greater than 24.5 m in May (target = minimal); and 

5) Percent of time during winter and spring where lake level is equal to or greater than 27.0 m 
(target = minimal). 

To allow for the conditional rules, the first four indicators will not be applied during periods when the 
low system storage condition is in effect.  The final indicator will be applied regardless of whether the 
high system storage condition is in effect as the target remains to refill Lake Victoria to FSL as late as 
possible. 

These indicators have been used to determine benchmark conditions for each of the modelling 
scenarios.  Table 4-4 shows the results for this indicator under each scenario. 
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 Table 4-4: Compliance with Lake Victoria target levels under each scenario. 

Indicator 

Historical Climate Medium Climate Change High Climate Change 

Compliance 
with Target 

Proportion of 
Time Target 
not Applied 

due to 
Conditional 

Rules 

Compliance 
with Target 

Proportion of 
Time Target 
not Applied 

due to 
Conditional 

Rules 

Compliance 
with Target 

Proportion of 
Time Target 
not Applied 

due to 
Conditional 

Rules 
Percent of years Lake 
Victoria level on last 
day of February meets 
target (≤25.5 m AHD) 

96% 51% of years 95% 66% of years 83% 90% of years 

Percent of years Lake 
Victoria level on last 
day of March meets 
target (≤25.6 m AHD) 

96% 51% of years 98% 65% of years 83% 90% of years 

Percent of years Lake 
Victoria level on last 
day of April meets 
target (≤24.5 m AHD) 

93% 51% of years 87% 67% of years 73% 91% of years 

Percent of time (days) 
where lake level is > 
24.5 m AHD in May 
(target = minimal) 

14% 42% of days 10% 60% of days 21% 88% of days 

Percent of time (days) 
during winter and 
spring where lake level 
is ≥ 27.0 m AHD 
(target = minimal) 

30% n/a 32% n/a 23% n/a 

* The model appears to be targeting a level of 25.75 m AHD for the end of March, rather than 25.6 m AHD.  This appears to 
be due to minor differences between the target level in the operating strategy and the model.  The indicator has not been 
adjusted to account for this difference. 

** The model appears to be targeting a level of 24.503 m AHD in April and May, rather than 24.5 m AHD.  This appears to 
be due to minor difference in the rating table.  The indicator has been adjusted to reflect the slightly higher target level. 

 
Menindee Lakes 
The Menindee Lakes are also a significant cultural and heritage area for Indigenous Australians with 
similar artefacts and threats as Lake Victoria.  However, to date, no operating strategy has been 
developed for the Menindee Lakes to specifically address issues of foreshore vegetation and 
Indigenous heritage. 

Information supplied by State Water (personal communications, Mike Arandt) indicates that the 
operation of the Menindee Lakes does not explicitly consider cultural and heritage issues however 
‘Consent to Destroy’ authorisation is required to exceed the maximum surcharge level in either Lake 
Menindee or Lake Cawndilla. 

The maximum surcharge level for Lake Menindee and Lake Cawndilla is 60.45m AHD which 
corresponds to a volume of 729 GL in Lake Menindee and 705 GL in Lake Cawndilla. 

Based on this advice, the cultural and heritage indicator for the Menindee Lakes is the number of 
instances (events) where lake volume exceeds the maximum surcharge volume in Lake Menindee 
and Lake Cawndilla. 
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Rules within the current model configuration prevent modelled volumes in Lake Menindee and Lake 
Cawndilla exceeding maximum surcharge volumes.  As such, the model results will never be in 
violation of the requirements and this indicator does not need to be assessed. 

Should any of the potential options modify the model to increase the available storage volume in the 
Menindee Lakes or to allow volumes to exceed the maximum surcharge volume the indicator will 
need to be used to assess the cultural and heritage impacts of the option. 

4.4.3.2. Avoid Werai Forest unseasonal flooding 

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. Unseasonal flooding of the Werai Forest is undesirable.  
To assess this, the number of years of undesirable flooding has been assessed in a similar manner 
as for the Barmah-Millewa Forest (Section 3.3.1).  Steven’s Weir was used as the flow site for this 
indicator. 

This indicator has been used to determine benchmark conditions for each of the modelling scenarios.  
Table 4-6 to Table 4-8 show the results for this indicator under each scenario.  Results for natural 
conditions are also shown in Table 4-5 for comparison. 

 Table 4-5: Unseasonal flooding for the (modelled) Natural Scenario. 
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 1 0 0 0 0 1 
3-7 days 2 2 0 0 0 4 
>7 days 0 1 6 2 9 18 
Total by Flow 3 3 6 2 9  
Total years of unseasonal flooding 23 
Total number of years 117 
Total number of events 26 

 

 

 Table 4-6: Unseasonal flooding for the Current Scenario. 
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 7 1 0 0 0 8 
3-7 days 9 9 2 0 0 20 
>7 days 2 8 8 2 5 25 
Total by Flow 18 18 10 2 5  
Total years of unseasonal flooding 53 
Total number of years 117 
Total number of events 107 
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 Table 4-7: Unseasonal flooding for the Medium Climate Change Scenario. 
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 15 1 0 0 0 16 
3-7 days 6 9 2 0 0 17 
>7 days 0 5 10 4 3 22 
Total by Flow 21 15 12 4 3  
Total years of unseasonal flooding 55 
Total number of years 117 
Total number of events 90 

 

 Table 4-8: Unseasonal flooding for the High Climate Change Scenario. 
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 8 1 0 0 0 9 
3-7 days 3 5 0 0 1 9 
>7 days 5 5 5 1 0 16 
Total by Flow 16 11 5 1 1  
Total years of unseasonal flooding 34 
Total number of years 116 
Total number of events 63 

 

 

 

4.4.3.3. Avoid undesirable exceedance of 25,000 ML/day downstream Hume 

The bankfull capacity of the River Murray between Hume and Yarrawonga Weir is 25,000 ML/day.  To 
determine the number of years of undesirable exceedance of channel capacity, flow was extracted at 
Doctor’s Point from 1 January to 30 April.  Declining flow periods exceeding 25,000 ML/day from 
January 1st were eliminated to allow for model adjustment.  The number of years the maximum flow 
during this period exceeded 25,000 ML/day were then counted. 

This indicator has been used to determine benchmark conditions for each of the modelling scenarios.  
Table 4-9 shows the results for this indicator under each scenario.  Note, these exceedances are 
associated with floods and flood pre-releases.  These exceedances are not associated with 
intentional releases of water to meet irrigation demands. 

 Table 4-9: Undesirable Exceedances of 25,000 ML/day downstream of Hume Reservoir. 
Scenario Years Capacity Exceeded (Jan – Apr) 

Number of Years % of Years 

Historical Climate 2 2% 

Medium Climate Change 2 2% 

High Climate Change 1 1% 

 



 
 

       
Barmah Choke Study- Investigation Phase PAGE 51 

4.4.3.4. Avoid undesirable exceedance of capacity of Edward and Gulpa offtakes  

Figure 4-3 (not to scale) shows the arrangement at the Edward River and Gulpa Creek offtakes.  The 
operating capacity of the Edward River offtake was 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.  
The capacity of the Gulpa Creek offtake is 350 ML/day during summer, although during floods the 
regulator is fully opened and up to 750 ML/day can pass down Gulpa Creek. 

To determine the number of years of undesirable exceedance of offtake capacity, flow was extracted 
at the Edward River and Gulpa Creek Offtakes from 1 January to 30 April. Declining flow periods 
exceeding offtake capacity from January 1st were eliminated to allow for model adjustment.  The 
number of years the maximum flow during this period exceeded offtake capacity were then counted. 

These indicators have been used to determine benchmark conditions for each of the modelling 
scenarios.  Table 4-10 and Table 4-11 show the results for these indicators under each scenario. 

 

 Figure 4-3 Edward River system 

 

Mulwala Canal 

 

Tocumwal 

Edward River and 
Gulpa Creek 
offtakes 

Deniliquin 

Steven’s Weir 

Edward River 

Wakool River 

Werai Forest 

Edward Escape 

Wakool Canal 
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 Table 4-10: Undesirable Exceedances of Edward Offtake Capacity (1,600 ML/day). 
Scenario Years Capacity Exceeded 

(Jan – Apr) 

Number of Years % of Years 

Historical Climate 41 35% 

Medium Climate Change 41 35% 

High Climate Change 23 20% 

 

 Table 4-11: Undesirable Exceedances of Gulpa Offtake Capacity (350 ML/day). 
Scenario Days Capacity (350 ML/day) Exceeded 

(Feb – Apr)* 

Number of Days % of Days 

Historical Climate 3440 32% 

Medium Climate Change 3302 31% 

High Climate Change 2611 25% 

* Whilst the official summer target capacity of the Gulpa 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 has been based on the period from February to April. 

4.4.3.5. Maintain hydropower operation at Hume, Yarrawonga and Dartmouth. 

To determine the effect of options on hydropower operation, the annual average GWh of power 
generated at Darmouth was calculated.  Power generation at Hume and Yarrawonga is not calculated 
within the MSM-Bigmod model and as such has not been reported for this study. 

This indicator has been used to determine benchmark conditions for each of the modelling scenarios.  
Table 4-12 shows the results for this indicator under each scenario. 

 Table 4-12: Power generation at Dartmouth Reservoir under each scenario. 
Scenario Average Annual Power Generation (GWh) 

Historical Climate 300 

Medium Climate Change 249 

High Climate Change 76 

 

4.4.3.6. Maintain recreational water levels. 

Lake Mulwala and Euston Weir are both used for recreational boating.  Reductions in water level can 
affect this activity.  The key water level statistics over January to April at Lake Mulwala and Euston 
Weir are calculated over the run period as an indicator of recreational potential. 

This indicator has been used to determine benchmark conditions for each of the modelling scenarios.  
Table 4-13  shows the results for this indicator under each scenario. 
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 Table 4-13: Water level statistics for Lake Mulwala (Jan- Apr) 
Scenario Average Water 

Level (m AHD) 
Median Water 
Level (m AHD) 

Minimum Water 
Level (m AHD) 

95th Percentile Water 
Level (m AHD 

Historical Climate 124.8 124.8 122.5 124.6 

Medium Climate Change 124.8 124.8 122.5 124.6 

High Climate Change 124.6 124.8 121.7 122.5 

 

 

 Table 4-14: Water level statistics for Euston Weir (Jan- Apr) 
Scenario Average Water 

Level (m AHD) 
Median Water 
Level (m AHD) 

Minimum Water 
Level (m AHD) 

95th Percentile Water 
Level (m AHD 

Historical Climate 47.7 47.7 46.8 47.7 

Medium Climate Change 47.7 47.7 47.5 47.7 

High Climate Change 47.7 47.7 45.5 47.7 
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5. Options 
The third and final key objective of the Investigation Phase (Section 1.4) was to propose a shortlist of 
options with the potential to reduce or eliminate the issues associated with the limited capacity of the 
Barmah Choke suitable for further assessment as a part of the Modelling and Assessment Phase. 

This Section addresses this objective, by providing an overview of the types of options and 
recommending a shortlist of options suitable for further investigation. 

5.1. Types of Options 

Options to reduce or eliminate the issues associated with the limited capacity of the Barmah Choke 
can be grouped into four broad categories: 

 Policy options; 

 Mid-river storage options; 

 Upgrade of existing bypass capacity options; and 

 New bypass capacity option. 

Policy options may include new policies or modifications to existing policies.  Such options are aimed 
at enabling the River Murray system to be managed within the limited capacity of the Barmah Choke 
without structural changes. 

Mid-river storage options may comprise either new storages or modification of existing storages.  
Such options are aimed at re-regulating unregulated flows (including rainfall rejections) and providing 
flexibility to meet peak irrigation demands to reduce shortfalls. 

Upgrade of existing bypass capacity options may involve increasing the capacity of the bypass itself, 
the outfall to the bypass or a combination of both.  Such options are aimed at enabling unseasonal 
floods (and potentially peak demands) to be diverted around the Barmah Choke. 

New bypass capacity options will involve constructing a new bypass around the choke.  Similar to the 
upgrade of existing bypasses, such options are aimed at enabling unseasonal floods and peak 
demands to be diverted around the Barmah Choke. 

Whilst the study team identified that it is unlikely that a large scale bypass option would be required to 
manage the issues into the future, it was agreed that this should be demonstrated by modelling and 
assessment, and consequently these options should be included in the suite of options for further 
investigation 

5.2. Identification of Options 

The Discovery Phase of the Barmah Choke Study identified a preliminary list of 22 options (Appendix 
A).  Each of these options has been reviewed in light of the outcomes regarding the significance and 
magnitude of the problem (Section 3). 

The review identified fifteen options as suitable for further assessment as a part of the Modelling and 
Assessment Phase.  Each of the identified options are outlined in the following sub-sections. 
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This list of options may be revised if future consultation identifies additional options which should be 
investigated or determines that an identified option is no longer appropriate. 

5.2.1. Policy Options 

5.2.1.1. “Do Nothing” 

The ‘do-nothing” scenario has been modelled as a part of the Investigation Phase to establish 
benchmark conditions against which the other options can be compared (Sections 3 and 4).  This 
scenario represents the continuation of current operating practices into the future.  Options must 
represent an overall improvement from the ‘do-nothing’ option to be considered for implementation. 

5.2.1.2. Alter the 6-inch Rule to Increase Operational Flexibility 

The 6-inch rule limits the rate of fall at Doctors Point downstream of Hume Reservoir to a maximum of 
6 inches (150 mm) per day.  This rule limits the ability of operators to respond to rapidly changing 
conditions.  The 6-inch rule was put in place to protect the banks from slumping, however recent 
observations suggest that bank slumping is not a primary erosion risk. 

Increasing the maximum rate of fall would enable river operators to respond more rapidly to rainfall 
rejections events, eliminating or reducing the volume of rainfall rejections.  This option is not expected 
to have a significant impact on shortfalls. 

5.2.1.3. Policy Options to Manage within the Capacity of the Barmah Choke 

This option will involve assessing potential modifications to existing operational policies to manage 
within the capacity of the Barmah Choke with no structural changes.  This option may consider a 
range of policy options including: 
 Transferring water to Lake Victoria earlier in the season to allow a lower transfer rate during peak 

irrigation periods. 

 Assessing the potential to transfer water slightly above channel capacity (between 10,600 ML/day 
and 11,000 ML/day) for short durations and under specific circumstances that avoid flooding. 

 Adjusting the rules for Inter-valley Trade Credits, with revised rules developed specifically to 
manage shortfalls. 

Policy options will be targeted to reducing both shortfalls and unseasonal flooding through single or 
multiple policies. 

5.2.1.4. Increased Operational Flexibility in Existing Assets 

This option will assess the potential to increase the operational flexibility of existing assets (e.g. River 
Murray weirs) through mechanisms such as modifying the minimum flow targets and storage targets 
(minimum and other targets).  Depending on the assets investigated this option will be targeted to 
reducing shortfalls and unseasonal flooding. 
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5.2.1.5. Lower Operating Level in Lake Mulwala 

This option will assess the potential to lower the normal operating level of Lake Mulwala.  Lowering 
the normal operating level of Lake Mulwala will increase the available storage, increasing the ability to 
capture and re-regulate rainfall rejections upstream of the Barmah Choke.  This option is not expected 
to have a significant impact on shortfalls. 

The MDBA remains committed to the “Lake Mulwala Land and On-water Management Plan”, which 
had been approved by the former MDBC.  Specifically that plan stated: 

“In the specific case of looking for options to better manage rain rejections at Lake Mulwala in 
order to achieve healthier outcomes in the Barmah-Millewa Forest, there will need to be 
extensive economic and social impact studies, specifically relating to Lake Mulwala.  These 
studies have not been commenced, nor even scoped.” 

In relation to options to better manage rain rejections (all options, including a lower operating level in 
Lake Mulwala), the MDBA will: 
 Complete all necessary environmental, social and economic studies; 

 Consider a wide range of engineering and operational responses; 

 Present the findings of these studies to the community as the basis for meaningful discussion; 

 Hold discussion with the community; and 

 Report the outcomes of those discussions to the Murray Darling Basin Ministerial Council, which 
will determine what, if any, changes to current operating rules will be implemented, including any 
works to facilitate such changes. 

5.2.2. Mid-River Storage Options 

5.2.2.1. Enlarged Storage Capacity at Euston 

This option will assess the potential to enlarge the storage capacity of Euston Weir by lowering the 
minimum storage target and potentially raising the maximum storage level.  Enlarging the storage 
capacity at Euston will enable rainfall rejections and unregulated flows to be harvested and increase 
flexibility to manage peak irrigation demands in the Sunraysia irrigation areas. 

5.2.2.2. Storage at “The Drop” on Mulwala Canal 

“The Drop” on Mulwala Canal is an energy dissipation structure designed to manage flow over a 
sharp fall in land elevation.  This option will assess the potential to construct a storage at “The Drop” 
to re-regulated rainfall rejections and unregulated flows.  This option is not expected to have a 
significant impact on shortfalls. 

5.2.2.3. Construction of a Mid-River Storage 

This option will assess the potential to develop mid-river storage within the Torrumbarry irrigation 
area; one or more of Lake Boga, Kangaroo Lake and Lake Charm.  A mid-river storage within the 
Torrumbarry irrigation area will enable rainfall rejections and unregulated flows to be harvested and 
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increase flexibility to manage peak irrigation demands in the Sunraysia and Torrumbarry irrigation 
areas. 

5.2.3. Upgrade of Existing Bypass Capacity Options 

5.2.3.1. Bullatale Creek Bypass 

This option will assess the potential to use the Bullatale Creek system to bypass high flows around 
the Barmah Choke via the Edward River and Werai Forest.  The potential to use the Tocumwal 
Escape (operated by MIL) on a permanent basis will also be considered.  This option may enable the 
diversion of rainfall rejections and unseasonal floods around the Barmah Choke, and may also be 
used to supplement existing channel capacity to meet peak irrigation demands and reduce shortfalls.  
It may also provide beneficial flooding options to the Eastern Millewa Forest. 

5.2.3.2. Victorian Forest Channel Bypasses 

This option will assess the potential to use the major creek systems on the Victorian side of the 
Barmah Choke (Gulf, Smith and Kynmer Creeks) to bypass high flows around the Barmah Choke.  
This option may enable the diversion of rainfall rejections and unseasonal floods around the Barmah 
Choke and may also be used to supplement existing channel capacity to meet peak irrigation 
demands and reduce shortfalls. 

5.2.3.3. Increased Diversion through the Wakool River 

The MDBA has, on occasion, used the MIL escape to the Wakool River to divert rainfall rejections and 
unseasonal floods around the Barmah Choke.  The ability to transfer water to the Wakool River is 
limited by the capacity of the Wakool escape.  This option will assess the potential to increase the 
capacity of the Wakool escape.  This option may enable the diversion of rainfall rejections and 
unseasonal floods around the Barmah Choke and may also be used to manage shortfalls. 

5.2.3.4. Increased Escape Capacity to the Edward River 

The MDBA currently uses, on occasion, the MIL escape to the Edward River to transfer water around 
the Barmah Choke and to avoid unseasonal flooding.  The ability to transfer water to the Edward 
River is currently limited by the capacity of the escape.  This option will assess the potential to 
increase the escape capacity to the Edward River.  This option may enable the diversion of rainfall 
rejections and unseasonal floods around the Barmah Choke, and may be used to manage shortfalls. 

5.2.3.5. Increase Escape Capacity to Broken Creek 

The MDBA has, on occasion, used the Cobram irrigation system (supplied from the Yarrawonga Main 
Channel) to transfer water around the Barmah Choke via Broken Creek.  The ability to transfer water 
to Broken Creek is limited by channel capacity constraints within the Cobram irrigation system and the 
capacity of the escape.  This option will assess the potential to overcome the channel capacity 
constraints.  This option may enable the diversion of rainfall rejections and unseasonal floods around 
the Barmah Choke and may also be used to supplement existing channel capacity to meet peak 
irrigation demands and reduce shortfalls. 
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5.2.4. New Bypass Capacity Options 

5.2.4.1. Barmah Bypass Channel 

This option will assess the potential for a large scale Barmah Choke bypass; diverting water from 
Yarrawonga Weir to a new discharge point on the River Murray downstream of the Barmah Choke.  
This option may enable the diversion of rainfall rejections and unseasonal floods around the Barmah 
Choke and may also be used to supplement existing channel capacity to meet peak irrigation 
demands and reduce shortfalls. 

5.2.4.2. Murray-Goulburn Interconnector Channel 

This option will assess the potential to construct a new channel from Yarrawonga Weir to the 
Shepparton irrigation district (eastern end).  The channel would be used to supply the Shepparton 
irrigation area from the Murray system, which would generate inter-valley trade credits in the 
Goulburn system that could be used to supply the Murray system downstream of the Barmah Choke.  
This option may be used to increase flexibility to manage peak irrigation demands by increasing the 
volume of inter-valley trade credits.  This option is not expected to have a significant impact on 
unseasonal flooding. 

This option has been proposed by the Victorian Government to address a range of issues.  This study 
will focus on assessing this option in relation to issues and outcomes associated with the Barmah 
Choke only.  This study will not assess any other objectives of the proposed Murray-Goulburn 
Interconnector. 
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6. Conclusions 
The aim of this phase of the Barmah Choke Study was to: determine and quantify the significance of 
the problems associated with the limited capacity of the Barmah Choke; provide indicators and 
benchmark conditions for assessing options; and propose options for further assessment. 

To determine and quantify the significance of the problem associated with the Barmah Choke three 
scenarios were assessed covering current conditions and potential future climate change conditions.  
These scenarios were also used to develop benchmark conditions for assessing options and will be 
used to test the sensitivity and robustness of the options. 

The assessment 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, and South Australia and lead to changes in forest vegetation 
communities of the Barmah-Millewa Forest. 

The assessment found that these problems are likely to persist into the future, including under climate 
change scenarios, which are expected to lead to: 

 An increase in shortfalls, which may increase the frequency of demand rationing to Torrumbarry 
and Sunraysia irrigation areas and restrictions on supply to South Australia. 

This is due to the differential impact of climate change on inflows across the River Murray system.  
Although allocations are reduced under climate change conditions there are still a large number 
of years with allocations high enough for demands in the system to exceed the capacity of the 
Barmah Choke.  This is then exacerbated by the impact of the large reduction in inflows to the 
River Murray between the Barmah Choke and the Darling River which are reduced more than 
upper system inflows.  This results in greater reliance on regulated releases from upper system 
storages. 

 A reduction in the frequency and severity of unseasonal flooding, reducing the impact of 
unseasonal flooding on the forest. 

This is due to a reduction in the frequency of large unexpected rainfall events, reducing the 
frequency of irrigation rejections and unexpected tributary inflows. 

Despite the reduction in the frequency of unseasonal flooding it is unlikely that the forest will be 
able to return to natural conditions, as the flood characteristics (volume and duration) remain very 
different to those observed under natural conditions. 

The assessment results did however show that the issues associated with the Barmah Choke are not 
as large as sometimes portrayed, and that overcoming or addressing the issues may not require the 
big ‘bypass’ options that are sometimes considered. 

Whilst the study team identified that it is unlikely that a large scale bypass option would be required to 
manage the issues into the future, it was agreed that this should be demonstrated by modelling and 
assessment, and consequently these options should be included in the suite of options for further 
investigation. 
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The Discovery Phase of the Barmah Choke Study identified a preliminary list of 22 flow enhancement 
options.  Based on the outcomes of this report, fifteen options have been identified as suitable for 
further investigation. 

The identified options are: 

 Policy options: 

1) “Do nothing”; 

2) Alter the 6-inch rule to increase operational flexibility; 

3) Policy options to manage within the capacity of the Barmah Choke; 

4) Increased operational flexibility in existing assets; 

5) Lower operating level in Lake Mulwala; 

 Mid-river storage options: 

6) Enlarged storage Capacity at Euston; 

7) Storage at “The Drop” on Mulwala Canal; 

8) Construction of a mid-river storage; 

 Upgrade of existing bypass capacity options: 

9) Bullatale Creek bypass; 

10) Victorian forest channel bypasses; 

11) Increase diversion through the Wakool River; 

12) Increased escape capacity to the Edward River; 

13) Increase escape capacity to Broken Creek; 

 New bypass capacity options: 

14) Barmah Bypass Channel; and 

15) Murray-Goulburn Interconnector Channel. 

Based on the outcomes of the Investigation Phase, it is recommended that the Barmah Choke Study 
proceed and investigate each of the fifteen identified options in further detail as a part of the Modelling 
and Assessment Phase. 
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APPENDIX A: Preliminary Options List 
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 APPENDIX B: System Constraints 
 Table B- 1: Constraints within the Murray System and how they are modelled in MSM-Bigmod. 

Feature Further 
Description 

Physical/ 
Operational 
Constraint 

Approximate Capacity Modelled capacity in 
MSM BIGMOD 

Variable/ 
Fixed/ 
Conditional 

Upstream Yarrawonga Weir 
Channels 

Mitta-Mitta River 
Dartmouth - Hume 

 Physical Preference is to operate below 7,000 ML/day. Can raise to 
10,000 ML/day without negotiation with landholders. Can raise to 
10,400 ML/day with agreement of landholders, however at these 
flows and velocities bank integrity is at risk.   

 Variable 

River Murray Hume 
Reservoir – Lake 
Mulwala 

 Physical 25,000 ML/day at Doctor’s Point/Albury MSM: 25,000 ML/day 
at Albury 

Fixed 

Storages 

Hume Reservoir  Operational Six-inch rule, which restricts the rate of reduction in releases from 
Hume Reservoir to a maximum of six inches (150 mm) per day at 
Doctors Point, is currently under review.  

 Conditional 
on option 

Barmah-Millewa Forest Area 
Channels 

Barmah Choke Narrow section of 
the River Murray 
through the 
Barmah-Millewa 
Forest 

Physical  10,600 ML/day at downstream Yarrawonga Weir 
The capacity of the Barmah Choke has been thought to have been 
declining in recent years.  A detailed investigation as a part of this 
study found that the capacity of the Barmah Choke has remained 
constant at 2.57 m at Picnic Point or 8,000 ML/day at Barmah.  This 
corresponds to a flow of 10,600 ML/day at downstream Yarrawonga 
Weir.  See Section 3.1for more detail. 

MSM: 10,200 at 
downstream 
Yarrawonga Weir Jan-
May; Greater capacity 
in Jun-Dec reaching up 
to 22,000 in Nov. 

Conditional 
on option  
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Feature Further 
Description 

Physical/ 
Operational 
Constraint 

Approximate Capacity Modelled capacity in 
MSM BIGMOD 

Variable/ 
Fixed/ 
Conditional 

Yarrawonga Main 
Channel 

Channel from 
Yarrawonga Weir to 
Broken Creek 

Physical 3,100 ML/day 
Murray Bulk Entitlements (Entitlements to Murray, Schedule 4) 
refers to maximum capacity of 3,100 ML/day. Historically flows as 
high as 3,325 ML/day (based on operational data) recorded but this 
only possible by running channel too high resulting in flooding at 
road crossings. Maximum capacity of channel can be reduced by 
weed growth. In the past, weeds have been chemically treated but 
in recent years the use of chemicals has been discouraged because 
of environmental concerns and/or has not been necessary due to 
lower diversion requirements. Trade, lower overall allocations, 
changes in irrigation crop cultures and installation of the Cobram 
No. 1 pump will influence diversions in the future.  3,100 ML/day is 
adopted as a maximum capacity. 

 Fixed but 
Conditional 
on option 

Regulators 

Mary Ada Regulator  Physical 3,000 ML/day 
Can start to use regulator at ~10,400 ML/day downstream 
Yarrawonga Weir, but typically only use once flow exceeds 
11,000 ML/day. Capacity of regulator is reached at 32,000 ML/day 
downstream Yarrawonga Weir (personal communications. Mick 
Caldwell, DSE Vic). 

 Fixed 

Gulf Creek Regulator  Physical 3,000 ML/day 
Can start to use regulator at ~10,400 ML/day downstream 
Yarrawonga Weir, but typically only use once flow exceeds 
11,000 ML/day.  Capacity of regulator is reached at 32,000 ML/day 
downstream Yarrawonga Weir (personal communications. Mick 
Caldwel, DSE Vic). 

 Fixed 

Storages 

Lake Mulwala  Physical 118,000 ML   Fixed 
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Feature Further 
Description 

Physical/ 
Operational 
Constraint 

Approximate Capacity Modelled capacity in 
MSM BIGMOD 

Variable/ 
Fixed/ 
Conditional 

Lake Mulwala  Operational Minimum operating level 124.6 mAHD.  Full supply level (FSL) 
124.9 mAHD. Sometimes surcharged to 125.15 mAHD (e.g. in 
summer to prevent a rain rejection resulting in flooding of the 
downstream Barmah-Millewa Forest). 
In the irrigation season generally operated between 124.75 and 
125.15 mAHD (124.75 mAHD is required to maintain a flow rate of 
3,100 ML/day to the Yarrawonga Main Channel with low weed 
growth.  With high weed growth 124.85 mAHD is required). 

BIGMOD: Operating 
range between 122.5 – 
125.1 mAHD 

Variable but 
Conditional 
on option 

Edward-Wakool River System 
Channels 

Mulwala Canal at 
Yarrawonga 

Channel from 
Yarrawonga Weir to 
Yallakool Creek 

Physical 10,000 ML/day BIGMOD: 10,000 
ML/day 

Fixed but 
Conditional 
on option 

Mulwala Canal at 
Deniliquin 

Channel from 
Yarrawonga Weir to 
Yallakool Creek 

Physical 4,000 ML/day (nominal) to 5,000 ML/day (estimated actual)  Fixed but 
Conditional 
on option 

Wakool Canal Canal off Edward 
River at Steven’s 
Weir 

Physical 2,300 ML/day  Fixed 

Gulpa Creek offtake Offtake for Gulpa 
Creek from Murray 
River at Picnic Point 

Physical 350 ML/day regulated release (applies in irrigation season), 
750 ML/day when flooding in spring 

 Variable 

Edward River offtake Offtake for Edward 
River from Murray 
River at Picnic Point 

Physical 1,600 ML/day (reduced in recent years from 2,000 ML/day to 
address concern of damage done to forest due to high water levels)  

 Fixed 

Edward River Downstream of 
Stevens Weir 

Physical 2,900 ML/day  Fixed 

Escapes 

Wakool Escape Intersection of 
Wakool River and 
Mulwala Canal 

Physical 500 ML/day  Fixed 
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Feature Further 
Description 

Physical/ 
Operational 
Constraint 

Approximate Capacity Modelled capacity in 
MSM BIGMOD 

Variable/ 
Fixed/ 
Conditional 

Edward Escape Intersection of 
Edward River and 
Mulwala Canal 

Physical 2,100 ML/day to 2,400 ML/day depending on time of year BIGMOD: May-
September 
2,100 ML/day; October 
to April 2,400 ML/day 

Variable 

Finley Escape Intersection of 
Billabong Creek and 
Mulwala Canal 

Physical Capacity of Billabong Creek 250 ML/day  Fixed 

Gunbower Koondrook-Perricoota Forest Area 
Channels 

National Channel Channel from 
Torrumbarry Weir to 
Torrumbarry 
Irrigation Area 

Physical 4,200 ML/day 
Murray Bulk Entitlements (Entitlements to the Murray, Schedule 4) 
refers to maximum capacity of 4,200 ML/day. Historically flows as 
high as 4,660 ML/day (based on operational data) recorded but this 
only possible by surcharging Torrumbarry Weir pool by up to 0.15 m 
above FSL (86.05 mAHD). Following construction of the new 
Torrumbarry Weir surcharging is prohibited. Murray BE makes 
reference to influence of weir pool on diversion capacity. Installation 
of Woorinen Pumps now means water that was diverted via the 
National Channel to service this area is no longer required although 
there is an environmental offset required. Lower overall allocations, 
water trading and changes in irrigation crop cultures will impact on 
future diversions.  Adopt 4,200 ML/day as maximum capacity. 

 Fixed 

Escapes 

Pericoota Escape Upstream of 
Torrumbarry Weir 

Physical 200 ML/day  Conditional 
on option 

Goulburn System 
Channels 
Broken Creek between 
Waggarandall Weir and 
Katamatite 

 Physical 30 ML/day to 40 ML/day  Variable 



 
 

       
Barmah Choke Study- Investigation Phase PAGE 68 

Feature Further 
Description 

Physical/ 
Operational 
Constraint 

Approximate Capacity Modelled capacity in 
MSM BIGMOD 

Variable/ 
Fixed/ 
Conditional 

East Goulburn Main 
Channel at Lake 
Nagambie 

 Physical 2,600 ML/day 
The Goulburn Bulk Entitlement specifies a maximum capacity of 
2,600 ML/day although historically a flow as high as 2,697 ML/day 
has been achieved.  The maximum diversion relies on a high 
demand upstream of the Broken River syphon which represents a 
downstream capacity constraint.  Adopt 2,600 ML/day. 

 Fixed 

East Goulburn Main 
Channel at Broken 
Creek outfall 

 Physical 300 ML/day 
Maximum outfall capacity is regarded as 300 ML/day but this 
depends on demand within Shepparton Irrigation Area. Two other 
Shepparton outfalls (Hicks & Hollands) used in recent years to inject 
water at short notice into lower reaches of Broken Creek to address 
water problems such as low dissolved oxygen levels. Adopt 300 
ML/day but note this may not always be available. 

 Fixed 

Escapes 
Broken Creek Escape Yarrawonga Main 

Channel outfall to 
Broken Creek 

Physical 300 ML/day 
This is the maximum capacity of all Murray Valley Irrigation Area 
channel outfalls. The Area Manager has advised that this is 300 
ML/day but in practice this is not possible if there are internal 
channel capacity constraints once a strong irrigation demand 
emerges.  Historically, the maximum supplement to Broken Creek 
from Murray Valley Irrigation Area channel outfalls has been in the 
spring prior to an irrigation demand starting.  Adopt 300 ML/day but 
note this may not be available. 

MSM: 0 in June to 54 
in April. 

 

Conditional 
on option 

Storages 
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Feature Further 
Description 

Physical/ 
Operational 
Constraint 

Approximate Capacity Modelled capacity in 
MSM BIGMOD 

Variable/ 
Fixed/ 
Conditional 

Lake Eildon storage 
outlet 

Goulburn River 
downstream of 
Eildon flood 
constraint 

Physical 10,000 ML/day 
Historically maximum regulated release downstream of Eildon 
regulating pondage has been taken to be 10,000 ML/day. This 
release requires high irrigation demand otherwise excess releases 
flow past Goulburn Weir which is avoided at all costs. In 1967/68 
drought when Snowy Scheme had not been completed Eildon 
supported the Murray System and releases as high as 12,000 
ML/day were made from Eildon. AGL Hydro has an entitlement at 
Eildon which sometimes results in releases greater than those 
required to satisfy irrigation demand. There have been a few 
occasions when combined irrigation and hydro releases have 
exceeded 10,000 ML/day.  At 10,000 ML/day water starts to escape 
from the river causing some minor nuisance flooding mainly relating 
to access. Higher river losses are associated with higher releases. 
Adopt 10,000 ML/day as maximum regulated release. 

 Fixed 

Goulburn Weir  Operational Operated close to FSL (124.24 mAHD) to allow for maximum 
diversion into Stuart-Murray Canal, Cattanach Canal and East 
Goulburn Main Channel. 

 Variable 

Downstream Swan Hill 
Storages 

Euston Weir Mid-Murray Storage Physical 36,860 ML 
This weir is to be upgraded in next 2-2.5 years.  FSL and capacity to 
be reviewed.  Is an option as a mid river storage for this project. 

BIGMOD: 37,500 ML Fixed but 
Conditional 
on option 

Lake Victoria Lower Murray 
storage 

Physical 677,000 ML BIGMOD: 676,650 ML Fixed 

Lake Victoria storage 
outlet 

 Physical 8,000 ML/day at current operational level, up to 10,000 ML/day with 
river protection works.  Reduced at lower lake levels. 

 Variable 
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Deniliquin

Tocumwal

Lake Mulwala

Barmah Choke

Barmah-Millewa ForestMurray River

Campaspe River

Goulburn River

Broken Creek

Yarrawonga Weir

6-inch 
rule

4 day 
delivery 

time
Choke capacity 
= 8,000 ML/d (at Barmah)

YMC capacity = 3,100 ML/d

Mulwala Canal

Yarrawonga Main Channel

Edward River

Werai Forest

Edward Escape Capacity = 2,400 ML/d 
(during irrigation season)

Active storage 
capacity = 16 GL

Mulwala Canal capacity 
= 10,000 ML/d

Channel capacity 
= 25,000 ML/d

 

 Figure B- 1: Constraints affecting achievement of Objective 1: Reduce the incidence, extent and magnitude of undesirable flooding 
of the Barmah-Millewa Forest, thereby improving forest health and reducing water losses whilst maintaining the beneficial aspects 
of the Barmah Choke to the Barmah-Millewa Forest. 
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Barmah Choke

Barmah-Millewa 
Forest

Edward River

Murray River

Murray Mouth

Goulburn River

Lake Eildon

Lake Victoria

Menindee Lakes

Euston 
Weir

Choke capacity 
= 8,000 ML/d (at Barmah)

14 day delivery time

Active 
storage 
capacity 
= 4 GL

Goulburn environmental flows

Capacity 
= 680 GL

Capacity 
= 1,680 GL

Minimum SA flow 
= 58 GL/month

Lake Boga
Active storage 
capacity = 25 GL

4 days

5 days2 days

Murrumbidgee River 28 days

 

 Figure B- 2: Constraints affecting achievement of Objectives 2, 3, 4, 5: Reduce the incidence and magnitude of shortfalls arising 
from insufficient capacity for bulk water transfers to Lake Victoria and due to periods of peak demand; increase conservation of 
resources by delaying transfers of water from the upper Murray to Lake Victoria; and, potentially enable further trade from 
upstream of the Choke to downstream. 
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Appendix C: Modelling of Unseasonal Flooding Events 

A.1 Introduction 

A.1.1 Lake Mulwala operational policy 
The ability of operators to divert flows to the Yarrawonga Main Channel is dependent on levels in 
Lake Mulwala. 

Lake Mulwala operating rules give the minimum operating level to be 124.6 m AHD and the full 
service level to be 124.9 m AHD; however it is noted that the level can be surcharged to 125.15 m 
AHD if necessary (for example, to avoid unseasonal flooding). 

According to the operating rules, during the irrigation season Lake Mulwala is generally operated 
between 124.75 m AHD and 125.15 m AHD.  A level of 124.75 m AHD is required to maintain a flow 
of 3,100 ML/day in Yarrawonga Main Channel with low weed growth; however a level of 124.85 
mAHD is required at high weed growth. 

A.1.2 Representation of Lake Mulwala operations in MSM-Bigmod 
MSM calculates the monthly diversions to Mulwala Canal and the Yarrawonga Main Channel.  The 
monthly diversions are then disaggregated to daily diversions by Modflow using an historical pattern 
of daily demands. 

Bigmod uses a formula to calculate the order at Doctor’s Point based on current day demands to 
Yarrawonga Main Channel and Mulwala Canal, current day level in Lake Mulwala and current day 
inflows from the Ovens River.  Bigmod then adjusts (increases or decreases) the order at Doctor’s 
Point so that the level in Lake Mulwala would reach a defined target level in 6 days time (assuming no 
changes in inflows, demands or losses. 

Bigmod routes flows through the system, performing a water balance on every reach of the model for 
each time step, attempting to satisfy the order at Doctor’s Point.  The ability of the model to satisfy the 
order is constrained by the 6-inch rule when flows are falling. 

The Lake Mulwala target level in Bigmod is based on the Operational Policy; if diversions to 
Yarrawonga Main Channel are greater than 2,000 ML/day the target level is 124.65 m AHD; if 
diversions to Yarrawonga Main Channel are greater than 2,800 ML/day the target level is 124.80 m 
AHD. 

Bigmod’s calculation of order at Doctor’s Point does not attempt to predict any changes in demands, 
inflows or losses for future days.  In addition, the calculation does not make allowances for water 
released from Hume Reservoir over the last three days which is already in transit to Lake Mulwala. 

Unlike the model operators can, to some extent, predict changes in demands and inflows several 
days ahead and adjust orders at Doctor’s Point accordingly.  A realistic aim for the model is to provide 
a reasonable match to unseasonal flood flows downstream of Yarrawonga and a reasonable match to 
levels in Lake Mulwala in the days leading up to potential unseasonal flooding events. 
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It should be recognised however that it is very difficult for a model to completely replicate the 
forecasting behaviour of operators who have other data (such as irrigator orders and weather 
forecasts) at their disposal. 

A.1.3 Structure of this Appendix 
Section C.2 checks the performance of MSM-Bigmod prior to making any change by comparing the 
modelling of unseasonal flooding events and Lake Mulwala levels with recorded data. 

From these comparisons a number of possible modifications to improve the modelling of unseasonal 
flooding are identified and tested in Section C.3. 

The outcomes of the testing were used to develop a set of recommended modifications.  The 
performance of a revised version MSM-Bigmod incorporating the recommended modifications is 
checked in Section C.4. 

A.2 Performance of original version of MSM-Bigmod 
Data for a number of modelled and recorded unseasonal flooding events between 2001 and 2006 
was sourced and analysed to investigate the cause of unseasonal flooding events and the differences 
between the modelled and recorded data. 

The outcomes of this investigation are discussed in the following sub-sections on an event basis. 

A.2.1 January 2001 
Figure C- 1 shows the modelled and recorded data for the January 2001 unseasonal flooding event.  
This event was observed in both the modelled and recorded data.  In both cases the unseasonal 
flooding event appears to be due to a delayed response to a decrease in diversions to Mulwala Canal 
and Yarrawonga Main Channel. 

As can be seen, the model performs reasonably well for this unseasonal flooding event, and the 
modelled and observed peaks in flow at Tocumwal are similar in peak magnitude and duration. 
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 Figure C- 1: Modelled and recorded data for the January 2001 unseasonal flooding event (modelled 
and recorded) and March 2001 unseasonal flooding event (modelled only). 

A.2.2 March 2001 
Figure C- 1 shows the modelled and recorded data for the March 2001 unseasonal flooding event.  
This event was observed in the modelled data only.  The modelled unseasonal flooding event 
appears to be due to a delayed response by the model to a decrease in diversion to Mulwala Canal 
and Yarrawonga Main Channel. 

As can be seen, the model is not performing well over this period, modelling a large unseasonal flood 
which did not actually occur.  In this case the operators appear to have been able to forecast the 
potential flood event ahead of time and were able to reduce diversions from around 11 March 2001.  
Bigmod does not have this predictive capacity and diversions therefore are not reduced until about 21 
March, the first day that diversions to Mulwala Canal and Yarrawonga Main Channel are reduced. 

The model also appears to overestimate the level in Lake Mulwala in the lead up to the March 2001 
event. 

A.2.3 March 2002 
Figure C- 2 shows the modelled and recorded data for the March 2002 unseasonal flooding event.  
This event was observed in both the modelled and recorded data.  In both cases the unseasonal 
flooding event appears to be due to a delayed response to a decrease in diversions to Yarrawonga 
Main Channel. 
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As can be seen the model performs acceptably during this period, accurately predicting the 
unseasonal flooding event, however the magnitude of the event is underestimated. The cause of the 
underestimation is the disaggregation procedure that is used to convert monthly estimates of Mulwala 
Canal Diversions to daily values for use in Bigmod. 

In March 2002, the MSM estimates of monthly diversions to Mulwala are lower than recorded 
diversions. When recorded diversions to Mulwala are reduced by approximately 4300 ML/day 
between 25 and 27 March 2002, the pattern of diversions follows in the model but the absolute 
reduction in diversions over the same 2 day period is only 2800 ML/day.  The model therefore 
underestimates the magnitude of the unseasonal flood when compared with the observed unseasonal 
flood. 
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 Figure C- 2: Modelled and recorded data for the March 2002 unseasonal flooding event (modelled 
and recorded). 

 

A.2.4 December 2003 
Figure C- 3 shows the modelled and recorded data for the December 2003 unseasonal flooding 
event.  This event was observed in both the modelled and recorded data.  In both cases the 
unseasonal flooding event appears to be due to high inflows from the Ovens River. 

As can be seen the model performs adequately during this period, accurately predicting the 
unseasonal flooding event, however the magnitude of the event is overestimated.  It appears that the 
operators proactively held the storage level in Lake Mulwala at around 124.7 m AHD through mid-
December, resulting in a lower peak flow downstream of Yarrawonga during the event. 
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 Figure C- 3: Modelled and recorded data for the December 2003 (modelled and recorded), January 

2004 (modelled only) and March-April 2004 unseasonal flooding events (modelled only). 

A.2.5 March - April 2004 
Figure C- 3 shows the modelled and recorded data for the April 2004 unseasonal flooding event.  This 
event was observed in the modelled data only.  The modelled unseasonal flooding event appears to 
be due to a delayed response to a decrease in diversions to Mulwala Canal and Yarrawonga Main 
Channel and modelled Lake Mulwala level being too high. 

As can be seen the model does not perform well during this period, predicting an unseasonal flooding 
event which did not actually occur. 

The observed diversions to Mulwala Canal during this event show a reduction of 250 ML/day in 
diversions between 31 March and 1 April 2004 (from 5050 ML/day to 4800 ML/day).  However, in 
disaggregating daily flows from MSM to daily flows for use in Bigmod, Modflow produces a reduction 
in diversions to Mulwala Canal of 3705 ML/day between 31 March and 1 April 2004 (from 7026 to 
3321 ML/day). 

This is a large contributor to the apparent unseasonal flooding event produced by the model, which 
peaks at a modelled value of 13600 ML/day immediately downstream of Yarrawonga (about 
3400 ML/day greater than modelled channel capacity to avoid unseasonal flooding of the forest). The 
modelled unseasonal flooding event in this case has been caused by the methods used in the model 
to disaggregate the monthly flows produced by MSM to daily flows for use in Bigmod. 

The model also appears to overestimate the level in Lake Mulwala in the lead up to the event, which 
contributed to the occurrence of the unseasonal flooding event. 
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The early parts of this same modelled unseasonal flooding event (from 17 March through 31 March 
2004) are caused by a similar problem. MSM is overestimating the monthly volume of diversions to 
both Mulwala Canal and Yarrawonga Main Channel during March 2004.  Relatively small reductions 
in actual diversions are therefore amplified in the diversions used in Bigmod because the daily pattern 
is applied to the monthly volume calculated by MSM.  This causes the model to produce a minor 
unseasonal flooding event (peaking at approximately 11600 ML/day) prior to the peak of the modelled 
unseasonal flooding event in early April. 

The model produces a similar minor unseasonal flooding event in mid-January, which is also caused 
by MSM over-estimating monthly Mulwala Canal diversions for January and this then being reflected 
in a larger change in flows between 14 and 17 January than was actually observed. 

A.2.6 February and March 2005 
Figure C- 4 shows the modelled and recorded data for the February 2005 unseasonal flooding event 
and the March 2005 unseasonal flooding event. 

The February 2005 unseasonal flooding event was observed in both the modelled and recorded data.  
In both cases the unseasonal flooding event appears to be due to high inflows from the Ovens River. 
As can be seen the model performs reasonably well during this period, accurately predicting the 
rainfall rejection event. 

The March 2005 unseasonal flooding event was observed in the modelled data only. In this case, the 
disaggregation of monthly data to daily produces a large change in modelled diversions to Mulwala 
Canal between 28 February and 1 March 2005 that was not observed in the recorded diversion data. 
The modelled change in diversions of 6170 ML/day between the two months was the cause of the 
subsequent modelled rainfall rejection event and was not consistent with observed diversion data 
(which showed an increase of 150 ML/day between 28 February and 1 March 2005). 
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 Figure C- 4: Modelled and recorded data for the February 2005 unseasonal flooding event (modelled 

and recorded) and the March 2005 unseasonal flooding event (modelled only). 

A.2.7 March 2006 
Figure C- 5 shows the modelled and recorded data for the March 2006 unseasonal flooding event.  
This event was observed in the modelled data only. 

The larger second peak of the modelled unseasonal flooding event occurs just after 1 April 2006. This 
corresponds to a reduction in modelled diversions to Mulwala Canal of 3250 ML/day between 31 
March and 1 April 2006 (from a modelled diversion of 7030 ML/day to 3780 ML/day). This large 
change in diversions was due to the method for disaggregation of monthly diversion data from MSM 
to daily data that is used in Modflow.  The observed diversions to the Mulwala Canal reduce by only 
250 ML/day between 31 March and 1 April 2006 (from 7400 ML/day to 7150 ML/day) and do not 
result in an unseasonal flooding flow downstream of Yarrawonga. 

The first peak in flow downstream of Yarrawonga, which is smaller than the later peak, is slightly more 
difficult to diagnose.  In this case it appears that Lake Mulwala was operated at a lower level 
(approximately 124.7 m AHD) than the model would have expected for this time of year and required 
diversions into Yarrawonga Main Channel.  The operators appear to have taken action to reduce 
flows at Doctor’s Point and increase airspace in Lake Mulwala in anticipation of this event, which the 
model was not able to replicate. 
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 Figure C- 5: Modelled and Recorded data for the March 2006 unseasonal flooding event (modelled 

only). 

A.2.8 Summary and Discussion 
Table C- 1 lists all of the unseasonal flooding events analysed in this report and summarises the 
performance of the current version of MSM-Bigmod and the likely cause of errors in model 
performance. 
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 Table C- 1: Summary of model performance for unseasonal flooding events between January 2001 

and April 2006 

Month & 
Year 

Was event 
recorded? 

Was event 
modelled? 

Comments on model 
performance 

Likely cause of errors in 
model performance 

Jan 2001 Yes Yes Model performs very well None 
Mar 2001 No Yes Model shows 

16000 ML/day flow at 
Yarrawonga that did not 
actually occur 

Operators appear to have 
predicted a reduction in 
demand ahead of time, 
which is not captured by the 
model. 

Mar 2002 Yes Yes Model correctly shows the 
occurrence of event but 
underestimates the 
magnitude. 

MSM underestimates 
Mulwala Canal diversions for 
Mar 2002, causing a smaller 
change in diversions than 
actual for a few days within 
Mar 2002. 

Dec 2003 Yes Yes Model correctly shows the 
occurrence of event but 
overestimates the 
magnitude 

Operators proactively held 
Lake Mulwala a little lower 
until late Dec 2003, reducing 
the observed peak 
compared with the model 

Jan 2004 No Yes Model shows 
13200 ML/day flow DS 
Yarrawonga that did not 
actually occur 

MSM overestimates Mulwala 
Canal diversions for Jan 
2004, causing a larger 
change in diversions than 
actual for a few days within 
Jan 2004. 

Mar-Apr 
2004 

No Yes Model shows 
13600 ML/day flow DS 
Yarrawonga that did not 
actually occur 

Step change in modelled 
diversions for Mulwala Canal 
and Yarrawonga Main 
Channel at start of Apr 2004 

Feb 2005 Yes Yes Model performs well None 
Mar 2005 No Yes Model shows 

15500 ML/day flow DS 
Yarrawonga that did not 
actually occur 

Step change in modelled 
diversions for Mulwala Canal 
at start of Mar 2005 

Mid-Mar 
2006 

No Yes Model shows 
13100 ML/day flow at 
Yarrawonga that did not 
actually occur 

Operators appear to have 
predicted a reduction in 
demand ahead of time, 
which is not captured by the 
model. 

Apr 2006 No Yes Model shows 
14600 ML/day flow DS 
Yarrawonga that did not 
actually occur 

Step change in modelled 
diversions for Mulwala Canal 
at start of Apr 2006 

 

 

Ten events of unseasonal flooding were identified by MSM-Bigmod between January 2001 and April 
2006. Of these ten events: 

 2 events: model performed well and matched the recorded unseasonal flooding 

 3 events: model produced an event that did not occur at all, due to a step change in diversions 
occurring between the end of one month and the start of the next. 
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 1 event: model produces an unseasonal flooding event that did occur but its magnitude was over-
estimated due MSM overestimating the monthly diversions and due to the method of 
disaggregating monthly flows used in MSM-Bigmod 

 1 event: model produces an unseasonal flooding event that did occur but its magnitude was 
under-estimated due MSM underestimating the monthly diversions and due to the method of 
disaggregating monthly flows used in MSM-Bigmod. 

 3 events: model over estimated the size of unseasonal flooding because operators proactively 
reduced releases in response to an expected reduction in demand. 

A.3 Testing of possible changes to modelling of Lake Mulwala 
Comparison with observed unseasonal flooding and Lake Mulwala recorded level data reveals that 
MSM-Bigmod was not adequately reproducing the magnitude and occurrence of unseasonal flooding 
events and overestimates level in Lake Mulwala. 

Discussions were held between operators and modellers to discuss how the model might be modified 
to improve its performance in modelling unseasonal flooding events. 

Four possible areas of improvement were identified from these discussions and from an inspection of 
the comparison between modelled and observed events: 

 Modification of the Modflow routine to avoid step changes in diversions occurring between the 
end of one month and the start of the next; 

 Modification of the target level for Lake Mulwala to improve the modelling of Lake Level; 

 Modification of the calculation of order at Doctor’s Point to incorporate the prediction of future 
changes in demands; and 

 Modification of the calculation of order at Doctor’s Point to allow for releases of water already in 
transit. 

These four possible improvements were tested in the MSM-Bigmod model and the results of the 
modelling compared with the observed data for the irrigation seasons of 2001 through 2006.  The 
results of these comparisons are discussed in this section. An approach for revising MSM-Bigmod 
was adopted that resulted in substantial improvement in the modelling of unseasonal flooding events. 
These results are discussed in Section C.4. 

A.3.1 Disaggregation of monthly demands to daily in MSM-Bigmod 
From the comparisons between modelled and recorded unseasonal flooding events it appears that 
the overestimation of unseasonal flooding events by the model is at least partially an artefact of the 
process of dividing the monthly time series of diversions to meet demands in MSM to daily diversion 
requirements in Bigmod using a daily pattern (which occurs in the Modflow routine). 

This approach of deriving the daily demands causes sharp step changes in modelled diversions 
between flows on the last day of one month and the first day of the next, which is not reflective of 
observed flows.  Such a step change for Mulwala Canal and/or Yarrawonga Main Channel diversions 
looks like an unseasonal flooding event to Bigmod, producing apparent unseasonal flooding events in 
the model that are not real. 
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The above cause of the model over-predicting unseasonal flooding events can be corrected in MSM-
Bigmod by modifying the disaggregation routine in Modflow.  This would involve a gradual ramping up 
or ramping down of the disaggregated daily diversion patterns over the last few days and first few 
days of each month so that large apparent drops in demand do not occur in the model inputs for 
Mulwala Canal and Yarrawonga Main Channel diversions. 

The method of disaggregation of monthly demands can cause other differences between modelled 
and observed rainfall rejection events where there is a large difference between the model’s estimate 
of total monthly diversion and the total monthly diversion that was actually delivered.  This will lead to 
errors in over or under predicting individual rainfall rejection events. 

In the model period between January 2001 and April 2006 there was one event where the unseasonal 
flood peak was over predicted by the model and one event where the unseasonal flood peak was 
under predicted.  On balance across the whole period of the model run, the number and magnitude of 
rainfall rejection events is likely to be correctly estimated by the model. 

Modflow was modified to spread the change in flow between months across multiple days.  The 
method used was to determine the difference between the last day of one month and the first day of 
the next month.  This difference was then averaged out over a number of days and linearly applied to 
the series.  The equations for this application are outlined below. 
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Where: 
F(t) = the new daily flow series over the adjusted period 
f() = the initial flow series after/before the 1st day of the month 
i = number of days prior to count forward and back into the month 
Δf = the flow difference between the first day of the new month and the last day of the previous month 
n = number of days at end of one month (= number of days at the start of the next month) for flows to 
be smoothed over. 

If the flow for any day across the change period becomes negative then the flow is set to zero and the 
remainder of the flow is removed from the other days evenly. 

The model was run with n set to 4 days, so that step changes in flow were smoothed over the last four 
days of one month and the first four days of the following month (a total of 8 days).  The outcomes of 
these changes are discussed in the following sub-sections to compare with the original ModFlow 
series (Section C.2). 

The following three figures (Figure C- 6 to Figure C- 8) compare the original Modflow modelled flow 
downstream of Yarrawonga and flow into Mulwala Canal with the revised Modflow modelled flows.  It 
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can be seen that where there originally were major unseasonal flooding events caused by changes 
between each monthly flow the peaks have now been flattened and the “cliff” changes in the Mulwala 
Canal flow have been attenuated.  Figure C- 7 shows the change between the original and the 
modified ModFlow clearly with a significant reduction in the peak of unseasonal flooding caused by 
the change in the monthly flows. 

The approach of smoothing step changes that had occurred across the month boundaries in Modflow 
over a period of 8 days has been largely successful at reducing the occurrence and magnitude of 
these false unseasonal flooding events. It is therefore recommended that the revised version of 
Modflow, implementing the smoothing of step reductions in inflows for Mulwala Canal and 
Yarrawonga Main Channel across several days, be implemented in the modelling to more accurately 
reflect the prevalence and magnitude of rainfall rejection events in the model outputs. 
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 Figure C- 6: March 2004 rainfall rejection. 
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 Figure C- 7: March 2005 rainfall rejection. 
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 Figure C- 8: March 2006 rainfall rejection. 

A.3.2 Modifying the target level for Lake Mulwala in MSM-Bigmod 
Data from the operational spreadsheets was investigated to determine if there is a relationship 
between Lake Mulwala level and Yarrawonga Main Channel diversions.  Data for three irrigation 
season was sourced; 2005/06; 2004/05 and 2003/04, and is shown in Figure C- 9 (2005/06), Figure 
C- 10 (2004/05) and Figure C- 11 (2003/04). 

Note that periods of rainfall rejections and all periods of very low (less than 1,600 ML/day) diversions 
to Yarrawonga Main Channel have been excluded from the data sets in developing these plots so that 
possible lake levels during typical operating periods prior to rainfall rejection events can be 
investigated. 

This investigation found that there was no observable relationship between Lake Mulwala level and 
Yarrawonga Main Channel diversions. 
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 Figure C- 9: Lake Mulwala level versus Yarrawonga Main Channel diversions for the 2005/06 

irrigation season. 
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 Figure C- 10: Lake Mulwala level versus Yarrawonga Main Channel diversions for the 2004/05 

irrigation season. 
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 Figure C- 11: Lake Mulwala level versus Yarrawonga Main Channel diversions for the 2003/04 

irrigation season. 

The Lake Mulwala storage targets in the base Bigmod model were then examined and compared to 
the Operating Policy.  This investigation found that the storage targets are general in line with the 
Operating Policy.  Despite this, the model appears to overestimate the level in Lake Mulwala which 
contributes to the overestimation of unseasonal flooding events. 

A range of alternative target levels were tested in the model to determine if adjusting the target level 
could improve the modelling of Lake Mulwala level.  Three alternative target level scenarios were 
modelled: 

1) Target level of 124.65 m AHD if Yarrawonga Main Channel diversions are greater than 2000 
ML/day and a target level of 124.8 m AHD if Yarrawonga Main Channel diversions are greater 
than 2800 ML/day (existing model set up); 

2) Target level of 124.7 m AHD; 

3) Target level of 124.6 m AHD. 

Time series plots of Lake Mulwala level under each scenario across the unseasonal flooding period 
(January 1 to April 30) are shown in Figure C- 14 (2000) to Figure C- 20 (2006).  These results 
indicate that Scenario 3 (target level of 124.6 m AHD) produced the best estimate of levels in Lake 
Mulwala, particularly over the critical periods (times of high and increasing water level where there is 
a greater risk of rainfall rejections). 

Scatter plots of modelled level compared with recorded level were prepared for each scenario, along 
with statistics describing the strength of the relationship (correlation and mean absolute difference.  
Note that only data during critical periods (times of high and increasing water level) was considered. 
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The scatter plots for Scenario 1 (target level of 124.65 and 124.8 m AHD) and Scenario 3 (target level 
of 124.6 m AHD) are shown in Figure C- 12 and Figure C- 13 respectively.  The scatter plots show 
that Scenario 3 is more highly correlated with the recorded data than Scenario 1. 

The descriptive statistics also indicate that Scenario 3 produced the best estimate of levels in Lake 
Mulwala.  Scenario 3 had a correlation of 0.559, compared with Scenario 1 which had a correlation of 
0.428.  Both scenarios had a mean absolute difference of 0.001. 

Overall, these results indicate that Scenario 3 (target level of 124.6 m AHD) produced the best 
estimate of levels in Lake Mulwala. 
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 Figure C- 12: Scatter plot for Scenario 1 (target level of 124.65 and 124.8 m AHD). 
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 Figure C- 13: Scatter plot for Scenario 3 (target level of 124.6 m AHD). 
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 Figure C- 14: Modelled level for 2000, alternative target levels. 
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 Figure C- 15: Modelled level for 2001, alternative target levels. 

 

124

124.2

124.4

124.6

124.8

125

125.2

Le
ve

l (
m

 A
HD

)

Recorded

124.6 m AHD

124.7 m AHD

124.65 m AHD & 124.8 m AHD

 

 Figure C- 16: Modelled level for 2002, alternative target levels. 

 



 
 

       
Barmah Choke Study- Investigation Phase PAGE 91 

124

124.2

124.4

124.6

124.8

125

125.2

Le
ve

l (
m

 A
HD

)

Recorded

124.6 m AHD

124.7 m AHD

124.65 m AHD & 124.8 m AHD

 

 Figure C- 17: Modelled level for 2003, alternative target levels. 
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 Figure C- 18: Modelled level for 2004, alternative target levels. 
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 Figure C- 19: Modelled level for 2005, alternative target levels. 
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 Figure C- 20: Modelled level for 2006, alternative target levels. 

 

A.3.3 Prediction of changes in demand for future days by MSM-Bigmod 
Under the current model set-up, Bigmod uses today’s orders for Mulwala Canal and Yarrawonga Main 
Channel to determine today’s releases from Hume Reservoir.  This methodology does not account for 
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change in orders between today and the time the water will be diverted to Mulwala Canal and 
Yarrawonga Main Channel (4 days travel time). 

Operationally, the operators are able to make reasonable predictions of Mulwala Canal and 
Yarrawonga Main Channel orders several days in advance. 

The model was updated to include prediction of future demands for Mulwala Canal and Yarrawonga 
Main Channel.  Four alternative prediction scenarios were modelled: 

1) No prediction (existing model set up); 

2) Predict during periods of increasing demand, assuming that the rate of change in demand over 
the last 2 days will continue for the next four days; 

3) Predict during periods of increasing and decreasing demand, assuming that the rate of change in 
demand over the last 2 days will continue for the next four days; 

4) Predict during periods of increasing and decreasing demand, assuming that the rate of change in 
demand over the last 2 days will double over the next four days. 

Time series plots of Lake Mulwala level under each scenario across the unseasonal flooding period 
(January 1 to April 30) are shown in Figure C- 23 (2000) to Figure C- 29 (2006).  These results 
indicate that Scenario 2 (predicting during periods of increasing demand) produced the best estimate 
of levels in Lake Mulwala.  In particular, Scenario 2 appears to best replicate the recorded data during 
critical times (times of high and increasing water level where there is a greater risk of rainfall 
rejections). 

Scatter plots of modelled level compared with recorded level were prepared for each scenario, along 
with statistics describing the strength of the relationship (correlation and mean absolute difference.  
Note that only data during critical periods (times of high and increasing water level) was considered. 

The scatter plots for Scenario 1 (no prediction) and Scenario 2 (predicting during periods of increasing 
demand) are shown in Figure C- 21 and Figure C- 22 respectively.  The scatter plots show that 
Scenario 2 is more highly correlated with the recorded data than Scenario 1. 

The descriptive statistics also indicate that Scenario 2 produced the best estimate of levels in Lake 
Mulwala.  Scenario 2 had a correlation of 0.559, compared with Scenario 1 which had a correlation of 
0.461.  Scenario 2 had a mean absolute difference of 0.106, compared with Scenario 1 which had a 
mean absolute difference of 0.120. 

Overall, these results indicate that Scenario 2 (predicting during periods of increasing demand) 
produced the best estimate of levels in Lake Mulwala. 
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 Figure C- 21: Scatter plot for Scenario 1 (no prediction). 
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 Figure C- 22: Scatter plot for Scenario 2 (predicting during periods of increasing demand). 
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 Figure C- 23: Modelled level for 2000, alternative prediction scenarios. 
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 Figure C- 24: Modelled level for 2001, alternative prediction scenarios. 
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 Figure C- 25: Modelled level for 2002, alternative prediction scenarios. 
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 Figure C- 26: Modelled level for 2003, alternative prediction scenarios. 
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 Figure C- 27: Modelled level for 2004, alternative prediction scenarios. 
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 Figure C- 28: Modelled level for 2005, alternative prediction scenarios. 
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 Figure C- 29: Modelled level for 2006, alternative prediction scenarios. 

 

A.3.4 Adjustment of Doctor’s Point orders in MSM-Bigmod to allow for modelled releases 
from Hume 

Under the current model set-up, Bigmod uses today’s volume required to reach the target storage in 
Lake Mulwala to determine releases from Hume.  This methodology does not account for surplus or 
deficit water that may be in transit from Hume to Lake Mulwala which will alter the storage in Lake 
Mulwala (4 days travel time). 

Operationally, the operations are able to better account for surplus or deficit water in transit to Lake 
Mulwala in determining releases from Hume. 

The model was updated to adjust the order at Doctors Point based on surplus or deficit water in 
transit from Hume to Lake Mulwala.  Surplus of deficit water was defined as: (today’s order at Doctors 
Point – yesterdays flow at Doctors Point) + (today’s order at Doctors Point – flow at Doctors Point 2 
days ago) + (today’s order at Doctors Point – flow at Doctors Point 3 days ago).  Three alternative 
adjustment scenarios were modelled: 

1) No adjustment (existing model set-up): 

2) Oder adjusted over 6 days; 

3) Order adjusted over 3 days. 

Time series plots of Lake Mulwala level under each scenario across the unseasonal flooding period 
are shown in Figure C- 32 (2000) to Figure C- 38 (2006).  These results indicate that Scenario 1 (no 
adjustment, existing model set-up) produced the best estimate of levels in Lake Mulwala. 
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Scatter plots of modelled level compared with recorded level were prepared for each scenario, along 
with statistics describing the strength of the relationship.  Note that only data during critical periods 
(times of high and increasing water level) was considered. 

The scatter plots for Scenario 1 (no adjustment) and Scenario 2 (adjustment over 6 days) are shown 
in Figure C- 30 and Figure C- 31 respectively.  The scatter plots show that Scenario 1 is more highly 
correlated with the recorded data than Scenario 2. 

The descriptive statistics also indicate that Scenario 1 produced the best estimate of levels in Lake 
Mulwala.  Scenario 1 had a correlation of 0.428, compared with Scenario 2 which had a correlation of 
0.414.  

Overall, these results indicate that Scenario 1 (no adjustment) produced the best estimate of levels in 
Lake Mulwala. 
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 Figure C- 30: Scatter plot for Scenario 1 (no adjustment). 
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 Figure C- 31: Scatter plot for Scenario 2 (order adjusted over 6 days). 
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 Figure C- 32: Modelled level for 2000, adjusted ordering scenarios. 
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 Figure C- 33: Modelled level for 2001, adjusted ordering scenarios. 
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 Figure C- 34: Modelled level for 2002, adjusted ordering scenarios. 
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 Figure C- 35: Modelled level for 2003, adjusted ordering scenarios. 
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 Figure C- 36: Modelled level for 2004, adjusted ordering scenarios. 
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 Figure C- 37: Modelled level for 2005, adjusted ordering scenarios. 
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 Figure C- 38: Modelled level for 2006, adjusted ordering scenarios. 

 

A.3.5 Changes to model recommended for adoption in MSM-Bigmod 
Based on the outcomes of this investigation, it is recommended that the revised Modflow with a target 
level of 124.6 m AHD, prediction of diversions during periods of increasing demand (assuming the 
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rate of change continues) and no adjustment of orders at Doctors Point be adopted for the Barmah 
Choke Study. 

A.4 Performance of revised version of MSM-Bigmod 
Investigating periods of modelled and/or recorded rainfall rejections found that adopting 
recommended modifications will eliminate or reduce the magnitude of a number of the events that are 
shown by the model but which were not observed, whilst retaining the events shown by the model and 
matched by recorded events. 

The performance of the model incorporating these recommendations for unseasonal flooding events 
between January 2001 and April 2006 is shown in Figure C- 39 to Figure C- 46 and summarised in 
Table C- 2.  This table shows that the model is now performing reasonably well. 

Preliminary analysis of unseasonal flooding indicated that adopting this recommendation will 
significantly reduce the number of years with unseasonal flooding: 

 Original modflow: 107 years of unseasonal flooding (Table C- 3); 
 Revised modflow, target level of 124.6 and prediction of diversions: 86 years of unseasonal 

flooding (Table C- 4). 
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 Table C- 2: Summary of model performance for unseasonal flooding events between January 2001 
and April 2006. 

Month & 
Year 

Was event 
recorded? 

Was event 
modelled? 

Comments on model 
performance 

Likely cause of errors in 
model performance 

Jan 2001 Yes Yes Model correctly shows the 
occurrence of the event but 
underestimates the 
magnitude 

Bigmod shows lower levels 
in Lake Mulwala in the lead 
up to the event. 

Mar 2001 No Yes Model shows 13000 ML/d 
flow at Yarrawonga that did 
not actually occur 

Operators appear to have 
predicted a reduction in 
demand ahead of time, 
which is not captured by the 
model. 

Mar 2002 Yes Yes Model correctly shows the 
occurrence of event but 
underestimates the 
magnitude. 

MSM underestimates 
Mulwala Canal diversions for 
Mar 2002, causing a smaller 
change in diversions than 
actual for a few days within 
Mar 2002. 

Dec 2003 Yes Yes Model correctly shows the 
occurrence of event but 
overestimates the 
magnitude 

Operators proactively held 
Lake Mulwala a little lower 
until late Dec 2003, reducing 
the observed peak 
compared with the model 

Jan 2004 No No Model performs well None 
Mar-Apr 
2004 

No No Model performs well None 

Feb 2005 Yes Yes Model performs well None 
Mar 2005 No No Model performs well None 
Mid-Mar 
2006 

No No Model performs well None 

Apr 2006 No No Model performs well None 
 

 Table C- 3: Number of years of unseasonal flooding by duration and severity for current conditions 
original modelling. 

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 5 10 1 0 0 16 
3-7 days 0 23 27 13 9 72 
>7 days 0 1 4 2 12 19 
Total by Flow 5 34 32 15 21  
Total years of unseasonal flooding 107 
Proportion of wet years 59% 
Total number of years 117 
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 Table C- 4: Number of years of unseasonal flooding by duration and severity for current conditions 
with recommended modifications. 

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 3 17 7 4 0 31 
3-7 days 0 8 12 11 22 53 
>7 days 0 0 0 0 4 4 
Total by Flow 3 25 19 15 26  
Total years of unseasonal flooding 88 
Proportion of wet years 54% 
Total number of years 117 
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 Figure C- 39: Recorded, original model and revised model data for 2000 irrigation season. 
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 Figure C- 40: Recorded, original model and revised model data for 2001 irrigation season. 
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 Figure C- 41: Recorded, original model and revised model data for 2002 irrigation season. 
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 Figure C- 42: Recorded, original model and revised model data for 2003 irrigation season. 

 

122.5

123

123.5

124

124.5

125

125.5

0

5000

10000

15000

20000

25000

30000

01
D

ec
03

01
Ja

n0
4

01
Fe

b0
4

01
M

ar
04

01
Ap

r0
4

Le
ve

l i
n 

La
ke

 M
ul

w
al

a 
(m

 A
H

D
)

Fl
ow

 (M
L/

d)

Recorded Flow at Doctors Point Original Model Flow at Doctors Point Revised Model Flow at Doctors Point

Recorded Flow DS Yarrawonga Original Model Flow DS of Yarrawonga Revised Model Flow at Tocumwal

Recorded Lake Mulwala Level Original Model Level in Lake Mulwala Revised Model Level in Lake Mulwala

 
 Figure C- 43: Recorded, original model and revised model data for 2004 irrigation season. 
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 Figure C- 44: Recorded, original model and revised model data for 2005 irrigation season. 
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 Figure C- 45: Recorded, original model and revised model data for 2006 irrigation season. 
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 Figure C- 46: Recorded, original model and revised model data for 2007 irrigation season. 

 

A.5 Conclusions 
The March 2008 version of MSM-Bigmod over estimates the occurrence and magnitude of 
unseasonal flooding events. 

This is partially an artefact of the process of subdividing the monthly time series of diversions to meet 
demands in MSM to daily diversion requirements in Bigmod using a daily pattern (which occurs in the 
Modflow routine). 

This approach of deriving the daily demands causes sharp step changes in modelled diversions 
between flows on the last day of one month and the first day of the next, which is not reflective of 
observed flows.  A step change reduction in diversions to Mulwala Canal and/or Yarrawonga Main 
Channel is interpreted as a unseasonal flooding event by Bigmod, producing apparent unseasonal 
flooding events in the model which were not observed. 

The above cause of the model over-predicting unseasonal flooding events was corrected in MSM-
Bigmod by modifying the disaggregation routine in Modflow.  This involved a gradual ramping up or 
ramping down of the disaggregated daily diversion pattern over the last few days of one month and 
first few days of the next month so that large apparent drops in demand do not occur on the first day 
of a month.  This approach was fairly successful at removing the apparent unseasonal flooding events 
that had been produced by the disaggregation procedure in the March 2008 version of Modflow. 

The overestimation of unseasonal flooding events was also found to be a side effect of the model 
overestimating the level in Lake Mulwala.  This was corrected in the model by adjusting the target 
level for Lake Mulwala to 124.6 m AHD. 
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Improvements to the prediction of demands in the calculation of order at Doctor’s Point were also 
tested.  It was found that predicting diversions to Yarrawonga Main Channel and Mulwala Canal four 
days in advance during periods of increasing demand by assuming the current rate of change would 
continue lead to improvements in the modelling of level in Lake Mulwala and unseasonal flooding 
events. 

The possibility of modifying the calculation of orders at Doctor’s Point to allow for releases already in 
transit from Hume Reservoir was investigated and was not found to improve the modelling of 
unseasonal flooding events of level in Lake Mulwala. 

It is recommended that the modelling for the Barmah Choke Study adopt the following modifications 
to the model: modification of Modflow to include gradual ramping up or down demands over the last 
few days of one month and the first few days of the next month; adjustment of the target level for Lake 
Mulwala to 124.6 m AHD; and modification of the calculation of the order at Doctor’s Point to 
incorporate the prediction of diversions in advance during periods of increasing demand. 

A check was made across the overall 117 year model period of the change in the number and 
severity of unseasonal flooding events with the recommended modifications to the model.  The 
revision of the model has produced a reduction in both the number of years with modelled unseasonal 
flooding events and the peak flows modelled for those events, particularly for events in the 11,000 to 
15,000 ML/day range. 

Larger events (with peaks >15,000 ML/day) are most likely to be true unseasonal flooding events 
produced by the model and the revisions to the model have resulted in little change in the number of 
years with such events. 
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APPENDIX D: Barmah Choke Capacity Investigation 

A.6 Introduction 
The term ‘Barmah Choke’ is used to describe the relatively narrow section of the River Murray 
through the Barmah-Millewa Forest.  Relative to other nearby sections of the River Murray, the flow 
carrying capacity of the Barmah Choke is small; approximately 2.57 m at Picnic Point (near the 
intersection of the Murray River and the Edward/Gulpa offtake) or 8,000 ML/day near the township of 
Barmah. 

Flows that exceed this capacity 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 
(particularly during the period January to March) is detrimental to the health of the forest, and is 
considered to be contributing to changes in vegetation communities within the forest (for example, the 
conversion Moria Grass areas to Giant Rush). 

The capacity of the Barmah Choke is typically measured at one of three locations.  These are, from 
upstream to downstream, immediately downstream of Yarrawonga Weir (409025), Tocumwal 
(409202) and Picnic Point (gauging station 409006).  At the start of this investigation the current 
capacity of the choke was estimated to be 8,500 ML/day at Picnic Point and 10,200 ML/day at 
Tocumwal and downstream of Yarrawonga Weir. 

Over recent decades the capacity of the Barmah Choke has been thought to have been declining.  
There are several reasons postulated for the apparent decline in capacity of the Barmah Choke 
including physical reasons such as increased snags or sedimentation and operational reasons such 
as improved understanding of the environmental implications of unseasonal flooding resulting in a 
decision to operate the Barmah Choke at a lower level.  Measurement issues (for example changes to 
rating tables) may also have contributed to the suspected decline. 

The Barmah Choke is typically managed from the gauging station downstream Yarrawonga Weir.  
Level data collected at the gauging station is converted to flow data using rating tables (level to flow 
relationships) which have been adopted by the operators.  Hydrographically corrected flow data is 
also available at the gauging stations.  The rating tables used by operators are derivatives of the 
hydrographically corrected rating tables however at any one point in time the current hydrographically 
corrected rating table may not match the current operator table depending on the frequency that 
operator rating tables are updated. 

This Appendix investigates trends in both the operational and hydrographically corrected flow and 
level data at each of the gauging stations (Picnic Point, Tocumwal and downstream Yarrawonga 
Weir) in order to identify reasons for the suspected decline in choke capacity. 
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A.7 Analysis 

A.7.1 Downstream Yarrawonga Weir Flow and Level Data 
The Barmah Choke is typically managed from the gauging station downstream Yarrawonga Weir.  
Hydrographically corrected flow data at this gauging station was plotted for the period 15th December 
to 30th April; the period of the irrigation season when unseasonal flooding is an issue.  Periods when 
flow was being held constant for long periods of time, indicating a period when operators were 
managing releases to stay within choke capacity, were manually identified.  Figure D- 1 shows an 
example of this manual identification process for 2001-2006.  

 
 Figure D- 1: Time series of hydrographically corrected flow (ML/day) downstream of Yarrawonga 

Weir during the irrigation season (2001-2006).  Constant flow periods indicating when operators are 
releasing to stay in capacity are circled. 

It was found that before 1995/96 there appeared to be two levels at which flow was held constant; one 
around 10,600 ML/day (Level A) and one between 11,000 and 11,700 ML/day (Level B).  Figure D- 2 
shows an example of the dual operating levels, particularly evident in 1991/1992. 
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 Figure D- 2: Time series of hydrographically corrected flow (ML/day) downstream of Yarrawonga 

Weir during the irrigation season (1991-1996).  Constant flow periods indicating when operators are 
releasing to stay in capacity are circled. 

The constant flow periods identified in the manual process are summarised in Table D- 1 (note 
hydrographically corrected flow was only available to July 2006). 
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 Table D- 1: Manually selected periods of constant flow at downstream Yarrawonga Weir when the 
Barmah Choke is believed to be being operated at capacity 

Water 
Year 

Level A operating period Level B operating period 
Period No. of days 

of constant 
flow 

Average 
flow 
(ML/day) 

Period No. of days 
of constant 
flow 

Average 
flow 
(ML/day) 

1980/81 13/1-21/1 9 10,496 10/3-23/3 14 10,849 
1981/82 5/1-10/1 6 10,637 10/3-17/3 8 11,025 
1982/83 Too dry to identify. 
1983/84 13/3-20/3 8 10,774 Not clear. 
1984/85 23/2-7/3 13 10,500 11/3-18/3 8 11,166 
1985/86 Not clear. 
1986/87 28/1-2/2 6 10,686 17/3-26/3 10 11,350 
1987/88 14/1-29/1 16 10,358 7/1-12/1 6 11,312 
1988/89 17/2-27/2 11 10,765 3/3-13/3 11 11,293 
1989/90 23/12-31/12 9 10,990 13/3-26/3 14 11,418 
1990/91 23/12-3/1 12 10,869 18/1-23/1 6 11,347 
1991/92 22/2-11/3 19 10,618 19/1-1/2 14 11,668 
1992/93 Too wet to identify. 16/4-22/4 7 11,406 
1993/94 Too wet to identify. 26/3-8/4 14 11,303 
1994/95 Too wet to identify. 10/3-22/3 14 11,721 
1995/96 19/1-8/2 21 10,672 Nil 
1996/97 19/1-1/2 14 10,568 
1997/98 13/3-28/3 16 10,539 
1998/99 14/1-27/1 14 10,690 
1999/2000 Too dry to identify. 
2000/01 7/3-22/3 16 10,594 
2001/02 3/1-28/1 26 10,612 
2002/03 16/12-10/2 57 10,668 
2003/04 28/1-15/2 19 10,806 
2004/05 22/12-2/2 43 10,636 
2005/06 11/2-14/3 32 10,619 
Average flow (ML/day) 10,655  11,321 
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Figure D- 3 below plots the average flow during the constant flow periods for each water year 
between 1980/81 and 2005/06.  Both the Level A and Level B operating series are plotted as given in 
Table D- 1.  It can be seen that the average Level A operating level has remained relatively constant 
at around 10,600 ML/day since 1995/96.  Before 1995/96 flows are more variable.  The Level B 
operating level has fluctuated around 11,300 ML/day and the Level A operating level around 10,700 
ML/day. 
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 Figure D- 3: Average flow at downstream Yarrawonga Weir during approximately constant selected 

flow periods based on Level A and Level B operating periods. 

Hydrographically corrected levels were plotted for the same selected periods as identified in Table D- 
2 (Figure D- 4).  Hydrographically corrected levels were only available up to 31/12/2001.  Operational 
levels were available from 1/1/1993 onwards.  In order to extend hydrographically corrected levels to 
cover the full period from 1980/81-2005/06, operational levels were also plotted.  It can be seen that 
operational levels match closely to hydrographically corrected levels over the period of overlap 
(1992/93-2000/01).  Operational levels were therefore considered suitable to extend hydrographically 
corrected levels. 

From Figure D- 4 it can be seen that operating level has declined since 1980/81 from 2.04m (using 
Level A levels) to an average of 1.78m from 2000/01 to 2005/06 (a decline of 0.26m). 
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 Figure D- 4: Average level at downstream Yarrawonga Weir during approximately constant selected 

flow periods based on Level A and Level B operating periods using hydrographically corrected and 
operational data. 

Figure D- 3 and Figure D- 4 show that there has been a decline in choke operating level since 
1980/81; however during the recent period flow capacity through the choke has remained relatively 
constant at 10,600 ML/day. 

From Figure D- 5 it can be seen that operational flows (available from May 1996) decline over the 
period 1996/97-2005/06 from 10,700 ML/day in 1996/97 to 10,000 ML/day in 2005/06.  This supports 
the belief that Barmah Choke capacity has been declining.  However Figure D- 5 also shows that 
hydrographically corrected flows have remained relatively constant over this same period at around 
10,600 ML/day.  Figure D- 6 shows the time series of hydrographically corrected and operational 
flows over the irrigation season from 2000/01-2005/06.  The difference between the flow series is 
clearly evident.  In order to determine the reason for this difference, the rating tables used were 
investigated. 
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 Figure D- 5: Average flow at downstream Yarrawonga Weir during constant flow periods using 

hydrographically corrected and operational flows. 

 
 Figure D- 6: Time series of hydrographically corrected and operational flows at downstream 

Yarrawonga Weir from 200/01 to 2005/06 over the irrigation season. 
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A.7.2 Downstream Yarrawonga Weir Rating Tables 
Rating table data for the gauge downstream Yarrawonga Weir was provided by MDBA for the 
following dates: 

 Pre 1990 
 19/9/1991 
 3/7/1994 
 12/9/1995 
 2/10/1996 
 29/1/1997 

 3/4/1997 
 7/8/1997 
 22/3/1999 
 1/6/2002 
 8/6/2004 
 1/11/2006 

 

These relationships were plotted in Figure D- 7.  It can be seen that there have been many rating 
table changes at this site in recent years and that the rating table changes have not followed any clear 
pattern. 
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 Figure D- 7: Rating tables for downstream Yarrawonga Weir provided by MDBA (numbers on the 

diagram indicate the sequence of rating tables from 1 earliest to 12 latest). 

In order to determine whether the provided rating table data was in accordance with the operational 
and hydrographically corrected flow and level data provided, flows at downstream Yarrawonga Weir 
were calculated using the hydrographically corrected level data extended with the operational level 
data to 2005/06 and the rating tables provided by MDBA, assuming they came into use on the dates 
provided above.  This calculated flow series was then compared to the operational and 
hydrographically corrected flow series (Figure D- 8). 
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It can be seen from Figure D- 8 that the calculated flow series corresponds most closely with 
operational flows.  It is reasonable to assume therefore that the provided rating tables are those which 
were adopted by operators however implementation of the rating tables may have been delayed 
where flows do not match exactly.  It can be seen that the calculated flow series suggests a decline in 
flow capacity similar to the operational data from 12,100 ML/day in 1980/81 to 10,000 ML/day in 
2005/06.  This corresponds with anecdotal reports that in the early 1990s, the choke was operated at 
around 11,300 ML/day. 
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 Figure D- 8: Average flow at downstream Yarrawonga Weir during approximately constant selected 

flow periods using hydrographically corrected, operational and calculated flows using provided 
rating tables. 

Despite evidence of a decline in Barmah Choke capacity in the operational data, the hydrographically 
corrected data does not provide such evidence, remaining constant at around 10,600 ML/day in 
Figure D- 8.  In order to further assess the reasons for this discrepancy, rating tables calculated from 
the provided hydrographically corrected and operational flow and level data were plotted.  Flow and 
level data were restricted to the irrigation season (15th December to 30th April) and to a range of 
relevance for Barmah Choke capacity analysis (between 9,000 ML/day and 12,000 ML/day based on 
hydrographically corrected data at downstream Yarrawonga Weir). 

Figure D- 9 shows rating tables calculated from hydrographically corrected flow and level data 
compared to MDBA provided rating tables (note hydrographically corrected level data is only available 
to 1/1/2002).  It can be seen that the hydrographically corrected rating tables are within range of some 
of the MDBA provided tables.  However unlike the MDBA provided tables, from 1996/97 the 
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hydrographically corrected rating tables follow a clear pattern of decreasing level for a particular flow.  
Interestingly, MDBA provided rating tables also follow this pattern from January 1997 on, apart from 
the rating tables dated 1/6/2002 and 8/6/2004 which oppose the trend. 
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 Figure D- 9: Rating tables calculated from hydrographically corrected flow and level data compared 

to MDBA provided rating tables. 

Figure D- 10 shows rating tables calculated from operational flow and level data compared to MDBA 
provided rating tables (note the range of relevance was extended to 8,000 ML/day to 12,000 ML/day 
for operational data such that 2006/07 flows could be included).  It can be seen that the operational 
rating tables are very close to some of the MDBA provided tables.  As such, the operational rating 
tables follow the same pattern as the MDBA tables after 1997/98, that is, decreasing level for a 
particular flow apart from 2002/03-2005/06 which oppose this trend.  It may be that superseded rating 
tables were adopted for this mid-period.  Note the 1996/97 calculated operational rating table appears 
to be a combination of several rating table relationships. 
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 Figure D- 10: Rating tables calculated from operational flow and level data compared to MDBA 

provided rating tables. 

Figure D- 9 shows that from 1996/97 the hydrographically corrected rating tables follow a clear 
pattern of decreasing level for a particular flow.  In order to show the effect of this on levels, Table D- 
2 gives the level corresponding to a hydrographically corrected flow of 10,600 ML/day from 1980/81 to 
2005/06.  It can be seen that the general pattern is one of decreasing level over time.  Figure D- 4 
showed that Barmah Choke operating level had declined since 1980/81 from 2.04m (using low flow 
levels) to an average of 1.78m from 2000/01 to 2005/06 (a decline of 0.26m).  Despite this Figure D- 3 
shows that flow has remained relatively constant at around 10,600 ML/day.  This is because of the 
rating table adjustments. 



 
 

       
Barmah Choke Study- Investigation Phase PAGE 131 

 

 Table D- 2: Level for a hydrographically corrected flow of 10,600 ML/day. 

Water Year Flow (ML/day) Level (m) 
1980/81 10,600 2.06 
1981/82 10,600 2.03 
1982/83 Too dry to identify. 
1983/84 10,600 1.98 
1984/85 10,600 1.98 
1985/86 10,600 1.97 
1986/87 10,600 1.98 
1987/88 10,600 1.89 
1988/89 10,600 1.89 
1989/90 10,600 1.89 
1990/91 10,600 1.94 
1991/92 10,600 1.94 
1992/93 10,600 1.96 
1993/94 10,600 1.99 
1994/95 10,600 1.85 
1995/96 10,600 1.85 
1996/97 10,600 1.93 
1997/98 10,600 1.86 
1998/99 10,600 1.81 
1999/2000 Too dry to identify. 
2000/01 10,600 1.79 
2001/02 10,600 1.79 
2002/03 10,600 1.79 
2003/04 10,600 1.77 
2004/05 10,600 1.76 
2005/06 10,600 1.76 
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A.7.3 Tocumwal 
Hydrographically corrected and operational flows and levels were plotted at Tocumwal for the 
selected periods of constant flow at downstream Yarrawonga Weir shown in Table D- 1.  Again, a 
Level A and Level B operating level was evident pre 1995/96 (Figure D- 11).  It can be seen from 
Figure D- 11 that hydrographically corrected flows fluctuate much more widely at Tocumwal than at 
downstream Yarrawonga Weir, particularly in the recent period.  This may be because flow did not 
remain as constant at Tocumwal over the selected periods as it did at Yarrawonga Weir or may be 
due to rating table issues.  Anecdotal evidence suggests that the Tocumwal gauge is rarely used due 
to rating table difficulties. 
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 Figure D- 11: Average flow at Tocumwal during approximately constant selected flow periods at 

downstream Yarrawonga Weir based on Level A and Level B flow operating periods. 

Figure D- 12 shows hydrographically corrected and operational level data at Tocumwal from 1980/81 
to 2005/06 during selected periods of constant flow at downstream Yarrawonga Weir.  It can be seen 
that at Tocumwal, like downstream Yarrawonga Weir levels decline by around 0.25m.  Operational 
and hydrographically corrected levels are similar. 
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 Figure D- 12: Average level at Tocumwal during approximately constant selected flow periods at 

downstream Yarrawonga Weir based on Level A and Level B flow operating periods using 
hydrographically corrected and operational data. 

Figure D- 13 compares hydrographically corrected and operational flows at Tocumwal for the recent 
period.  It can be seen that there is no clear pattern in either series although both seem to fluctuate 
around 10,500 ML/day.  The time series of flows at Tocumwal over the irrigation season from 2000/01 
to 2005/06 confirms the lack of a significant trend in either data series (Figure D- 14). 
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 Figure D- 13: Average flow at Tocumwal during approximately constant selected flow periods at 

downstream Yarrawonga Weir using hydrographically corrected and operational flows. 

 
 Figure D- 14: Time series of hydrographically corrected and operational flows at Tocumwal from 

200/01 to 2005/06 over January-April. 
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A.7.4 Picnic Point 
The rating table at Picnic Point has remained stable over the period 1980/81 to 2005/06.  As such, 
hydrographically corrected and operational flow series are identical (Figure D- 15). 
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 Figure D- 15: Average flow at Picnic Point during approximately constant selected flow periods at 

downstream Yarrawonga Weir using hydrographically corrected and operational flows. 

According to Harper (2002), a guideline for channel capacity in the late 1990s was to maintain the 
level at Picnic Point at or below 2.53m.  However, it has been found in recent times that exceedance 
of this level does not result in significant overbank flow into the forest and accordingly the level of 2.53 
m has been exceeded in consultation with forest management agencies in NSW and Victoria. 

Figure D- 16 shows levels at Picnic Point from 1980/81 to 2005/06.  It can be seen that pre 1995/96 
during Level A operating periods at Yarrawonga the level at Picnic Point typically ranged up to 2.53 
m.  During Level B operating periods at Yarrawonga, levels were typically around 2.59 m.  Post 
1995/96, levels were maintained at around 2.57 m. 

This suggests that in the past, operators have tried to maintain the level at Picnic Point at around 2.53 
m, however, on occasion they have maintained the level up to 2.59 m.  Today, with recognition that 
the higher level does not result in overbank flooding Picnic Point is operated at around 2.57 m.  This 
represents a 2 cm decline from Level B operating levels pre 1995/96, representative of the Barmah 
Choke not being run as high as it has been the past in the past. 
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 Figure D- 16: Average level at Picnic Point during approximately constant selected flow periods at 

downstream Yarrawonga Weir based on Level A and Level B operating periods using 
hydrographically corrected and operational data. 

Figure D- 17 shows hydrographically corrected flow data at Picnic Point for 1980/81 to 2005/06.  It 
can be seen that pre 1995/96, Level B operating flows (corresponding to a level of 2.59 m) were 
typically around 8,450 ML/day and Level A operating flows up to 8,100 ML/day (corresponding to a 
level of 2.53 m).  Post 1995/96 operating flows have remained constant at 8,350 ML/day 
(corresponding to a level of 2.57 m). 

Based on current understanding of the choke being operated up to 2.57 m, this suggests that the 
current capacity of the choke is 8,350 ML/day at Picnic Point (assuming hydrographically corrected 
rating tables are correct).  This represents a 2 cm decline from average Level B flow operational 
levels pre 1995/96. 
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 Figure D- 17: Average flow at Picnic Point during approximately constant selected flow periods at 

downstream Yarrawonga Weir based on Level A and Level B flow operating periods. 
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A.7.5 Barmah 
Hydrographically corrected and operations flows at Barmah were compared over the period from 
1985 to 2006.  This investigation found that hydrographically corrected and operational flows were 
similar, implying that the rating table at Barmah has remained relatively stable. 
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 Figure D- 18: Average flow at Barmah during approximately constant selected flow periods at 

downstream Yarrawonga Weir (assuming a 4 day travel time) based on Level A and Level B flow 
operating periods 

Section D.2.4 concluded that the current capacity of the Barmah Choke at Picnic Point is 2.57 m or 
8,350 ML/day assuming hydrographically corrected rating tables are correct.  Before 1995/96, the 
Barmah Choke was run at a slightly higher level, 2.59 m on average.  This corresponds to the Level B 
flow operating level at Yarrawonga before 1995/96 and the Level A operating level after 1995/96. 

Plotting average flow at Barmah during periods of constant flow at Yarrawonga and using the Level B 
flow series before 1995/96 and the Level A flow series after, results in the following plot of flow at 
Barmah (using hydrographically corrected data only) (Figure D- 19).  It can be seen that the capacity 
of the Barmah Choke at Barmah seems to have declined in around 1996 from around 8,300 ML/day 
to 8,000 ML/day (depending on the flow in Broken Creek).  This change appears to occur at the time 
that the Edward offtake capacity was revised down and could be as a result of a conscious decision 
not to operate the Barmah Choke as high. 
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 Figure D- 19: Average flow at Barmah during approximately constant selected flow periods at 

downstream Yarrawonga Weir (assuming a 4 day travel time). 

A similar plot of levels at Barmah shows that the decline in operation of the choke from 8,300 ML/day 
to 8,000 ML/day corresponds to a decline in level from 2.64 m to 2.58 m.  Therefore, whilst level at 
Picnic Point declined 2 cm, level at Barmah declined 6 cm.  This relative change in level is expected 
given channel geometry (personal communications, B. Dyer).  Note that hydrographically corrected 
levels were not available after 1992 at Barmah so operational levels were used. 
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 Figure D- 20: Average level at Barmah during approximately constant selected flow periods at 

downstream Yarrawonga Weir (assuming a 4 day travel time). 
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A.7.6 Edward and Gulpa Offtakes 
Harper (2002) comments that the Edward River offtake capacity was revised from 2,000 ML/day 
before 1996 to 1,600 ML/day after 1996.  In order to confirm this, the capacity of both the Edward and 
Gulpa offtakes were investigated. 

The Gulpa offtake may be operated up to 750 ML/day when spring flooding occurs in Gulpa Creek.  
Typically, flow down Gulpa Creek gradually declines, during the irrigation season from 750 to 350 
ML/day.  This managed recession helps to sustain bird breeding events.  Hydrographically corrected 
flow data was only available for the Edward River and Gulpa Creek up until June 1999.  Because little 
data was available to assess the post 1995/96 period, periods of approximately constant flow at 
downstream Yarrawonga Weir were deliberately selected so that Gulpa Creek flow was constant at 
350 ML/day, rather than declining from 750 ML/day as this distorted average results. 

The revised selected periods are summarised in Table D- 3. 

 Table D- 3: Revised manually selected periods of constant flow at downstream Yarrawonga Weir 
when the choke is believed to be being operated at capacity. 

Water 
Year 

Level A operating period Level B operating period 
Period No. of days 

of constant 
flow 

Average 
flow 
(ML/day) 

Period No. of days 
of constant 
flow 

Average 
flow 
(ML/day) 

1995/96 11/3-18/3 8 10,833 Nil 
1996/97 16/3-24/3 9 10,514 
1997/98 13/3-28/3 16 10,539 
1998/99 8/3-17/3 10 10,723 
 

Using these periods it was found that the sum of the Edward Gulpa offtake capacities declined from 
an average of 2400 ML/day before 1995/96 to 2000 ML/day after 1995/96 (a change of 400 ML/day 
as anticipated). 
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 Figure D- 21: Average flow at the Edward and Gulpa offtakes during approximately constant 

selected flow periods at downstream Yarrawonga Weir (ML/day). 

A.8 Discussion 
Section D.2.4 concluded that the capacity of the Barmah Choke at Picnic Point has remained 
relatively constant over time, however in 1995/96 a step change in level occurred when average 
operating level fell from 2.59 m to 2.57 m.  This corresponds to the Level B flow operating level at 
Yarrawonga before 1995/96 and the Level A flow operating level after 1995/96. 

The Level B flow operating level at Yarrawonga was on average 11,300 ML/day.  This is in 
accordance with Harper (2002) which suggests that in the early 1980s flow downstream of 
Yarrawonga was set at 11,300 ML/day on some occasions. 

The Level A flow operating level at Yarrawonga was on average 10,600 ML/day.  This suggests that 
there has been a step change in operating flow at Yarrawonga of 700 ML/day (11,300 ML/day to 
10,600 ML/day) in around 1995/96.  Harper (2002) comments that the Edward River offtake capacity 
was revised from 2,000 ML/day before 1996 to 1,600 ML/day after 1996.  This decline of 400 ML/day 
explains part of the step change in flow at Yarrawonga. 

The remainder of the step change can be explained by the Barmah Choke not being run as high 
today, a change which occurred at the same time as the Edward offtake capacity was revised 
(personal communications, B. Dyer).  This is evident in the 2 cm decline in level at this time at Picnic 
Point. 
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Similarly, analysis of flow and level data at Barmah showed that flow and level had undergone a step 
change in 1995/96 from 8,300 ML/day (2.64m) to 8,000 ML/day (2.58m), a decline in level of 6 cm.  
This explains the remainder of the step change in flow at Yarrawonga (Figure D- 22). 

Early 1980s: 

 

2005/2006: 

 

 Figure D- 22: Step change in operating flow at Yarrawonga (early 1980s to 2005/06).  (Note the 
change in flow from Downstream Yarrawonga Weir to the sum of Edward River offtake plus Gulpa 
Creek offtake plus flow at Barmah is 650 ML/day in both scenarios.  This difference is primarily due 
to losses, plus some small diversions). 

It can be seen from Figure D- 22 that whilst both downstream Yarrawonga Weir (excluding 
Edward/Gulpa flows) and Barmah declined by 300 ML/day, the reduction in level at Picnic Point 
corresponded to a reduction in flow of only 100 ML/day (8,450 ML/day to 8,350 ML/day).  
Correspondence with operators suggests that the Picnic Point rating table may require revision.  
Indeed, available data suggests that the rating table has not been revised since 1998. 

In addition to the step change in flow and level at downstream Yarrawonga Weir, levels have 
undergone a constant decline (Figure D- 23). 

Edward River offtake 1,600 ML/d (Δ = -400 ML/d) 
Gulpa Creek offtake 350 ML/d 

Downstream Yarrawonga Weir 10,600 
ML/d (Δ = -700 Ml/d) 

Picnic Point 
2.57 m (Δ = -2 cm) 

Barmah 
8,000 ML/d 
(Δ = -300 
ML/d) 

Edward River offtake 2,000 ML/d 
Gulpa Creek offtake 350 ML/d 

Downstream 
Yarrawonga Weir 
11,300 ML/d 

Picnic Point 
2.59 m 

Barmah 
8,300 ML/d 
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 Figure D- 23: Average level at downstream Yarrawonga Weir during approximately constant 

selected flow periods based on Level A and Level B flow operating periods using hydrographically 
corrected and operational data. 

This decline in levels has been the result of rating table changes at Yarrawonga.  Table D- 2 shows 
that for a constant flow of 10,600 ML/day level at downstream Yarrawonga Weir has declined by 0.25-
0.3 m from 1980/81 to 2005/06.  However, levels at Picnic Point and Barmah have remained 
unchanged for a constant flow level.  The reasons for rating table adjustment at Yarrawonga but not 
Picnic Point or Barmah are unknown.  EarthTech (2007) concludes that there has been no real 
change in river cross section from Echuca to Tocumwal over the period 1976-2006. 

Some movement in cross sections is identified, however in many cases this could be explained by 
differences in survey techniques.  Of note was a decline in cross sectional area at some cross 
sections just upstream of Picnic Point, however EarthTech (2007) concludes that this change is minor 
and could be explained by differences in survey techniques.  EarthTech’s final conclusion is that the 
reach upstream of Picnic Point does not show any marked change in channel geometry which could 
explain the observed reduction in channel capacity. 

Despite the decline in level at Yarrawonga, calculations using hydrographically corrected rating tables 
show that since 1995/96 flow has remained constant.  The choke capacity of 8,000 ML/day at Barmah 
(depending on the flow in Broken Creek at the time) currently corresponds to a capacity of 10,600 
ML/day at Yarrawonga which has remained unchanged since 1995/96.  However, whilst 
hydrographically corrected flow data available at downstream Yarrawonga Weir, Tocumwal, Picnic 
Point and Barmah provides no evidence of declining Barmah Choke capacity, operational flow data at 
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downstream Yarrawonga Weir has showed a decline in Barmah Choke capacity.  This has been due 
to the adoption of different rating tables, particularly during the period 2002/03-2005/06. 

A.9 Conclusion 
This analysis has found that: 

1) Based on hydrographically corrected flow data, the capacity of the Barmah Choke has 
remained unchanged since 1995-96 at 2.57 m at Picnic Point or 8,000 ML/day at Barmah 
(depending on the flow in Broken Creek).  This is consistent with cross section surveys by 
EarthTech which conclude that there has been no change in cross section.  Before 1995-96 
the Barmah Choke was run slightly higher at 2.59 m at Picnic Point or 8,300 ML/day at 
Barmah. 

2) This capacity corresponded with a flow of 11,300 ML/day before 1995/96 at downstream 
Yarrawonga Weir and 10,600 ML/day after 1995/96. 

3) The step change in flow at Yarrawonga Weir is due to a reduction in the capacity of the 
Edward River offtake and a conscious decision not to operate the Barmah Choke as high. 

4) The rating table at downstream Yarrawonga Weir has undergone substantial change since 
1980/81 resulting in lower water levels required to maintain a constant flow downstream of 
Yarrawonga Weir. 

A.10 References 
EarthTech (2007) Survey of Cross Sections Echuca-Tocumwal for River Murray Water 

Harper (2002) Channel Capacity Constraints and Related Issues, Background Paper prepared for 
River Murray Capacity Working Group 
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APPENDIX E: Shortfalls and Rationing of 
Diversions Indicator 

 Table E- 1: Timing, volume and duration of shortfalls at downstream Yarrawonga Weir 
(average rate in ML/day). 

Irrigation 
Season 

Current Medium Climate Change High Climate Change 
Volume 

(GL) 
Days Average 

rate 
Volume 

(GL) 
Days Average 

rate 
Volume 

(GL) 
Days Average 

rate 
1891/82 0 0 0 0 0 0 0 0 0 

1892/93 0 0 0 0 0 0 0 0 0 

1893/94 0 0 0 0 0 0 0 0 0 

1894/95 0 0 0 0 0 0 0 0 0 

1895/96 0 0 0 0 0 0 0 0 0 

1896/97 0 0 0 64 43 1498 77 46 1671 

1897/98 0 0 0 3 8 359 44 37 1186 

1898/99 0 0 0 0 0 0 0 0 0 

1899/ 1900 0 0 0 18 19 924 0 0 0 

1900/01 0 0 0 0 0 0 0 0 0 

1901/02 0 0 0 0 0 0 0 0 0 

1902/03 0 0 0 0 0 0 0 0 0 

1903/04 0 0 0 0 0 0 5 3 1763 

1904/05 0 0 0 0 0 0 0 0 0 

1905/06 0 0 0 8 7 1099 15 11 1357 

1906/07 0 0 0 0 0 0 0 1 210 

1907/08 0 0 0 0 0 0 2 7 269 

1908/09 0 0 0 0 0 0 0 0 0 

1909/10 0 0 0 18 16 1154 42 18 2358 

1910/11 0 0 0 0 0 0 0 0 0 

1911/12 0 0 0 0 0 0 0 0 0 

1912/13 0 0 0 0 0 0 0 0 0 

1913/14 0 0 0 0 0 0 0 0 0 

1914/15 0 0 0 0 0 0 0 0 0 

1915/16 0 0 0 0 0 0 0 0 0 

1916/17 0 0 0 0 0 0 0 0 0 

1917/18 0 0 0 0 0 0 0 0 0 

1918/19 0 0 0 0 0 0 0 0 0 

1919/20 0 0 0 128 70 1825 96 59 1620 

1920/21 0 0 0 0 0 0 0 0 0 

1921/22 0 0 0 0 0 0 0 0 0 

1922/23 0 0 0 0 0 0 0 0 0 

1923/24 0 0 0 0 0 0 0 0 0 



 
 

       
Barmah Choke Study- Investigation Phase PAGE 147 

Irrigation 
Season 

Current Medium Climate Change High Climate Change 
Volume 

(GL) 
Days Average 

rate 
Volume 

(GL) 
Days Average 

rate 
Volume 

(GL) 
Days Average 

rate 
1924/25 0 0 0 0 0 0 0 0 0 

1925/26 43 6 7083 50 8 6225 35 6 5773 

1926/27 0 0 0 0 0 0 0 0 0 

1927/28 0 0 0 3 2 1595 4 3 1290 

1928/29 0 0 0 0 0 0 0 0 0 

1929/30 0 0 0 0 0 0 0 0 0 

1930/31 0 0 0 0 0 0 10 5 2032 

1931/32 0 0 0 0 0 0 0 0 0 

1932/33 0 0 0 0 0 0 1 3 207 

1933/34 0 0 0 0 0 0 0 0 0 

1934/35 0 0 0 0 0 0 0 0 0 

1935/36 0 0 0 0 0 0 0 0 0 

1936/37 0 0 0 0 0 0 0 0 0 

1937/38 0 0 0 0 0 0 0 0 0 

1938/39 90 41 2188 76 40 1903 0 0 0 

1939/40 0 0 0 1 2 385 3 4 673 

1940/41 0 0 0 0 0 0 0 0 0 

1941/42 0 0 0 0 0 0 0 0 0 

1942/43 0 0 0 0 0 0 0 0 0 

1943/44 0 0 0 0 0 0 0 0 0 

1944/45 0 0 0 0 0 0 0 0 0 

1945/46 2 2 1135 4 3 1167 0 0 0 

1946/47 0 0 0 0 0 0 0 0 0 

1947/48 0 0 0 0 0 0 0 1 370 

1948/49 0 0 0 2 3 657 7 6 1160 

1949/50 0 0 0 3 4 768 11 15 736 

1950/51 0 0 0 0 0 0 0 0 0 

1951/52 0 0 0 0 0 0 0 0 0 

1952/53 0 0 0 0 0 0 0 0 0 

1953/54 0 0 0 0 0 0 0 0 0 

1954/55 0 0 0 0 0 0 1 1 870 

1955/56 0 0 0 0 0 0 0 0 0 

1956/57 0 0 0 0 0 0 0 0 0 

1957/58 0 0 0 0 0 0 2 4 555 

1958/59 0 0 0 0 0 0 8 10 847 

1959/60 0 0 0 0 0 0 1 4 275 

1960/61 0 0 0 0 0 0 19 11 1704 

1961/62 0 0 0 0 0 0 0 1 250 
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Irrigation 
Season 

Current Medium Climate Change High Climate Change 
Volume 

(GL) 
Days Average 

rate 
Volume 

(GL) 
Days Average 

rate 
Volume 

(GL) 
Days Average 

rate 
1962/63 0 0 0 0 0 0 0 0 0 

1963/64 0 0 0 0 0 0 0 0 0 

1964/65 0 0 0 0 0 0 0 0 0 

1965/66 0 0 0 0 0 0 0 0 0 

1966/67 0 0 0 0 0 0 1 4 340 

1967/68 23 19 1216 0 0 0 0 0 0 

1968/69 0 0 0 0 1 150 0 0 0 

1969/70 0 0 0 0 0 0 0 0 0 

1970/71 0 0 0 0 0 0 27 15 1785 

1971/72 0 0 0 0 0 0 0 0 0 

1972/73 0 0 0 4 2 1990 49 22 2228 

1973/74 0 0 0 0 0 0 0 0 0 

1974/75 0 0 0 0 0 0 0 0 0 

1975/76 0 0 0 0 0 0 0 0 0 

1976/77 0 0 0 0 0 0 5 4 1185 

1977/78 0 0 0 0 0 0 0 0 0 

1978/79 0 0 0 4 2 2140 0 0 0 

1979/80 1 1 660 4 5 840 0 0 0 

1980/81 15 9 1713 14 8 1691 18 14 1310 

1981/82 1 1 1300 5 6 815 5 5 918 

1982/83 88 58 1520 83 54 1530 0 0 0 

1983/84 0 0 0 0 0 0 0 0 0 

1984/85 0 0 0 0 0 0 0 0 0 

1985/86 0 0 0 0 0 0 5 10 506 

1986/87 0 0 0 0 0 0 7 12 576 

1987/88 0 0 0 0 0 0 0 0 0 

1988/89 0 0 0 0 0 0 0 0 0 

1989/90 0 0 0 0 0 0 0 0 0 

1990/91 0 0 0 0 0 0 0 0 0 

1991/92 0 0 0 0 0 0 0 0 0 

1992/93 0 0 0 0 0 0 0 0 0 

1993/94 0 0 0 0 0 0 0 0 0 

1994/95 0 0 0 0 0 0 0 0 0 

1995/96 0 0 0 0 0 0 0 0 0 

1996/97 0 0 0 0 0 0 0 0 0 

1997/98 0 0 0 0 0 0 14 19 721 

1998/99 0 0 0 0 0 0 0 0 0 

1999/ 2000 0 0 0 0 0 0 0 0 0 
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Irrigation 
Season 

Current Medium Climate Change High Climate Change 
Volume 

(GL) 
Days Average 

rate 
Volume 

(GL) 
Days Average 

rate 
Volume 

(GL) 
Days Average 

rate 
2000/01 0 0 0 0 0 0 0 0 0 

2001/02 0 0 0 0 0 0 0 0 0 

2002/03 73 42 1738 39 36 1094 0 0 0 

2003/04 0 0 0 4 5 856 7 5 1454 

2004/05 4 6 612 2 3 520 2 4 595 

2005/06 0 0 0 0 0 0 0 0 0 

2006/07 218 68 3201 10 11 913 0 0 0 

2007/08 2 4 473 1 3 400 0 0 0 

 

 Table E- 2: Timing, volume and duration of shortfalls at downstream Hume Reservoir 
(average rate in ML/day). 

Irrigation 
Season 

Current Medium Climate Change High Climate Change 
Volume 

(GL) 
Days Average 

rate 
Volume 

(GL) 
Days Average 

rate 
Volume 

(GL) 
Days Average 

rate 
1891/82 0 0 0 0 0 0 0 0 0 

1892/93 0 0 0 0 0 0 0 0 0 

1893/94 0 0 0 0 0 0 0 0 0 

1894/95 0 0 0 0 0 0 0 0 0 

1895/96 0 0 0 0 0 0 0 0 0 

1896/97 0 0 0 0 0 0 0 0 0 

1897/98 0 0 0 0 0 0 0 0 0 

1897/99 0 0 0 0 0 0 0 0 0 

1899/ 1900 0 0 0 0 0 0 0 0 0 

1900/01 0 0 0 0 0 0 0 0 0 

1901/02 0 0 0 0 0 0 0 0 0 

1902/03 0 0 0 0 0 0 0 0 0 

1903/04 0 0 0 0 0 0 0 0 0 

1904/05 0 0 0 0 0 0 0 0 0 

1905/06 0 0 0 0 0 0 0 0 0 

1906/07 0 0 0 0 0 0 0 0 0 

1907/08 0 0 0 0 0 0 0 0 0 

1908/09 0 0 0 0 0 0 0 0 0 

1909/10 0 0 0 0 0 0 0 0 0 

1910/11 0 0 0 0 0 0 0 0 0 

1911/12 0 0 0 0 0 0 0 0 0 

1912/13 0 0 0 0 0 0 0 0 0 

1913/14 0 0 0 0 0 0 0 0 0 

1914/15 0 0 0 0 0 0 0 0 0 
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Irrigation 
Season 

Current Medium Climate Change High Climate Change 
Volume 

(GL) 
Days Average 

rate 
Volume 

(GL) 
Days Average 

rate 
Volume 

(GL) 
Days Average 

rate 
1915/16 0 0 0 0 0 0 0 0 0 

1916/17 0 0 0 0 0 0 0 0 0 

1917/18 0 0 0 0 0 0 0 0 0 

1918/19 0 0 0 0 0 0 0 0 0 

1919/20 0 0 0 0 0 0 0 0 0 

1920/21 0 0 0 0 0 0 0 0 0 

1921/22 0 0 0 0 0 0 0 0 0 

1922/23 0 0 0 0 0 0 0 0 0 

1923/24 0 0 0 0 0 0 0 0 0 

1924/25 0 0 0 0 0 0 0 0 0 

1925/26 18 5 3570 24 5 4802 0 0 0 

1926/27 0 0 0 0 0 0 0 0 0 

1927/28 0 0 0 0 0 0 0 0 0 

1928/29 0 0 0 0 0 0 0 0 0 

1929/30 0 0 0 0 0 0 0 0 0 

1930/31 0 0 0 0 0 0 0 0 0 

1931/32 0 0 0 0 0 0 0 0 0 

1932/33 0 0 0 0 0 0 0 0 0 

1933/34 0 0 0 0 0 0 0 0 0 

1934/35 0 0 0 0 0 0 0 0 0 

1935/36 0 0 0 0 0 0 0 0 0 

1936/37 0 0 0 0 0 0 0 0 0 

1937/38 0 0 0 0 0 0 0 0 0 

1938/39 0 0 0 0 0 0 0 0 0 

1939/40 0 0 0 0 0 0 0 0 0 

1940/41 0 0 0 0 0 0 0 0 0 

1941/42 0 0 0 0 0 0 0 0 0 

1942/43 0 0 0 0 0 0 0 0 0 

1943/44 0 0 0 0 0 0 0 0 0 

1944/45 0 0 0 0 0 0 0 0 0 

1945/46 0 0 0 0 0 0 0 0 0 

1946/47 0 0 0 0 0 0 0 0 0 

1947/48 0 0 0 0 0 0 0 0 0 

1948/49 0 0 0 0 0 0 0 0 0 

1949/50 0 0 0 0 0 0 0 0 0 

1950/51 0 0 0 0 0 0 0 0 0 

1951/52 0 0 0 0 0 0 0 0 0 

1952/53 0 0 0 0 0 0 0 0 0 



 
 

       
Barmah Choke Study- Investigation Phase PAGE 151 

Irrigation 
Season 

Current Medium Climate Change High Climate Change 
Volume 

(GL) 
Days Average 

rate 
Volume 

(GL) 
Days Average 

rate 
Volume 

(GL) 
Days Average 

rate 
1953/54 0 0 0 0 0 0 0 0 0 

1954/55 0 0 0 0 0 0 0 0 0 

1955/56 0 0 0 0 0 0 0 0 0 

1956/57 0 0 0 0 0 0 0 0 0 

1957/58 0 0 0 0 0 0 0 0 0 

1958/59 0 0 0 0 0 0 0 0 0 

1959/60 0 0 0 0 0 0 0 0 0 

1960/61 0 0 0 0 0 0 0 0 0 

1961/62 0 0 0 0 0 0 0 0 0 

1962/63 0 0 0 0 0 0 0 0 0 

1963/64 0 0 0 0 0 0 0 0 0 

1964/65 0 0 0 0 0 0 0 0 0 

1965/66 0 0 0 0 0 0 0 0 0 

1966/67 0 0 0 0 0 0 0 0 0 

1967/68 0 0 0 0 0 0 0 0 0 

1968/69 0 0 0 0 0 0 0 0 0 

1969/70 0 0 0 0 0 0 0 0 0 

1970/71 0 0 0 0 0 0 0 0 0 

1971/72 0 0 0 0 0 0 0 0 0 

1972/73 0 0 0 0 0 0 0 0 0 

1973/74 0 0 0 0 0 0 0 0 0 

1974/75 0 0 0 0 0 0 0 0 0 

1975/76 0 0 0 0 0 0 0 0 0 

1976/77 0 0 0 0 0 0 0 0 0 

1977/78 0 0 0 0 0 0 0 0 0 

1978/79 0 0 0 1 1 770 0 0 0 

1979/80 0 0 0 0 0 0 0 0 0 

1980/81 0 0 0 0 0 0 0 0 0 

1981/82 0 0 0 0 0 0 0 0 0 

1982/83 0 0 0 0 0 0 0 0 0 

1983/84 0 0 0 0 0 0 0 0 0 

1984/85 0 0 0 0 0 0 0 0 0 

1985/86 0 0 0 0 0 0 0 0 0 

1986/87 0 0 0 0 0 0 0 0 0 

1987/88 0 0 0 0 0 0 0 0 0 

1988/89 0 0 0 0 0 0 0 0 0 

1989/90 0 0 0 0 0 0 0 0 0 

1990/91 0 0 0 0 0 0 0 0 0 
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Irrigation 
Season 

Current Medium Climate Change High Climate Change 
Volume 

(GL) 
Days Average 

rate 
Volume 

(GL) 
Days Average 

rate 
Volume 

(GL) 
Days Average 

rate 
1991/92 0 0 0 0 0 0 0 0 0 

1992/93 0 0 0 0 0 0 0 0 0 

1993/94 0 0 0 0 0 0 0 0 0 

1994/95 0 0 0 0 0 0 0 0 0 

1995/96 0 0 0 0 0 0 0 0 0 

1996/97 0 0 0 0 0 0 0 0 0 

1997/98 0 0 0 0 0 0 0 0 0 

1998/99 0 0 0 0 0 0 0 0 0 

1999/ 2000 0 0 0 0 0 0 0 0 0 

2000/01 0 0 0 0 0 0 0 0 0 

2001/02 0 0 0 0 0 0 0 0 0 

2002/03 0 0 0 0 0 0 0 0 0 

2003/04 0 0 0 0 0 0 0 0 0 

2004/05 0 0 0 0 0 0 0 0 0 

2005/06 0 0 0 0 0 0 0 0 0 

2006/07 0 0 0 0 0 0 0 0 0 

2007/08 0 0 0 0 0 0 0 0 0 
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APPENDIX F: Unseasonal Flooding Indicator 
Interpretation of Unseasonal Flooding Indicator 
Inspection of the summary tables for the unseasonal flooding indicator will show that the 
total number of years of unseasonal flooding is less than the sum of the number of floods 
occurring in each month.  This is due to the way the tables are calculated. 

The monthly summary tables (such as floods occurring in January) count every year in 
which the peak of a flood occurred in that month, regardless of whether other floods 
occurred in that same year.  The table for total years of unseasonal flooding only counts 
one flood per year; the flood with the highest peak magnitude. 

For example, if in a given year three floods occur; one with a peak of 12,500 ML/day in 
February, one with a peak of 14,000 ML/day in March and one with a peak of 16,000 
ML/day in April the monthly summary tables would record all three floods, however the 
total years of unseasonal flooding table would only record the flood of the largest 
magnitude (16,000 ML/day). 

Number of Wet Years 
The number of wet years is calculated as the number of years each side of the forest 
would be wet using the following equation: 

Number of wet years = (Floods 11,001-13,000 + Floods 13,001-15,000)/2 + Floods 
15,001-18,000 + Floods >18,000 

This equation is based on the fact that flows between 11,001 ML/day and 15,000 ML/day 
can be restricted to one side of the forest (in alternating years) through the use of 
regulators.  Flows greater than 15,000 ML/day are not able to be restricted to one side of 
the forest, and would flood both sides. 

Flows less than 11,000 ML/day may flow through the regulators into the forest, but are 
thought to have only a limited impact of the health of the forest.  As such, flows less than 
11,000 ML/day do not count towards the number of wet years.  Excluding small 
unseasonal flooding events also allows for slight variations between modelled flow and 
Barmah Choke capacity. 
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 Table F- 1: Unseasonal flooding indicator for the Current Scenario. 

Duration
10601-
11000

11001-
13000

13001-
15000

15001-
18000 >18000

Total by 
Duration

0-2 days 2 5 1 0 0 8
3-7 days 0 2 4 10 4 20
>7 days 0 0 0 1 2 3
Total By 
Flow 2 7 5 11 6 31

Duration
10601-
11000

11001-
13000

13001-
15000

15001-
18000 >18000

Total by 
Duration

0-2 days 5 14 1 0 0 20
3-7 days 1 1 4 6 5 17
>7 days 0 0 1 0 1 2
Total By 
Flow 6 15 6 6 6 39

Duration
10601-
11000

11001-
13000

13001-
15000

15001-
18000 >18000

Total by 
Duration

0-2 days 5 8 3 0 0 16
3-7 days 0 0 6 2 4 12
>7 days 0 0 0 0 0 0
Total By 
Flow 5 8 9 2 4 28

Duration
10601-
11000

11001-
13000

13001-
15000

15001-
18000 >18000

Total by 
Duration

0-2 days 5 22 5 0 0 32
3-7 days 0 7 18 5 2 32
>7 days 0 0 1 0 2 3
Total By 
Flow 5 29 24 5 4 67

Duration
10601-
11000

11001-
13000

13001-
15000

15001-
18000 >18000

Total by 
Duration

0-2 days 8 20 6 0 0 34
3-7 days 0 8 19 19 14 60
>7 days 0 0 1 0 4 5
Total By 
Flow 8 28 26 19 18 99

99
55%
117
173Total Number of Events

Total Years of Unseasonal Flooding
Flow (ML/d) 

Total Years of Unseasonal Flooding
Proportion of Wet Years
Total Number of Years

Flow (ML/d) 

Flow (ML/d) 

Flow (ML/d) 

Flow (ML/d) 

 Floods occurring in January

Floods occurring in February

Floods occurring in March

 Floods occurring in April
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 Table F- 2: Unseasonal flooding indicator for the Medium Climate Change Scenario. 

Duration
10601-
11000

11001-
13000

13001-
15000

15001-
18000 >18000

Total by 
Duration

0-2 days 5 6 1 0 0 12
3-7 days 0 0 8 7 4 19
>7 days 0 0 0 0 2 2
Total By 
Flow 5 6 9 7 6 33

Duration
10601-
11000

11001-
13000

13001-
15000

15001-
18000 >18000

Total by 
Duration

0-2 days 5 10 2 0 0 17
3-7 days 0 3 1 4 4 12
>7 days 0 0 0 0 1 1
Total By 
Flow 5 13 3 4 5 30

Duration
10601-
11000

11001-
13000

13001-
15000

15001-
18000 >18000

Total by 
Duration

0-2 days 5 5 3 0 0 13
3-7 days 0 2 2 4 3 11
>7 days 0 0 0 0 0 0
Total By 
Flow 5 7 5 4 3 24

Duration
10601-
11000

11001-
13000

13001-
15000

15001-
18000 >18000

Total by 
Duration

0-2 days 6 9 2 0 0 17
3-7 days 0 10 13 4 3 30
>7 days 0 0 0 0 1 1
Total By 
Flow 6 19 15 4 4 48

Duration
10601-
11000

11001-
13000

13001-
15000

15001-
18000 >18000

Total by 
Duration

0-2 days 11 15 4 0 0 30
3-7 days 0 7 17 14 13 51
>7 days 0 0 0 0 4 4
Total By 
Flow 11 22 21 14 17 85

85
45%
117
145Total Number of Events

Total Years of Unseasonal Flooding
Flow (ML/d) 

Total Years of Unseasonal Flooding
Proportion of Wet Years
Total Number of Years

Flow (ML/d) 

Flow (ML/d) 

Flow (ML/d) 

Flow (ML/d) 

 Floods occurring in January

Floods occurring in February

Floods occurring in March

 Floods occurring in April
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 Table F- 3: Unseasonal flooding indicator for the High Climate Change Scenario. 

Duration
10601-
11000

11001-
13000

13001-
15000

15001-
18000 >18000

Total by 
Duration

0-2 days 3 3 0 0 0 6
3-7 days 0 3 8 5 0 16
>7 days 0 0 0 0 1 1
Total By 
Flow 3 6 8 5 1 23

Duration
10601-
11000

11001-
13000

13001-
15000

15001-
18000 >18000

Total by 
Duration

0-2 days 3 7 1 0 0 11
3-7 days 0 0 2 1 2 5
>7 days 0 0 0 0 1 1
Total By 
Flow 3 7 3 1 3 17

Duration
10601-
11000

11001-
13000

13001-
15000

15001-
18000 >18000

Total by 
Duration

0-2 days 1 4 0 0 1 6
3-7 days 0 2 4 1 1 8
>7 days 0 0 1 0 0 1
Total By 
Flow 1 6 5 1 2 15

Duration
10601-
11000

11001-
13000

13001-
15000

15001-
18000 >18000

Total by 
Duration

0-2 days 1 9 2 0 0 12
3-7 days 0 0 6 3 3 12
>7 days 0 0 0 0 2 2
Total By 
Flow 1 9 8 3 5 26

Duration
10601-
11000

11001-
13000

13001-
15000

15001-
18000 >18000

Total by 
Duration

0-2 days 3 16 3 0 0 22
3-7 days 0 1 12 9 6 28
>7 days 0 0 0 0 3 3
Total By 
Flow 3 17 15 9 9 53

53
29%
117
87

Flow (ML/d) 

Flow (ML/d) 

Flow (ML/d) 

Flow (ML/d) 

 Floods occurring in January

Floods occurring in February

Floods occurring in March

 Floods occurring in April

Total Number of Events

Total Years of Unseasonal Flooding
Flow (ML/d) 

Total Years of Unseasonal Flooding
Proportion of Wet Years
Total Number of Years
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