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Executive Summary 
 

This document is The Living Murray Environmental Management Plan for the River Murray 
Channel Icon Site 2006-07 (‘Asset’), as required under the Intergovernmental Agreement on 
Addressing Water Over-allocation and Achieving Environmental Objectives in the Murray-Darling 
Basin (Clause 63) and the Living Murray Business Plan (Clause 91).  
 
The Icon Site Manager for the River Murray Channel Icon Site is the Environmental 
Watering Group (EWG). The EWG is responsible for this plan and for undertaking 
consultation. Many of the actions in this plan will ultimately be implemented by River 
Murray Water (a business unit of the Murray-Darling Basin Commission responsible for 
operating the River Murray system in accordance with the 1992 Murray-Darling Basin 
Agreement), state government agencies and constructing authorities. Where required, state 
legislative approvals will be obtained and/or Murray-Darling Basin Commission and 
Ministerial Council approval sought in relation to proposed environmental management 
actions in this plan. 
 
The River Murray Channel Icon Site extends over 2,150 km (river distance) from Hume 
Dam near Albury to Wellington in South Australia. It is the ‘main artery’ of the system 
and is valued for the range of environments, cultural, social and economic values that it 
supports. This plan addresses many of the processes that currently threaten these values. 
 
The vision for the River Murray Channel Icon Site is “A healthy and productive River 
Murray”. This plan addresses the Living Murray First Step decision ecological objectives 
including:  

o increasing the frequency of higher flows in spring that are ecologically significant; 

o overcoming barriers to the migration of native fish between the sea and Hume Dam;  

o maintaining current levels of channel stability;  

As well as objectives such as: 
o protecting and restoring key habitat features in the river and riparian zone; 
o re-instating ecologically significant elements of the natural flow regime (including 

seasonal flow variability); and 
o where possible, improving connectivity between the river and riparian zone to 

facilitate wetting and drying. 
 
This plan is structured in two parts: 

Part A outlines the strategic context of The Living Murray Environmental Management 
Plan for the River Murray Channel Icon Site, including: 

o its purpose; 
o the vision, ecological objectives and outcomes for the Icon Site; 
o a description of the Icon Site including its values, threatening processes and current 

environmental condition; 
o a suite of environmental management actions (flow and non-flow) to meet the 

objectives of: 
 normal regulated (high and low) flow periods, and 
 higher river flows being actively managed en route to other Living Murray Icon 

Sites and incidental benefits achieved for the River Murray Channel. 
o consultation, outcomes evaluation and adaptive management processes; and 
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o a preliminary risk assessment of actions. 
 
Part B is the Icon Site Annual Plan for the 2006-07 season (1 July 2006 - 30 June 2007). 
It provides: 
o the seasonal outlook for the River Murray system including the:  

 volume/location of water in storage (as at the end of May 2006);  
 status of available environmental water, and  
 modelled probability of meeting flow thresholds at locations along the River 

Murray signalling a potential flow enhancement opportunity. 
o priority environmental management actions for the River Murray Channel Icon Site. 
 
This plan has identified a range of environmental management actions for possible 
implementation in the River Murray Channel Icon Site during 2006-07 including ‘Flow’, 
‘Operational’, ‘Structural’ and ‘Investigation’ actions (see Part B). These actions, if 
implemented, will contribute to meeting the objectives of this plan, leading to long-term 
outcomes such as enhanced native fish populations, river channel stability, in-stream and 
riparian vegetation and water quality. Projects funded by the Living Murray 
Environmental Works and Measures Program (LM-EWMP), as well as projects being 
undertaken by state agencies, catchment management organisations, community groups 
and others, are integral to achieving the objectives of this plan. This plan does not 
replace, but rather acknowledges, where activities complementary to its vision and 
objectives are being undertaken.  
 
Many of the actions identified for the River Murray Channel Icon Site in 2006-07 relate 
to changes in river operating procedures, and would be implemented in a way to 
minimise the impact on existing users. 
 
During 2006-07, monitoring arrangements will draw on existing programs where 
possible, to meet reporting requirements, while a monitoring and evaluation plan for the 
Icon Site is being developed, consistent with the guidelines in the Outcomes Evaluation 
Framework. Any actions undertaken in 2006-07 will be consistent with the principles of 
adaptive management and will consider consultation requirements as well as management 
of potential impacts or risks. An annual report will be produced by the EWG on the 
implementation of this and other Icon Site plans, the recommendations of which will 
feed back into successive annual planning processes. 
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PART A – STRATEGIC CONTEXT 
 
11..  IINNTTRROODDUUCCTTIIOONN  
 
1.1 Purpose of Plan 
 
“The River Murray holds iconic status and is arguably the nation’s most important river”. 
 
The River Murray Channel extends over 2, 000 km (river distance) from Hume Dam 
near Albury to Wellington in South Australia. It is one of six Icon Sites under the 
Murray-Darling Basin (MDB) Ministerial Council’s Living Murray First Step decision 
(Fig. 1). The six Icon Sites that will benefit from active environmental management, of 
up to an additional 500 gigalitres (GL) of water per year (long term average) under the 
First Step decision, are the:  

o Barmah-Millewa Forest;  
o Gunbower – Koondrook-Perricoota Forest;  
o Hattah Lakes;  
o Chowilla Floodplain and Lindsay-Wallpolla Islands;  
o Lower Lakes, the Coorong and Murray Mouth, and 
o River Murray Channel.  
 
Further information on the First Step decision is available from 
www.thelivingmurray.mdbc.gov.au 

 
Figure 1 Location of the six Living Murray First Step decision Icon Sites.  
 
 
The River Murray Channel is the main artery of the system that links riverine 
environments along its course, including floodplain forests, wetlands and the estuary at 
the river’s mouth. The channel itself provides habitat for many aquatic plants and 

http://www.thelivingmurray.mdbc.gov.au/
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animals, including Murray Cod and its banks support River Red Gum communities. The 
River Murray is valued for the range of human activities it supports, such as irrigation, 
hydroelectricity, tourism and recreation, and also for its cultural heritage. A number of 
factors, not all of which are related to flow management, have impacted the condition of 
the River Murray Channel and in turn threaten these values.  
 
This document is the management plan as required under the Intergovernmental Agreement 
on Addressing Water Over-allocation and Achieving Environmental Objectives in the Murray-Darling 
Basin (Clause 63) and the Living Murray Business Plan (Clause 91). It describes the vision, 
ecological objectives and outcomes for the Icon Site and how they are to be achieved 
through flow and other management actions. This plan has been approved by the MDB 
Ministerial Council and is effective from 1 July 2006. Similar plans have been developed 
for the other five Icon Sites.  
 
The purpose of this management plan is to identify opportunities to protect and enhance 
the condition of the River Murray Channel. This will happen in accordance with the 
vision and objectives for this Icon Site (see Chapter 2): 
o during normal regulated (high and low) flow periods, and  
o while environmental flows are being actively managed en route to other Icon 

Sites and incidental benefits can be achieved for the River Murray Channel.  
 
The water available under the First Step decision is principally aimed at the four ‘off-
river’ Icon Sites and the Lower Lakes, the Coorong and Murray Mouth (Fig. 2). 
However, the River Murray Channel is expected to benefit through the increased flow 
being delivered to these Icon Sites, particularly during Spring. Any potential negative 
impacts to the River Murray Channel in delivering outcomes at other Icon Sites will, as 
far as possible, be avoided.     
 
This plan seeks to enhance the environmental benefits to the River Murray Channel 
through identification of key river operating procedures. It concentrates primarily on 
what can be achieved in the main channel of the River Murray, but also on opportunities 
to improve the wetting and drying of connected anabranches and wetlands. In many 
cases, investigations and modelling will first be required to inform and evaluate any 
changes that may be made to current procedures. 
 
Many of the management actions described in this plan do not seek to alter the volume 
of water moving through the River Murray system intended for irrigation or downstream 
environmental use. Rather, the aim in many cases is to manipulate the variability (pattern) 
of river flows for environmental outcomes, within the context and requirements of the 
MDB Agreement, to supply water to the states and meet the ecological outcomes at the 
Icon Sites and broader River Murray system.  
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1.2 Relationship to other relevant plans and initiatives 
 
The Living Murray and National Water Initiative 
 
The MDB Ministerial Council announced its historic Living Murray First Step decision 
on 14 November 2003, marking the start of collective action to restore the River Murray 
to a healthy working river. The vision for the Murray is ‘a healthy River Murray system, 
sustaining communities and preserving unique values’. 
 
On 25 June 2004, the Council of Australian Governments (COAG) agreed to a National 
Water Initiative. The First Ministers of the Victorian, New South Wales, South Australian, 
Australian Capital Territory, and the Australian Government signed the Intergovernmental 
Agreement on Addressing Water Over-allocation and Achieving Environmental Objectives in the 
Murray-Darling Basin (the MDB-IGA). The MDB-IGA gives effect to the August 2003 
decision, by southern Murray-Darling Basin jurisdictions to commit $500 million over 
five years to address water over-allocation in the Murray-Darling Basin, with an initial 
focus on achieving specific environmental outcomes for six Icon Sites along the River 
Murray.  
 
The Living Murray Business Plan provided for under Clause 13 of the MDB-IGA describes 
how the actions and milestones in the MDB-IGA are to be achieved (Fig. 2). The plan 
also refers to complementary investment (commencing in 2003) under the Living Murray 
Environmental Works and Measures Program (LM-EWMP). Combined with the further 
investment by the Australian Government in the Living Murray in May 2006 of $500 
million and the $75 million committed to recovering water for the River Murray through 
the Snowy Joint Government Enterprise, total investment by governments for the River 
Murray exceeds $1 billion.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Flow chart depicting the relationship between the Living Murray Business Plan, the Living 
Murray Environmental Watering Plan and six Asset Environmental Management Plans (AEMPs).  

 
 

Living Murray  
Environmental Watering Plan  

Barmah-
Millewa 
Forest 
AEMP 

 
 
 

Gunbower 
and 

Koondrook
-Perricoota 

Forest 
AEMP 

 
 

Hattah 
Lakes 
AEMP 

 
 
 
 

Chowilla 
Floodplain 

and 
Lindsay-
Walpolla 
Islands 
AEMP 

 

Lower 
Lakes, 

Coorong 
and 

Murray 
Mouth 
AEMP 

 

Living Murray  
Business Plan  

River 
Murray 

Channel 
AEMP 

 
 
 



River Murray Channel Icon Site Environmental Management Plan 2006-07 4 
 

 
The ‘Basin Environmental Watering Plan’ required under Clause 58 of the MDB-IGA is 
referred to as the Living Murray Environmental Watering Plan (LMEWP) and the ‘Local 
Watering Plans’ required under Clause 63 are referred to as The Living Murray 
Environmental Managment Plans (AEMPs) (Fig. 2). The purpose of The Living Murray 
Environmental Managment Plans is to describe how the ecological objectives, set out in the 
Living Murray First Step decision, are to be achieved through flow and other 
management actions using available water. The LMEWP provides a system-wide 
perspective, and in doing so, aims to prioritise and coordinate the application of 
environmental water across Icon Sites. 
 
 

The Murray-Darling Basin Agreement  
 
The Murray-Darling Basin Initiative is a partnership between the Australian, New South 
Wales, Victorian, South Australian, Queensland and Australian Capital Territory 
governments and the community, established to give effect to the Murray-Darling Basin 
Agreement (MDB Agreement). The original agreement, signed by governments in 1917, 
was the ‘River Murray Waters Agreement’. The agreement has been amended a number 
of times and the current agreement is the ‘1992 MDB Agreement’. 
 
The MDB Ministerial Council, established in 1985, is the primary body responsible for 
providing the policy and direction needed to implement the Murray-Darling Basin Initiative. 
The Ministerial Council comprises the ministers responsible for land, water and 
environmental resources, within the contracting governments, and has the power to 
make decisions for the Basin as a whole. 
 
The purpose of the MDB Agreement is to ‘promote and co-ordinate effective planning 
and management for the equitable efficient and sustainable use of the water, land and 
other environmental resources of the Murray-Darling Basin’ (Clause 1).  
 
In 1988, the Murray-Darling Basin Commission (MDBC) replaced the former River 
Murray Commission (established since 1917). The MDBC is the executive arm of the 
Ministerial Council and is responsible for: 
o managing the River Murray and Menindee Lakes system of the lower Darling River; 

and 
o advising the Ministerial Council on matters related to the use of the water, land and 

other environmental resources of the Murray-Darling Basin. 
 
In 1998 River Murray Water (RMW) was established as an internal business unit of the 
MDBC, delineating the river operations and Icon Site management functions from 
natural resource management and policy functions. RMW manages the River Murray 
system to ensure that the available water is continuously accounted for and distributed to 
NSW, VIC and SA in accordance with the MDB Agreement.  
 
Further details are available from www.mdbc.gov.au 
 
The Living Murray Environmental Works and Measures Program 
 
The Living Murray Environmental Works and Measures Program (LM-EWMP) 
commenced in 2003, to improve the health of the River Murray system by:  
o making the best use of currently available water, and  

http://www.mdbc.gov.au/
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o optimising the benefits of any water recovered in the future.  
 
The LM-EWMP forms an integral part of The Living Murray, providing the required 
operational flexibility to deliver and manage environmental flow allocations throughout 
the River Murray system. Details of projects specifically aimed at the River Murray 
Channel Icon Site are provided at Appendix 1.  
 
Other Murray-Darling Basin and state-based policies, strategies and programs 
 
A number of MDB-wide policies, strategies and programs established by the MDB 
Ministerial Council will have a relationship to this plan, including the MDB: 
o Integrated Catchment Management Policy; 
o Salinity Management Strategy; 
o Native Fish Strategy; 
o Sustainable Rivers Audit Program; 
o Floodplain Management Strategy, and 
o Cap on diversions (detailed in Schedule F to the MDB Agreement). 
 
An overview of relevant state-based policies, strategies and programs is at Appendix 2. 
 
1.3 Management arrangements  

 
The Icon Site Manager for the River Murray Channel is an inter-jurisdictional group 
called the Environmental Watering Group (EWG). The EWG comprises representatives 
from the Australian, New South Wales, Victorian and South Australia governments and 
two MDBC representatives − the River Murray Environmental Manager (RMEM) and 
the Manager Production, RMW. The MDBC office provides executive support to the 
EWG, who is responsible for this plan and for consulting with the Living Murray 
Community Reference Group (CRG) and Indigenous representatives (see Chapter 7). 
The roles and responsibilities of Icon Site managers are further detailed in the Living 
Murray Business Plan 2006-07 (Paragraphs 87-110; 128-140).  
 
Consistent with the requirements outlined in the Living Murray Business Plan 2006-07 
(Paragraph 89), The Living Murray environmental management plans will be: 
o reviewed annually and updated in response to information arising from monitoring, 

further investigations, modelling and consultation, and 
o provided to the MDB Ministerial Council by 31 July each year for approval.  
 
An annual report on the implementation of Icon Site plans will be prepared in 
accordance with the requirements outlined in the Living Murray Environmental Watering 
Plan. 
 
22..  VVIISSIIOONN,,  EECCOOLLOOGGIICCAALL  OOBBJJEECCTTIIVVEESS  AANNDD  OOUUTTCCOOMMEESS  
 
2.1 Vision  
 
Consistent with the vision for the River Murray, originally put forward by members of 
the community and agreed to by Ministerial Council in March 2001 (Appendix 3), the 
vision for the River Murray Channel Icon Site is:  
 

“A Healthy and Productive River Murray” 
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2.2 Ecological objectives  

 
The MDB Ministerial Council, in its First Step decision for the Living Murray, set interim 
ecological objectives and expected outcomes for the Icon Sites. Those for the River 
Murray Channel Icon Site are: 
1. increase the frequency of higher flows in Spring, that are ecologically significant; 
2. overcome barriers to migration of native fish species between the sea and Hume 

Dam, and 
3. maintain current levels of channel stability (Appendix 4). 

A subset of objectives for the River Murray, agreed to by Ministerial Council in March 
2001, further exemplify the scope and intent of this Environmental Management Plan 
including: 

4. protect and restore key habitat features in the river and riparian zone; 
5. prevent the extinction of native species from the riverine system; 
6. reinstate ecologically significant elements of the natural flow regime (including 

      seasonal flow variability); 
7. where possible, improve connectivity between the river and riparian zone to 

      facilitate wetting and drying; 
8. manage flow-related water quality to a level that sustains ecological processes and 

      productive capacity;  
9. recognise the importance of maintaining a healthy and productive River Murray 

to the social, economic, cultural, environmental and other values along the river; 
and  

10. ensure that actions under this plan do not significantly threaten these values. 
(Note: These codes are used in Table 5, page 31) 
 
2.3 Ecological Outcomes 
 
The refined ecological outcomes for the River Murray Channel Icon Site are:  

1. expanded ranges of many species of migratory fishes, and  
2. enhanced river channel stability compared to current; 

Significant benefits are also expected for in-stream and riparian vegetation and for water 
quality for a range of the actions identified. As such, the following ecological outcomes 
have also been identified: 

3. improved diversity and quality of in-stream and riparian vegetation, and 
4. reduced impact of water quality issues of social and/or environmental concern. 
 (Note: These codes are used in Table 5). 
 
The scale and location of these outcomes will vary. Outcomes for native fish are 
expected system-wide, provided for mainly by the sea to Hume Dam fish passage 
program in conjunction with other in-stream habitat restoration activities. Other actions 
will be more localised (reach scale) in effect, but the cumulative benefits that will accrue 
from implementing multiple actions at multiple locations are expected to have a positive 
overall system health benefit.  
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33..  DDEESSCCRRIIPPTTIIOONN  OOFF  IICCOONN  SSIITTEE  
  
3.1 Physical setting 
 
The River Murray is 2,530 km long from its source in the Australian Alps to its mouth 
on Encounter Bay in South Australia (Crabb, 1997). For some 1,880 km of its length, the 
river marks the boundary between New South Wales and Victoria. The length of the 
River Murray Channel from Hume Dam to Wellington is 2,152 km (Fig. 3). 
 
The modern River Murray is a large, low gradient, anabranching river system that is 
characterised by low water and sediment yields, and, low flow energies and highly 
cohesive bed and bank materials. The river flows through four distinct geomorphic tracts 
as described by Thoms et al. (2000) (Fig. 4).  
 

 
           Source: MDBC 
Figure 3. Longitudinal profile of the River Murray.  
 
 
3.2 Geographic extent of the River Murray Channel Icon Site 

3.2.1 Longitudinal extent   

The longitudinal extent of the River Murray Channel Icon Site is defined as: 

o The River Murray from Hume Dam to Wellington, including that part of the River 
Murray above Hume Dam and the Mitta Mitta River in the extent of Hume 
Reservoir at Full Supply Level (FSL), and  

o actions, works or measures in other parts of the ‘River Murray system’ 1 to the 
extent that they contribute to meeting the ecological objectives for the River 
Murray Channel Icon Site. 

                                                 
1 The ‘River Murray system’ comprises: the main course of the River Murray and all its effluents and 
anabranches; tributaries entering the River Murray upstream of Albury; the Darling River downstream 
of Menindee Lakes storage; Commission works (Dartmouth Dam, Hume Dam, Yarrawonga Weir, 
Lake Victoria storage, weirs and locks along the River Murray and lower Murrumbidgee, and the 
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3.2.2 River reaches  

For the purposes of this plan, the River Murray Channel is divided into five reaches (see 
Fig. 4). The reaches are based on major control structures (dams, weirs) and, in some 
cases, proximity to major tributary confluences, where changes to river operations may 
influence environmental flow management in the River Murray.  

 

The five reaches are: 
Reach 1: Hume Reservoir (at Full Supply Level) to Yarrawonga Weir  

Reach 2: Yarrawonga Weir to Torrumbarry Weir  

Reach 3: Torrumbarry Weir to Lock 11 (Mildura) 

Reach 4: Lock 11 (Mildura) to Lock 3 (Overland Corner)  

Reach 5: Lock 3 (Overland Corner) to Wellington 

Additional areas included in this management plan that are integral to operation of the 
River Murray system, include: 
o Dartmouth Dam to Hume Dam (Mitta Mitta River);  
o The Edward-Wakool system, and 
o Menindee Lakes, the Lower Darling River and Great Darling Anabranch.  

 
3.2.3 Lateral extent 

The definition of the lateral extent (ie. breadth) of the River Murray Channel Icon Site 
recognises the conceptual understanding of river health (see section 3.4), and is defined 
as: 

o the physical River Murray channel – its bed and banks, in-stream habitat, and, 
those parts of the riparian zone that directly influence in-stream habitat condition 
for flora and fauna (for example through direct provision of shading, leaf litter, 
large woody debris, or bank stability), and  

o anabranches and wetlands not already included as part of another Icon Site that 
are affected by regulated flows or can be opportunistically managed in delivering 
outcomes at other Icon Sites.  

 
Some environmental management actions under this plan will benefit adjacent areas, not 
just the main channel (bank to bank) of the River Murray. For example, weir 
manipulation (drawdown or raising) actions may provide incidental benefits to 
anabranches and wetlands permanently inundated upstream of the weir (whether or not 
they are part of an Icon Site). The extent and significance of this issue is highlighted by 
the following:  
 

                                                                                                                                            
barrages near the mouth of the River Murray); the Menindee Lakes storage, which the NSW 
Government has leased to the Commission in perpetuity. 



River Murray Channel Icon Site Environmental Management Plan 2006-07 9 
 

o Pressey (1986) estimated that ~70% of the area of Lower Murray2 wetlands 
(backwaters, side-arms, anabranches, lakes, billabongs) are permanently inundated at 
Lock/Weir Full Supply Level (FSL) (Fig. 5), and  

o between Hume Dam and Lake Mulwala, the River Murray takes the form of a 
complex system of anabranches that convey a significant proportion of the total 
flow.  

In these and other such circumstances, the Icon Site is inclusive of more than just the 
main channel (bank to bank) of the River Murray.  

                                              

  
 
 
 
 
 
 
 
 
 
 
 
            
 
 
 
 
 
 
 
 

          Photo: Andrew Tatnell 

Figure 5. A River Murray wetland (to the left of the main channel) permanently inundated by the 
upstream pool level of Lock/Weir 6. 

                                                 
2 The ‘Lower Murray’ is defined here as the River Murray downstream of the Darling River Junction. 
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a. Downstream of Albury to the 
Edward River off-take the Murray 
flows through the Riverine Tract 
across a broad floodplain which 
has many anabranches, billabongs 
and wetlands.  
 
Photo: Andrew Tatnell 
 

b. The ‘Barmah Choke’ (see Box 
1).  
 
Photo: John Baker 

c. The Mallee Tract extends from 
near Swan Hill to the Darling 
Junction. The river generally has a 
single, wide, low gradient channel. 
 
Photo: Andrew Tatnell 

d. The Lower Murray Tract below the 
Darling Junction. 
 Upstream of Overland Corner, in 

the Valley Section, the river flows in 
a wide valley and is flanked by a 
broad floodplain and riparian 
swamplands (many reclaimed).  

 In the Gorge Section below 
Overland Corner, the river is 
confined to a deep, narrow 
limestone gorge and floodplain 
development is limited.  

 

Figure 4. Map of the River Murray system (reach boundaries are shown with the dashed line).
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Box 1. The Barmah Choke and Edward-Wakool system. 
 
A significant feature of the River Murray Channel, which is a constraint on river 
regulation, is a narrow reach immediately downstream of the Edward River off-take 
known as the ‘Barmah Choke’ (Fig. 4). Another ‘choke’ exists just upstream of the 
Edward River off-take (Mackay and Eastburn, 1990). As at July 2005, releases from 
Yarrawonga Weir were restricted to 10,200 ML/day.  
 
An uplift of land along a geological fault line which runs between Deniliquin and Echuca 
(the Cadell Tilt Block) occurred around 25,000 years ago, blocking the westward flow of 
the Murray, changing its course. The main stem of the Murray was eventually diverted 
south and now flows through Echuca and then north-west to rejoin its original course 
downstream of Swan Hill. The Cadell Tilt Block is also responsible for the establishment 
of the largest area (60,000 Ha) of River red gum Forest in Australia – the Barmah-
Millewa Forest (Mackay and Eastburn, 1990). 
 
Near Mathoura, the Edward River breaks away from the Murray and flows north to 
Deniliquin, then westward to rejoin the Murray 500km downstream, forming a huge 
anabranch. Between the Edward and the Murray rivers is a complex network of 
distributaries and anabranches, the largest of which is the Wakool River. The anabranch 
is known as the Edward-Wakool system. During flood periods, most of the water flows 
through the Edward-Wakool system rather than along the main course of the Murray 
(Mackay and Eastburn, 1990).  

 
3.3 Hydrology   

 
By world standards, the volume of water that travels down the River Murray is very low. 
It takes less than one day for the Amazon River to discharge the same amount of water 
as the Murray’s average annual flow. The Murray’s flow is also highly variable. The long-
term average annual run-off reaching the river is 12,600 GL, but this may vary from 
around 3,000 GL in a very dry year to 57,000 GL in a very wet year (MDBC, 2003). To 
ensure a reliable supply of water, storages have been constructed and the flow of water in 
the river regulated. The long-term average diversion from the Murray is 4,408 GL or 
34% of the total flow in the river. Of this, irrigation accounts for 93% of the diverted 
water with the remainder being used for domestic (rural and urban), industrial and stock 
supplies (MDBC, 2003). 
 
The catchment area above Hume Reservoir is the major source of the River Murray’s 
water. It covers less that 1.5% of the total area of the Murray-Darling Basin3, but 
contributes 37% of the average annual inflow to the Murray (Mackay and Eastburn, 
1990). The Mitta Mitta River which is regulated by Dartmouth Dam is an important 
source of water for the River Murray system, particularly in dry years.  
 
The Snowy Mountains Hydro-electric Scheme uses the reliable waters of the Snowy 
Mountains to produce hydro-electricity and to boost irrigation supplies in the Murray 
and Murrumbidgee valleys. The Snowy-Murray portion of the scheme provides on 
average about 5% of the flows to the Murray system, but its importance is highlighted in 
dry periods, when its contribution can rise to about 33% when inflow from other sources 

                                                 
3 The Murray-Darling Basin covers 1, 061, 469 km2, equivalent to 14% of the area of Australia. 
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is low. The scheme increases the security of water resources along the Murray. Under the 
Snowy Water Licence (2002), Snowy Hydro Ltd must release the required annual release 
of 1,062 GL from the Snowy-Murray development, with adjustments for such things as 
inter-valley transfers, carry overs, savings and environmental flow options for the Snowy 
and Murray rivers.  
 
The significant Victorian tributaries of the River Murray are: 
o the Kiewa River, which enters the Murray between Hume Dam and Wodonga;  
o the Ovens River, which enters the Murray upstream of Yarrawonga;  
o the Goulburn, Broken and Campaspe Rivers, which enter the Murray upstream of 

Echuca, and 
o the Loddon River, which enters the Murray upstream of Swan Hill.  
 
The significant New South Wales tributaries of the River Murray are: 
o the Murrumbidgee River, which enters the Murray upstream of Boundary Bend, and  
o the Darling River, which enters the Murray at Wentworth.  
 
Figure 6 shows the change in the median annual flow from natural to current conditions 
at points along the River Murray. At Albury the river carries greater than natural flows as 
a result of extra water diverted from the Snowy scheme. Downstream of major 
diversions (eg. Yarrawonga Weir), the flow in the river is less than it was naturally. Also, 
some tributaries now deliver less water to the Murray than they would have under natural 
conditions (ie. without river regulation). The median annual flow to the sea is currently 
about 27% of what it was under natural conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



River Murray Channel Icon Site Environmental Management Plan 2006-07 13   
 

 
 
 
 
 
 
 

SYDNEY

MELBOURNE

N S W

S A

QLD

0 200 km

BRISBANE

A U S T R A L I A

V I C

Murray Darling
Basin

Murray

River

CANBERRA

M ur r umbi d g e e
R

R. Murray
outflow

Albury
Yarrawonga

Current as percentage
of natural
Lost as percentage
of natural

Excess as percentage
of natural

Flow to SA
Upper Darling

Murrumbidgee R.

Snowy outflow

Goulburn R.

Ovens
R.

Natural median annual discharge

10 00050002000500

Changes in median annual discharge

ACT

GL / year

River

Kiewa R.

D
a

rl
in

g

Snowy below Jindabyne

 
Figure 6. Distribution and impact of regulation on median annual discharge for the River 
Murray and its major tributaries. Source: Gippel et al. (2002). 
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3.4 Conceptual model  
 
Conceptual models are a representation of how a system is thought to function. They can 
be used to identify important processes and can assist in understanding the system and 
how it may respond to changed management actions. Figure 7 depicts a general 
conceptual understanding of the River Murray Channel ecosystem.  
 

 
 
Figure 7. Simple conceptual model of the River Murray Channel ecosystem. 
 
River flow variability, in response to climatic variability, is a characteristic of the natural 
flow regime in many dryland rivers, including the River Murray (Young, 2001). River 
regulation alters aspects of the flow regime that are important from an ecological 
perspective. For example, the operation of a large dam which captures high Spring 
inflows reduces the frequency of small to medium-sized floods downstream. The effects 
come about principally because river biota (fish, plants, etc) are adapted to the pre-
regulation flow regime (Boulton and Brock, 1999). Figure 1 and accompanying Table 1 
(Appendix 5) explain the components of a generalised flow regime that are ecologically 
important. 
 
3.5 Icon Site values  
 
Examples of environmental, Indigenous and non-Indigenous heritage, social and 
economic values of the River Murray Channel are provided in Table 1. 
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During natural low flows             riverbanks are allowed to dry, which improves bank stability and reduces 
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floodplain wetlands may receive water and connect with the river. This replenishes wetlands (such as 
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valuable habitat for native fish and other river animals.
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Table 1 Icon Site values  
Values Examples 
Environmental • The River Murray supports aquatic, riparian, floodplain and 

estuarine habitats along its course, including Ramsar-listed 
wetlands and a diversity of species including native fish, 
vegetation, vertebrates (eg. birds, frogs), invertebrates and 
crustaceans (eg. Murray Crayfish, yabbies). 

Indigenous heritage • As the first peoples of the Murray Darling Basin, Indigenous 
communities have lived with the river for thousands of years.  

• The river (and its floodplain) has shaped, and is a living part 
of, the beliefs and lives of Indigenous peoples. It contains 
sacred and significant places that Indigenous peoples expect to 
be respected, protected and preserved. Some Indigenous 
peoples still occupy traditional lands, with the river, the 
wetlands and the floodplain providing food, medicinal herbs 
and raw materials. 

• The language groups and nations along the length of the River 
Murray Channel include the Wiradjuri, Wergie, Yorta Yorta, 
Wamba Wamba, Wadi Wadi, Barapa Barapa, Muthi Muthi, 
Latje Latje, Barkinji and Ngarrendjeri.  

• There is cultural diversity between the Indigenous peoples in 
relation to traditions, places of importance, creation stories, 
cultural laws and customs. They do, however, have the same 
vision for River Murray, which includes treating the River 
Murray Channel and landscape with due respect. The 
Indigenous vision for the River Murray is holistic and 
incorporates spiritual, cultural, economic and social values. 
Indigenous peoples have a sense of custodianship over 
country. 

Non-Indigenous 
heritage 

• The River Murray Channel was the site of early European 
settlements, located at crossings with abundant fresh water.  

• The use of the River Murray Channel for transportation made 
a major contribution to the development of towns and the 
pastoral industry, especially from the 1850s to the earlier part 
of the twentieth century. Paddle-steamers reached as far as 
Albury in 1855, supplying towns and stations with their needs, 
carrying wool and other products to markets, and allowing 
inter-colonial river trade between New South Wales, Victoria 
and South Australia. Places such as Goolwa, Morgan and 
Echuca were major river ports. 

Economic and 
social 

• The use of the River Murray Channel and the waters it 
conveys provide numerous economic benefits to Australia. 
These benefits come from industries including irrigated 
agriculture, hydro-electricity generation, tourism and 
recreation. 

• Irrigation supports dairy, rice, cotton, beef, wine and 
horticulture and has flow-on benefits to other industries. 

• Electricity is generated at a number of hydro-electricity plants 
at Hume and Dartmouth Dams and at Yarrawonga Weir. 
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• Tourism and recreation include a range of activities on or near 
the River Murray and its anabranches and tributaries. Boating 
on the open river and weir pools is popular, including house 
boats, paddle-steamers, canoeing, fishing and ski boats. 
Camping and touring are also popular activities, as are visits to 
national and state parks and conservation areas. Tourists are 
also drawn to the wine industry, historic attractions and river-
based events and festivals.  

 
3.6 Processes that threaten the environmental health of the Icon Site 
 
For nearly 100 years, flow management in the River Murray system has primarily been 
focused on meeting water supply (volume and quality) objectives for purposes such as 
navigation and irrigation, and in more recent years, some environmental objectives, in 
accordance with the MDB Agreement.  
 
The progressive regulation of the River Murray has changed it from a variable and 
somewhat unpredictable system to a reliable source of water that has enabled 
development of inland towns. Collectively, the regulating infrastructure (dams, weirs, etc) 
on the River Murray have changed its hydrological and ecological character. While the 
economic benefits have been substantial, there has been an associated ecological cost. 
The hydrological, ecological and geomorphic impacts of flow regulation are well 
documented (Thoms et al. 2000., Young, 2001; Erskine et al. 1993., ID & A, 1997., 
Gippel and Blackham, 2002., Walker, 1985., Maheshwari et al. 1993., Walker and Thoms, 
1993; Rutherfurd, 1991). Some examples are given in Box 2.  
 
Box 2. Examples of threats to the environmental health of the River Murray 
 
o Cold water released from dams for irrigation during the Summer months may inhibit 

successful reproduction by fishes and other animals that use thermal cues for 
spawning (Boulton and Brock, 1999). 

 
o Extended periods of flow near channel capacity during the irrigation season have 

formed an erosion notch in the river bank. Rapid drawdown from saturated banks 
can cause sections of the banks to slump into the river. Wave action from boating 
activity can exacerbate damage to banks already compromised by flow regulation.   

 
o Weir pools, with constant water levels that often stratify, have an increased risk of 

algal blooms, particularly in summer. Particles may settle out in dams and weirs, 
improving water clarity and further favouring the proliferation of toxic blue-green 
algal blooms (Boulton and Brock, 1999).  

 
o Floodplains and wetlands subjected to drying for a prolonged interval as a 

consequence of regulation may not produce a pulse of high productivity when floods 
occur. Disruption of the natural drying and wetting cycle affects the capacity of the 
river-floodplain ecosystem to benefit from floods (Walker, 2001). 

 
o The presence of weirs in the lower River Murray has extended the area of 

permanently flooded wetlands, so that about 70% of lower Murray wetlands 
(backwaters, sidearms, anabranches, lakes and billabongs) are now connected to the 
river at weir pool level (Pressey, 1986). Many of these wetlands formerly were subject 
to larger, more frequent water level changes, and some would have dried periodically.  
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o The species composition of riparian vegetation may change as non-native plant 
species such as willows, which favour the constant water level in weir pools, invade 
the river channel (Boulton and Brock, 1999). 

 
o Weirs and other regulating structures are significant obstacles to fish movement 

along the River Murray Channel, and removal of these barriers or installation of 
fishways will be an important step towards improving habitat access for native fish.  

 
Not all processes that threaten the environmental health of the River Murray are directly 
related to flow management, including for example: 

o inappropriate land management practices in some areas (with effects such as de-
stabilisation and erosion of riverbanks, degradation of riparian habitat and increased 
sediment and nutrient loads to the river); 

o loss of in-stream habitat through removal of ‘snags’ (trees fallen into the river); 
o introduced species;  
o recreational pressures (including impacts of boating activity on river bank stability); 
o declining water quality (cold water pollution from dams, turbidity, blue-green algal 

blooms), and 
o salinity. 

 
       Table 2. Key threatening processes, river zone by zone. (Note: Codes are used in Table 5).  

Key threatening process River zones 
 

Code Description 1 2 3 4 5 
1 Unseasonal high flows during Summer and 

Autumn (sometimes resulting in unseasonal 
flooding of wetlands and forests) 

     

2 Increased period of time that flow is at or 
near channel capacity during Summer and 
Autumn 

     

3 Unnatural rates of change in river level      
4 Adequacy of minimum flows (from an 

environmental perspective) not known 
     

5 Loss of flow variability during Winter and 
Spring (inflows and minor floods stored in 
upstream storages during the non-irrigation 
season) 

     

6 Decreased frequency and duration of natural 
Winter-Spring flooding 

     

7 Water quality issues (vary between zones – see 
Appendix 8) 

     

8 Barriers to fish passage      
9 Riparian and in-stream habitat management 

practices and invasive species management 
     

10 Loss of flow variability – constant river 
heights (particularly in weir pools) 

     

11 Water level variability downstream of weirs 
(unnaturally high rates of flood recessions) 

     

12 Prolonged periods of low flow      
Source: Adapted from Thoms et al. (2000), Gippel and Blackham (2002) and Technical Subcommittee (2000). 
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A summary of the key flow and non-flow processes that threaten the environmental 
health of the River Murray Channel, considered on a river reach by reach basis, is 
provided in Table 2. Additional background is at Appendix 6 and Appendix 8. 
 
3.7 Current environmental condition 
 

 
A ‘Snapshot of the Murray-Darling Basin River Condition’ (Norris et al., 2001) evaluated 
the aggregate impacts of resource use on the environmental condition of rivers in the 
MDB The results (Figs. 8a-d) indicated that overall biological and environmental 
condition was degraded right along the River Murray, with most degradation towards the 
Murray Mouth. The following summary of condition is from Norris et al. (2001):  
 
o fish populations are in very poor to extremely poor condition throughout the river; 
o macro-invertebrate communities are generally in poor condition and declining 

towards the river Mouth; 
o riparian vegetation condition along the entire river was assessed as poor, with grazing 

and alterations to the flow regime being the major causes; 
o wetland quality is significantly reduced. Most wetland loss is attributed to permanent 

inundation of areas previously intermittently flooded; 
o hydrological condition in the River Murray Channel is poor for all zones, with the 

extent, timing and duration of floodplain inundation all significantly impacted; 
o riverine habitat was found to be poor or very poor through all zones with 

connectivity, riparian vegetation and bed-load all affected by regulation; 
o the condition of floodplain inundation has been assessed as very poor in all zones; 
o nutrients and suspended sediments are poor and worsening towards the Murray 

Mouth, and 
o salinity concentrations in the Lower Murray are improving as a result of water 

diversion for irrigation and salt interception schemes. However, ongoing 
management is important. 

 

 
Figure 8a. Environmental condition and trend assessment from Norris et al. (2001) for the River 
Murray between Hume Dam and Yarrawonga Weir (reach 1). 
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Figure 8b. Environmental condition and trend assessment from Norris et al. (2001) for the River 
Murray between Yarrawonga Weir and Torrumbarry Weir (reach 2). 
  
  

  
 
Figure 8c. Environmental condition and trend assessment from Norris et al. (2001) for the River 
Murray between Torrumbarry Weir and Lock 11 (reach 3). 
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Figure 8d. Environmental condition and trend assessment from Norris et al. (2001) for the River 
Murray between Lock 11 and Lock 3 (reach 4), and between Lock 3 and Wellington (reach 5). 
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44..  RRIIVVEERR  MMUURRRRAAYY  SSYYSSTTEEMM  OOPPEERRAATTIIOONN 
  
4.1 Roles and Responsibilities  
 
Operation of the River Murray System is directed by the Murray-Darling Basin 
Commission’s operational arm River Murray Water (RMW) according to the provisions 
of the 1992 Murray-Darling Basin Agreement and an evolving set of provisions agreed to by 
the Murray-Darling Basin Commission. This role has its origins with the establishment of 
the River Murray Commission in 1917. 
 
RMW has responsibility for directing river operations, overseeing Icon Site management 
and modelling to support operational decisions and policy development. The River 
Murray system structures (Fig.9) include: 
 

• four major storages − Dartmouth and Hume Dams, Menindee Lakes (when 
under MDBC control) and Lake Victoria; 

• Yarrawonga Weir; 
• thirteen weirs and locks (lock and weirs 1-11, 15 Euston and 26 Torrumbarry); 
• five barrages located near the river mouth, forming Lakes Alexandrina and Albert 

(Table 3), and 
• a number of flow regulating structures (such as Barmah-Millewa Forest 

regulators). 
 
With regard to the implementation of environmental management actions in this Icon 
Site Management Plan, RMW will: 
 

• provide advice during the development of environmental flow rules and 
procedures to ensure their operational feasibility; 

• provide the system-wide context for environmental watering through the RMW 
Annual Operating Plan for the entire River Murray system (this plan is 
continually updated to account for changing conditions as the year progresses); 

• make operational decisions for River Murray system flow control works (large 
and small) and issue instructions to the relevant state constructing authorities– to 
do this RMW coordinates River Murray system water management with that of 
the Snowy scheme and state managed river systems; 

• during ‘real time’ environmental events: 
o monitor river levels and flows 
o provide forecast flow patterns 
o provide advice on the availability of ‘surplus’ river flows 
o issue instructions to flow control structures for the management of flows 

and river levels including regulator openings in coordination with advice 
from Icon Site managers  

o keep operational water and environmental accounts  
• oversee a program by state constructing authorities to construct, operate, 

maintain and renew assets (infrastructure works) on its Assets Register.  
 
System operation is complex, given the level of development for consumptive use, the 
long travel times, location and capacity of both assets and major diverters and channel 
capacity constraints across the length of the system. 
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The Water Liaison Committee is the forum through which the partner governments 
share in making day to day decisions regarding water delivery and water accounting.  
 
The Environmental Watering Group (EWG) has agreed to establish clearly defined roles 
and responsibilities for the management arrangements in this and other Icon Site 
management plans. However, pending this review, and for specific flow events affecting 
operation of River Murray system at specific locations, event management groups will 
continue to be convened by River Murray Water in co-operation with the River Murray 
Environmental Management Unit. These groups bring together key representatives of 
natural resource agencies, catchment management organisations, state constructing 
authorities and community interest groups as necessary to ensure a coordinated response.  
 
4.2 River operations 
 
Operation of the River Murray system can be classified into three ‘modes’. This form of 
classification provides a useful framework for understanding the main features of current 
river operations, and how environmental flow management may be integrated with 
existing practices in the future. The main operating modes are: 
 
o supplying mode – when some or all of the headwork storages (Dartmouth and Hume 

Reservoirs, Lake Victoria or Menindee Lakes) are drawn down to meet downstream 
requirements;  

o storing mode – when the large headwork storages are filling and the flows downstream 
of these storages are largely contained within the channel to meet downstream 
requirements; and 

o spilling mode – when at least one of the headwork storages is spilling, and is commonly 
associated with flooding downstream. 

 
Locks and weirs tend to be operated in two modes − holding at pool level or passing 
inflows (when for instance the weir structure may be dismantled to permit free passage 
of floodwaters). 
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Figure 9. Operational schematic of the River Murray system (additionally showing parts of the Murrumbidgee and Goulburn Rivers and interface with the Snowy 
Mountains Scheme). Source: MDBC.
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Table 3. Functions of each MDBC flow management structure.  
 
Flow 
management 
structure 

Primary functions Secondary functions 

Dartmouth Dam • Water conservation and supply (capacity 
3,906 GL) 

 

• Flood management 
• Recreation and tourism  
• Hydro power 

generation 
Hume Dam • Water conservation and supply (capacity 

3,038 GL), including re-regulation of releases 
from the Snowy Mountain Scheme and 
Dartmouth Reservoir 

 

• Flood management 
• Recreation and tourism 
• Hydro power 

generation 

Yarrawonga 
Weir 

• Facilitate gravity diversions to Mulwala Canal 
(NSW) and Yarrawonga Main Channel 
(Victoria) 

• Re-regulation during the irrigation season, 
including inflows from the Kiewa and Ovens 
rivers 

• Recreation and tourism 
• Hydro power 

generation  
• Limited flood 

management 
 

Torrumbarry 
Weir and Lock 

• Facilitate gravity diversions to National 
Channel (Victoria) 

• Navigation (including Lock operation) 

• Recreation and tourism 
(particularly in the 
Echuca/Moama area) 

Euston Weir and 
Lock 

• Facilitate pumped diversions 
• Limited re-regulation capability, including 

inflows from the Goulburn and Murrumbidgee 
Rivers  

• Navigation (including Lock operation) 

• Recreation and tourism  
 

Menindee Lakes4 • Water conservation and supply (nominal 
capacity 1,680 GL), particularly to the Darling 
River, the Great Anabranch of the Darling 
River, Broken Hill and supplementing supplies 
to the River Murray 

• Flood management  
• Recreation and tourism 

Lake Victoria • Water conservation and supply (680 GL), 
including re-regulation of flows from upstream 
to fulfil obligations to South Australia, and local 
supplies 

• Salinity management 

• Flood management  
• Recreation and tourism 

Weir and Locks 
1 – 11 

• Facilitate pumped diversions 
• Weir 9 allows gravity diversion to Lake Victoria 
• Navigation (including Lock operation) 

• Recreation and tourism 
 

Barrages • Freshwater conservation and supply 
• Facilitate pumped diversions  
• Navigation 

• Recreation and tourism 

Source: Adapted from MDBC Technical Sub-committee (2000). 
 
                                                 
4 The Menindee Lakes Storage is leased by the MDBC from NSW. The MDB Agreement states that the 
MDBC must not direct that water be released from Menindee Lakes storage after its volume falls below 
480GL and before it next exceeds 640 GL (Clause 96.(1)). 
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A number of operational factors increase the complexity of meeting flow 
targets (eg. for diversions, minimum flows, environmental use, etc) along the River 
Murray Channel. These include difficulty in predicting the: 
 
o location and quantity of rainfall and subsequent runoff (hence, the amount of water 

to storage); 
o magnitude and timing of tributary inflows to the River Murray system; 
o timing and quantity of demand for water (commonly involving release from 

storages); 
o variations to river transmission ‘losses’ (due to evaporation rates, pumped diversions 

etc, which vary between locations and over time);  
o quantity of flows returned from the floodplain or wetlands during and following 

floods, and 
o pattern of releases from the Snowy scheme over the season. 
 
Further operational complexities include that: 
o River Murray Channel capacity varies along its length and may change over time; 
o travel times vary depending on the flow rate, and 
o relationships between water level and flow can change over time due to a change in 

cross-sectional shape or the density of woody debris in the river.  
 
4.3 Current operating procedures to protect specific environmental values  
 
Some of the current operating procedures and practices in the River Murray system may 
serve to protect specific environmental values (Appendix 7). These operating procedures 
and practices include: 
o minimum and maximum rates of increase or decrease in flow rate and/or water level;   
o maintaining minimum flow rates and/or water levels at specific locations, and 
o varying releases from storages; 
 
And are aimed at: 
o reducing the risk of river bank erosion and slumping;  
o providing a minimum riparian flow; and  
o promoting a flow pattern that more closely resembles ‘natural’ rates of change in 

river level downstream of storages.  
 
It is possible for the ‘pattern’ of water released from storages to be varied for 
environmental benefit in the river channel without significantly changing the total 
‘volume’ destined for downstream environmental or consumptive use. For instance, rules 
relating to the bulk transfer of water between Dartmouth and Hume Reservoirs. Some 
operating procedures and practices are relatively straightforward to develop and 
implement. Others are more complicated and may take several years (for example, the 
rules governing use of the Barmah-Millewa Forest Environmental Water Allocation).  
 
4.4 Environmental water allocations and accounting procedures 
 
The Living Murray (TLM) water is that which will be recovered through investment 
under the MDB-IGA and will be available for use at the six Icon Sites (see the Living 
Murray Environmental Management Plan for more information). In addition, there are a 
number of environmental water allocations that existed before TLM First Step decision 
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that are available for use in the River Murray system, Murrumbidgee and Goulburn 
rivers. These are summarised in Table 4. Specific operating rules, triggers and other 
conditions are normally associated with the activation/use of environmental water 
allocations.  
 
An Environmental Water Allocation (EWA) is a formalised provision of water that is 
released and managed in the river system as an ‘environmental flow’ for specific 
environmental purposes. An environmental flow is any river flow regime (timing, 
duration, volume and variability) provided with the intention of maintaining or 
improving river health.  
 
Water resource accounting systems, of which environmental water is one component, are 
fundamental tools in the planning for and management of water in the Murray-Darling 
Basin. A detailed system of water accounting is already in place for the River Murray 
system to manage water resources held and operated by RMW on a daily, seasonal, 
annual and inter-annual basis.  
  
A water resource accounting system capable of accounting for the recovery and use of 
environmental water will be required to support implementation of The Living Murray. 
Such a system will be developed by the Murray-Darling Basin Commission that 
incorporates and extends the existing system. Further details of environmental water 
accounting are contained in the Living Murray Business Plan and Living Murray Environmental 
Management Plan. 
 
Environmental management actions likely to consume environmental water in the River 
Murray system include: 
- flood enhancement (eg. delivery of Barmah-Millewa Forest EWA); 
- weir pool raising; 
- pumping/siphoning/gravity-feeding water to wetlands; and 
- river level recession management (ie. providing gradual flood recessions).  
 
The Living Murray Environmental Management Plan outlines the agreed processes for 
ordering, managing the delivery of, and accounting for, the use of TLM environmental 
water at the Icon Sites. 
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Table 4. Environmental water allocations available in the River Murray system, Murrumbidgee 
and Goulburn rivers, separate from the water that will be made available through The Living 
Murray. Adapted from Gippel (2003). 
 
Allocation name  Year 

approved  
Responsibility and when 
water becomes active   

Main purpose  

Barmah-Millewa 
Forest EWA  
(NSW and- VIC) 

2001 
 
Reaffirmed in 
2004 for a 
further 2 years 
 

100 GL/yr equally provided 
by NSW and Victoria is paid 
into the account every year 
(provision to carry over up to 
700 GL)  
An additional 50 GL/yr is 
shared by NSW and Victoria 
when Victoria sales water 
reaches 30% 

Forest/wetland 
watering within 
Barmah-Millewa 
Forests (and 
complementary 
watering of Werai 
Forest) 

Lower Darling River 
ECA  
(NSW) 

2002  30 GL/yr (Menindee Lakes 
must be>480 GL, and have 
been >640 GL since the last 
time it was <480 GL)  

Flush blue-green 
algae in the 
Darling River 
below Menindee 
Lakes when at 
high alert levels  

NSW Murray 
Wetlands EWA  
(NSW) 
 

2000  Up to 30 GL/yr (depending 
on NSW allocations) 

Wetland watering 
at a range of 
locations (may 
include interstate) 

Moira Lakes Savings  
(NSW) 

2000  2.027 GL/yr (for use in NSW 
Murray wetlands)  

Wetland watering 
in NSW  

Murrumbidgee ECA  
(NSW) 

1998  25 GL/yr (additional volume 
of 25 GL/yr when allocations 
are <80%, increasing up to 
200 GL for allocations 80% - 
100%)  

Water quality 
needs, algal bloom 
suppression, fish 
breeding and 
forest and wetland 
watering  

Victorian Murray 
Wetlands EWA  
(VIC) 

1987  27.6 GL/yr (2,600 ML/yr 
allocated to Hird and 
Johnson’s Swamps)  

Wetland watering 
and salinity 
control  

Goulburn River 
EWA 
(VIC)  

1995  80 GL in November in wet 
years (around 70% of years) 

Spring flush  

Additional Dilution 
Flows to South 
Australia 
(SA) 

1987 3 GL/day (when storage 
volumes in the Menindee 
Lakes exceed nominated 
trigger points, at the same time 
the combined storage volume 
of Hume and Dartmouth 
Reservoirs also exceed 
nominated triggers) 

Reducing the 
salinity of water to 
South Australia 
(there may be 
incidental 
environmental 
benefits) 
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55..  EENNVVIIRROONNMMEENNTTAALL  MMAANNAAGGEEMMEENNTT  AACCTTIIOONNSS    
 
5.1 Introduction 
 
This plan embodies an adaptive approach to river management that considers human 
consumptive demands and also agreed environmental objectives.  
 
In this chapter, a suite of potential environmental management actions that will 
contribute to meeting the objectives of this plan are identified for five reaches of the 
River Murray. The likelihood of particular actions being implemented in any given year 
will depend upon: 
 
o opportunity – whether the system conditions and other circumstances present the 

right ‘opportunity’ to implement the action, and 
o priority – whether the action is a ‘priority’ given the range of objectives to be 

achieved across the entire system and any trade-offs that need to be considered. 
 
Part B is the Icon Site Annual Plan for the 2006-07 season (1 July 2006 - 30 June 2007). 
It sets priority environmental management actions for the year ahead (including flow, 
operational, structural and investigation actions – see Part B for definitions), taking into 
account the likelihood of various actions being implemented.  
 
Success in meeting the plan’s vision and objectives will result from cumulative 
environmental management actions implemented over several years. Improved operating 
procedures will continue to be developed over time as knowledge increases, following an 
adaptive management approach. The potential benefits and dis-benefits of the actions 
will be evaluated as part of the decision-making process. Any potential environmental, 
cultural, economic and social impacts or risks associated with implementing an action will 
be identified and managed appropriately.  
 
In summary, the objectives of this plan will be achieved through a combination of a: 
o system-wide program to provide fish passage on all River Murray locks/weir from 

the sea to Hume Dam; and 
o river reach-by-reach approach to identifying environmental management actions that 

address the objectives of the plan. 
 
5.2 System-wide (Native Fish) 

 
In March 2001, the MDB Ministerial Council approved a program to provide upstream 
fish passage from the sea to Hume Dam. The fish passage program is integral to 
achieving the objective of this plan to ‘Enhance the migration of native fish species between the sea 
and Hume Dam by providing fish passage on all locks and weirs along the River Murray channel’. The 
program is funded through the LM-EWMP and is managed in association with the MDB 
Native Fish Strategy (NFS). Details of fishway activities provided for under The Living 
Murray, together with other environmental works and measures, are summarised in 
Appendix 1.  
 
In addition to fishways, the LM-EWMP includes in-stream and riparian habitat 
restoration projects in the Hume to Yarrawonga reach. This, along with other programs 
funded and/or implemented through RMW (particularly the Hume to Yarrawonga 
Waterway Management Plan), state agencies and catchment management organisations in 
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this and other river reaches, will contribute to improving the physical habitat condition 
of the river channel for native fish and other river biota. 
 
The concept of a native fish rehabilitation demonstration reach 
 
The MDB NFS recognises that several key management actions need to occur 
simultaneously, and in an integrated manner, to restore healthy native fish populations. 
The concept of a native fish rehabilitation demonstration reach between Hume Dam and 
Yarrawonga is currently being progressed through the LM-EWMP and NFS. 
 
The purpose of a demonstration reach is to show, by example, how river rehabilitation 
can be achieved by well-integrated actions (for example, in-stream and riparian 
restoration, alien species management, improved water quality, environmental flows and 
fish passage). All of these activities are currently being undertaken or are proposed in the 
River Murray between Hume Dam and Yarrawonga. The concept aims to coordinate, 
enhance and promote existing and proposed works and investigations in this river reach. 
 
The demonstration reach concept has a strong emphasis on community awareness and 
support. Strategies will be developed to communicate and display working examples of 
rehabilitation activities, and to demonstrate measurable improvements in river health. If 
successfully trialled, this model could be extended to other parts of the River Murray 
system and Murray-Darling Basin.  
 
5.3 River reach-by-reach  
 
A river reach-by-reach analysis (at Appendix 8) has identified:  
o the key issues (threatening processes) and associated ecological consequences; 
o ecological objectives (under this plan) relating to the key issues; 
o a suite of potential environmental management actions to address the key issues and 

objectives (including flow, operational, structural and investigation actions – see Part 
B for definitions); 

o the expected ecological outcomes associated with the actions, and 
o any constraints to implementation of the actions. 
 
A summary of the flow, operational and structural actions identified across all five 
reaches is at Table 5. Further information on actions identified for possible 
implementation in the River Murray channel in 2006-07 is provided in Part B of this 
plan. These actions relate to the key issues and associated ecological objectives for the 
River Murray Channel Icon Site, but in many cases they will also contribute to meeting 
the ecological objectives at other Icon Sites. Where this occurs, it will be acknowledged 
in the Annual Report on Living Murray Water Application.  
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Table 5. Environmental management actions identified for possible implementation in the River 
Murray Channel Icon Site (with a focus on actions for 2006-07). 
 

River Reach Description Ecological 
Objectives 

(codes p.5-6) 1 2 3 4 5 
Potential 

Action 

Flow enhancement strategies 
including weir pool manipulation 
(surcharge) 

1,4,6,7,9,10  2006-
07 

2006-
07 

2006-
07 

2006-
07 

Changed pattern of delivery of bulk 
water transfers and trial in-channel 
variation in regulated releases 

3,4,6,7,9,10 2006-
07 

2006-
07 

2006-
07 

2006-
07 

 

Field test and validate aspects of the 
(revised) ‘Six Inch Rule’  

3,4,6,9,10 2006-
07 

    

Weir pool manipulation (drawdown 
and in-channel variation) 

3,4,6,7,9,10  2006-
07 

2006-
07 

2006-
07 

 

Implement revised rules (where 
necessary) for minimum flows and 
variation about the minimum  

3,4,6,7,8,9,
10 

Mitta 
d/s 

Dart-
mouth 

    

Management of flow-related water 
quality problems (ie. algal blooms, 
‘black water’ events, salinity, turbidity) 

8,9,10 2006-
07 

2006-
07 

2006-
07 

2006-
07 

2006-
07 

Operation of fishways 2 2006-
07 

2006-
07 

 2006-
07 

 

Temporary removal of weir panels or 
opening of weir gates (during high 
river flows, non-critical times or for 
maintenance purposes) 

2,6,7,9,10  2006-
07 

2006-
07 

2006-
07 

2006-
07 

O
P

E
R

A
T

IO
N

A
L

 

Weir manipulation (weir re-
instatement) 

3,4,6,7,9,10  2006-
07 

2006-
07 

2006-
07 

2006-
07 

Regulating structures for specific 
wetlands and anabranches (exclude 
un-seasonal flows; improve 
wetting/drying regime) 

4,6,7,9,10 TBC     

In-stream and riparian habitat 
restoration and invasive species 
management  

4,9,10 TBC     

Pumping water from the river 
(possibly in conjunction with other 
actions or works) to facilitate targeted 
watering of wetlands and floodplain 

1,4,6,7,9,10   2006-
07 

2006-
07 

 

ST
R

U
C

T
U

R
A

L
 

Migratory fish passage program (sea 
to Hume Dam)  

2    2006-
07 

2006-
07 

 
Key to shading in cells:                 = Main Benefit’               = Benefit to a Lesser 
Degree. ‘2006-07’ inside a cell indicates an action for possible implementation in 2006-07 
(see Part B for more information on 2006-07 actions). 
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66..  EENNVVIIRROONNMMEENNTTAALL  FFLLOOWW  AACCHHIIEEVVEEMMEENNTTSS    
 
There have been a number of environmental flow achievements in the River Murray 
system through use of existing environmental water allocations and management 
interventions (see Table 6). These add confidence that carefully managed and monitored 
actions can lead to demonstrable improvements in river health and increased knowledge 
about how the system may respond to changed flow management (Gippel 2003., Reid 
and Brooks, 2000). In accordance with the principles of adaptive management, the 
successes or otherwise of past actions will contribute to the knowledge base informing 
future actions. 
 
Table 6 Summary of recent environmental flow achievements in the River Murray system.  
 
Environmental 
Flow Action  

Implementation Outcomes 

In-channel variation of 
flow 
 

(i) Temporary and partial drawdown 
of Torrumbarry Weir upper pool 
level (August 2005 and June 2006). 
 
 
(ii) Since February 2006 (continuing 
as at mid-June) release from 
Dartmouth Reservoir has been 
varied on a weekly cycle. 

(i) Study showed that 
increasing weir pool variability 
on an on-going basis is likely 
to reduce river bank erosion.  
 
(ii) Benefits in terms of water 
quality (during low flow 
period) and river health more 
generally. 
 

Forest/wetland 
watering through 
delivering allocations 
and enhancing natural 
floods 

(i) Delivery of Barmah-Millewa 
Forest EWA (accumulated 500 GL). 
 
 
 
 
 
 
(ii) Parts of the River Murray 
Channel in NSW (including Werai 
Forest and wetlands on public and 
private land within the Edward-
Wakool and Billabong Creek 
systems), Vic and SA, watered using 
surplus flows and state based 
environmental water entitlements.  
 
.  

(ii) Up to 30,000 Ha of forest 
watered; growth and 
recruitment of 
floodplain/wetland 
vegetation, significant 
spawning of native fish and 
waterbird breeding. 
 
(ii) Up to 3,000  Ha watered; 
significant waterbird breeding 
and vegetation response at 
several sites. 
 
 

Restoration of wetland 
hydrological regime 
using local structural 
and operational 
manipulation 

Applied annually on Moira Lake  
(began 1998) and SA Riverland 
wetlands (began 1995) 
 
 

Demonstrated ecological 
benefits (ie. vegetation 
response, carp harvesting, 
water savings) 
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Weir pool manipulation 
(drawdown and raising)  

(i) Upper pool level of Lock/Weirs 
1,4,5,6, and 8 temporarily raised to 
between 10-64cm above Full Supply 
Level (FSL);  
 
 
(ii) Upper pool level of Locks 
7,8,9,10,11 raised to between  
10-50cm above FSL (for operational 
reasons) 
 
(ii) Torrumbarry Weir upper pool 
level temporarily and partially 
lowered to assist in reducing river 
bank erosion 

(i) Increased level of 
floodplain/wetland inundation 
associated with a medium flow 
event, benefits for vegetation 
and wildlife.  
 
(ii) environmental outcomes 
not assessed but presumed 
similar to (i) 
 
 
(ii) Longer-term benefits to be 
evaluated. 

Providing fish passage  (i) Fishways permanently operating at 
Locks 7, 8 and 9. 
 
(ii) Use of Barmah-Millewa EWA 
 
 
 
 
(ii) 12 months continuous operation 
of fishways on Goolwa and 
Tauwitchere Barrages 

(i) Several hundred river kms 
of unrestricted fish passage  
 
(ii) Facilitated fish movement 
between the forest & river 
channel, triggered spawning of 
native fish 
 
(ii) Facilitated fish movement 
between the Coorong and 
Lower Lakes.  

Source: Adapted from Gippel (2003).  
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77..  CCOONNSSUULLTTAATTIIOONN  
 
7.1 Authorities with a role in the management of the Icon Site 
 
A number of authorities are involved in management of the River Murray and 
surrounding catchments and play an important role in engaging local communities in 
natural resource management issues. In relation to this plan:  
o the lead state government agencies and MDBC are represented on the 

Environmental Watering Group (EWG) that is responsible for this plan;  
o to be implemented successfully, environmental management actions will be 

coordinated with RMW and the relevant state constructing authorities and state 
agencies, and  

o catchment management organisations, through the lead state government agencies 
and links with local government and communities, will contribute strongly to this 
process at the local/regional scale. 

 
It is essential that the relevant authorities are effectively engaged in understanding their 
respective roles in relation to this plan and its relationship to existing plans. 
 
7.2 Consultation processes 
 
The Living Murray Business Plan (see clauses 120-124; 128-129; 132-140) establishes the 
requirements for consultation on The Living Murray Environmental Management Plan for the 
River Murray Channel Icon Site (the plan). 
 
The purpose of consultation is to: 

o inform stakeholders about the plan; 
o seek input on key aspects of the plan; and 
o establish long term arrangements for involving key stakeholders in the development, 

implementation, monitoring and evaluation of future plans. 
 
Statutory approvals for proposed environmental management actions will be sought 
where required (see Chapter 10 for more information). Consultation processes required 
as part of these approval processes will be undertaken. 
 
7.2.1 Community Reference Group (CRG) 
 
The MDB Ministerial Council Community Advisory Committee’s Living Murray 
Community Reference Group (CRG) is the primary consultation group for the River 
Murray Channel Icon Site. Stakeholder groups represented in the membership of the 
CRG include Indigenous, local government, environment, irrigation, business, 
commercial fishing, forestry and the general community.  
 
Principles to guide the consultation process will be developed as a priority with the 
Living Murray CRG. 
 
Broader consultation may be required during the plan’s implementation to ensure 
adequate representation of key stakeholders that may be impacted by proposed 
environmental management actions. Where an action may impact other Icon Sites, 
consultation processes will be coordinated across sites. 



 

River Murray Channel Icon Site Environmental Management Plan 2006-07  
 

34

 
7.2.2 Indigenous consultation 
 
It is the responsibility of the EWG to ensure that consultation with Indigenous 
communities is undertaken as outlined in clauses 134 and 138 of the Living Murray 
Business Plan. The process for consultation with Indigenous people is currently being 
established through the Indigenous Partnerships Project. 
 
Indigenous communities have spiritual and cultural connections to their country, and 
want to be actively involved in the conservation and management of natural resources to 
ensure appropriate protection and perpetuation of their cultural heritage. In developing 
the environmental management plan for this Icon Site, input from Indigenous 
communities will be sought to ensure the aspirations, interests and contributions of 
Indigenous people are recognised.  
 
Consultation with Indigenous people will take an inclusive approach, giving appropriate 
respect to the knowledge and views of traditional owners. Indigenous groups with an 
interest in the asset will be identified, in order for the consultation processes to be 
developed in a manner that addresses the group’s respective requirements.  
 
Where the interests of Indigenous groups apply to either side of the River Murray or 
extend to other assets, then arrangements will need to be agreed between the relevant 
asset managers. Any areas of conflict between the views and interests of Indigenous 
communities and other groups or community sectors will be resolved jointly with a view 
to achieving the best possible outcomes. Indigenous facilitators are available to assist in 
establishing, where appropriate, cross-border interactions to ensure consistency in 
approach to the various communities. 

 
7.3 Consultation on plan development and implementation 
 
Consultation on the development of The Living Murray Environmental Management Plan for 
the River Murray Channel Icon Site is an on-going process that commenced with an 
introductory presentation to the CRG at its first meeting in May 2005. 
 
Consultation during the implementation of the plan will be undertaken where required, 
to identify environmental management actions for possible implementation in the 2006-
07 season (see Part B of the plan). All activities will be consistent with existing 
consultation processes being undertaken by agencies responsible for river management. 
 
Adaptive management processes will play an important role in the future development 
and implementation of this plan. Stakeholder groups will be involved in this process 
where applicable, by assisting with the development of hypotheses and reviewing and 
adapting management practices. 
 
The proposed stages and activities for consultation on the development and 
implementation of this plan are outlined in Table 7.  
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Table 7. Consultation on plan development and implementation 
 
Consultation 
Stage 

Purpose Activity 

Inform 
 

To develop the 
capacity of groups to 
be involved by 
providing access to 
current and emerging 
knowledge in a timely 
manner. 
 

Relevant documents include TLM Business 
Plan and River Murray Channel Icon Site 
Plan.   
Presentations to key groups with 
opportunity for question and answer 
sessions. 
Groups will be kept informed of current 
issues, results of monitoring, further 
investigations, modelling and consultation. 

Seek input and 
involve 
 

To seek input from key 
groups on specific 
strategic elements and 
potential management 
actions of the plan. 

Discussions/facilitated workshop sessions 
on specific issues and proposed actions, 
including identification of relevant 
stakeholder groups and their issues.   

Revise plan to 
incorporate 
consultation 
outcomes and 
report back 
 

To ensure that 
stakeholder 
contributions are 
valued and utilised in a 
transparent way 

Provide feedback to key groups on how 
input was used.   
 

 
7.4 Community consultation during 2005-06 
 
Media releases were issued regarding the Torrumbarry Weir pool lowering, and for the 
Lock 8 and Lower Murray (Locks 1, 4, 5, 6) weir pool raisings. A number of operational 
committees representing various interests were regularly involved in tele-conferences 
regarding ongoing management of the weir manipulations.  
 
A number of state-based environmental watering projects under the ‘River Red Gum 
Rescue’ plan include parts of the River Murray Channel Icon Site, and were promoted 
through the respective state-based processes.  
 
A Living Murray media tour was held in May 2006 to enable updated, positive 
information to be provided to the community on The Living Murray activities. Murray-
Darling Basin Commission representatives and key environmental journalists visited 
several Living Murray Icon Sites, including the River Murray Channel. Local agency staff 
and community representatives provided an insight into The Living Murray achievements 
on the ground. Several television and newspaper features resulted from the tour. It is 
intended that the media tour will be held annually. 
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88..  OOUUTTCCOOMMEESS  EEVVAALLUUAATTIIOONN  
 
8.1 Introduction 
 
The Living Murray Business Plan requires the development of a monitoring framework to 
support the adaptive management approach to implementation of The Living Murray. 
The monitoring framework (described in more detail in the Living Murray Environmental 
Watering Plan) draws on and extends existing frameworks where possible.  

Responsibility for development of the monitoring framework rests with the 
Environmental Watering Group (EWG). Technical support is provided by a sub-group 
known as the EWG Monitoring Taskforce which receives independent advice from a 
monitoring advisory group.  

The monitoring framework provides guidance to Icon Site managers on the minimum 
information needed to report to the MDB Ministerial Council and community on TLM 
First Step Decision (FSD) outcomes. 

8.2 Scales of monitoring  

The monitoring and evaluation arrangements for the River Murray Channel Icon Site will 
be developed during 2006-07 and will be consistent with the monitoring framework 
guidelines. The main components will be: 

o River Murray system monitoring (see 8.2.1);  
o Icon Site condition monitoring (see 8.2.2);  
o intervention monitoring (see 8.2.3), and 
o compliance monitoring (see 8.2.4). 

8.2.1 River Murray system monitoring 

Monitoring and evaluation at the River Murray system scale is in response to Objective 2 
of the monitoring framework, and will determine if the health of the system improves as 
a result of implementation of the First Step decision. 

Monitoring and evaluation at the river system scale will be surveillance, undertaken on a 
medium-term frequency (once every one to three years) and, as such, will not explore 
cause-effect relationships. 

The questions addressed by monitoring at this scale differ from those of the Sustainable 
Rivers Audit (SRA), which provides a condition assessment for the Murray-Darling Basin 
(ie. the scale is different and hence the design is not tailored to address questions at the 
River Murray System scale). However, some data collected through SRA will be 
applicable to the River Murray system and, where possible, monitoring at this scale will 
utilise data collected for the SRA.  

More detail on River Murray system scale monitoring can be found in the Living Murray 
Environmental Watering Plan for 2006-07. 

8.2.2 Icon Site condition monitoring 

The aim of Icon Site condition monitoring is to determine change in environmental 
condition resulting from water application and implementation of works programs under 
The Living Murray.  

It will assess the performance of the plan toward achieving objectives, at the ‘whole of 
Icon Site’ scale and will provide feedback on whether river health is stable, declining or 
improving relative to a benchmark condition. 
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Key criteria for success of this plan in the long-term (~10-20 years) will be the:  
o biological condition (primarily native fish, in-stream and riparian vegetation), and  
o physical condition (primarily channel stability and water quality). 
 
More detail on Icon Site condition monitoring can be found in the Living Murray 
Environmental Watering Plan for 2006-07. 
 
8.2.3 Intervention monitoring  

Intervention monitoring will assess the ecological response to interventions or 
environmental management actions implemented under The Living Murray.  

Intervention monitoring will provide the major link in understanding how the ecological 
responses to environmental management actions result in changes at the Icon Site scale. 
It will also provide the foundation information for adopting an adaptive approach to 
implementing The Living Murray. 

Intervention monitoring, also referred to as responsive monitoring, provides significant 
opportunities to test questions about the collective understanding of how ecosystems 
function; at the same time not every causal link will be explored and tested.  
Monitoring of interventions will focus on hypothesis testing. Interventions will be treated 
as management experiments with the aim of producing results that are able to be 
extrapolated to other sites. 

Although complementary management actions such as grazing, fire and logging may have 
an impact on the response of variables relevant to this monitoring framework, they will 
not be targeted under intervention monitoring. However, where such data exists, it may 
form a component of reporting on monitoring outcomes for each Icon Site. 

More detail on intervention monitoring can be found in the Living Murray Environmental 
Watering Plan for 2006-07. 
 
8.2.4 Compliance monitoring 

Specifically, compliance monitoring will ensure: 

(a) the MDBC and partner governments are meeting legal obligations in 
regard to certain environmental watering actions; 

(b) works and measures are being implemented and operated as outlined in 
investment proposal; 

(c) any negative environmental impacts/risks that may occur as a result of 
interventions are measured, specifically electrical conductivity (EC), black 
water events and blue-green algal blooms, and 

(d) accounting of environmental water applied/used at the Icon Sites.  

 
8.3 Interim arrangements 
 
Development of monitoring and evaluation arrangements for the River Murray Channel 
Icon Site is a high priority task for 2006-07. Interim arrangements will be in place until 
superseded, drawing on existing monitoring programs and other short term arrangements 
where possible, to fulfil the requirements for reporting under this plan. 
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Appendix 9 summarises existing monitoring programs for the River Murray that will be 
drawn upon, where possible in 2006-07, to meet monitoring requirements. Generally, the 
existing programs monitor attributes such as: 

o water quality (including physical, chemical and biological parameters); 
o hydrology;   
o fish, and 
o physical/geomorphic characteristics (some river sections). 
 
For environmental management actions implemented in 2006-07, additional monitoring 
will be undertaken on a needs basis as determined by the EWG, or as already specified 
for particular actions in Part B of this plan.  
 
99..  AADDAAPPTTIIVVEE  MMAANNAAGGEEMMEENNTT    
 
9.1 Adaptive management framework  
 
Adaptive management is a structured approach to the evaluation and solution of 
environmental management issues (Gippel, 2003). Adaptive management is also known 
as ‘learning by doing’ through carefully planned and monitored interventions that can 
lead to adoption of ‘best practice’. Actions implemented under this plan will be managed 
adaptively, that is, in accordance with the steps typical of an adaptive management cycle 
(see Fig. 10). The cycle involves steps to: 
 

o Assess − the issues, objectives, potential management actions, priorities and 
associated risks; 

o Design − develop hypotheses of expected responses based on current 
knowledge; design proposed actions (eg. works, operating rules); 

o Implement − the appropriate authority who, in each case, will implement the 
actions; 

o Monitor − initiate and coordinate monitoring in conjunction with relevant 
authorities; 

o Evaluate − capture key learnings and evaluate outcomes in light of expected 
responses from management, community and environmental perspectives, and  

o Adjust − adapt future management on the basis of improved knowledge from 
past experience, to achieve the desired outcomes. 

 
9.2 Adaptive management mechanisms 
 
A variety of mechanisms exist through which adaptive management principles can be put 
into practice. For the purposes of this plan, ‘Adapt Workshops’ have been identified as a 
potentially useful mechanism by which the people, representing various agencies and 
interest groups, can be brought together to discuss the outcomes of particular 
environmental management actions, and agree on how they might be improved (adapted) 
in the future.  
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Figure 10. A typical adaptive management cycle  
 
 
9.3 Reporting 
 
An annual report will be produced by the EWG on the implementation of environmental 
management plans for all Icon Sites. The key findings and recommendations in the 
annual report will feed back into successive annual planning processes, thereby closing 
the adaptive management loop.  

In 2005-06, a status report on implementation of water application under the Living 
Murray Business Plan was developed, in consultation with Icon Site managers. This 
report covers the 18 month period August 2005 to February 2006, focusing mainly on 
actions since Spring 2005, a time when favourable river flow conditions provided greater 
opportunities for environmental watering.  
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10. Risk Management  
 
10.1 Management of risk and legal issues 
 
The Living Murray Business Plan indicates that the Living Murray Environmental Watering 
Plan (LMEWP) and Icon Site management plans will identify legal constraints and risks 
to the implementation of plans, along with actions to minimise these, including any 
assessment requirements for actions. 
 
Risk and legal issues relate primarily to the risk of adverse consequences to: 

1. the Icon Site associated with lack of action, and  
2. other river users/values associated with implementing actions at the Icon Site. 

 
The Environmental Watering Group (EWG) will explore the ecological risks associated 
with inability to implement key actions necessary to achieve the environmental objectives 
and outcomes of TLM First Step decisions. Attention will also be given to identification 
of legal issues, and approaches to mitigating them, that may arise from operation of the 
river and its works to achieve environmental outcomes. In the first instance, the 
approach to management of these issues will follow that adopted by MDBC and state 
constructing authorities as part of normal river management.  
 
This will involve notification of the MDBC (or other groups as appropriate) of the level 
of risk involved in proposed management actions, and the appropriate method for 
mitigating this risk. The approach to management of risk and legal issues, to support 
implementation of the LMEWP and Icon Site management plans, will be reviewed and 
updated annually by the EWG for consideration by Ministerial Council. 
 
Any necessary approvals will be obtained for any actions occurring under this plan, for 
instance, requirements under the Environment Protection and Biodiversity Conservation Act 1999 
(further details are in Appendix 2). Where appropriate, actions will be referred for 
determination on whether they are compliant with or require approval under relevant 
state and commonwealth legislation.  
 
10.2 Risk mitigation measures  
 
Existing risk mitigation measures 
 
Many of the actions in this plan will ultimately be implemented by RMW, state 
constructing authorities and state agencies, and therefore, subject to existing risk 
management processes. For instance, RMW operates the River Murray system in 
accordance with agreed procedures and provisions of the MDB Agreement. Where 
required, MDB Ministerial Council and MDBC approval will be sought in relation to 
actions under this plan.  
 
Frequently, there are significant risks taken into account in river operations. For example, 
critical decisions are made regarding the timing of bulk water transfers between storages 
and maximising the conservation of water resources, and, in managing the River Murray 
system appropriately to deliver the available water to users. Such operational decisions 
are made in close consultation with state agencies wherever it is necessary to achieve an 
appropriate balance between the various risks.  
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RMW is responsible for the structural and operational maintenance of river infrastructure 
(dams, weirs etc). The MDBC funds and supervises an investigation and construction 
program across all the structures it operates with the work being carried out by the state 
authorities. Priorities for investigation and construction are determined using a range of 
risk assessment tools covering dam safety, business risk, occupational health and safety, 
public risk, environmental and security risks.   
 
The acquisition of Hume to Yarrawonga easements (action I14) is a risk mitigation 
measure that will be investigated to purchase flow rights to temporarily pass regulated 
flows at higher than nominal channel capacity rates (25,000ML/day). This will provide 
increased flexibility for flow management in downstream reaches, whilst minimising the 
risk of legal liability associated with flooding privately owned land. Consistent with 
current practice by RMW and state authorities, communities along the river and other 
key stakeholders will be notified of, and where necessary, consulted on actions occurring 
under this plan resulting in changes to river management that may potentially affect 
them.  
 
Additional risk mitigation measures 
 
A number of risk mitigation measures, in addition to existing measures (outlined above), 
can be applied to certain actions to achieve a further reduction in risk. Broad categories 
of such measures have been identified and incorporated into the risk assessment for 
indicative purposes (see Appendix 10). 
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PART B – ICON SITE ANNUAL PLAN 2006-07 
 
11..  OOVVEERRVVIIEEWW  OOFF  PPAARRTT  BB  
 
Part B of The Living Murray Environmental Management Plan for the River Murray Channel Icon 
Site is the ‘Icon Site Annual Plan’ for the 2006-07 season (1 July 2006 - 30 June 2007). It 
provides: 
 
o the seasonal outlook for the River Murray system (Chapter 2) including the:  

 volume/location of water in storage (as at the end of May 2006);  
 status of available environmental water, and  
 modelled probability of reaching flow and volume thresholds at locations along 

the River Murray, signalling a potential flow enhancement opportunity during the 
2006-07 season, and 

 
o priority environmental management actions for the River Murray Channel Icon Site 

(Chapter 3), which have been drawn from a larger set of possible actions. The actions 
are classified as flow, operational, structural or investigation actions (Box 1).  

 

Box 1. Definitions of classifications used for environmental management actions and 
associated management arrangements. 

F = Flow (water consumptive) (section 3.2) where the action would result in 
consumption of water by the environment, using existing or TLM environmental water 
allocations (eg. weir raising to enhance higher river flows). These actions may require 
consideration of potential trade-offs or opportunities with watering downstream sites, 
and the development of extended water accounting procedures;  

O = Operational (water neutral) (section 3.3) where the action involves working 
within current operating procedures under the MDB Agreement to provide improved 
environmental outcomes, with minor consumption of water by the environment (eg. 
varying upper weir pool levels below their full supply level). These actions would be 
operationalised by RMW and the relevant state constructing authorities and state 
agencies through the RMW Operating Plan in accordance with environmental guidelines 
provided in this and other Icon Site plans; 

S = Structural (section 3.4) where the action involves construction of new structures or 
works (eg. fishways, regulators, re-snagging a section of river, bank protection works, 
etc). These actions are managed through existing programs (eg. the Hume to Yarrawonga 
Waterway Management Plan; the LM-EWMP; Regional Catchment Strategies; etc) in 
conjunction with relevant authorities, and 

I = Investigation (section 3.5) where the action is to further investigate or model a 
particular issue or potential future action to determine its feasibility (eg. dam 
translucency, changed management of pre-releases). Investigations will be managed by 
the MDBC in conjunction with relevant authorities and groups on behalf of the EWG.  
 
 
The priority environmental management actions described in Chapter 3 are those 
considered most likely to be implemented in 2006-07, based on a range of factors pre-
considered by the EWG. These include the: 
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o seasonal outlook for the River Murray system (Part B, Chapter 2); 
o preliminary risk assessment of actions (Part A, Chapter 10 and Appendix 10), and  
o relative priority of actions at this Icon Site, compared with others (considered 

through the Living Murray Environmental Watering Plan).  
 
22..  SSEEAASSOONNAALL  OOUUTTLLOOOOKK  FFOORR  TTHHEE  RRIIVVEERR  MMUURRRRAAYY  SSYYSSTTEEMM    
  
The information presented in this section is based on forecast end of July 2006 
assessments undertaken by RMW. 
 
As a result of a very dry Summer and Autumn, the 2006-07 season will begin with total 
MDBC storage levels (including Menindee Lakes) at about 3,665 GL (39% capacity), 
which is about 1,900 GL below the long-term average for the end of June (Figure 1).  
This is slightly higher than in the past two years, primarily due to a higher storage volume 
in Dartmouth Reservoir. The availability of various environmental water allocations in 
the River Murray system in 2006-07 is provided in Table 1.  
 
All Years and Dry Tercile analysis 
Table 2 provides a summary of the modelled probability of reaching flow and volume 
thresholds at locations along the River Murray, signalling a potential flow enhancement 
opportunity during the 2006-07 season. This information is also considered in the Living 
Murray Environmental Watering Plan (LMEWP) in determining the likelihood and 
relative priority of environmental watering opportunities across the system. 
 
The statistics presented relate to the period June 2006 to May 2007 and are derived from 
a MSM Big MOD, run in multi-history mode based on a forecast end of July 2006 
assessment. The probability of meeting triggers for identified actions has been based 
upon All Years and Dry Tercile analyses using MSM-BigMOD. The All Years analysis 
considers the chance of reaching a flow or other target based upon flow records between 
1897 and 2000. Dry Tercile refers to the one-third of years with the lowest April to June 
period Murray system inflows (excluding inflows to Menindee Lakes). Dry Tercile 
analysis is based on the observation that a dry period between April and June correlates 
well with conditions remaining dry in the following period from July to April. Based on 
this, the analysis of the chance of meeting a target is then restricted to the driest one-
third of years in the record between 1897 and 2000.  
 
The period April 2006 to June 2006 was in the driest third of years on record, and thus, 
use of probabilities based on All Years and the Dry Tercile is prudent when considering 
the likelihood of events occurring that provide an environmental opportunity. The 
probabilities quoted will change during the season as a result of system inflows and water 
resource usage. 
 
Transfer of water between storages  
In many years, RMW need to transfer water between storages to maintain an appropriate 
volume of water in each storage to meet demands along the length of the River Murray 
system. With Menindee Lakes likely to remain under NSW control during 2006-07, the 
current RMW operating plan indicates that a significant volume of water will need to be 
transferred from Dartmouth to Hume Reservoir, and from Hume Reservoir to Lake 
Victoria to meet downstream requirements, unless there are significant unregulated 
inflows from the tributaries.   
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Generally, the volume of water transferred from Dartmouth Reservoir to Hume 
Reservoir is highest under a dry scenario, with only a small quantity of water needed to 
be transferred under the median case.   
 
The volume of water needed to be transferred from Hume Reservoir to Lake Victoria is 
generally lowest in a very dry scenario and increases as conditions become wetter (ie. 
median case).  However, in very wet cases, inflows from tributary streams will reduce the 
need for transfers between Hume and Lake Victoria.   
 
Where possible, RMW will implement variable in-stream flow patterns during the 
transfer of water between storages, taking into consideration appropriate rates of rise and 
fall and seasonality. For transfers between Hume Dam and Lake Victoria, the flow 
requirements of the Barmah-Millewa Forest will also be taken into account when 
considering the flow rate of transfers, especially for transfers above channel capacity.   
 
With limited water availability, there will be a greater focus on management of structures, 
including weir pools to enhance any high flow events. These weir pool manipulations will 
build on the knowledge gained during the 2005-06 season.  
 
Any water consumptive environmental management actions are likely to draw upon 
water available under the existing Living Murray state-based environmental allocations 
(consistent with their current management arrangements), and unregulated water deemed 
available for environmental use (Table 1). 
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River Murray System Storages : 1-5-1996 to 27-6-2006
( Prepared by River Murray Water )
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Figure 1. Volumes for MDBC major storages 1/5/96 to 27/6/06 
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Table 1. Existing environmental water allocations − likely availability in the River Murray system 
in 2006-07. Adapted from Gippel (2003). Information also supplied by MDBC, DIPNR, DSE and 
DWLBC. 
 
Account name  Allocation to the account   Availability in 2006-07  

Barmah-Millewa 
Forest EWA  
(NSW and VIC) 

100 GL/yr equally provided 
by NSW and Victoria is paid 
into the account every year 
(provision to carry over up to 
700 GL)  
An additional 50 GL/yr is 
shared by NSW and Victoria 
when Victoria sales water 
(consumptive) reaches 30% 

NSW 94 GL (available after NSW 
General security allocations reach 
30%).  
VIC 44 GL (available when Victorian 
Water Rights reach 100%).   
Approximately 5% chance to become 
fully available by end January, 
approximately 20 % by end May..   
 

Lower Darling River 
ECA  
(NSW) 

30 GL/yr (Menindee Lakes 
must be>480 GL, and have 
been >640 GL since the last 
time it was <480 GL)  

30% chance of becoming available 

NSW Murray 
Wetlands EWA  
(NSW) 

Up to 30 GL/yr (depending 
on NSW allocations) 

100% chance 15 GL available. 
Remainder dependent on NSW 
General security allocations  
 

Moira Lakes Savings  
(NSW) 

2.027 GL/yr (for use in NSW 
Murray wetlands)  

Available 

Victorian Murray 
Wetlands EWA  
(VIC) 

27.6 GL/yr (2,600 ML/yr 
allocated to Hird and 
Johnson’s Swamps).  

Available if Victorian allocations 
reach 100% by February 2007  
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Table 2. The modelled probability of meeting flow and volume thresholds at a number of sites 
along the River Murray during the 2006-07 season.  
 

Flow Scenarios and Indicative Probabilities 

 All Years* Dry Tercile* 

Probability of peak Yarrawonga flow exceeding 
11,000 ML/d (assumed at 224 GL/month) ie. for 
part of a month 100% 100% 
Probability of Yarrawonga monthly flow exceeding 
330 GL/month (assumed monthly channel 
capacity) ie. for the whole month >95 >95 
Probability of peak Torrumbarry flow exceeding 
11,000 ML/d (assumed at 218 GL/month) >95 >95 
Probability of peak Torrumbarry flow exceeding 
15,000 ML/d (assumed at 325 GL/month) 75% 60% 
Probability of peak Euston flow exceeding 38,000 
ML/d (assumed at 963 GL/month) 40% 15% 
Probability of peak flow to South Australia 
exceeding 38,000 ML/d 
(assumed at 870 GL/month) 40% 15% 
Probability of any flow over the barrages 100% 100% 
Probability of at least one event with flow over 
barrages > 1000 GL very low extremely low 

Probability of at least one event with flow over 
barrages  > 300 GL and < 1000 GL low extremely low 

 
Probabilities relating to MDBC storages 

Probability of spill All Years Dry Tercile 
Hume 20% 10% 
Dartmouth <5% <1% 
Lake Victoria 80% 75% 
Menindee 15% 10% 
Probability of returning to MDBC control   
Menindee 45% 25% 
 
*The statistics presented relate to the period June 2006 to May 2007 and are derived from a 
Monthly Simulation Model run in multi-history mode mid July 2006. The All Years analysis is 
based on flow records from 1897 and 2006. Dry Tercile refers to the one-third of years with the 
lowest April to June period Murray system inflows (excluding inflows to Menindee Lakes). Dry 
Tercile analysis is based on the observation that a dry period between April and June correlates 
well with conditions remaining dry in the following period from July to April. The period April 
2006 to June 2006 was within the driest third of April to June periods on record. The 
probabilities quoted will change during the season as a result of system inflows and water 
resource usage. 
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33..  PPRRIIOORRIITTYY  EENNVVIIRROONNMMEENNTTAALL  MMAANNAAGGEEMMEENNTT  AACCTTIIOONNSS  TTHHIISS  SSEEAASSOONN  
 

3.1 Introduction 
 
In this chapter, a brief description is provided for each environmental management 
action identified for possible implementation in 2006-07. More fully developed proposals 
will be prepared if and when an action is likely to be implemented.  
 
Responsibilities associated with the various actions are as follows:  
 
o potential flow (section 3.2) and operational (section 3.3) actions will be referred to 

River Murray Water by the EWG for consideration and advice. In accordance with 
advice from the EWG, RMW and other groups as necessary, daily operational 
decisions and system planning for flow and operational actions will be made by River 
Murray Water, and implemented by the relevant state constructing authorities under 
direction from River Murray Water;  

o actions which describe existing projects, for instance many of the structural (section 
3.4) and investigation (section 3.5) actions funded through the Living Murray 
Environmental Works and Measures Program have project management 
arrangements already established, and  

o in the case of ‘new’ structural or investigation actions, project management 
arrangements will be determined by the EWG, unless otherwise specified. 

 
Monitoring and consultation requirements, as well as management of any potential risks 
associated with implementing the environmental management actions, will be considered 
on a case-by-case basis by the EWG.  

 
3.2 Flow actions 
 
Code Reaches Description 
F4 

 
3,4,5 Flow enhancement strategies (see also I4)  

and  

Code Reaches Description 
F5 

 
3,4,5 Weir pool manipulation (surcharge) (see also I5) 

 
A draft weir manipulation proforma for 2006-07 is in Appendix 12 (to be completed by 
the proponent for any weir manipulation that is for environmental purposes and 
approved by the Environmental Watering Group and River Murray Water). 
 
Given the relatively high probability of exceeding key flow thresholds in the River 
Murray between Yarrawonga and Torrumbarry this season (see Table 2), a number of 
actions (collectively described as ‘flow enhancement strategies’ – see below) could be 
used to provide available environmental water to stressed and dying floodplain 
vegetation (primarily in reaches 2, 3, 4 and to a lesser extent 5).  
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A number of potential flow enhancement strategies being investigated include: 
 
o boosting peaks downstream of Yarrawonga (by lowering the pool as the peak passes); 
o minimising diversions during the peak of the flow event; 
o releasing water from Torrumbarry, Stevens, Euston, Mildura and Wentworth Weir 

pools to boost the peak flow or prolong the duration of the event;  
o surcharging weir pools (consistent with the 2006-07 weir manipulation operating plan 

at Appendix 12) (see action F5); and 
o releasing water from Lake Victoria as the peak flow passes.  
 
Indicative triggers’ for boosting a high flow event include: 
o flow downstream of Yarrawonga Weir approaching 15,000 ML/day; 
o flow downstream of Torrumbarry Weir approaching 20,000 ML/day; 
o flow downstream of Euston Weir approaching 37,500 ML/day (relevant to Hattah 

Lakes), and 
o flow downstream of Mildura Weir approaching 25,000 ML/day. 
 
Pumping water from the river (see action S5) could also be used in conjunction with the 
above flow enhancement strategies. 
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3.3 Operational actions 
 

Code Reaches Description 
O1   

 

O2 

1, 2, 3, 4 
 
1, 2, 3, 4 

Changed pattern of delivery of bulk water transfers – for transfers 
within channel capacity (see also I1 and I6) 
Trial in-channel variation in regulated releases (see also O1 and I6) 

 
Both actions relate to providing variability in regulated releases, whether during periods 
of bulk water transfer between storages, or regulated releases from structures (such as 
Yarrawonga Weir) at other times. Investigation/modelling of options to increase 
operational flexibility to manipulate flows (I6) will assist these actions. 
 
Bulk water transfers 
As this season commenced with Menindee Lakes storage at low levels, it is likely that 
water will need to be transferred from Dartmouth to Hume Reservoirs and from Hume 
Reservoir to Lake Victoria to meet downstream requirements.  
 
This action proposes: 
• for Dartmouth to Hume transfers – to enhance environmental values of the Mitta 

Mitta River whilst meeting the requirements of existing uses (including river 
pumping, transfers, hydropower generation) by: 

o releasing water at less than channel capacity rates by commencing transfers 
earlier in the season where possible, and 

o providing a variable in-stream flow pattern where possible, to mimic to some 
extent the timing of natural streamflow response to rainfall. Such actions will 
be considered during periods of transfer at higher flow rates and also during 
periods of minimum release from Dartmouth. 

 
• for Hume to Lake Victoria transfers – to reduce the need for extended periods of 

high flow in the river channel during Summer, and to minimise the occurrence of 
unseasonal flooding of the Barmah-Millewa Forest. This action relates to reaches 1 
and 2 mainly, but will have a lesser effect on reaches 3 and 4 which are downstream 
of the major irrigation off-takes.  

 
Transferring water to downstream storages early in the season carries with it a moderate 
risk that this water could be ‘spilled’ from storage at a later date. As such, any actions 
relating to bulk transfers between major storages in the River Murray system would be 
managed in a way that minimises potential impacts on consumptive users. 
 
Regulated releases 
This action proposes to minimise bank erosion caused by constant flow rates. This will 
be done by varying regulated releases to mimic, to the extent possible within current 
operating constraints, stream flow variability in response to rainfall. Factors that may 
limit the ability to implement this action include periods of very high irrigation demands 
or ‘losses’ and requirements for transfers from Hume Dam to Lake Victoria. 
Opportunities to provide variability in regulated releases during periods of minimum 
release (over the Winter months) will also be considered. 
 
For instance, downstream of Yarrawonga Weir, depending on inflows and the storage 
level of Lake Victoria, it may be possible to limit the flow downstream of Yarrawonga 
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Weir to rates below channel capacity (eg. 9,000 ML/day) and where possible, manipulate 
the release over a greater range either: 

• systematically eg. vary the release between 8,000 and 10,000 ML/day on a 
14 day cycle (based on advice in Thoms et al. 2000), or 

• in response to rainfall events. 
 
Operational actions identified in actions O1 and I6 will assist the likelihood of 
implementing this action by providing greater operational flexibility to manipulate flows.  
 
Code Reaches Description 
O4 1 Field test and validate aspects of the (revised) ‘Six Inch Rule’ (based 

on outcomes of I8) 
 

This action proposes to build on the outcomes of a current investigation (see action I8), 
by implementing a monitoring program designed specifically to field test and validate 
aspects of the (revised) ‘Six Inch Rule’. System conditions, operational requirements and 
environmental considerations will largely govern whether or not it is feasible to 
implement this action in 2006-07.  
 
Code Reaches Description 
O5 
O6 

2, 3 
2, 3 

Weir pool manipulation (minor in-channel variation) (see also I5) 
Weir pool manipulation (drawdown) (see also I5) 

 
For the latter part of 2005-06 leading into 2006-07, the upper pools of both Torrumbarry 
and Euston weirs will be partially lowered and varied within a range of up to 40 cm 
below their full supply level (FSL). These actions have been approved by RMW and are 
being implemented primarily for operational reasons, but are likely to provide incidental 
environmental benefits to the river channel and connected wetlands.  
 
At Torrumbarry, the upper pool is being lowered by up to 40 cm below FSL and will be 
gradually varied within this range during the winter months. During late Spring and 
Summer, when irrigation demand increases, the weir pool will be gradually varied across 
a narrower range between the FSL and up to 20 cm below FSL. Euston Weir pool will 
also be partially lowered by up to 40 cm below FSL during Winter and may be varied 
within this range throughout the year.  
 
 
Code Reaches Description 
O8 1,2,3,4,5 Management of flow related water quality problems (ie. algal 

blooms, ‘black water’ events, salinity, turbidity) (see also I10) 
 
This action proposes to minimise, as far as possible, the social and ecological impacts of 
water quality problems through system operations. Consistent with existing procedures, 
river flows will be managed to alleviate, to the extent possible, the occurrence and 
persistence of water quality problems such as blue-green algal blooms, ‘black water’ 
events (and associated low dissolved oxygen levels), river salinity, and turbidity in the 
Lower Murray (ie. coordination of timing of Darling and Murray flows). River operating 
procedures will be adapted as necessary based on the outcomes of any investigations or 
monitoring undertaken in relation to such events (see action I10).     
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Code Reaches Description 
O11 1,2,3,4,5 Temporary removal of weir panels or opening of weir gates (during 

high river flows, non-critical times or for maintenance purposes) 
 
In 2006-07, in the event of a high flow occurring or the need for inspection or 
maintenance of structures, there may be opportunities to fully open each of the locks and 
weirs for a period of time, consistent with current practice. This action endeavours to 
maximise the duration that weir gates are open to provide unrestricted passage to fish 
and other river biota, and to minimise the occurrence of constant weir pool levels.    
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3.4 Structural actions 
 
Code Reaches Description 
S1 1,4 Regulating structures for  specific wetlands and anabranches 

(exclude unseasonal flows, improve wetting/drying regime) 
 

This action aims to re-instate appropriate wetting and drying regimes within individual 
wetlands by constructing regulators at their inlets/outlets and managing inflows 
accordingly.    
 
During 2006-07:  
o regulators will be constructed, provided for under the Hume to Yarrawonga 

Waterway Management Plan (reach 1), and 
o existing regulators at sites along the River Murray system (including throughout 

Barmah-Millewa Forest) will be managed in accordance with water management and 
environmental objectives. 

 
Code Reaches Description 
S4 1,2 In-stream and riparian habitat restoration &/or invasive species 

management (see also I13) 
 
The in-stream and riparian habitat restoration component of this action refers to a 
continuing project funded through the Living Murray Environmental Works and 
Measures Program (LMEWMP): 
 
Re-snagging and riparian restoration, Hume-Yarrawonga  
 
2006-07 Deliverables: 
• Community consultation 
• Continuation of monitoring program 
• Implementation of Stage 1 resnagging 
 
See Appendix 1 for more information on this project.  
 
In-stream and riparian habitat restoration activities are also provided for under the on-
going Hume to Yarrawonga Waterway Management Plan annual works program funded 
by RMW and managed by DIPNR.  
 
Code Reaches Description 
S5 3,4 Pumping water from the river (possibly in conjunction with other 

actions or works) to facilitate targeted watering of wetlands and 
floodplain 

 
It is proposed that this action may be used in conjunction with flow enhancement 
strategies (see action F4 and F5) to provide water to stressed and dying floodplain 
vegetation along the lower parts of the River Murray. This would entail NSW, VIC and 
SA identifying suitable sites, appropriate infrastructure and works required to enable 
environmental watering in the absence of a sufficient overbank flow. The water used will 
be accessed from existing environmental water allocations and as such will not affect 
resource availability.   
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Code Reaches Description 
S6 3,4,5 Migratory fish passage program (sea to Hume Dam) 

 
This action refers to a continuing program approved by the MDB Ministerial Council in 
March 2001 to provide upstream fish passage from the sea to Hume Dam. The program 
is funded through the LMEWMP and is managed in association with the Native Fish 
Strategy. The specific projects associated with this program include: 
 
o Migratory fish passage – construction  
o Migratory fish passage – Fish Passage Reference Group  
o Migratory fish passage – barrages – fish passage  
o Migratory fish passage – fish monitoring - locks  
 
2006-07 Deliverables: 
• ongoing baseline monitoring at barrages, Locks 1-3; 
• compliance  monitoring at barrages, Lock 10; 
• development of PIT tag database; 
• trials for fish counting technology; 
• training of site staff; 
• facilitation of Fish Passage Reference Group; 
• review of concept designs for fishways at Bank E, Lake Victoria inlet regulator and 

Edward River off-take; 
• PIT tag installation and maintenance; 
• cost effectiveness improvements and trials, and 
• construction of Lock 1 fishway; partial construction of Lock 3 fishway; construction 

of additional barrage gate fishways; finalisation of Lock 10 fishway construction; 
concept and detailed design for Lock 2, 4 and 5 fishways; detailed design and 
construction of Lock 11 fishway. 

 
See Appendix 1 for more information on these projects. 
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3.5 Investigation actions 
 
 
Code Reaches Description 
I5 1,2, 3,4,5 Weir manipulation investigations (see also F5 O5 O6) 
 
This action describes existing projects funded through the LM-EWMP and managed in 
association with state agencies in relation to weir manipulation investigations including: 
 
o SA Lower Murray weir pool manipulation  
2006-07 Deliverables: 
• Coordination and management of weir pool manipulation, activities and monitoring 

including community consultation; 
• Structural surveys; 
• Assessment of navigation hazards and socio-economic impacts; 
• Detailed design of repairs to Lock 5 anabranch structures (Pike-Mundic); 
• Detailed design of repairs to Lock 4 anabranch structures; 
• Stage 1 construction of repairs to Lock 4 anabranch structures; 
 
o Euston weir pool trial manipulation  
2006-07 Deliverables: 
• Assessment of specific ecological objectives for the Euston Weir Pool  
 
o Tri-State weir pool manipulation project  
2006-07 Deliverables: 
• Provision of advice on results and learnings from past weir pool manipulations trials; 
legal and administrative impediments to weir pool manipulation; documentation of 
operational and structural opportunities/impediments; social and economic impacts; 
works required and associated costs for all River Murray weirs; and specific objectives for 
a selection of weir sites – 10, 9, 8. 
 
See Appendix 1 for more information on these Projects. 
 
 
Code Reaches Description 
I6 1,2 Investigation/modelling of options to increase operational flexibility 

to manipulate flows 
 
This action proposes to model potential changes to current operating procedures for 
transferring water to downstream storages that will increase operational flexibility to 
manipulate flows. This is a necessary precursor to actions F1, O1 and O2. The following 
options could be investigated: 

o commencing bulk water transfers early (during Spring and sometimes at above 
channel capacity) rather than holding back the majority in the reservoirs until late 
Summer; 

o targeted use of Inter-valley Transfer (IVT) accounts; and  
o use of Mulwala Canal escapes.  
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The investigation will include modelling of river flows and will be managed by the 
MDBC on behalf of the EWG. Longer-term options for increasing operational flexibility 
are also being developed. 
 
 
Code Reaches Description 
I8 1  Investigation into rates of river level rise and fall in the River Murray 

and anabranches downstream of Hume Dam associated with 
regulated flow releases, development and testing of a revised 
operating rule that balances competing environmental and 
consumptive use requirements (see also O4) 

 
This action refers to a continuing project funded through The Living Murray.  
 
The Six Inch Rule restricts the rate at which releases from Hume Reservoir can be 
reduced to meet changed operational requirements. An increase in the allowable rate of 
drawdown may have positive outcomes both for the environment (such as an improved 
ability to mitigate the adverse effects of rain rejection events on Barmah-Millewa Forest), 
and for water conservation in upstream storage. The imperative however, is to ensure 
that any modification (particularly relaxation) of the current rule does not compromise 
channel stability objectives in the River Murray and anabranches downstream of Hume 
Dam. 
 
The outcomes of the project will be a recommendation on a revised operating rule for 
rates of river level rise and fall associated with regulated flow releases in the River Murray 
and Anabranches downstream of Hume Dam to Corowa. The revised operating rule will:  
• be more flexible than the current Six Inch Rule;  
• apply to regulated in-channel flows (< 25 000 ML/d at Doctor’s Point);  
• represent the contemporary best balance of competing operational, environmental 

and consumptive use requirements, and 
• be in a form that can be readily used by river operators who make day-to-day 

decisions. 
 
 

Code Reaches Description 
I9 1,2,3,4,5 Comprehensive review of existing rules for minimum flows and 

variation about the minimum (whole river) (see also O7) 
 
This action proposes that a new project be initiated to review existing rules for minimum 
flows (and variation about the minimum) along the entire River Murray Channel, with a 
view to developing recommendations for revisions to these rules (if necessary) to 
enhance the ecological outcomes associated with current river operations. 
 
Bathymetric mapping and/or cross-section surveys of the River Murray Channel (see 
action I16), and information on wetland commence-to-flow levels, may facilitate 
determination of appropriate minimum flow levels to inundate key habitats within the 
river channel. 
 
The investigation will be managed by the MDBC on behalf of the EWG.   
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Code Reaches Description 
I12 1, 2 Improved management of rainfall rejections  
 
This action refers to a continuing project funded by the LMEWMP to assess options to 
minimise rain rejection events downstream of Lake Mulwala to prevent unseasonal 
flooding of the forest and to conserve water resources. It will:  
 
o Optimisation of Lake Mulwala operational flexibility  
 
2006-07 Deliverables: 
• Development of strategic options report on future management of rain rejections in 

the upper Murray system. 
  
Refer to Appendix 1 and for more information on this Project 
.  
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Appendix 1: The Living Murray Environmental Works and Measures Program – Project 
Summaries 
 
A. River Murray Channel Icon Site Projects 
 
I02 – Migratory Fish Passage - Construction 
 
Proponent: Murray-Darling Basin Commission 
Timeframe: July 2003 – June 2011 
 
Objectives: To improve the biodiversity of native fish and improve access of native fish to 
habitat within the River Murray by construction of fishways on all the locks and weirs between 
the sea and Hume Dam, to support the recovery of native fish populations. Extensive 
monitoring before, during and after the construction of each fishway to determine how 
successful the fishways are for a) passing fish from below to above the barriers, and b) improving 
the abundance and diversity of the native fish populations. 
 
Deliverables 
• completion of construction of fishways on Locks 7, 8, 9 and 10 
• construction of fishway on Lock 1 about to commence 
• design and construction of fishways on  Locks 3 and 11 
• design and construction of fishways for the remaining Locks and weirs between the sea and 

Hume Dam 
• reports from the monitoring programs in terms of effectiveness of new fishways in passing 

fish, assessment of the contribution of the fishways to positive changes in the abundance and 
diversity of native fish in the river, and, whether or not the design and operation of the 
fishways are optimised 

 
 

 
I04 – Re-snagging & Riparian Restoration, Hume - Yarrawonga 
 
Proponent: North East Catchment Management Authority, Victoria. 
Timeframe: July 2003 – June 2009 
 
Objectives: To restore sufficient in-channel habitat through re-snagging and restoration of the 
adjacent riparian zone to secure the long-term viability of existing native fish populations in a 
selected reach between Hume and Yarrawonga.  The project will include extensive baseline and 
post-implementation monitoring of fish populations and geomorphic characteristics of the 
channel. 
 
Deliverables: 
• progress of three priority sites covering around 35 km of river and resulting in connection of 

over 100 km of suitable instream habitat between Howlong and Lake Mulwala 
• a riparian and in-channel habitat restoration plan for the main stem and anabranches of the 

River Murray between Hume Dam and Yarrawonga 
• establishment of sufficient quality of habitat to sustain populations of Trout Cod, Murray 

Cod and Golden Perch 
• implementation of monitoring plan 
• a preferred habitat restoration approach for future works 
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I09 - SA Lower Murray Weir Pool Manipulation 
 
Proponent: Department of Water, Land and Biodiversity Conservation, South Australia. 
Timeframe: July 2003 – June 2010 
 
Objectives: To improve the ecological health of floodplain wetlands through improving the 
frequency and magnitude of floodplain inundation, and, re-instating wetting and drying cycles to 
wetlands permanently inundated by weir pools by weir pool manipulation. 
 
Deliverables: 
• identification of strategic priorities and development of operation strategies for weir pool 

manipulation 
• implementation of weir pool manipulation trials at priority locations and implementation of 

an adaptive management framework 
• monitoring program for weir pool manipulation 
• investigation of the capacity to raise upstream water levels at weirs based on current load 

capacities 
• community engagement strategy 
 
 
 
I10 - Euston Weir Pool Trial Manipulation 
 
Proponent: Department of Infrastructure, Planning and Natural Resources, NSW. 
Timeframe: July 2003 – June 2011 
 
Objectives: To reduce the ecological impacts at Euston Weir Pool that have resulted from the 
construction of the weir, and the subsequent artificially stable water levels that have been 
maintained for between 60 and 70 years. Quantify the ecological responses that result from the 
implementation of a pool manipulation event. Investigate the constraints to a weir pool 
drawdown. Conclude the baseline monitoring program and include an assessment of 
infrastructure likely to be affected by weir draw-downs. 
Consideration will be given to the timing of a manipulation event, and the necessary social and 
economic studies will be given before a trial manipulation is agreed. 
 
Deliverables: 
• completion of baseline monitoring program including an assessment of infrastructure likely 

to be affected by weir pool drawdowns 
• policy changes relating to pump siting, operation and ability to access water at varying water 

levels from within weir pool areas 
• decision to proceed with trial at Euston Weir or to move to a new site 
• works required to physically achieve a trial manipulation of the Euston Weir Pool 
• trial manipulation of the Euston Weir Pool 
• monitoring of the trial and report on the findings of the monitoring program 
• workshops with key stakeholders 
• evaluation of success of the trial and recommendations for future weir pool manipulation as 

a management action 
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I11 – Structural & Operational Modification to Lake Victoria 
 
Proponent: Murray-Darling Basin Commission 
Timeframe: July 2003 – June 2011 
 
Objectives: To investigate options and potential benefits (including enhancement of the health 
of the Chowilla Floodplain) of using Lake Victoria to supplement flood flows in the Murray 
River. 
 
Deliverables: 
• Review capacity and operation constraints and develop hydraulic model from Lock 9 to 

Lock 6 
• Analysis of hydrologic and alternative options to increase capacity of releases from 

Lake Victoria 
• Identification of cultural impacts and options for managing cultural heritage 
• Alteration/construction works to Lake Victoria inlet and outlet structures and development 

of new operating rules 
 
 
 
I16 – Investigation of Easement Acquisitions, Hume - Yarrawonga 
 
Proponent: Murray-Darling Basin Commission. 
Timeframe: June 2005 – June 2011 
 
Objectives: To improve flooding regimes throughout the River Murray system downstream of 
Hume Dam; increase the flexibility to enhance moderate sized flood events to the Barmah–
Millewa Forest; improve watering of floodplain wetlands. 
 
Deliverables: 
• Investigate and confirm desirable level for flood easements 
• Investigate methods for more accurate definition of the extent of incremental floods up to 

45 000 ML/d 
• Social, economic and environmental assessment for desired flood levels 
• Landholder negotiations 
• Purchase rights to desired flow level 
 
 
I40 - Migratory Fish Passage – Fish Passage Reference Group 
I41 – Migratory Fish Passage-Barrages – Fish Passage Investigations 
I42 – Migratory Fish Passage-Fish Monitoring-Locks 
 
Proponent: Murray Darling Basin Commission 
Timeframe: July 2003 – June 2011 
 
Objectives: Incorporating the Fish Passage Reference Group and a tri-state monitoring 
program, the fish passage assessment program aims to identify priority sites and develop concept 
designs for fishway construction, monitor the functionality of constructed fishways at the Locks, 
anabranch and off-take weirs and the Barrages, and to investigate improved fishway designs. 
 
Deliverables: 
• Assessment of the functionality and refinement of the constructed fishways 
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I43 – Tri-State Weir Pool Manipulation Project 
 
Proponent: Murray Darling Basin Commission. 
Timeframe: July 2006 – July 2008 
 
Objectives: To establish options for achieving environmental outcomes along the River Murray 
Channel Icon Site and connected anabranches and wetlands through modification to existing 
weir pool operations. 
 
Deliverables: 
• establish current manipulation capacity in terms of raising, lowering and varying all  

River Murray weirs 
• determine any site impediments to increasing the manipulation capacity at the priority weir 

sites 
• undertake investigations into legal and administrative issues 
• quantify the expected ecological responses from changed weir pool operating levels in the 

river channel and connected wetlands, anabranches and flood plains 
• undertake investigations into social and economic issues 
• database register 
 
 
 
I48 – Strategic Bathymetric Mapping of the River Murray 
Proponent: Department of Infrastructure, Planning and Natural Resources 
Timeframe: June 2006 – June 2009 
 
Objectives: To plan for and strategically obtain bathymetric mapping for the River Murray to 
provide a channel digital elevation model (DEM) to link with existing DEMs and hydraulic 
models; improve the strategic information base for improving river management and natural 
resource management of the River Murray Icon Site; broaden the information base for improving 
river management and natural resource management linking to the improved management of all 
Icon Sites of the River Murray system; provide greater information for river managers regarding 
specific choke and in-stream feature locations within the River Murray system 
 
Deliverables: 
• collation of historical River Murray geomorphologic data, including cross-section, 

longitudinal sections, and existing (historical) bathymetric surveys, identifying current 
available information for potential users 

• a recommended methodology for undertaking bathymetric mapping throughout the Murray-
Darling Basin, including required accuracy, recurrence interval, critical areas, all potential uses 

• strategic development of a DEM of the River Murray channel that can be linked to 
modelling for floodplain management, Icon Site watering and river regulation 

• a baseline for the geomorphology of selected sections of the River Murray Channel 
• provide the basis for discussion relating to impact of river regulation on river channel 

geomorphology, sediment transportation and deposition, the effect of structures on 
geomorphology, capacity restraints, areas of in-stream storage and sites of archaeological 
significance 

• provide valuable data that can assist in achieving the best ecological outcomes at each of the 
6 significant ecological sites 

 
_____________________________________________________________________ 
 
I52 – Optimisation of Lake Mulwala and River Murray Operational Flexibility  
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Proponent: Department of Natural Resources New South Wales. 
Timeframe: June 2006 – June 2010 
 
Objectives: To optimise the options to effect rainfall rejection management and enhanced riverine 
flows to the SEAs. 
 
Deliverables: 
• strategic (cost-benefit and risk) analysis of the three projects below: 

- I05 Lake Mulwala Rain Rejection Management 
- I06 Rehabilitation of Tuppal and Bullatale Creeks 
- investigations into the drop storage on the Mulwala Canal. (Living Murray 
  Water Recovery/Savings Project) 

• workplan and draft investment strategy to effect investment in one, or a combination of, the 
projects. 
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B. Details of new River Murray Channel Icon Site projects 
 
 
I56 – River Murray Channel Weir Options 

Proponent: North East Catchment Authority, Victoria 
Timeframe: Unknown: no funding for 2006-07 
 
Objectives: To investigate potential benefits and impacts on constructing new weirs on the Murray 
River to back up water to inundate Barmah-Millewa, Gunbower-Koondrook-Pericoota, and Hattah. If 
feasible, this would provide a water-efficient means of flooding the Sites, and would negate most other 
large construction projects, depending on the ability to raise water level; The Hattah option includes 
assessment of potential to raise an existing rock bar. 
 
Deliverable: No deliverables for 2006-07 
 
I57 – River Murray Wetland Regulator Options 

Proponent: North East Catchment Authority, Victoria 
Timeframe: 2007-08 to 2010-11 
 
Objectives: To manipulate and retain flood water over a significant area, including enhancing flood 
duration, frequency, depth and extent, and variability. The manipulation will occur in floodplain 
wetlands and flood runners downstream (includes river bends) of Lock 15 and upstream of Hattah and 
other smaller Murray River floodplain, flood runners and wetlands downstream of Hattah (includes 
river bends). 
Deliverable: No deliverables for 2006-07 
 
I58 – Strengthening of River Murray Weirs and Locks 
Proponent: Department of Water, Land and Biodiversity Conservation, South Australia 
Timeframe: 2006-07 to 2010-11 
 
Objectives: To investigate the strengthening of locks and weirs to allow water level manipulation 
within the Lower Murray River to allow increased capacity to surcharge or drawdown to provide mid 
river callable water to provide security of water supply and increased opportunity for extensive wetland 
and floodplain watering within the Lower Murray 
 
Deliverables: Undertake feasibility studies into the potential to strengthen Weirs 6 (highest priority) 
and 4 to increase their weir pool raising potential 
 
I59 – Environmental Operations of Mid-River Storages 

Proponent: Murray Darling Basin Commission 
Timeframe:  2006-07 
 
Objectives: Investigate options to improve mid-river storage for the Murray system including 
undertaking a detailed feasibility study for the preferred options.  Possible sites to enhance mid-river 
storage include Lake Boga, Euston Weir and Kangaroo Lake; determine critical issues around lack of 
variation in irrigation flows, and whether there is potential to introduce sufficient flow variability to 
remedy the problems. 
 
Deliverables: Assessment of environmental needs 
 
 
Further details on the Living Murray Environmental Works and Measures Program and the above 
projects are available from the Living Murray website: 
http://www.thelivingmurray.mdbc.gov.au/implementing/environmental_works_and_measures_
program 
 

http://www.thelivingmurray.mdbc.gov.au/implementing/environmental_works_and_measures_program
http://www.thelivingmurray.mdbc.gov.au/implementing/environmental_works_and_measures_program
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Appendix 2. Relevant state-based policies, strategies and programs  
 
Australian Government 
 
The Environment Protection and Biodiversity Conservation Act 1999 (the Act) came into 
operation in July 2000. Under the Act, an action will require approval from the 
Australian Government Environment Minister if the action has, will have or is likely to 
have a significant impact on: 
o a matter of national environmental significance (listed below); 
o the environment on Commonwealth land (if the action is taken outside 

Commonwealth land), or the environment generally (for actions taken on or outside 
Commonwealth land), and 

o the environment anywhere in the world (if the action is taken by the Commonwealth 
or Commonwealth agency).  

 
The EPBC Act applies nationally and provides protection to matters of national 
environmental significance. These include: 
o world heritage properties;  
o national heritage places (from 1 January 2004);  
o Ramsar wetlands of international importance;  
o nationally-threatened species and communities which are listed under the EPBC Act 

(NB: may not be the same as those listed under state legislation);  
o migratory species that are listed under the EPBC Act (protected under international 

agreements);  
o nuclear actions, including uranium mining; 
o commonwealth marine environment (which is generally Australian waters beyond 

the 3 nautical mile limit of state waters), and 
o actions involving Commonwealth land and actions by Commonwealth agencies. 

 
An action includes a project, development, undertaking or any activity or series of 
activities. Potential environmental management actions listed in the Icon Site 
environmental management plans may be subject to the EPBC Act, including structural 
works and actions associated with environmental watering.  
 
New South Wales 
In 2006-07, New South Wales will apply the environmental flow provisions of the 
statutory water sharing plans implemented for each of its river valleys. Of relevance to 
The Living Murray is the Water Sharing Plan for the Murray and Lower Darling River 
Valleys and for the Murrumbidgee River Valley. The plan for the Murrumbidgee River 
provides for transparent releases from both Burrinjuck and Blowering dams, depending 
on catchment conditions and inflows. This water may potentially contribute to 
environmental flows in the River Murray downstream of its confluence.  
 
Work will continue on the environmental flow guidelines for the Great Anabranch of the 
Darling River, for application following the construction of the pipelined stock and 
domestic supply system. It is unlikely that the environmental flow provisions will be 
implemented though as the reduced volume of the Menindee Lakes and extremely low 
inflows will minimise the potential to make releases from the Menindee Lakes. 
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Victoria 
The Victorian Government’s White Paper – Securing Our Water Future Together, aims to 
help restore the health of the Murray and Snowy rivers and fulfil the government’s 
commitments under The Living Murray. 

This will be achieved through Victoria’s commitment towards the joint investment 
through the MDB-IGA to address water over-allocation in the Murray-Darling Basin. 
This investment will underpin Victoria’s strong commitment towards The Living Murray 
which aims to recover 500 gigalitres of water over five years to improve environmental 
flows at Icon Sites along the River Murray. 

In meeting the obligations to the Murray and Snowy rivers, Victoria will begin recovering 
water through: 
• water savings projects, such as infrastructure efficiency projects (pipelines, channel 

automation technology); 
• the ‘sales package’, which delivers on average 120,000 megalitres of lower reliability 

water and 25,000 megalitres of high reliability water for the River Murray and 
tributaries. This package of measures creates a new lower reliability water entitlement 
and includes investment to reduce losses in irrigation systems; 

• decommissioning the inefficient water storage Lake Mokoan to deliver 44,000 
megalitres in water savings annually to the Snowy and the Murray rivers, and 

• Victorian Water Trust projects that provide benefits to northern Victoria. 

Where additional water is required, the purchase of water may also be considered, either 
through investment in targeted structural adjustment projects or through the water 
market. 

As a general rule, when water is recovered for the environment as part of The Living 
Murray, is it will improve environmental water flows in Victorian tributaries and wetlands 
as well as the Icon Sites along the River Murray. 

To achieve this, catchment management authorities will jointly oversee the development 
of long-term operating strategies for water recovered and held in storage to optimise use 
of the water within Victoria and at the Icon Sites. These strategies will be designed to 
complement the individual Icon Site plans for each of the sites along the River Murray. 
The Murray-Darling Basin Ministerial Council will coordinate activities and refine 
operating strategies before they are finalised. 

 
South Australia 
The South Australian Government is developing the Environmental Flows Strategy for the 
River Murray in South Australia which establishes a strategic framework for managing 
environmental flows. The strategy recognises South Australia’s obligations to three 
Living Murray Icon Sites (Chowilla Floodplain and Lindsay Wallpolla Islands; Lower 
Lakes, Coorong and Murray Mouth, and the River Murray Channel), and also the 
identification and management of other important ecological sites. South Australia’s 
policy framework will address the management of above entitlement and additional 
dilution flows that the state receives for maximising ecological outcomes. The suite of 
potential actions described in this Icon Site Environmental Management Plan for reaches of 
the River Murray in South Australia (Reaches 4 and 5) are consistent with, and 
complementary to, the strategic direction and priorities expressed in the environmental 
flows document. The areas of overlap include, in particular, policies being developed for 
improved river operation and management of current and future river flows, and 
coordinated wetland management, where relevant.  
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Appendix 3. Vision and objectives for the River Murray adopted by the MDB 
Ministerial Council at Meeting 30, 30 March 2001. 
 
Vision 
…a healthy River Murray system, sustaining communities and preserving unique values 

 
River Health objectives 
1. Protect and restore key habitat features in the river, riparian zone, floodplain and 

estuary to enhance ecological processes. 
2. Protect and restore healthy riverine and estuarine environments and high-value 

floodplain and wetlands of national and international importance. 
3. Prevent the extinction of native species from the riverine system. 
4. Overcome barriers to the migration of native fish species. 

 
Environmental flow objectives 
5. Re-instate ecologically-significant elements of the natural flow regime. 
6. Keep the Murray Mouth open to maintain navigation and fish passage and to 

enhance estuarine conditions in the Coorong. 
7. Significantly improve connectivity between and within riverine, wetland, 

floodplain and estuarine environments. 
 

Water quality objectives 
8. Substantially improve water quality in the Murray system to a level that sustains 

ecological processes, environmental values and productive capacity. 
9. Manage salinity to minimise impacts on ecological processes and productivity 

levels. 
10. Manage nutrient levels to reduce the occurrence of blue-green algal blooms. 
11. Minimise the impact of potential pollutants such as sediment and pesticides 

within riverine environments. 
 

Human dimension objectives 
12. Implement an adaptive approach to the management of the River Murray 

consistent with the Integrated Catchment Management Policy Statement, 
monitoring ecological outcomes and reviewing operations in the light of new 
information. 

13. Gather, evaluate and disseminate the community’s living, scientific and intuitive 
knowledge to optimise environmental flow strategies. 

14. Ensure participation of the entire community by recognising the cultural and 
historical relationship to the river, its landscape and its people and acknowledging 
the past to affect the future. 

15. Recognise the importance of a healthy River Murray to the economic, social and 
cultural prosperity of communities along the length of the river. 
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Appendix 4. The Living Murray First Step decision interim ecological objectives and 
outcomes for the River Murray Channel Icon Site agreed to by the MDB Ministerial 
Council at Meeting 34, 14 November 2003. 
 

Initial 
Icon 
Site 

Description of Icon Site Interim ecological objectives, and 
expected outcomes  

River 
Murray 
channel 

The River Murray holds iconic status and 
is arguably the nation’s most important 
river. 
The River Murray Channel is the ‘main 
artery’ of the River Murray system and 
forms the link between forest, floodplain, 
wetland and estuarine sites. 

It provides in-stream habitat for many 
aquatic plants and animals, including the 
Murray Cod and other threatened species 
(eg. Trout Cod, Murray Hardyhead). 

Its banks support River Red Gum forests, 
which have strong natural and cultural 
values, and provides the aesthetic 
backdrop for the river and associated 
human activities. 

To increase the frequency of ecologically-
significant higher flows in Spring. 
To overcome barriers to migration of native 
fish species between the sea and Hume Dam. 
To maintain current levels of channel 
stability. 
• expanded ranges of many species of 

migratory fishes. 
• similar levels of channel erosion to 

those currently. 
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Appendix 5. Ecologically important elements of the generalised flow regime 
 

 
Figure 1. Ecologically important elements of the generalised flow regime.  
Adapted from Walker et al. (1995) and Boulton et al. (1998). 
 
Table 1. Definitions of abbreviations and explanation of ecological importance of elements of 
the generalised flow regime illustrated on Figure 1. Source: Boulton and Brock (1999). 
Feature Ecological consequences 
Duration of zero 
flow (DZF) 
 

Affects conditions in remaining pools; longer periods may cause declines in 
some aquatic species richness; alters extent of isolation and drying of channel 
and floodplain wetlands; survival of resting eggs and seeds often declines over 
time; influence establishment of terrestrial floodplain vegetation; eradicate 
species intolerant of drying (including some exotic fishes such as carp and 
plague minnows. 

Amplitude of 
falling limb 
(‘drawdown’) (AF) 
 

Extent of drawdown affects degree of isolation of floodplain wetlands from 
main channel; influence fish recruitment with cascade effects on invertebrates 
and waterbirds; alters extent of inundation of littoral (near-shore) habitats; 
strands or inundates sessile (permanently attached) and sedentary (settled) 
organisms. 

Interval since last 
flood peak (ILFP) 
 

Changes from natural patterns may affect recruitment of fishes and other 
biota with seasonal life cycles (flooding may be a spawning cue); drying and 
cracking may affect saturation and slump of river banks; promote 
establishment of floodplain vegetation; drying of floodplain wetlands. 

Amplitude of 
rising 
limb (AR) 
 

Related to stage amplitude and size of flood; big floods enable extensive 
breeding/recruitment of most river and floodplain species; lead to inundation 
of large areas of floodplain; affect extent of nutrient release and hatching of 
resting stages; germination of floodplain vegetation. 

Duration of rising 
and falling limbs 
(RL and FL), 
interval since last 
flood minimum 
(ILFM) 

Influence the length of time that the floodplain is inundated and hence the 
time for re-colonisation of floodplain wetlands; control fishes, invertebrate 
and plant growth on the floodplain; regulate successional changes in biota; 
affect changes in water quality, dissolved oxygen and temperature. Cumulative 
effects and survival and growth since previous flood relate to ILFM. 

Slope of rising and 
falling limbs (SRL 
and SFL) 
 

Rates of change of the flood pulse influence types of species favoured by the 
flood (eg. steep rising limb may flush out biota typical of standing water 
habitats; steep falling limbs may strand biota); affect survival and recruitment 
of species; influence rates of flow and erosion/deposition of sediments; 
change rates of change in water quality. 

DZF 

Time

F
lo

w
 

ILFP 

SRL 

AR 

Bankfull stage

ILFM 

RL FL
AF 

SFL 
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Appendix 6 Additional background on flow-related and other threatening processes  
 
A. Flow-related threatening processes (river reach-by-reach) 
 
Reach 1: Hume Reservoir (at Full Supply Level) to Yarrawonga Weir 
 
The Hume to Yarrawonga reach of the River Murray (~233 km long) is heavily impacted 
by flow regulation. Hume Dam, at the upstream end of the reach, is the most important 
regulating structure for water supply in the River Murray system and is operated in 
accordance with principles designed to maximise water resources for consumptive use 
(with some exceptions). The operation of Hume Dam (which first filled in 1936) is 
dominated by the need to supply downstream demand to the states of NSW, VIC and 
SA5 during late Spring to Autumn. At the end of the irrigation season, the release from 
Hume Dam is reduced to a minimum flow to allow the dam to refill. Yarrawonga Weir, 
at the downstream end of the reach, ponds water in Lake Mulwala to allow gravity 
diversion to the major irrigation districts served by Mulwala Canal (NSW) and 
Yarrawonga Main Channel (VIC).  
 
The Hume to Yarrawonga reach is naturally ‘braided’, consisting of a complex network 
of anabranches in addition to the main stem, which at nominal regulated channel capacity 
(25,000ML/day) carry more than half of the flow in some locations (HDDORRP, 1999). 
Although it is naturally an actively eroding reach, geomorphic studies have confirmed 
that flow regulation has had a major effect on channel stability. The river channel is 
progressively widening through erosion, its bed is deepening and becoming ‘armoured’, 
and development of anabranches through private property has accelerated – processes 
that threaten both agricultural and environmental values (HDDORRP, 1999 - see Box 1).  
 
The River Murray at Albury is unusual in that it now carries 10% greater than natural 
annual average flows (predominantly transported ‘within-channel’) as a result of 
diversions from the Snowy Mountains Hydro-Electric Scheme. Conversely, the 
frequency and duration of ‘over-bank’ flooding in Winter and Spring has been 
substantially reduced due to flows being harvested in Hume Reservoir and other 
upstream storages. Although not designed for the purpose, Hume Dam also provides a 
secondary function of flood mitigation through storage of inflows and also pre-releases6. 
 
The operation of Hume Dam has reduced the frequency and magnitude of natural spring 
flow peaks in this reach. Peak flows now occur predominantly in Summer-Autumn and 
minimum flows during Winter under regulated conditions (Fig. 1). Unseasonal high flows 
during summer and autumn connect low-lying wetlands to the river at a time when they 
normally would be in a drying phase. Also, Summer and Autumn water temperatures are 
lower than natural below Hume Dam (with effects progressively diminishing towards 
Lake Mulwala) as a result of low-level off-take releases from Hume Dam, subsequently 
affecting biological processes such as native fish recruitment.  

                                                 
5 Under the MDB-Agreement, South Australia is entitled to receive a monthly entitlement flow 
totalling 1 850 GL annually (but this is reduced if overall system water availability is low), and 
Additional Dilution Flows subject to the volume held in Menindee, Hume and Dartmouth storages. In 
most years, South Australia receives un-regulated flows in excess of its entitlement under the 
Agreement. 
6 Release of water from a storage to create ‘airspace’ to capture subsequent (anticipated high) runoff 
that would otherwise have caused the dam to ‘spill’. Pre-releases are principally for downstream flood 
mitigation purposes with very low risk of loss of water resources. 
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Figure 1. Comparison of the median current and natural monthly flows for the River Murray at 
Albury showing reversed seasonality  
 
During the ‘supplying’ mode of river operations (Summer-Autumn) high demand by 
water users, often combined with high rates of bulk water transfer to downstream 
storages (eg. Lake Victoria), can result in prolonged periods of relatively constant river 
height at full (or near-full) channel capacity. For instance, pre-1933 the river level at 
Corowa was between 15,000 to 25,000 ML/day (equivalent to ~1.2m height change) for 
~50 days/year, whereas under current conditions, the number of days of flow within this 
range has nearly tripled (Source: MDBC). The river channel has developed a distinctive 
erosion notch at the long duration ‘high-Summer’ and ‘low-Winter’ flow levels (Erskine 
et al., 1993). A key constraint on providing a more natural (variable) flow pattern to 
regulated releases for environmental benefit (as recommended by several scientific 
studies) is that there is little ‘room for movement’ during the peak irrigation season when 
the nominal channel capacity (25,000ML/day) already restricts operational flexibility.  

 
Despite the occurrence of prolonged periods of relatively constant flow during Summer 
and Autumn, rapid changes in water level can occur as a result of ‘overnight’ changes in 
demand (from heavy rainfall in the irrigation areas). A rapid reduction in release from 
Hume Dam, although important from a water conservation perspective, can adversely 
affect river bank stability and may lead to water-logged banks slumping into the river. 
Drawdown rates also have biological implications with respect to stranding of biota, and 
movement of fish. The operational rule (‘Six Inch Rule’) for maximum reduction of flow 
released at Hume Dam is six inches, or 152mm, per day, which means that flow cannot 
be ‘cut back’ quickly. The rule is believed to have been set for reasons relating to channel 
stability. Apart from representing a loss of water resource from upstream storage, water 
still moving down the river that is in excess of irrigation demands can cause undesirable 
(in some, not all cases) Summer flooding of the Barmah-Millewa Forest. A review of the 
‘Six Inch Rule’ for drawdown of flows released at Hume Dam has been identified as an 
issue requiring investigation (Box 2).  
 
 
 
 
 
 

0 

100 

200 

300 

400 

500 

600 

700 

800 

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

(G
L/

m
on

th
) 

Current
Natural



 

River Murray Channel Icon Site Environmental Management Plan 2006-07 74 

Box 1. Hume and Dartmouth Dams Operations Review (HDDOR) 
 
In 1999, a Review of the Operation of Hume and Dartmouth Dams was released. The review 
considered how operating rules might be amended to better address the competing 
objectives of water supply, environmental enhancement and flood mitigation, taking into 
account a wide range of environmental, economic and social factors. 
 
The Review Panel stated that: 
 
“Re-instating some of the natural variability of flow is an important objective in the Hume to 
Yarrawonga reach and may be possible with few trade-offs during the majority of the year ... flow patterns 
which more nearly represent[ed] natural patterns …[are] the most desirable” 
  
and concluded that: 
 
“constant releases from Lake Hume should be avoided where possible … there appear to be opportunities 
to improve variability within current operating arrangements and without affecting irrigation supply”. 
 
In relation to flow variability the Review Panel recommended that: 
“In the short-term, variability in Hume releases should be trialled, to the extent that it is possible within 
the current nominal channel capacity and without reducing irrigation supply …in the longer-term, flow 
variability should be further investigated ... ”.   
 
Following recommendations in the review, an advisory group on Hume to Yarrawonga 
Waterway Management was established as a committee under the Murray-Darling Basin 
Agreement. The Group advises the MCBC on integrated waterway and floodplain 
management of the Hume to Yarrawonga reach, primarily addressing the impacts of flow 
regulation. The Group has an active role in the continuing program of erosion control 
and re-vegetation works in the reach, funded by the MDBC through River Murray Water. 
 
Reach 2: Yarrawonga Weir to Torrumbarry Weir 
 
The River Murray between Yarrawonga and Torrumbarry Weirs (~354 km long) is 
significant because it supports extensive River Red Gum forest areas (including the 
Barmah-Millewa Forest), and the last remaining natural population of Trout Cod. This 
reach is rich in cultural heritage, and is also popular for tourist and recreational activities. 
 
Upstream of Yarrawonga Weir, water is ponded in Lake Mulwala to allow gravity 
diversion to the major irrigation districts served by Mulwala Canal (NSW) and 
Yarrawonga Main Channel (Victoria). In the reach downstream of Yarrawonga Weir, the 
seasonal flow pattern is significantly ‘flattened’ due to the diversion of large volumes of 
water from these two major irrigation off-takes, which can divert up to ~10,000ML/day 
and ~3,000ML/day, respectively. Diversions of up to 4,200ML/day also occur from 
Torrumbarry Weir Pool into the National Channel. The flow regime (particularly the 
frequency, duration and magnitude of Spring floods) in this reach have been reduced 
significantly due to the operation of upstream storages and diversions. 
 
Downstream of Yarrawonga Weir the river is run at a relatively constant monthly rate 
(~350GL/month) for much of the year. This rate is determined by the channel capacity 
downstream which contracts towards the ‘Barmah Choke’ − the point at which the river 
flows south via the River Murray or north via the Edward River. The Barmah Choke 
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poses an operational constraint on water delivery during summer-autumn and the river 
here is frequently maintained at or near channel capacity during the irrigation season. 
Prolonged constant flows may contribute to the following: 
o reduction in flow-related cues for biological processes (for example, Spring flow rises 

may be an important spawning trigger for some native fish); 
o accelerated rates of river bank erosion compared to natural levels, and 
o degradation of in-channel habitat. 
 
Box 2. ‘Rain rejection events’ ‘black water events’ and the ‘Six Inch Rule’ 
 
The release of water from Hume Reservoir is determined primarily by orders from 
downstream users. Orders are made in advance to take into account travel times. Rainfall 
in the irrigation areas can, within hours, significantly reduce the demand for water. 
However, the current ‘Six Inch Rule’ restricts the rate at which releases from Hume 
Reservoir can be reduced to match the changed demand. Also, there is limited re-
regulation capacity in Lake Mulwala to capture water still moving down the river that is 
in excess of demand. This is termed a ‘rain rejection event’.  
 
Rain rejections can cause unseasonal (undesirable Summer) flooding of low-lying 
floodplain areas downstream of Yarrawonga Weir (including the Barmah-Millewa Forest) 
and under certain circumstances can also cause ‘black water’ events. 
 
A black water event is a natural process where floodwaters leach tannins from fallen leaf 
litter, giving the water a dark colour and reducing its oxygen level. Instances of fish dying 
and crustaceans (yabbies, crayfish) leaving the water have been reported in severe events. 
Black water events are more likely to occur during the warmer months and where 
significant litter has accumulated, but can be effectively managed through flow 
manipulation to minimise their effects. Regulators on side-channels through the Barmah-
Millewa Forest help to protect against small unseasonal flooding. Smaller and less 
common rain rejection events can also occur downstream of the Wakool Main Canal off-
take when the flow in the Edward-Wakool system is already high due to the transfer of 
water to Lake Victoria. This can affect the flow in Colligen Creek, the Edward River and 
the Werai Forest.  A project funded through the LMEWMP is investigating options to 
improve rainfall rejection management upstream of the Barmah-Millewa Forest. 
 
An investigation into enhancing the operational flexibility of the ‘Six Inch Rule’, for the 
maximum permissible rate of fall in river level downstream of Hume Dam, has been 
identified as a priority for improved management of the River Murray system (see 
investigation action I8). An increase in the allowable rate of drawdown may have positive 
outcomes both for the environment (such as an improved ability to mitigate the adverse 
effects of rain rejection events on Barmah-Millewa Forest), and for water conservation in 
upstream storage. The imperative, however, is to ensure that any modification 
(particularly relaxation) of the current rule does not compromise channel stability 
objectives in the River Murray and anabranches downstream of Hume Dam. 
 
 
Reach 3: Torrumbarry Weir to Lock 11 (Mildura) 
 
A number of forest/wetland systems (also recognised as Living Murray Icon Sites), 
including Gunbower-Koondrook-Perricoota Forest and Hattah Lakes occur in this 
reach.  
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The flow volume through the Torrumbarry Weir to Lock 11 reach (~760 km long) has 
been almost halved due to large-scale water abstractions upstream, particularly from Lake 
Mulwala and Torrumbarry Weir. Reduced magnitude, frequency and duration of 
floodplain inundation are the major issue in this reach. Floods that would have been 
beneficial to floodplains in this reach used to occur once in every two years, now occur 
about once every seven. Issues of reduced floodplain inundation for this reach are 
addressed primarily in the Environmental Management Plans for the Gunbower - 
Koondrook-Perricoota Forest and Hattah Lakes Icon Sites.  
 
This reach retains a relatively natural seasonal flow pattern because the river carries less 
regulated summer flow compared to upstream, and at times there are unregulated flows 
entering from tributaries including the Broken, Goulburn, Loddon, Campaspe and 
Murrumbidgee rivers (Fig. 2). 
 

 
Figure 2. Comparison of the median current and natural monthly flows for the River Murray 
downstream of Euston Weir showing reduced flow volume 
 
The stretch of River Murray between Torrumbarry and Euston Weirs is relatively free-
flowing (where it is outside weir influence) compared to the weir sequence encountered 
further downstream and the river environment is in relatively good condition. The river 
morphology is characterised by large ‘in-channel bench’ features, positioned at 
approximately half bank-full level. Where overbank flows are reduced, these in-channel 
benches serve an important function as sites for organic matter accumulation. The water 
level in the sections of this reach ponded by Euston and Mildura Weirs is maintained 
within a narrow operating range (0.3m) during most of the year, although Euston weir 
pool is drawn down on occasion for maintenance purposes.  
 
Occasionally, the rate of water level drawdown immediately downstream of the weirs has 
been associated with river bank slumping. This issue can occur: 
 
o downstream of Torrumbarry Weir if diversions to the main channel increase by a 

large quantity (eg. 1,000 ML/day) on a falling river; 
o during weir re-instatement following a flood if the downstream water level is 

dropped suddenly to restore the pool level as quickly as possible (ie. weirs are used 
to capture a high proportion of river flow, and to allow relatively little to pass 
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downstream. This sudden detention of river flow causes a drop in river level 
downstream). Rapid flood recessions are a major cause of bank erosion downstream 
of weirs. 

 
The effects of weirs on the river environment are discussed further under Reach 4. 
 
Prolonged periods of low flow, and inadequate minimum flows passing Mildura Weir 
over Summer have previously been identified as a significant issue. On occasion the flow 
in this reach is less than planned due to operational difficulties, which increases salinity 
levels and can promote the growth of blue-green algae, which can be of social concern. 
 
Reach 4: Lock 11 (Mildura) to Lock 3 (Overland Corner) 
 
A number of high value forest/wetland systems (also recognised as Living Murray Icon 
Sites), Chowilla Floodplain and Lindsay-Wallpolla Islands occur in this reach.  
 
The dominant feature of the 447km River Murray between Mildura and Overland Corner 
is that it operates as a series of stepped weir pools (Fig. 3). The locks and weirs were built 
originally (1922-37) to aid year-round riverboat transport, but are currently operated 
mainly to provide stable pool levels for irrigation diversions and navigable passage for 
recreational and tourist boats (Walker, 2001).  
 
Weirs elevate the water level above them, creating a ‘weir pool’ that extends for tens of 
kilometres upstream (Fig. 3). The weirs are operated to hold the river level above them 
stable, even when the rate of flow changes. Weir pools have been held ‘steady’ (nominally 
+/- 50mm) during regulated flow periods since their construction approximately 60-70 
years ago. Immediately below each weir, however, there are daily rises and falls in river 
level (typically +/- 200mm daily), diminishing downstream towards the next weir 
(Walker et al. 1994) (Fig. 3). During very high river flows when weirs no longer influence 
water level in the river they are said to ‘go out’ and in some cases the weir structure is 
removed temporarily and the weir pool is re-instated following the flood. It is only 
during these times that the river flows freely. Figure 4 illustrates the effect of weirs on 
water level variation both upstream and downstream of the structure.  
 
Downstream of many weirs cross-sectional areas are still enlarging, 60-70 years after their 
construction. The river channel is progressively developing a stepped gradient, with 
deposition above each weir and erosion downstream (Thoms and Walker 1992a, b, 
1993). Such changes have resulted in the infilling of deeper pools and scour holes, and 
combined with extensive removal of snags and erosion, have led to simplification of 
habitat diversity in the river channel. The operation of weirs has significantly changed the 
river environment in many ways, with consequent ecological impacts such as:  
 
o permanent inundation of fringing, low-lying wetlands that were once ephemeral 

(70% of wetlands in the Lower River Murray are affected);   
o barriers to fish passage (this issue is currently being addressed through the MDBMC 

program to provide fish passage from the sea to Hume Dam);  
o changes to river productivity (eg. increased frequency of algal blooms; narrower 

range of riverbank exposed to light and hence ‘productive’); 
o changes to vegetation communities (eg. proliferation of species favoured by constant 

water heights in weir pools, e.g. willows, at the demise of native species);  
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o disappearance or decline in several major species (eg. Murray crayfish, freshwater 
mussel) 

o saline groundwater mounds created by the weirs affecting adjacent floodplain 
health, and 

o stressed riparian red gums due to reduced overbank flooding. 
 
Despite the effects of weirs on the river environment, in the current river management 
context, weirs are an important management tool, providing the operational flexibility 
that is needed to achieve certain environmental outcomes. For example, in October 2000 
Lock 5 was raised to create an apparently larger-sized flood than would have otherwise 
been possible. The flood covered about 11% of the floodplain (924 ha) between Locks 
5-6 and was an area that had not been flooded for four years. This was the first weir 
manipulation7 of its kind and due to its apparent success, and further trials are likely in 
coming years. Weir manipulation is a key component of the Environmental Flows Strategy for 
the River Murray in South Australia for management of current and future river flows, and 
thus is identified in this plan among the suite of possible actions for this reach.  
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Figure 3. Schematic of a weir sequence and associated terminology. Source: Walker (2001). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Water levels upstream and downstream following installation of Lock 3 in 1926 
showing changed variability. Data: Keith Walker. 

                                                 
7 Weir manipulation refers to raising (surcharge), lowering (drawdown), or varying the weir pool level 
within channel. Part B of this plan contains further information. 
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A substantial reduction in the magnitude, frequency and duration of overbank floods and 
increased salinisation are also significant issues in this reach. For example, flows over 
60,000ML/day used to occur 6 years in 10, and now occur only 2 years in 10. A stark 
impact has been the decline in the health of River Red Gum/Black Box woodlands in 
this reach. These significant issues are addressed in the Chowilla-Lindsay-Wallpolla Icon Site 
Environmental Management Plan. Locks 6, 7, 8 and 9 have been identified as important 
management tools to improve the flow regime/enhance floodplain inundation in the 
Chowilla-Lindsay-Wallpolla Icon Site.  
 
Reach 5: Lock 3 (Overland Corner) to Wellington 
 
The River Murray from Lock 3 to Wellington (~358 km long) continues as a series of 
stepped pools, and many of the flow-related issues are common to those discussed above 
for Reach 4. The weirs maintain stable river levels nearly all of the time, regardless of 
flow. As many as 70% of wetlands in proximity to the river, that used to dry out from 
time to time, are now permanently flooded. Levees alienate former riparian swamplands 
from the river that have now been reclaimed for other purposes. Water quality impacts 
are mainly associated with turbidity, salinity and algal blooms. Channel stability issues due 
to weir operations are significant. 
 
 
B. Other threatening processes (system-wide) 

 
Not all threats to the River Murray Channel Icon Site are related to flow management. A 
range of other threatening processes must also be addressed to restore the health of the 
river. In most cases, the non-flow threats identified below are not new. Knowledge about 
their impacts has existed for some time, and appropriate management action is being 
taken through state-based natural resource management strategies or MDB-wide policies 
and programs.  
 
Land use practices 
Land use practices such as clearing and grazing of river banks threaten values associated 
with the River Murray. The effects include: 
o de-stabilisation and erosion of river banks;  
o degradation of riparian habitat (which also represents loss of a future source of 

‘snags’ for the river), and  
o water quality impacts such as increased sediment and nutrient loads to the river.  
 
De-snagging 
‘Snags’ (trees fallen into the river) are a major form of structural habitat in rivers and are 
important for a range of species, particularly native fish including Murray Cod. Snag 
removal has been widespread throughout the River Murray. Between Hume Dam and 
Lake Mulwala alone an estimated 24,500 snags were removed between 1977 and 1984 
(Erskine et al., 1993), principally to improve navigable passage. This is significant in terms 
of the reduction of in-stream physical habitat (Thoms et al., 2000).  
 
Introduced species 
A number of introduced species threaten values associated with the River Murray. Two 
notable examples are willows and carp. Willows (Salicaceae) were introduced to parts of 
the lower River Murray, to stabilise levees protecting reclaimed riparian swamp-lands, 
(Walker, 2001) and are now widespread. Willows are favoured by the stable water levels 
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provided by weir pools and in some areas now rival the native River Red Gum 
(Kennedy, 2000). Carp and other non-native fish species introduced to Murray-Darling 
waterways threaten the health of native fish populations through effects such as 
competition, predation and disease, and are also a less favourable catch for recreational 
fishers.   
 
Recreational pressures 
Human recreation, particularly in the river and along frontages, can pose a significant 
threat to values associated with the River Murray. For instance, a recent study of the 
extent and mechanisms of bank erosion in the vicinity of Echuca found that almost half 
of the total bank length assessed was ‘unstable’ (Southwell and Thoms, 2004). ‘Notch 
development’ (Fig. 5) and ‘block failure’ were common erosion mechanisms that can be 
attributed to regulated flows and exacerbated by wave action associated with boating 
activity, particularly wake-boarding (Southwell and Thoms, 2004).  

 

 
Photo: Mark Southwell 

Figure 5. Moderate notch development of the River Murray Channel near Echuca 
 
Declining water quality 
 
Cold water releases from Hume Dam 
Cold water releases from low-level offtakes at Hume Dam impact the habitat condition 
of the downstream reach, particularly for native fish. However, the effects progressively 
diminish towards Lake Mulwala (Technical Subcommittee, MDBC 2000). The effects are 
more evident when the storage level in the dam is high and/or the water column 
stratifies. An investigation of thermal mitigation options for Hume Dam was approved 
by Ministerial Council in March 2001. A review of the outcomes of investigations 
undertaken to date has been identified as an investigation action under this plan. 
 
Timing and duration of more turbid Darling River flows to the Lower Murray 
In years when a significant volume of water is being transferred from Menindee Lakes 
(via the Darling River) to the Murray, there is an increased proportion (relative to 
natural) of more turbid Darling River water in the Murray downstream of Wentworth. 
The increased turbidity reduces light penetration which restricts the range of aquatic 
plant and algal growth, thereby changing the food source available to fish and other river 
biota.  
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Increased risk of blue-green algal blooms 
Weir pools, with constant water levels which often stratify, have an increased risk of algal 
blooms, particularly in Summer. The high turbidity of the Lower Murray may constrain 
algal growth (by reducing light penetration). But, when the water is warm and retained 
for long periods, the turbidity is likely to decrease through settling of particulate matter 
and flocculation (aggregation), thereby increasing the risk of algal bloom (Grace et al. 
1997). Provision of flushing flows, implemented as required by River Murray Water, can 
reduce the persistence of algal blooms.  
 
Salinity 
The historic management of the River Murray and its tributaries has resulted in the 
accumulation and mobilisation of salt in the landscape. The construction of major salt 
interception schemes has decreased the long-term average river salinity levels in the River 
Murray at Morgan (in South Australia) since 1980. Despite the improvement, ongoing 
management is important.  
 
In September 2001, the Ministerial Council approved the Basin Salinity Management Strategy 
2001-2015 in response to threats which salinity poses to water quality, environmental 
values, regional infrastructure and productive agricultural land. Schedule C to the 
agreement commits the partner governments to a Basin target for salinity of less than 
800EC at Morgan for 95% of the time.   
 
The importance of coordination between The Living Murray and Basin Salinity 
Management Strategy is highlighted in the business plan (Clause 106). Accountability for 
salinity impacts associated with actions under the Living Murray is further discussed in 
the Living Murray Environmental Watering Plan. 
 
References 
Hume and Dartmouth Dams Operations Review Reference Panel (HDDORRP) (1999). 
Hume and Dartmouth Dams Operations Review Reference Panel. Final Report and Recommendations. 
Submitted to the Murray-Darling Basin Commission May 1999. 
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Appendix 7 
 
Table 1. Formalised operating procedures in the River Murray system that may serve to protect 
environmental values. Source: RMW. Adapted from Technical Subcommittee (2000). 
 
Operating procedure Primary environmental justification for 

the procedure 
Maximum rate of fall of river level at: 
o Coleman’s gauge (Mitta Mitta River) 
o Heywood’s gauge (River Murray) 
o Doctor’s point (River Murray) 
Maximum rate of rise of water level at: 
o Coleman’s gauge (Mitta Mitta River) 
o Lake Victoria (in accordance with the 

Lake Victoria Operating Strategy, 2002)
Maximum rate of increase of reduction of 
flow rate at Weir 32 (Darling River) 

To reduce the risk of river bank erosion 
and slumping 
 

Minimum flow rate: 
o Coleman’s gauge (Mitta Mitta River) 
o Heywood’s gauge (River Murray) 
o Doctor’s Point (River Murray) 
o Downstream of Yarrawonga Weir 

(River Murray) 
o Downstream of Steven’s Weir (Edward 

River) 
o Downstream of Torrumbarry Weir 

(River Murray) 
o Downstream of Euston Weir (River 

Murray) 
o Weir 32 (Darling River) 
o Rufus River (Lake Victoria outlet) 
Minimum flow rate at the South Australian 
border 

To provide a minimum riparian flow and 
local amenity/aesthetics, and to improve 
river salinity 

Hydro-electric power stations at Hume 
Dam and Yarrawonga Weir generate 
electricity from ‘run-of-the-river’ flow 
released for other purposes, rather than 
specifically coinciding with peak power 
demands. (There is a re-regulation pond 
downstream of Dartmouth Reservoir. The 
operators of Dartmouth Power Station 
have an annual water entitlement, and can 
release it according to an agreed set of 
operating rules. 

To reduce the risk of river bank erosion 
and slumping that could be caused by rapid 
changes in river levels 

Maximum regulated flow in the River 
Murray at Yarrawonga 
Maximum regulated flow rate in the 
Edward River at the Edward off-take and 
the Gulpa Creek off-take 
Maximum regulated water level at Picnic 
Point gauge during Summer 

To reduce unseasonal flooding of the 
Barmah-Millewa Forest 
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Minimum water level at Swan Hill (flow set 
downstream of Torrumbarry Weir) 

To provide a riparian flow and local 
amenity/aesthetics 

Procedures associated with the operation 
of salinity interception schemes (including 
for example the Barr Creek Drainage 
Diversion and Rufus River Groundwater 
Interception Scheme) 

To decrease (within acceptable limits) the 
contribution of salt from highly saline areas 
to the River Murray 

 
Table 2 Current operating practices in the River Murray system that may serve to protect 
environmental values. Source: RMW. Adapted from Technical Subcommittee (2000). 
Operating practice Primary environmental justification for the 

practice 
Maximum rate of fall of river level (in the 
normal operating range as well as during 
major weir pool drawdowns): 
o immediately downstream of 

Yarrawonga Weir 
o immediately downstream of 

Torrumbarry Weir 

To reduce the risk of river bank erosion 
and slumping 

Following the passage of a flood peak, to 
re-instate weirs prior to the upstream water 
level falling below the pool level 

To reduce the rate of river level changes 
downstream of a weir to reduce the risk of 
river banks slumping 

Following advice of a cyanobacterial 
bloom, provision of flushing flows  

To reduce the magnitude and persistence 
of cyanobacterial bloom 

Following a request from NSW Fisheries, 
provision of some variability of flows 
downstream of Yarrawonga Weir in Spring

To stimulate migration of some native fish 
species 

If a high flow at Euston Weir is predicted 
to reach about 38 000 to 40 000ML/day, 
the pool is managed to maximise the 
duration of flows in this range below the 
weir to increase the duration of flooding of 
Hattah Lakes 

To increase the health of the Hattah Lakes 
system and connectivity between Hattah 
Lakes and the River Murray 

If a high flow at Lake Victoria is predicted 
to reach about 25 000 ML/day then 
releases are made to increase the flood 
peak 

To inundate parts of the floodplain and 
improve the health of wetlands 
downstream of Lake Victoria, and to 
improve water quality 

Introduce a cyclic release pattern (CRP) to 
releases from Dartmouth during bulk 
transfers from Dartmouth to Hume. 
[following recommendations of the River 
Murray Scientific Panel] 

To promote increased biological 
productivity of biofilms and 
macroinvertebrates, and, wetting and 
drying of streamside vegetation. 
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Appendix 8 River reach analysis  
 
Reach 1 - Hume Reservoir (at Full Supply Level) to Yarrawonga Weir 
 

Short or long 
term option? 

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

O1 Changed pattern of 
delivery of bulk water 
transfers – for transfers 
within channel capacity 

     Relatively minor 
consumption of 
water by the 
environment. 

F1 Changed pattern of 
delivery of bulk water 
transfers – for transfers 
above channel capacity 

     Acquisition of 
easements. 
Estimate additional 
‘losses’ and debit 
water use from an 
environmental 
account. 

S1 Regulating structures 
for specific wetlands and 
anabranches (exclude un-
seasonal flows; improve 
wetting/drying regime)  

 
 

    Existing program 
has identified 
suitable sites 
(VIC); Hume to 
Yarrawonga  
Works Program 

Unseasonal high 
flows during 
Summer and 
Autumn 
 
 
 
 
 
 
 

Reproductive 
cycles/cues 
interrupted for many 
species; degradation 
of  anabranches and 
wetlands. 

4, 6, 9, 10 
 
 

I12 Improved management 
of rainfall rejections 
(investigate a range of 
options) 

 
 

    LMEWMP project 
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Short or long 
term option? 

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

O2 Trial in-channel 
variation in regulated 
releases and bulk water 
transfers  

 
 

 

 
 
 

   Limited channel 
capacity to 
manipulate river 
levels; may be 
opportunities in 
2006-07, depending 
on transfers to 
Lake Victoria 
(TBC).  

Increased period of 
time in which flow is 
at, or near, channel 
capacity during 
Summer and Autumn  
 
 
 
 
 
 

Accelerated 
riverbank erosion 
and anabranch 
development; 
degradation of in-
stream habitat and 
water quality. 

3, 4, 6, 9, 10 
 

I6 Investigation/modelling 
of options to increase 
operational flexibility to 
manipulate flows 

     Complementary to 
action O2 
 

I5 Weir manipulation 
investigations 

     LMEWMP project 

O5 Weir pool 
manipulation (in-channel 
variation) 

     

O6 Weir pool  
manipulation (drawdown) 

     

Unnatural rates of 
change in river level  
 

Accelerated 
riverbank erosion 
(slumping of water-
logged banks); 
degradation of in-
stream habitat and 
water quality.  

3, 4, 6, 9, 10 
 
 

O12 Weir manipulation 
(weir re-instatement) 
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Short or long 
term option? 

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

I7 Comprehensive review 
of existing rules for rate of 
change (increase and 
decrease) in river levels 
upstream & downstream 
of structures (whole river) 

     Investigation is a 
short term action 

O3 Implement revised 
rules (where necessary) for 
rate of change (increase 
and decrease) in river 
levels upstream & 
downstream of structures 

     Implementation is a 
long-term action 

I8 Investigation into 
enhancing operational 
flexibility of the ‘six inch 
rule’ for the maximum 
permissible rate of river 
level fall downstream of 
Hume Dam 

      

   

O4 Field test and validate 
aspects of the (revised) 
‘Six Inch Rule’ (based on 
outcomes of I8)  

     May be a ‘flow’ 
action (depends on 
how the rule is 
modified). 
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Short or long 
term option?

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

I9 Comprehensive review 
of existing rule for 
minimum flows and 
variation about the 
minimum 

     Adequacy of 
minimum flows not 
known 
 

Reduced habitat 
availability and 
quality 

6,9,10 

O7 Implement revised 
rules (where necessary) for 
minimum flows and 
variation about the 
minimum 

     

Bathymetric 
mapping &/or 
cross-sections may 
facilitate 
identification of 
minimum flows to 
inundate key 
habitats (eg. in-
channel benches – 
see Part A, Fig. 7). 

I2 Investigation/ 
modelling of dam 
translucency (pass a 
percentage of inflows to 
mimic natural flow 
variability) 

     Loss of flow 
variability during 
Winter and Spring 
(smaller floods stored 
in Hume Dam during 
the non-irrigation 
season); 
decreased frequency 
and duration of 
natural Winter-Spring 
flooding. 
 
 
 
 

Degradation of in-
stream and riparian 
habitat; disruption 
of connectivity 
affecting the 
exchange of matter 
and biota between 
the river channel 
and floodplain/ 
wetlands. 
 
 
 
 

1, 4, 6, 7, 9, 
10 
 

F2 Dam translucency 
(pass a percentage of 
inflows to mimic natural 
flow variability) 
 

     

Acquisition of 
easements; 
water consumptive 
action (need to 
estimate and debit 
water use from an 
environmental 
account). 
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Short or long 
term option?

Ecological Outcomes Constraints/ 
Comments 

Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

 

I3 Investigation/ 
modelling of changed 
management of pre-
releases 

     

F3 Changed management 
of pre-releases 
 

     

 

I14 Investigations of 
easement acquisitions 

     LMEWMP project 

   

S1 Regulating structures 
for specific wetlands and 
anabranches (exclude un-
seasonal flows; improve 
wetting/drying regime) 

     Existing program 
has identified 
suitable sites (VIC); 
works program − 
Hume to 
Yarrawonga 
Waterway 
Management. 
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Short or long 
term option?

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

O8 Management of flow-
related water quality 
problems (ie. algal blooms, 
'black water' events, 
salinity, dissolved oxygen 
levels, turbidity) 

     Consistent with 
existing practice, if 
and as required. 

S2 Thermal mitigation       Long-term 
structural option. 

Water quality issues 
(eg. cold water 
released from deep 
off-takes at Hume 
Dam)  

Unsuitably low 
temperatures for 
spawning of some 
native species (eg. 
fish) 

8, 9, 10 

I11 Review outcomes of 
thermal mitigation 
investigations 

     Review 
progress/outcomes 
to date of 
investigations 
approved by 
Ministerial Council 
in March 2001. 

O10 Operation/ 
monitoring of existing 
fishway at Yarrawonga 
Weir 

     Operate ‘as 
designed’ during 
migration season 
(from August 2005) 
and monitor. 

Barriers to fish 
passage (operation of 
fishway on 
Yarrawonga Weir); 
integration of native 
fish rehabilitation 
actions 
 

 2, 9, 10 

S3 Further improvements 
to Yarrawonga fishway 

     Incremental 
improvements to 
be addressed over 
coming years. 
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Short or long 
term option?

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

S10 River Murray native 
fish demonstration reach 

     Possible application 
to other reaches if 
successfully trialled  

   

O11 Temporary removal 
of weir panels or opening 
of weir gates (during high 
river flows, non-critical 
times, or for maintenance 
purposes) 

     Operational 
flexibility of 
locks/weirs. 
 

Riparian and in-
stream habitat 
management practices 
and invasive species 
 

Reduced bank 
stability,  
habitat availability 
and 
water quality; 
Disruption of 
connectivity 
affecting the 
exchange of matter 
and biota between 
the river channel 
and floodplain/ 
wetlands. 

3, 4, 7, 9, 10 
 

S4 In-stream and riparian 
habitat restoration and 
invasive species 
management 
 
 

     LMEWMP projects 
in this reach;  
Hume to 
Yarrawonga 
Waterway 
Management Plan; 
coordination 
between programs 
important.  

*Potential actions are codified by class (F=Flow, O=Operational, S=Structural, I=Investigation) and subscript (1, 2,  ...). Definitions of these codes are in Part B, 
page 1. Those actions identified for possible implementation in 2006-07 are described in more detail in Part B of the plan.  
#See Part A, section 2.2.
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Reach 2 - Yarrawonga Weir to Torrumbarry Weir 
 

Short or long 
term option?

Ecological Outcomes Constraints/ 
Comments 

Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

 

I12 Improved management 
of rainfall rejections 
(investigate a range of 
options) 

     LMEWMP project 
 

O1 Changed pattern of 
delivery of bulk water 
transfers – for transfers 
within channel capacity 

     Relatively minor 
consumption of 
water by the 
environment. 

Unseasonal high flows 
during Summer and 
Autumn sometimes 
resulting in 
unseasonal flooding 
of wetlands and 
forests  

Reproductive 
cycles/cues 
interrupted for 
many species; 
Disruption of 
natural 
wetting/drying 
cycles causing tree 
dieback and 
changes to 
vegetation 
communities; 
Increased incidence 
of ‘black water’ 
events. 

7, 8, 9, 10 

F1 Changed pattern of 
delivery of bulk water 
transfers – for transfers 
above channel capacity 

     Acquisition of 
easements. 
Estimate additional 
‘losses’ and debit 
water use from an 
environmental 
account. 

Increased period of 
time in whcih flow is 
at, or near, channel 
capacity during 
Summer and Autumn 
(through the chokes) 
 
 

Accelerated river 
bank erosion 
(‘notching’ and 
subsequent bank 
failure);  
degradation of in-
stream habitat and 
water quality. 

4, 6, 9, 10 
 
 

O2 Trial in-channel 
variation in regulated 
releases and bulk water 
transfers 

     Limited channel 
capacity to 
manipulate river 
levels; may be 
opportunities in 
2006-07 depending 
on transfers to Lake 
Victoria (TBC). 
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Short or long 
term option?

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

   I6 Investigation/modelling 
of options to increase 
operational flexibility to 
manipulate flows 

     Complimentary to 
action O2 

I2 Investigation/ 
modelling of dam 
translucency (pass a 
percentage of inflows to 
mimic natural flow 
variability)  

     Loss of flow 
variability during 
Winter and Spring 
(smaller floods stored 
in Hume Dam and 
Lake Mulwala, and at 
times used as off  
allocation); decreased 
frequency and 
duration of natural 
Winter-Spring 
flooding. 

Degradation of in-
stream and riparian 
habitat; disruption 
of connectivity 
affecting the 
exchange of matter 
and biota between 
the river channel 
and floodplain/ 
wetlands. 

1, 4, 6, 7, 9, 
10 
 
 

F2 Dam translucency (pass 
a percentage of inflows to 
mimic natural flow 
variability) 

     

Acquisition of 
easements; water 
consumptive action 
(need to estimate 
and debit water use 
from an 
environmental 
account). 



 

River Murray Channel Icon Site Environmental Management Plan 2006-07 93 

 
Short or long 
term option?

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

I3 Investigation/ 
modelling of changed 
management of pre-
releases  

     

F3 Changed management 
of pre-releases  

     

Acquisition of 
easements; water 
consumptive action 
(need to estimate 
and debit water use 
from an 
environmental 
account). 

   

S1 Regulating structures 
for specific wetlands and 
anabranches (exclude un-
seasonal flooding; improve 
wetting/drying regime) 

     Need to identify 
suitable sites  

I5 Weir manipulation 
investigations 

      

O5 Weir pool 
manipulation (in-channel 
variation)  

      
 
 
 
 

Unnatural rates of 
change in river level  
 

Accelerated 
riverbank erosion 
(slumping of water-
logged banks); 
degradation of in-
stream habitat and 
water quality.  

3, 4, 6, 9, 10 
 
 

O6 Weir pool 
manipulation (drawdown) 
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Short or long 
term option?

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

O12 Weir manipulation 
(weir re-instatement) 

      

I7 Comprehensive review 
of existing rules for rate of 
change (increase and 
decrease) in river levels 
upstream & downstream 
of structures (whole river) 

     Investigation is a 
short-term action 

   

O3 Implement revised 
rules (where necessary) for 
rate of change (increase 
and decrease) in river 
levels upstream & 
downstream of structures 

     Implementation is a 
long-term action 

I9 Comprehensive review 
of existing rule for 
minimum flows and 
variation about the 
minimum 

     Adequacy of 
minimum flows not 
known 
 

Reduced habitat 
availability and 
quality 

6,9,10 

O7 Implement revised 
rules (where necessary) for 
minimum flows and 
variation about the 
minimum 

     

Bathymetric 
mapping &/or 
cross-sections may 
facilitate 
identification of 
minimum flows to 
inundate key 
habitats (e.g. in-
channel benches – 
see Part A, Fig. 7). 
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Short or long 
term option?

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

Barriers to fish 
passage 

Torrumbarry Weir 
operation 

2, 9, 10 O11 Temporary removal 
of weir panels or opening 
of weir gates (during high 
river flows, non-critical 
times or for maintenance 
purposes) 

     Consider 
complementary 
opening of Edward 
River off-take and 
Gulpa Creek 
regulators, and 
Stevens Weir. 

Occasional water 
quality problems (eg. 
'black water' events 

Reduced oxygen 
levels in the water 
affect fish survival 

8, 9, 10 O8 Management of flow-
related water quality 
problems (ie. algal blooms, 
'black water' events, 
salinity, dissolved oxygen 
levels, turbidity) 

     Continue existing 
practice, review if 
necessary; 
potentially a ‘flow’ 
action, depending if 
water released can 
be re-regulated. 

Riparian and in-
stream habitat 
management practices 
and invasive species  

Reduced bank 
stability,  
habitat availability 
& water quality; 
Disruption of 
connectivity 
between river and 
floodplain.  

3, 4, 7, 9, 10 
 

S4 In-stream and riparian 
habitat restoration and 
invasive species 
management 

     Support efforts to 
manage the aquatic 
weed ‘arrowhead’ 

*Potential actions are codified by class (F=Flow, O=Operational, S=Structural, I=Investigation) and subscript (1, 2,  ...). Definitions of these codes are in Part B, 
page 1. Those actions identified for possible implementation in 2006-07 are described in more detail in Part B of the plan.  
#See Part A, section 2.2.
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Reach 3 - Torrumbarry Weir to Lock 11 (Mildura) 
 

Short or long 
term option?

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

F4 Flow enhancement 
(implemented in 
conjunction with other 
actions) 

     

F5 Weir pool 
manipulation (surcharge) 

     

 Reduced flooding of 
wetlands and 
floodplain  

Deterioration of 
wetlands and 
floodplain; 
Disruption of 
connectivity 
affecting the 
exchange of matter 
and biota between 
the river channel 
and floodplain/ 
wetlands. 
 

1, 7, 9, 10 
 

S5 Pumping water from 
the river to facilitate 
targeted watering of 
wetlands and floodplain  
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Short or long 
term option?

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

I5 Weir manipulation 
investigations 

     

O5 Weir pool 
manipulation (in-channel 
variation) 

     

O6 Weir pool 
manipulation (drawdown) 

     

O12 Weir manipulation 
(weir re-instatement) 

     

S1 Regulating structures 
for  specific wetlands and 
anabranches (exclude un-
seasonal flows; improve 
wetting/drying regime) 

     

Weir manipulation 
investigations will 
include this reach 
 

O1 Changed pattern of 
delivery of bulk water 
transfers – for transfers 
within channel capacity 

     Relatively minor 
consumption of 
water by the 
environment. 

Loss of flow 
variability – constant 
river heights 
(particularly during 
periods of high 
transfer to Lake 
Victoria), constant  
weir pool heights; 
water level variability 
downstream of weirs 
(flood recessions 
being too rapid during 
weir reinstatement) 
  
 

Permanent 
inundation of some 
wetlands; 
reduced area of 
bank receiving light 
which reduces 
productivity; 
bank erosion and 
in-stream habitat 
degradation; 
implications for 
fish migration and 
stranding of biota. 

3, 4, 6, 9, 10 
 

F1 Changed pattern of 
delivery of bulk water 
transfers – for transfers 
above channel capacity 

     Acquisition of 
easements. 
Estimate additional 
‘losses’ and debit 
water use from env. 
account. 
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Short or long 
term option? 

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

I7 Comprehensive review 
of existing rules for rate of 
change (increase and 
decrease) in river levels 
upstream & downstream 
of structures (whole river) 

     Investigation is a 
short term action 

Unnatural rates of 
change in river level  
 

Accelerated 
riverbank erosion 
(slumping of water-
logged banks); 
degradation of in-
stream habitat and 
water quality.  

3, 4, 6, 9, 
10  
 
 

O3 Implement revised 
rules (where necessary) for 
rate of change (increase 
and decrease) in river 
levels upstream & 
downstream of structures 

     Implementation is a 
long-term action 

Prolonged periods of 
low flow;  inadequate 
minimum flows.  

Reduced habitat 
availability and 
quality;  
increased salinity 
and risk of blue-
green algal blooms.  
 

6, 9, 10 I9 Comprehensive review 
of existing rules for 
minimum flows and 
variation about the 
minimum (whole river) 

     Bathymetric 
mapping &/or 
cross-sections may 
facilitate 
identification of 
minimum flows to 
inundate key 
habitats (eg. in-
channel benches – 
see Part A, Fig. 7). 
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Short or long 
term option? 

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

   O7 Implement revised 
rules (where necessary) for 
minimum flows and 
variation about the 
minimum 

     May be a ‘flow’ 
action (depends on 
how the rule is 
modified). 

S6 Migratory fish passage 
program (sea to Hume 
Dam) 

      Barriers to fish 
passage 

Locks/weirs are a 
physical barrier to 
fish passage 

2, 9, 10 

O11 Temporary removal 
of weir panels or opening 
of weir gates (during high 
river flows, non-critical 
times or for maintenance 
purposes) 

     Operational 
flexibility of 
locks/weirs. 
 

Impoundment causing 
water quality 
problems; extended 
period of unnaturally 
high turbidity 
downstream of 
Wentworth, sourced 
from the Darling 
River (some years). 

Conditions in weir 
pools increase the 
risk of blue-green 
algal blooms; 
reduced light 
penetration; 
reduced biological 
productivity. 
 
 

8, 9, 10 O8 Management of flow-
related water quality 
problems (ie. algal 
blooms, 'black water' 
events, salinity, dissolved 
oxygen levels, turbidity) 

     Continue existing 
practice, review if 
necessary; 
potentially a ‘flow’ 
action, depending if 
water released can 
be re-regulated. 
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Short or long 
term option? 

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

Riparian and in-
stream habitat 
management practices 
and invasive species 

Reduced bank 
stability,  
habitat availability,  
water quality; 
disruption of 
connectivity 
affecting the 
exchange of matter 
and biota between 
the river channel 
and floodplain/ 
wetlands. 
 

3, 4, 7, 9, 10 
 

S6 In-stream and riparian 
habitat restoration and 
invasive species 
management 

     Identification and 
coordination of 
programs 
important. 

*Potential actions are codified by class (F=Flow, O=Operational, S=Structural, I=Investigation) and subscript (1, 2,  ...). Definitions of these codes are in Part B, 
page 1. Those actions identified for possible implementation in 2006-07 are described in more detail in Part B of the plan.  
#See Part A, section 2.2.
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Reach 4 - Lock 11 (Mildura) to Lock 3 (Overland Corner) 
Short or long 
term option? 

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

F4 Flow enhancement 
(possibly implemented in 
conjunction with other 
actions) 

     

F5 Weir pool 
manipulation (surcharge) 
 

     

S5 Pumping water from 
the river to facilitate 
targeted watering of 
wetlands and floodplain 

     

  Reduced flooding of 
wetlands and 
floodplain  

Deterioration of 
wetlands and 
floodplains; 
increased salt 
accumulation in the 
floodplain (stressed 
vegetation; salt 
tolerant species 
dominate); 
disruption of 
connectivity 
affecting the 
exchange of matter 
and biota between 
the river channel 
and floodplain/ 
wetlands. 

1, 7, 9, 10 
 

S7 Structural and 
operational modification 
to Lake Victoria 
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Short or long 
term option? 

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

I5 Weir manipulation 
investigations 

     

O5 Weir pool 
manipulation (in-channel 
variation) 

     

O6 Weir pool 
manipulation (drawdown) 

     

O12 Weir manipulation 
(weir re-instatement) 

     

S1 Regulating structures 
for  specific wetlands and 
anabranches (exclude un-
seasonal flows; improve 
wetting/drying regime) 

     

Identify suitable 
sites through the 
Environmental Flows 
Strategy for the River 
Murray in SA. 

Loss of flow 
variability – constant  
weir pool heights; 
water level variability 
downstream of weirs 
(flood recessions too 
rapid during weir 
reinstatement). 
  
 
 

Bank erosion and 
in-stream habitat 
degradation; 
reduced area of 
bank receiving light 
which reduces 
productivity; 
increased risk of 
blue-green algal 
blooms; 
permanent 
inundation of 
adjacent low-lying 
wetlands; 
elevated saline 
groundwater; 
implications for 
fish migration and 
stranding of biota. 
 

3, 4, 6, 9, 10 
 

O1 Changed pattern of 
delivery of bulk water 
transfers – for transfers 
within channel capacity 

     Relatively minor 
consumption of 
water by the 
environment. 
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Short or long 
term option?

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

   F1 Changed pattern of 
delivery of bulk water 
transfers – for transfers 
above channel capacity 

     Acquisition of 
easements. 
Estimate additional 
‘losses’ and debit 
water use from an 
environmental 
account. 

I7 Comprehensive review 
of existing rules for rate of 
change (increase and 
decrease) in river levels 
upstream & downstream 
of structures (whole river) 

     Investigation is a 
short-term action 

Unnatural rates of 
change in river level  
 

Accelerated 
riverbank erosion 
(slumping of water-
logged banks); 
degradation of in-
stream habitat and 
water quality.  

3, 4, 6, 9, 10 
 
 

O3 Implement revised 
rules (where necessary) for 
rate of change (increase 
and decrease) in river 
levels upstream & 
downstream of structures 

     Implementation is 
a long-term action 
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Short or long 
term option?

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

I9 Comprehensive review 
of existing rules for 
minimum flows and 
variation about the 
minimum (whole river) 

     Bathymetric 
mapping &/or 
cross-sections may 
facilitate 
identification of 
minimum flows to 
inundate key 
habitats (eg. in-
channel benches – 
see Part A, Fig. 7). 

Prolonged periods of 
low flow; inadequate 
minimum flows.  

Reduced habitat 
availability and 
quality; increased 
salinity, and risk of 
blue-green algal 
blooms.  
 

6, 9, 10 

O7 Implement revised 
rules (where necessary) for 
minimum flows and 
variation about the 
minimum 

     May be a ‘flow’ 
action (depends on 
how the rule is 
modified). 

S6 Migratory fish passage 
program (sea to Hume 
Dam) 

     Fishways on Locks 
7 and 8 completed, 
Lock 9 
commenced. 

Barriers to fish 
passage 

Locks/weirs are a 
physical barrier to 
fish passage 

2, 9, 10 

O11 Temporary removal 
of weir panels or opening 
of weir gates (during high 
river flows, non-critical 
times or for maintenance 
purposes) 

     Operational 
flexibility of 
locks/weirs. 
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Short or long 
term option?

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

Impoundment causing 
water quality 
problems; extended 
period of unnaturally 
high turbidity 
downstream of 
Wentworth, sourced 
from the Darling 
River (some years). 

Conditions in weir 
pools increase the 
risk of blue-green 
algal blooms; 
reduced light 
penetration; 
reduced biological 
productivity. 

8, 9, 10 O8 Management of flow-
related water quality 
problems (ie. algal 
blooms, 'black water' 
events, salinity, dissolved 
oxygen levels, turbidity) 

     Continue existing 
practice, review if 
necessary; 
potentially a ‘Flow’ 
action, depending 
if water released 
can be re-regulated. 

Riparian and in-
stream habitat 
management practices 
and invasive species 

Reduced bank 
stability,  
habitat availability,  
water quality; 
disruption of 
connectivity 
affecting the 
exchange of matter 
and biota between 
the river channel 
and floodplain/ 
wetlands. 
 

3, 4, 7, 9, 10 
 

S6 In-stream and riparian 
habitat restoration and 
invasive species 
management 

     Identification and 
coordination of 
programs 
important. 

*Potential actions are codified by class (F=Flow, O=Operational, S=Structural, I=Investigation) and subscript (1, 2,  ...). Definitions of these codes are in Part B, 
page 1. Those actions identified for possible implementation in 2006-07 are described in more detail in Part B of the plan.  
#See Part A, section 2.2.
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Reach 5 - Lock 3 (Overland Corner) to Wellington 
Short or long 
term option? 

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

I5 Weir manipulation 
investigations 

     

O5 Weir pool 
manipulation (in-channel 
variation) 

     

O6 Weir pool 
manipulation (drawdown)

     

O12 Weir manipulation 
(weir re-instatement) 

     

Loss of flow 
variability – constant  
weir pool heights; 
water level variability 
downstream of weirs 
(flood recessions too 
rapid during weir re-
instatement). 
  
 
 

Bank erosion and 
in-stream habitat 
degradation; 
reduced area of 
bank receiving light 
which reduces 
productivity; 
increased risk of 
blue-green algal 
blooms; 
permanent 
inundation of 
adjacent low-lying 
wetlands; 
elevated saline 
groundwater; 
implications for fish 
migration and 
stranding of biota. 
 

3, 4, 6, 9, 10 
 

S1 Regulating structures 
for  specific wetlands and 
anabranches (exclude un-
seasonal flows; improve 
wetting/drying regime) 
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Short or long 
term option? 

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

I7 Comprehensive review 
of existing rules for rate 
of change (increase and 
decrease) in river levels 
upstream & downstream 
of structures (whole river)

     Investigation is a 
short term action 

Unnatural rates of 
change in river level  
 

Accelerated 
riverbank erosion 
(slumping of water-
logged banks); 
degradation of in-
stream habitat and 
water quality.  

3, 4, 6, 9, 10 
 
 

O3 Implement revised 
rules (where necessary) 
for rate of change 
(increase and decrease) in 
river levels upstream & 
downstream of structures 

     Implementation is 
a long-term action 

Prolonged periods of 
low flow;  inadequate 
minimum flows.  

Reduced habitat 
availability and 
quality; increased 
salinity, and risk of 
blue-green algal 
blooms. 
 

6, 9, 10 I9 Comprehensive review 
of existing rules for 
minimum flows and 
variation about the 
minimum (whole river) 

     Bathymetric 
mapping &/or 
cross-sections may 
facilitate 
identification of 
minimum flows to 
inundate key 
habitats (eg. in-
channel benches – 
see Part A, Fig. 7). 
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Short or long 
term option?

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

   O7 Implement revised 
rules (where necessary) 
for minimum flows and 
variation about the 
minimum 

     May be a ‘flow’ 
action (depends on 
how the rule is 
modified). 

S6 Migratory fish passage 
program (sea to Hume 
Dam) 

      Barriers to fish 
passage 

Locks/weirs are a 
physical barrier to 
fish passage 

2, 9, 10 

O11 Temporary removal 
of weir panels or opening 
of weir gates (during high 
river flows, non-critical 
times or for maintenance 
purposes) 

     Operational 
flexibility of 
locks/weirs. 

Impoundment causing 
water quality 
problems; extended 
period of unnaturally 
high turbidity 
downstream of 
Wentworth, sourced 
from the Darling 
River (some years). 

Conditions in weir 
pools increase the 
risk of blue-green 
algal blooms; 
reduced light 
penetration; 
reduced biological 
productivity. 

8, 9, 10 O8 Management of flow-
related water quality 
problems (ie. algal 
blooms, 'black water' 
events, salinity, dissolved 
oxygen levels, turbidity) 

     Continue existing 
practice, review if 
necessary; 
potentially a ‘flow’ 
action, depending 
if water released 
can be re-
regulated. 
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Short or long 
term option?

Ecological Outcomes Issues Consequences Ecological 
Objectives

# 

Potential Actions* 

Short 
0-12 
mths 

Long 
>12 

mths 

Native 
Fish 

In-
channel & 

riparian  
vegetation

Channel 
stability 

Constraints/ 
Comments 

Riparian and in-
stream habitat 
management practices 
and invasive species 

Reduced bank 
stability,  
habitat availability,  
water quality; 
disruption of 
connectivity 
affecting the 
exchange of matter 
and biota between 
the river channel 
and floodplain/ 
wetlands. 
 

3, 4, 7, 9, 10 
 

S4 In-stream and riparian 
habitat restoration and 
invasive species 
management 

     Identification and 
coordination of 
programs 
important. 

*Potential actions are codified by class (F=Flow, O=Operational, S=Structural, I=Investigation) and subscript (1, 2,  ...). Definitions of these codes are in Part B, 
page 1. Those actions identified for possible implementation in 2006-07 are described in more detail in Part B of the plan.  
#See Part A, section 2.2.
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Appendix 9. Summary of existing monitoring programs for the River Murray Channel  
 

Attribute Project Title 
 

Funding Body Proponent Variables Frequency  Spatial Scale  Time Scale 
 

1. MDBC knowledge-generation 
projects 
 
a) Protection and enhancement 
of Murray Cod populations 

 

 
 
 
MDBC 
 

 
 
 
Arthur Rylah 
Institute  

 
 
 
Anabranch vs. main 
stem water quality 
parameters 
 

 
 
 
Annually for 2 
weeks in May/June 
for 3 years.  

 
 
 
Mullaroo Ck and 
Ulna Ck 
 

 
 
 
2004-07 
 

2. River Murray Water Quality 
Monitoring Program 

MDBC 
 

DIPNR, Goulburn-
Murray Water, 
DWLBC/SA Water 

Physico-chemical, 
phytoplankton and 
macro-invertebrates 

Routine – weekly or 
monthly 

River Murray  
 
 

Ongoing (since 
1978) 

3. MDBC  
a) Algal and water quality 
monitoring  
 

MDBC 
 

Goulburn-Murray 
Water 
 

Algal and physico-
chemical 
 

Routine – 
fortnightly 
(December to 
April) and monthly 
(May to November)

Dartmouth and 
Yarrawonga, Mitta 
Mitta River below 
Dartmouth Dam 
 

Ongoing 

b) Macro-invertebrate monitoring 
 

 

MDBC 
 

Goulburn-Murray 
Water 
 

Macro-
invertebrates 
 
 

Routine 
 
 

River Murray  
 

Ongoing 
 

c) Water quality investigations, 
reporting and audit (Salinity) 

MDBC 
 

DIPNR 
 

Concentration and 
load trends 
 

Routine 
 
 

Murray and Lower 
Darling Rivers 
 

Ongoing 
 

d) Hume Dam thermal 
monitoring 

 

MDBC DIPNR 
 

Water temperature 
and electrical 
conductivity data 
 

Routine 
 

Reach scale (Hume 
Dam and 
downstream 
tributaries) 
 

Ongoing 
 

W
at

er
 Q

u
al

it
y 

e) Murray Darling Algae 
Investigations/Monitoring 
Program 

 

MDBC 
 

DIPNR 
 

Blue-green algal 
levels 
 

Monthly graduating 
to fortnightly in the 
summer months 
and weekly in times 
of high alert 

Hume Dam, 
Menindee Lakes, 
Murray, Lower 
Darling, Edward 
and Wakool Rivers 
and Billabong 
Creek 
 

Ongoing 
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4. Basin Salinity Management 
Strategy  
 
a) Run of River Salinity Survey 

 

 
 
 
MDBC 
 

 
 
 
DWLBC 
 

 
 
 
Salinity and salt 
load data 
 

 
 
 
Ad-hoc monitoring 
 
 

 
 
 
River Murray (data 
is collected reach by 
reach scale at set 
distances).  

 
 
 
Ongoing 
 

 5. Sustainable Rivers Audit 
 
a) Macro-invertebrates 

 
 
MDBC and  
States  

 
 
MDBC and States 

 
 
Richness 
biodiversity, 
SIGNAL score 
standalone, 
AUSRIVAS 
observed/expected. 

 
 
Routine - every two 
years in spring 

 
 
River Murray – 
Central Murray 
Riverina and Lower 
Murray Valleys 

 
 
2005 - 2011 

H
yd

ro
lo

gy
 

 

6. Hydrographic time series data MDBC MDBC Storage levels and 
volumes, flows, 
rainfall, 
hydrographic/times
eries data, 
evaporation data, 
diversion, pumping 
and water order 
figures. 
 

Routine – some 
sites daily, others 
weekly or monthly. 

River Murray 
system 

Ongoing 

W
et

la
n

d
s 

7. The River Murray Wetland 
Database  
 

MDBC/DIPNR  
 

NSW Murray 
Wetlands Working 
Group 

Vegetation surveys, 
bird counts, water 
quality and 
inundation levels. 

Impacts of river 
regulation on 
wetlands, extant 
vegetation 
communities, land 
use and wetland 
commence-to-flow 
levels. 

Before, during and 
after flooding. 
 

River Murray (NSW 
and VIC floodplain 
between the Hume 
Dam and the South 
Australian border, 
including the 
Edward-Wakool 
System) and the 
Lower Darling 
River. 
 

Completed 
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10. NFS/TLM 
 
a) Murray River Fishway 
Assessment Program 
 

 
 
MDBC 
 

 
 
MDBC 
 
 

 
 
Large-scale 
migrations, and 
passage time 
through fishways 
 

 
 
1- 2 weeks 
several 
times a year 

 
 
River Murray from 
the sea to Hume 
Dam 
 

 
 
For the duration of 
the Sea to Hume 
Dam Project 

b) MDBC knowledge-generation 
projects 
   i) Protection and enhancement  
   of Murray Cod populations; 

 
 
 
 
ii)Re-snagging down stream of 
Yarrawonga; 
 
 
 
 
 

 
 
MDBC 
 
 
 

 
 
Arthur Rylah 
Institute  

 
 
Movement of adult  
Murray Cod 
between 
anabranches and  
main stem. 
 
Monitoring fish 
species response to 
re-snagging by 
measuring 
abundance, 
diversity and 
distribution. 
 

  
 
Mullaroo Ck and 
Ulupna Ck 
 
 
 
 
Yarrawonga to 
Tocumwal 
 
 
 
 
 
 

 
 
2004-07 
 
 
 
 
 
2004-07 
 
 
 
 
 
 

11. In-stream and riparian habitat 
restoration 

 

MDBC 
 

NSW DPI, NSW 
DNR, North-east 
CMA (Victoria) and 
Victoria DSE. 
 

Population growth 
rate, species 
distribution, species 
use of restored 
areas and the 
influence of co-
variates 
 

May to July 
 
 

Hume Dam to 
Yarrawonga - 
priority areas 
 

7 yrs once 
implemented 
 

F
is

h
 

12. Sustainable rivers audit 
 

MDBC and  
states  

MDBC and states Species richness, 
biomass, abundance 
and diagnostic data 

Routine - every 
three years in 
autumn 

River Murray - 
Central Murray 
Riverina and Lower 
Murray Valleys 

2005-2011 
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Appendix 10. Preliminary risk assessment of environmental management actions identified for 
possible implementation in 2006-07. 
  
Interpretive notes for Figure 1 and accompanying Tables 1 and 2: 
The ‘likelihood’ (that adverse consequences will occur) and ‘Severity’ (magnitude of those 
consequences) are assessed on a qualitative scale (low, moderate, high) for each action (Table 1) 
using a risk matrix approach. ‘likelihood’ and ‘severity’ are combined (and assigned a score 
between 1 and 5) to produce a risk rating (Box 1).   
 
Box 1. Risk ratings corresponding to risk analysis matrix in Figure 1. 
 
• ‘Low’ category (score 1) = Acceptable risk;  
• ‘Low-Moderate’, ‘Moderate’ and ‘Moderate-High’ categories (score 2-4) = Risk unacceptable 

but may be tolerable (implement additional risk mitigation measures);  
• ‘High’ category (score 5) = Risk unacceptable and intolerable (Fig. 1). 
 
‘Tolerability’ refers to the willingness to take risks based on the potential benefits. Tolerating a 
risk does not mean that it can be ignored, rather, it should be closely monitored and appropriate 
measures taken to reduce risks where possible. 
 
‘Acceptability’ relates to risks that are at an acceptable level and do not need further 
consideration (ie. further restricting or altering activity will not result in significant risk reduction). 
 
The ‘Overall Risk Rating’ (Table 1, column 6) assumes that only existing risk mitigation measures 
are applied (see section 10.2). A further reduction in risk rating could be achieved if additional 
risk mitigation measures (such as those outlined in Table 3) are applied. This is demonstrated in 
Table 1 (column 8 - ‘Revised Risk Rating’) for actions with an initial ‘Overall Risk Rating’ greater 
than or equal to 2. 
 
Figure 1. Risk analysis matrix. 
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Table 1 Preliminary risk assessment of actions identified for possible implementation in 2006-07.  
Code Description Potential 

Adverse 
Consequence/s 
(Code)^  

Overall 
Likelihood= 
  

Overall  
Severity=  

Overall Risk 
Rating= 
(1=lowest,  
5 =highest) 

Additional 
Risk 
Mitigation 
Measures+ 

Revised Risk 
Rating+ 

Do Nothing A, L, N High High 5 Q, R, U 2 
F4 Flow enhancement (possibly implemented in 

conjunction with other actions) 
B, C, D, E, F, G, 
I, J, K, L, M 

Moderate Moderate 3 O, P, Q, R, S, 
T, U 

2 

F5 Weir pool manipulation (surcharge) (see also 
I5) 

E, F, G, I, J, K, L, 
M, N 

Moderate Moderate 3 O, P, Q, R, S, 
T, U 

2 

O1 Changed pattern of delivery of bulk water 
transfers – for transfers within channel 
capacity (see also I1) 

C, E Moderate Moderate 3 Q, S, T 2 

O2 Trial in-channel variation in regulated releases 
and bulk water transfers (see also I6) 

B, C, D Low Moderate 2 O, Q, R, S, T, 
U 

1 

O4 Field test and validate aspects of the (revised) 
‘Six Inch Rule’ (based on outcomes of I8) 
(monitor trial) 

A, C, E, H Moderate Moderate 3 O, P, Q, R, S, 
T, U 

2 

O5 Weir pool manipulation (in-channel variation) 
(see also I5) 

B, D, F, I, L  Moderate Moderate 3 O, P, Q, R, S, 
T, U 

2 

O8 Management of flow-related water quality 
problems (ie. algal blooms, ‘black water’ 
events, salinity, dissolved oxygen levels, 
turbidity) (see also I13) 

E, F, L Low Moderate 2 Q, R, U 1 

#O10 Operation/monitoring of existing fishway at 
Yarrawonga Weir (see also S3) 

- Low Low 1 NA NA 

O11 Temporary removal of weir panels or 
opening of weir gates (during high river 
flows, non-critical times, or for maintenance 
purposes) 

B, C, D, E, F, I, 
K, M 

Moderate Moderate 3 O, Q, R, S, T, 
U 

2 

#S1 Regulating structures for specific wetlands 
and anabranches (exclude unseasonal flows; 
improve wetting/drying regime) 

E, K Low Moderate 2 Q, R, T 1 
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# * S4 In-stream and riparian habitat restoration and 

invasive species management (see also I16) 
F, I Low Moderate 2 P, Q, R, U 1 

S5 Pumping water from the river (possibly in 
conjunction with other works) to facilitate 
targeted watering of wetlands and floodplain 

B, C, D, E, F, G, 
J, K 

Moderate Moderate 3 P, Q, R, T, U 2 

* S6 Migratory fish passage program (sea to Hume 
Dam) 

None identified  Low Low 1 NA NA 

* S7 Structural and operational modification to 
Lake Victoria 

N Moderate Moderate 3 O, P, Q, R, S, 
U 

2 

I1 Investigation/modelling of changed delivery 
of bulk water transfers (above and within 
channel capacity) (see also F1 and O1 
respectively) 

None identified 
(investigation only)  
 

Low Low 1 NA NA 

I2 Investigation/modelling of dam translucency 
(pass a percentage of inflows to mimic natural 
flow variability) (see also F2) 

None identified 
(investigation only) 

Low Low 1 NA NA 

I3 Investigation/modelling of changed 
management of pre-releases (see also F3) 

None identified 
(investigation only) 

Low Low 1 NA NA 

I4 Investigation/modelling of flow 
enhancement (possibly implemented in 
conjunction with other actions) (see also F6) 

None identified 
(investigation only) 

Low Low 1 NA NA 

* I5 Weir manipulation investigations (see also F5 

O5 O6) 
None identified 
(investigation only) 

Low Low 1 NA NA 

I6 Investigation/modelling of options to 
increase operational flexibility to manipulate 
flows (see also O2) 

None identified 
(investigation only) 

Low Low 1 NA NA 

I7 Comprehensive review of existing rules for 
rate of change in release (increase and 
decrease) from storages (whole river) (see also 
O3) 

None identified 
(investigation only) 

Low Low 1 NA NA 

I8 Investigation into enhancing operational 
flexibility of the ‘Six Inch Rule’ for the 
maximum permissible rate of river level fall 
downstream of Hume Dam (see also O4) 

None identified 
(investigation only) 

Low Low 1 NA NA 
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I9 Comprehensive review of existing rules for 
minimum flows and variation about the 
minimum (whole river) (see also O7) 

None identified 
(investigation only) 

Low Low 1 NA NA 

I10 Investigation/modelling as required in 
relation to flow-related water quality 
processes (see also O8) 

None identified 
(investigation only) 

Low Low 1 NA NA 

I11 Review outcomes of thermal mitigation 
investigations (see also S2) 

None identified 
(investigation only) 

Low Low 1 NA NA 

*I12 Improved management of rainfall rejections 
(investigate a range of options) 

None identified 
(investigation only) 

Low Low 1 NA NA 

I13 Investigation/modelling as required for 
riparian and in-stream habitat restoration and 
invasive species management (see also S6) 

None identified 
(investigation only) 

Low Low 1 NA NA 

* I14 Investigations of easement acquisitions, 
Hume-Yarrawonga 

None identified 
(investigation only) 

Low Low 1 NA NA 

I15 Develop ‘outcomes evaluation plan’ for the 
River Murray Channel Icon Site (consistent 
with TLM Outcomes Evaluation Framework)

None identified 
(investigation only) 

Low Low 1 NA NA 

I16 Trial the ‘Adapt Workshop’ mechanism using 
the Mitta Mitta River (2004-05 Dartmouth-
Hume transfers) as a case study  

None identified 
(investigation only) 

Low Low 1 NA NA 

I17 Investigation/modelling of the channel 
stability issue in the River Murray  

None identified 
(investigation only) 

Low Low 1 NA NA 

*Existing Project funded through the Living Murray Environmental Works and Measures Program (see Appendix 1 for more information) 
# Existing Project – other funding source (see Part B of this plan for more information) 

^See Table 2 for definition of codes 
=Assumes that existing risk mitigation measures only are applied (see Part A, section 10.2) 
+See Table 3 for definition of codes. Assumes that additional risk mitigation measures are also applied (see Part A, section 10.2)
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Table 2. Definition of codes used in Table 1, column 3 – ‘Potential Adverse 
Consequences’ 
Code Potential adverse consequence/s (to current river uses/values) 
A Deterioration in environmental condition of the Icon Site (particularly for 

native fish, wetlands, in-stream and riparian vegetation, water quality and 
channel stability) 

B Gravity diversions to major irrigation off-takes (eg. from Lake Mulwala, 
Torrumbarry Weir, Stevens Weir) affected 

C Transfer of water for downstream use affected 
D Abstractions by pumping districts and private diversions for irrigation, stock 

and domestic use and town supply affected 
E Increased operational losses, increased risk of spill, or reduced water 

availability for consumptive use 
F Public access and use of the river and forest areas (eg. camping, swimming, 

recreational fishing, water sports) affected 
G Commercial access to and use of forests (eg. forestry, grazing, apiary) affected 
H Hydroelectricity generation affected 
I Operation of paddle-steamers, houseboats, recreational/fishing boats affected 
J Increased flooding of privately owned land (legal liability) 
K Negative salinity outcomes 
L Aesthetics/tourism affected 
M Damage to river infrastructure 
N Damage to cultural heritage  
 
Table 3. Definition of codes used in Table 1, column 7 – ‘Additional Risk Mitigation 
Measures’  
Code Additional risk mitigation measures (possible precursors to 

implementation of some actions) 
O Assess structural integrity of river infrastructure to proposed operating 

procedures 
P Assess feasibility (ie. cost/benefit analysis)  
Q Consult stakeholders; undertake environmental/social/economic impact 

assessment 
R Consult experts for advice (eg. ecologists, geomorphologists, hydrologists, 

river operators/engineers) 
S Scope (and model) a range of options/variations to the action as initially 

proposed; consider options for incremental adoption of changes.  
T Implement and monitor ‘trials’ of proposed operating procedures, in 

accordance with adaptive management principles 
U Develop/implement communication strategy (communicating in particular the 

longer-term expected benefits associated with proposed actions, and the risks 
associated with ‘Do Nothing’) 
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Appendix 11 

Draft weir pool manipulation proforma – 2006-07 
 

1. General details 

a. Weir Site …………………………………………………………… 

b. Proponent/s ………………………………………………………… 

2. Background and context 

a. General ecological aims of weir pool manipulation  

… .……………………………………………………………………….… 

b. Possible dis-benefits and strategies to minimise risks (e.g.  
navigation, salinity, river users, groundwater, access roads, other 
infrastructure) 

    … .……………………………………………………………………….… 

3. Daily Operational Plan   

a. Commencement Date…………………………………….…………… 

b. Rate of rise/fall (cm/day)…………………………….............................. 

c. Duration ………………………………………………………………. 

d. Key Dates…………………………………………………....................  

e. Confirmation from relevant agencies that the required 
infrastructure (ie. additional stop logs, etc) and personnel are 
available (attach)  

f. Confirmation from RMW that it meets structural stability and 
operational requirements (attach)  

g. Daily management roles  

……………………………………………………………………… 

4. Consultation 

a. Confirmation of support from other relevant agencies (attach)                              

b. Confirmation of flow advice / media release (attach)  

c. Confirmation of advice provided to major interest groups (attach) 

5. Water use estimates 

a. An estimate of the water use associated with the manipulation, 
including: 

i. surcharging the weir pool/s to the target level……………    

ii. ‘incremental losses’ to the floodplain…………………….. 
and 

iii. return flows to the river when the weir pool is lowered to  
FSL…………………………………………………………...  

6. Complimentary actions 
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a. Describe any complimentary actions required for the weir 
manipulation (e.g. earthworks to manage 
floodwater)………………………………………………………… 

7. Monitoring plan 

a. Outline proposed monitoring plan, including required funding, 
source of funds, and how the plan aligns ……………………….. 

b. Identify mechanism by which parties can call a ‘stop’ at any point 
during the project if adverse impacts are occurring  

       ……………………………………………………………………… 

8. Evaluation and adaptive management plan 

a. Outline how the key outcomes of this activity will be documented 
and used to guide future weir manipulation at this and potentially 
other sites 
……………………………………………………………………… 

  
 


	 
	3.2.1 Longitudinal extent   
	The longitudinal extent of the River Murray Channel Icon Site is defined as: 
	 
	3.2.2 River reaches  
	 
	3.2.3 Lateral extent 
	The definition of the lateral extent (ie. breadth) of the River Murray Channel Icon Site recognises the conceptual understanding of river health (see section 3.4), and is defined as: 
	 
	Some environmental management actions under this plan will benefit adjacent areas, not just the main channel (bank to bank) of the River Murray. For example, weir manipulation (drawdown or raising) actions may provide incidental benefits to anabranches and wetlands permanently inundated upstream of the weir (whether or not they are part of an Icon Site). The extent and significance of this issue is highlighted by the following:  
	 
	o Pressey (1986) estimated that ~70% of the area of Lower Murray  wetlands (backwaters, side-arms, anabranches, lakes, billabongs) are permanently inundated at Lock/Weir Full Supply Level (FSL) (Fig. 5), and  
	o between Hume Dam and Lake Mulwala, the River Murray takes the form of a complex system of anabranches that convey a significant proportion of the total flow.  
	In these and other such circumstances, the Icon Site is inclusive of more than just the main channel (bank to bank) of the River Murray.  
	                                              
	  
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	            
	 
	 
	 
	 
	 
	 
	 
	 
	          Photo: Andrew Tatnell 
	Figure 5. A River Murray wetland (to the left of the main channel) permanently inundated by the upstream pool level of Lock/Weir 6. 

	 3.4 Conceptual model  
	Responsibility for development of the monitoring framework rests with the Environmental Watering Group (EWG). Technical support is provided by a sub-group known as the EWG Monitoring Taskforce which receives independent advice from a monitoring advisory group.  
	Monitoring and evaluation at the River Murray system scale is in response to Objective 2 of the monitoring framework, and will determine if the health of the system improves as a result of implementation of the First Step decision. 
	Monitoring and evaluation at the river system scale will be surveillance, undertaken on a medium-term frequency (once every one to three years) and, as such, will not explore cause-effect relationships. 
	The questions addressed by monitoring at this scale differ from those of the Sustainable Rivers Audit (SRA), which provides a condition assessment for the Murray-Darling Basin (ie. the scale is different and hence the design is not tailored to address questions at the River Murray System scale). However, some data collected through SRA will be applicable to the River Murray system and, where possible, monitoring at this scale will utilise data collected for the SRA.  
	More detail on River Murray system scale monitoring can be found in the Living Murray Environmental Watering Plan for 2006-07. 
	The aim of Icon Site condition monitoring is to determine change in environmental condition resulting from water application and implementation of works programs under The Living Murray.  
	It will assess the performance of the plan toward achieving objectives, at the ‘whole of Icon Site’ scale and will provide feedback on whether river health is stable, declining or improving relative to a benchmark condition. 
	Intervention monitoring will assess the ecological response to interventions or environmental management actions implemented under The Living Murray.  
	Intervention monitoring will provide the major link in understanding how the ecological responses to environmental management actions result in changes at the Icon Site scale. It will also provide the foundation information for adopting an adaptive approach to implementing The Living Murray. 
	Intervention monitoring, also referred to as responsive monitoring, provides significant opportunities to test questions about the collective understanding of how ecosystems function; at the same time not every causal link will be explored and tested.  
	Monitoring of interventions will focus on hypothesis testing. Interventions will be treated as management experiments with the aim of producing results that are able to be extrapolated to other sites. 
	Although complementary management actions such as grazing, fire and logging may have an impact on the response of variables relevant to this monitoring framework, they will not be targeted under intervention monitoring. However, where such data exists, it may form a component of reporting on monitoring outcomes for each Icon Site. 
	Specifically, compliance monitoring will ensure: 
	(a) the MDBC and partner governments are meeting legal obligations in regard to certain environmental watering actions; 
	(b) works and measures are being implemented and operated as outlined in investment proposal; 
	(c) any negative environmental impacts/risks that may occur as a result of interventions are measured, specifically electrical conductivity (EC), black water events and blue-green algal blooms, and 
	(d) accounting of environmental water applied/used at the Icon Sites.  

	In 2005-06, a status report on implementation of water application under the Living Murray Business Plan was developed, in consultation with Icon Site managers. This report covers the 18 month period August 2005 to February 2006, focusing mainly on actions since Spring 2005, a time when favourable river flow conditions provided greater opportunities for environmental watering.  
	 10. Risk Management  
	All Years and Dry Tercile analysis 

	In many years, RMW need to transfer water between storages to maintain an appropriate volume of water in each storage to meet demands along the length of the River Murray system. With Menindee Lakes likely to remain under NSW control during 2006-07, the current RMW operating plan indicates that a significant volume of water will need to be transferred from Dartmouth to Hume Reservoir, and from Hume Reservoir to Lake Victoria to meet downstream requirements, unless there are significant unregulated inflows from the tributaries.   
	 
	Generally, the volume of water transferred from Dartmouth Reservoir to Hume Reservoir is highest under a dry scenario, with only a small quantity of water needed to be transferred under the median case.   
	 
	The volume of water needed to be transferred from Hume Reservoir to Lake Victoria is generally lowest in a very dry scenario and increases as conditions become wetter (ie. median case).  However, in very wet cases, inflows from tributary streams will reduce the need for transfers between Hume and Lake Victoria.   
	 
	Where possible, RMW will implement variable in-stream flow patterns during the transfer of water between storages, taking into consideration appropriate rates of rise and fall and seasonality. For transfers between Hume Dam and Lake Victoria, the flow requirements of the Barmah-Millewa Forest will also be taken into account when considering the flow rate of transfers, especially for transfers above channel capacity.   
	 
	With limited water availability, there will be a greater focus on management of structures, including weir pools to enhance any high flow events. These weir pool manipulations will build on the knowledge gained during the 2005-06 season.  
	o a matter of national environmental significance (listed below); 
	o the environment on Commonwealth land (if the action is taken outside Commonwealth land), or the environment generally (for actions taken on or outside Commonwealth land), and 
	o the environment anywhere in the world (if the action is taken by the Commonwealth or Commonwealth agency).  
	 
	 
	An action includes a project, development, undertaking or any activity or series of activities. Potential environmental management actions listed in the Icon Site environmental management plans may be subject to the EPBC Act, including structural works and actions associated with environmental watering.  

	Water Quality
	1. MDBC knowledge-generation projects 
	 
	a) Protection and enhancement of Murray Cod populations 

	 
	 
	 
	MDBC 
	 
	 
	 
	Arthur Rylah Institute 
	 
	 
	 
	Anabranch vs. main stem water quality parameters 
	 
	 
	 
	Mullaroo Ck and Ulna Ck 
	2. River Murray Water Quality Monitoring Program
	MDBC 
	Physico-chemical, phytoplankton and macro-invertebrates
	Routine – weekly or monthly
	River Murray  
	 
	3. MDBC  
	a) Algal and water quality monitoring  
	MDBC 
	Algal and physico-chemical 
	Routine – fortnightly (December to April) and monthly (May to November)
	Dartmouth and Yarrawonga, Mitta Mitta River below Dartmouth Dam 
	b) Macro-invertebrate monitoring 
	 

	Macro-invertebrates 
	 

	Routine 
	 
	River Murray  
	c) Water quality investigations, reporting and audit (Salinity)
	Concentration and load trends 

	Routine 
	 
	Murray and Lower Darling Rivers 
	d) Hume Dam thermal monitoring 
	Water temperature and electrical conductivity data 

	Routine 
	Reach scale (Hume Dam and downstream tributaries) 
	e) Murray Darling Algae Investigations/Monitoring Program 
	Blue-green algal levels 

	Monthly graduating to fortnightly in the summer months and weekly in times of high alert
	Hume Dam, Menindee Lakes, Murray, Lower Darling, Edward and Wakool Rivers and Billabong Creek 
	4. Basin Salinity Management Strategy  
	 
	a) Run of River Salinity Survey 
	 
	 
	 
	Salinity and salt load data 

	 
	 
	Ad-hoc monitoring 
	 
	 
	 
	 
	5. Sustainable Rivers Audit 
	 
	a) Macro-invertebrates
	 
	 
	MDBC and  
	States 

	 
	 
	MDBC and States
	 
	 
	Richness biodiversity, SIGNAL score standalone, AUSRIVAS observed/expected.
	 
	 
	Routine - every two years in spring
	 
	 
	River Murray – Central Murray Riverina and Lower Murray Valleys
	Hydrology 
	6. Hydrographic time series data

	MDBC
	MDBC
	Storage levels and volumes, flows, rainfall, hydrographic/timeseries data, evaporation data, diversion, pumping and water order figures. 
	River Murray system
	Wetlands
	7. The River Murray Wetland Database  
	MDBC/DIPNR  
	NSW Murray Wetlands Working Group
	Vegetation surveys, bird counts, water quality and inundation levels. 
	2. Impacts of river regulation on wetlands, extant vegetation communities, land use and wetland commence-to-flow levels.
	Before, during and after flooding. 
	River Murray (NSW and VIC floodplain between the Hume Dam and the South Australian border, including the Edward-Wakool System) and the Lower Darling River. 
	10. NFS/TLM 
	 
	a) Murray River Fishway Assessment Program 
	 
	 
	MDBC 

	 
	 
	Large-scale migrations, and passage time through fishways 
	 
	 
	1- 2 weeks 
	several 
	times a year
	 
	 
	River Murray from the sea to Hume Dam 
	 
	 
	For the duration of the Sea to Hume Dam Project
	b) MDBC knowledge-generation projects 
	   i) Protection and enhancement  
	   of Murray Cod populations; 
	 
	 
	 
	 
	ii)Re-snagging down stream of Yarrawonga; 
	 
	 
	 
	 

	 
	 
	MDBC 
	 
	 
	 
	 
	Movement of adult  
	Murray Cod between anabranches and  main stem. 


	 
	Monitoring fish species response to re-snagging by measuring abundance, diversity and distribution. 

	 
	 
	11. In-stream and riparian habitat restoration 
	MDBC 

	12. Sustainable rivers audit 
	MDBC and  
	states 

	MDBC and states
	Species richness, biomass, abundance and diagnostic data
	Routine - every three years in autumn
	River Murray - Central Murray Riverina and Lower Murray Valleys
	2005-2011
	Appendix 11 
	Draft weir pool manipulation proforma – 2006-07 
	 
	1. General details 
	a. Weir Site …………………………………………………………… 
	b. Proponent/s ………………………………………………………… 
	2. Background and context 
	a. General ecological aims of weir pool manipulation  
	… .……………………………………………………………………….… 
	b. Possible dis-benefits and strategies to minimise risks (e.g.  navigation, salinity, river users, groundwater, access roads, other infrastructure) 
	    … .……………………………………………………………………….… 
	3. Daily Operational Plan   
	a. Commencement Date…………………………………….…………… 
	b. Rate of rise/fall (cm/day)…………………………….............................. 
	c. Duration ………………………………………………………………. 
	d. Key Dates…………………………………………………....................  
	e. Confirmation from relevant agencies that the required infrastructure (ie. additional stop logs, etc) and personnel are available (attach)  
	f. Confirmation from RMW that it meets structural stability and operational requirements (attach)  
	g. Daily management roles  
	……………………………………………………………………… 
	4. Consultation 
	a. Confirmation of support from other relevant agencies (attach)                              
	b. Confirmation of flow advice / media release (attach)  
	c. Confirmation of advice provided to major interest groups (attach) 
	5. Water use estimates 
	a. An estimate of the water use associated with the manipulation, including: 
	i. surcharging the weir pool/s to the target level……………    
	ii. ‘incremental losses’ to the floodplain…………………….. and 
	iii. return flows to the river when the weir pool is lowered to  FSL…………………………………………………………...  
	6. Complimentary actions 
	a. Describe any complimentary actions required for the weir manipulation (e.g. earthworks to manage floodwater)………………………………………………………… 
	7. Monitoring plan 
	a. Outline proposed monitoring plan, including required funding, source of funds, and how the plan aligns ……………………….. 
	b. Identify mechanism by which parties can call a ‘stop’ at any point during the project if adverse impacts are occurring  
	       ……………………………………………………………………… 
	8. Evaluation and adaptive management plan 
	a. Outline how the key outcomes of this activity will be documented and used to guide future weir manipulation at this and potentially other sites ……………………………………………………………………… 
	  


	RMC_2006.pdf
	River Murray Channel Icon Site EMP 06-07.pdf
	 
	As a result of the ongoing drought conditions, the 2006-07 season will begin with water storage at very low levels in the River Murray system. The following sources of water have been identified for potential use across the Icon Sites in 2006-07: 
	 13 GL of water recovered under The Living Murray;  
	 26.5 GL of River Murray Increased Flows (RMIF). This includes 7.5 GL carried over from 2005-06;   
	 existing state based environmental allocations (managed in a way consistent with state processes), and  
	 unregulated water deemed available for environmental use.  
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	The longitudinal extent of the River Murray Channel Icon Site is defined as: 
	 
	3.2.2 River reaches  
	 
	3.2.3 Lateral extent 
	The definition of the lateral extent (ie. breadth) of the River Murray Channel Icon Site recognises the conceptual understanding of river health (see section 3.4), and is defined as: 
	 
	Some environmental management actions under this plan will benefit adjacent areas, not just the main channel (bank to bank) of the River Murray. For example, weir manipulation (drawdown or raising) actions may provide incidental benefits to anabranches and wetlands permanently inundated upstream of the weir (whether or not they are part of an Icon Site). The extent and significance of this issue is highlighted by the following:  
	 
	o Pressey (1986) estimated that ~70% of the area of Lower Murray  wetlands (backwaters, side-arms, anabranches, lakes, billabongs) are permanently inundated at Lock/Weir Full Supply Level (FSL) (Fig. 5), and  
	o between Hume Dam and Lake Mulwala, the River Murray takes the form of a complex system of anabranches that convey a significant proportion of the total flow.  
	In these and other such circumstances, the Icon Site is inclusive of more than just the main channel (bank to bank) of the River Murray.  
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	Figure 5. A River Murray wetland (to the left of the main channel) permanently inundated by the upstream pool level of Lock/Weir 6. 

	 3.4 Conceptual model  
	Responsibility for development of the OEF rests with the Environmental Watering Group (EWG). Technical support is provided by a sub-group known as the EWG Monitoring Taskforce which receives independent advice from a monitoring advisory group.  
	Monitoring and evaluation at the River Murray system scale is in response to Objective 2 of the OEF, and will determine if the health of the system improves as a result of implementation of the First Step decision. 
	Monitoring and evaluation at the river system scale will be surveillance, undertaken on a medium-term frequency (once every one to three years) and, as such, will not explore cause-effect relationships. 
	The questions addressed by monitoring at this scale differ from those of the Sustainable Rivers Audit (SRA), which provides a condition assessment for the Murray-Darling Basin (ie. the scale is different and hence the design is not tailored to address questions at the River Murray System scale). However, some data collected through SRA will be applicable to the River Murray system and, where possible, monitoring at this scale will utilise data collected for the SRA.  
	More detail on River Murray system scale monitoring can be found in the Living Murray Environmental Watering Plan for 2006-07. 
	The aim of Icon Site condition monitoring is to determine change in environmental condition resulting from water application and implementation of works programs under The Living Murray.  
	Ultimately, in the long-term it will assess the performance of the plan toward achieving objectives, at the ‘whole of Icon Site’ scale and will provide feedback on whether river health is stable, declining or improving relative to a benchmark condition. 
	Intervention monitoring will assess the ecological response to interventions or environmental management actions implemented under The Living Murray.  
	Intervention monitoring will provide the major link in understanding how the ecological responses to environmental management actions result in changes at the Icon Site scale. It will also provide the foundation information for adopting an adaptive approach to implementing The Living Murray. 
	Intervention monitoring, also referred to as responsive monitoring, provides significant opportunities to test questions about the collective understanding of how ecosystems function; at the same time not every causal link will be explored and tested.  
	Monitoring of interventions will focus on hypothesis testing. Interventions will be treated as management experiments with the aim of producing results that are able to be extrapolated to other sites. 
	Although complementary management actions such as grazing, fire and logging may have an impact on the response of variables relevant to this OEF, they will not be targeted under intervention monitoring. However, where such data exists, it may form a component of reporting on monitoring outcomes for each Icon Site. 
	Specifically, compliance monitoring will ensure: 
	(a) the MDBC and partner governments are meeting legal obligations in regard to certain environmental watering actions; 
	(b) works and measures are being implemented and operated as outlined in investment proposal; 
	(c) any negative environmental impacts/risks that may occur as a result of interventions are measured, specifically electrical conductivity (EC), black water events and blue-green algal blooms, and 
	(d) accounting of environmental water applied/used at the Icon Sites.  

	In 2005-06, a status report on implementation on water application under the Living Murray Business Plan was developed by the EWG, in consultation with Icon Site managers. This report covers the 18 month period August 2005 to February 2006, focusing mainly on actions since Spring 2005, a time when favourable river flow conditions provided greater opportunities for environmental watering.  
	More detailed reports developed in relation to environmental water application across the River Murray system in 2005-06 system include: 
	- Lock 8 Report; 
	- Barmah-Millewa Environmental Water Allocation Report; 
	- River Red Gum Rescue Report; 
	- Barrages Report; 
	- Mitta Mitta Trail Report, and 
	- Torrumbarry Report. 10. Risk Management  
	All Years and Dry Tercile analysis 

	In many years, RMW need to transfer water between storages to maintain an appropriate volume of water in each storage to meet demands along the length of the River Murray system. With Menindee Lakes likely to remain under NSW control during 2006-07, the current RMW operating plan indicates that a significant volume of water will need to be transferred from Dartmouth to Hume Reservoir, and from Hume Reservoir to Lake Victoria to meet downstream requirements, unless there are significant unregulated inflows from the tributaries.   
	 
	Generally, the volume of water transferred from Dartmouth Reservoir to Hume Reservoir is highest under a dry scenario, with only a small quantity of water needed to be transferred under the median case.   
	 
	The volume of water needed to be transferred from Hume Reservoir to Lake Victoria is generally lowest in a very dry scenario and increases as conditions become wetter (ie. median case).  However, in very wet cases, inflows from tributary streams will reduce the need for transfers between Hume and Lake Victoria.   
	 
	Where possible, RMW will implement variable in-stream flow patterns during the transfer of water between storages, taking into consideration appropriate rates of rise and fall and seasonality. For transfers between Hume Dam and Lake Victoria, the flow requirements of the Barmah-Millewa Forest will also be taken into account when considering the flow rate of transfers, especially for transfers above channel capacity.   
	 
	With limited water availability, there will be a greater focus on management of structures, including weir pools to enhance any high flow events. These weir pool manipulations will build on the knowledge gain during the 2005-06 season.  
	o a matter of national environmental significance (listed below); 
	o the environment on Commonwealth land (if the action is taken outside Commonwealth land), or the environment generally (for actions taken on or outside Commonwealth land), and 
	o the environment anywhere in the world (if the action is taken by the Commonwealth or Commonwealth agency).  
	 
	 
	An action includes a project, development, undertaking or any activity or series of activities. Potential environmental management actions listed in the Icon Site environmental management plans may be subject to the EPBC Act, including structural works and actions associated with environmental watering.  

	Water Quality
	1. MDBC knowledge-generation projects 
	 
	a) Protection and enhancement of Murray Cod populations 

	 
	 
	 
	MDBC 
	 
	 
	 
	Arthur Rylah Institute 
	 
	 
	 
	Anabranch vs. main stem water quality parameters 
	 
	 
	 
	Mullaroo Ck and Ulna Ck 
	2. River Murray Water Quality Monitoring Program
	MDBC 
	Physico-chemical, phytoplankton and macro-invertebrates
	Routine – weekly or monthly
	River Murray  
	 
	3. MDBC  
	a) Algal and water quality monitoring  
	MDBC 
	Algal and physico-chemical 
	Routine – fortnightly (December to April) and monthly (May to November)
	Dartmouth and Yarrawonga, Mitta Mitta River below Dartmouth Dam 
	b) Macro-invertebrate monitoring 
	 

	Macro-invertebrates 
	 

	Routine 
	 
	River Murray  
	c) Water quality investigations, reporting and audit (Salinity)
	Concentration and load trends 

	Routine 
	 
	Murray and Lower Darling Rivers 
	d) Hume Dam thermal monitoring 
	Water temperature and electrical conductivity data 

	Routine 
	Reach scale (Hume Dam and downstream tributaries) 
	e) Murray Darling Algae Investigations/Monitoring Program 
	Blue-green algal levels 

	Monthly graduating to fortnightly in the summer months and weekly in times of high alert
	Hume Dam, Menindee Lakes, Murray, Lower Darling, Edward and Wakool Rivers and Billabong Creek 
	4. Basin Salinity Management Strategy  
	 
	a) Run of River Salinity Survey 
	 
	 
	 
	Salinity and salt load data 

	 
	 
	Ad-hoc monitoring 
	 
	 
	 
	 
	5. Sustainable Rivers Audit 
	 
	a) Macro-invertebrates
	 
	 
	MDBC and  
	States 

	 
	 
	MDBC and States
	 
	 
	Richness biodiversity, SIGNAL score standalone, AUSRIVAS observed/expected.
	 
	 
	Routine - every two years in spring
	 
	 
	River Murray – Central Murray Riverina and Lower Murray Valleys
	Hydrology 
	6. Hydrographic time series data

	MDBC
	MDBC
	Storage levels and volumes, flows, rainfall, hydrographic/timeseries data, evaporation data, diversion, pumping and water order figures. 
	River Murray system
	Wetlands
	7. The River Murray Wetland Database  
	MDBC/DIPNR  
	NSW Murray Wetlands Working Group
	Vegetation surveys, bird counts, water quality and inundation levels. 
	2. Impacts of river regulation on wetlands, extant vegetation communities, land use and wetland commence-to-flow levels.
	Before, during and after flooding. 
	River Murray (NSW and VIC floodplain between the Hume Dam and the South Australian border, including the Edward-Wakool System) and the Lower Darling River. 
	10. NFS/TLM 
	 
	a) Murray River Fishway Assessment Program 
	 
	 
	MDBC 

	 
	 
	Large-scale migrations, and passage time through fishways 
	 
	 
	1- 2 weeks 
	several 
	times a year
	 
	 
	River Murray from the sea to Hume Dam 
	 
	 
	For the duration of the Sea to Hume Dam Project
	b) MDBC knowledge-generation projects 
	   i) Protection and enhancement  
	   of Murray Cod populations; 
	 
	 
	 
	 
	ii)Re-snagging down stream of Yarrawonga; 
	 
	 
	 
	 

	 
	 
	MDBC 
	 
	 
	 
	 
	Movement of adult  
	Murray Cod between anabranches and  main stem. 


	 
	Monitoring fish species response to re-snagging by measuring abundance, diversity and distribution. 

	 
	 
	11. In-stream and riparian habitat restoration 
	MDBC 

	12. Sustainable rivers audit 
	MDBC and  
	states 

	MDBC and states
	Species richness, biomass, abundance and diagnostic data
	Routine - every three years in autumn
	River Murray - Central Murray Riverina and Lower Murray Valleys
	2005-2011
	  
	1. This draft weir manipulation operating plan identifies probable weir pool manipulations for the 2006-07 season based on information currently available for several River Murray locks and weirs.  
	2. Weir manipulation refers to raising, lowering or varying (within channel) the upstream pool level of locks/weirs within the operational capacity of the structure.  
	3. River Murray Water (RMW), the MDBC’s operation arm, is responsible for the operation and maintenance of the River Murray locks and weirs. These structures are operated by the state constructing authorities and RMW issues operational instructions as necessary. 
	4. Weir manipulation for environmental purposes in 2006-07 at any structure, is subject to a process outlined in the Living Murray Environmental Watering Plan. The process set out in that plan refers to this document (ie. Appendix 12 of The Living Murray Environmental Management Plan for the River Murray Channel Icon Site), and also a ‘Weir Manipulation Proforma’ (which is provided in Appendix 13). 
	5. A period of declared surplus flows (or an environmental allocation) is required in most instances to enable weir raising. Surplus flow periods are declared by River Murray Water when the flow in the river exceeds the inlet channel capacity for Lake Victoria and the daily entitlement flow for South Australia. Weir manipulation at ranges below the full supply level of any structure generally do not ‘consume’ additional water and therefore do not require an environmental water allocation from which to debit any additional losses. 
	6. The following pages contain information on each River Murray lock/weir (current at the time of publishing this report) that is intended to facilitate weir manipulation in 2006-07 and to provide some of the information needed to complete the ‘weir manipulation proforma’ at Appendix 13.  
	7. Additional information on several River Murray locks/weirs is yet to be incorporated into this plan. As such, this plan will be updated throughout the season as information becomes available. 
	 
	 
	Lock and Weir 8 – Wangumma  
	Lock and weir 15 – Euston  
	 
	 Lock and weir 26 – Torrumbarry   
	Appendix 13 
	Weir pool manipulation Proforma – 2006-07 
	(To be completed by the proponent any weir pool manipulation activity and approved by the Environmental Watering Group and River Murray Water in consultation with relevant stakeolders) 
	1. General details 
	a. Weir Site …………………………………………………………… 
	b. Proponent/s ………………………………………………………… 
	2. Background and context 
	a. General ecological aims of weir pool manipulation  
	… .……………………………………………………………………….… 
	b. Possible dis-benefits and strategies to minimise risks (e.g.  navigation, salinity, river users, groundwater, access roads, other infrastructure) 
	    … .……………………………………………………………………….… 
	3. Daily Operational Plan   
	a. Commencement Date…………………………………….…………… 
	b. Rate of rise/fall (cm/day)…………………………….............................. 
	c. Duration ………………………………………………………………. 
	d. Key Dates…………………………………………………....................  
	e. Confirmation from relevant agencies that the required infrastructure (ie. additional stop logs, etc) and personnel are available (attach)  
	f. Confirmation from RMW that it meets structural stability and operational requirements (attach)  
	g. Daily management roles  
	……………………………………………………………………… 
	4. Consultation 
	a. Confirmation of support from other relevant agencies (attach)                              
	b. Confirmation of flow advice / media release (attach)  
	c. Confirmation of advice provided to major interest groups (attach) 
	5. Water use estimates 
	a. An estimate of the water use associated with the manipulation, including: 
	i. surcharging the weir pool/s to the target level……………    
	ii. ‘incremental losses’ to the floodplain…………………….. and 
	iii. return flows to the river when the weir pool is lowered to  FSL…………………………………………………………...  
	6. Complimentary actions 
	a. Describe any complimentary actions required for the weir manipulation (e.g. earthworks to manage floodwater)………………………………………………………… 
	7. Monitoring plan 
	a. Outline proposed monitoring plan, including required funding, source of funds, and how the plan aligns ……………………….. 
	b. Identify mechanism by which parties can call a ‘stop’ at any point during the project if adverse impacts are occurring  
	       ……………………………………………………………………… 
	8. Evaluation and adaptive management plan 
	a. Outline how the key outcomes of this activity will be documented and used to guide future weir manipulation at this and potentially other sites ……………………………………………………………………… 
	  
	 
	Please direct any queries regarding this proforma to River Murray Water. 







