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1.

Introduction

The NSW Government is developing water resource plans as part of implementing the Basin
Plan 2012 (the Basin Plan). Water resource plans will align Basin-wide and state-based water
resource management in each water resource plan area. The plans will recognise and build on
the existing water planning and management framework that has been established in NSW.
The NSW Murray and Lower Darling Water Resource Plan covers all of the surface water
sources of the Murray and Lower Darling catchments. The plan incorporates the Murray and
Lower Darling Regulated River systems and all of the unregulated rivers in the catchment. This
report is a detailed description of the NSW Murray and Lower Darling Water Resource Plan Area
(SW8) to provide an understanding of the region and the resources covered by the plan. It
describes the location and physical attributes and provides background information on the
hydrology, environmental assets and water quality characteristics relevant to these water
sources.
This report is intended to provide supplementary information to other water resource reports for
the NSW Murray and Lower Darling Water Resource Plan including the Status and Issues Paper
(DPI Water 2017), the Risk Assessment and Water Quality Management Plan.

2.1 Overview of the plan area
The NSW Murray and Lower Darling Water Resource Plan Area (WRPA) comprises the NSW
portion of the Murray River catchment and the Darling River downstream of Menindee Lakes in
the southern part of the Murray-Darling Basin. The Plan area covers over 186,000 km² and
comprises about 20 per cent of the Murray-Darling Basin.
The Murray River begins in the mountains of the Southern Alps of NSW and Victoria, and flows
in a westerly direction for over 2,500 km to its outlet on the South Australian coast near Goolwa.
It forms the boundary between NSW and Victoria for 1,880 km (Figure 1). In NSW the Murray
River moves through three distinct landscapes, beginning in the mountains and undulating
slopes of the upper catchment. Upstream of Albury the river enters the gentle hills of the South
West Slopes with elevations of 300-600 m. Downstream of Corowa the river enters the flat plains
of the Riverina region where elevations are less than 200 m. Hume Dam provides a regulated
supply of water along the Murray River and its many effluent channels including the EdwardWakool River system west of Deniliquin.
The ‘Lower Darling’ comprises that portion of the Darling River that is regulated by releases from
the Menindee Lakes Scheme, near the town of Menindee. From here the Darling River flows
south for 530 km to its junction with the Murray River at Wentworth (Figure 1). The landscape is
flat with most of the floodplain being less than 100 m in elevation. A major feature of the Lower
Darling is the Great Darling Anabranch, a prior channel of the Darling River, which delivers
floodwaters to a series of large overflow lakes.
Prior to European settlement the Murray River was occupied by several different Aboriginal
groups including the Wiradjuri, Yorta Yorta, Baraba Baraba, Wamba Wamba, Wadi Wadi and
Dadi Dadi. The Lower Darling was occupied by the Barkindji people who called the river the
‘Barka’ and travelled along the riverine plains from Wentworth up to Wilcannia.
Today the WRPA supports around 85,000 people within seven local government areas. Around
half of the population lives within the city of Albury, the largest urban centre in the Plan area.
Other large towns along the Murray River are Corowa with 6,000 people and Deniliquin with
7,000 people. Smaller towns include Moama, Finley, Wakool, Tocumwal and Yarrawonga which
have populations of between 1,500 and 3,000 people.
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Figure 1: NSW Murray and Lower Darling Water Resource Plan Area (SW8)
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The Lower Darling is a sparsely populated region. The largest town on the river is Wentworth
which has a population of 1,250, while Menindee and Pooncarie are small towns with less than
500 people. The city of Broken Hill (with 18,000 people) lies at the far western edge of the Plan
area. It forms a major service centre for the northern part of the WRPA. At the northern extent of
the Plan area lies Wilcannia which has a population of 800 people.

2.2 Water management units
The surface water of the NSW Murray and Lower Darling WRPA is currently managed through
three water sharing plans:
•

Water Sharing Plan for the Lower Murray-Darling Basin Unregulated and Alluvial Water
Sources 2012

•

Water Sharing Plan for the Murray Unregulated and Alluvial Water Sources 2012

•

Water Sharing Plan for the NSW Murray and Lower Darling Regulated Rivers 2016

The Lower Murray-Darling Unregulated Water Source comprises all of the unregulated
streams within the Lower Murray-Darling catchment from Tilpa in the north to Wentworth in the
south (excluding the Barwon-Darling River).
The Murray Unregulated Water Sources comprises all of the unregulated streams within the
NSW catchment of the Murray River. There are currently 15 unregulated water sources
managed through the Murray Unregulated and Alluvial Water Sharing Plan.
The NSW Murray Regulated River Water Source includes all water between the banks of all
rivers, from the upper limit of Hume Dam water storage, and from the Darling River at
Wentworth, downstream to the South Australian border.
The Lower Darling Regulated River Water Source includes all water between the banks of all
rivers, from the upper limit of the Lake Wetherell water storage downstream to the upstream limit
of the Wentworth Weir Pool water storage.
The location of the above regulated and unregulated water sources is shown in Figure 2.
Groundwater resources within the Plan area are covered by separate water sharing plans.

2.3 History of water management in the NSW Murray and Lower Darling WRPA
2.3.1 River Murray Waters Agreement
From early in the 20th century the Murray River (or River Murray as it is legally known) was
recognised as a vitally important water resource that required careful sharing. Conflict over the
control and sharing of the waters of the River Murray was one of the most contentious issues at
the time of Federation (Guest 2016). In 1914 the River Murray Waters Agreement was signed by
NSW, Victoria, South Australia and the Commonwealth. It specified the rules for sharing of water
between the states and set in place an ambitious 60 year program of river works to facilitate the
sharing arrangements and regulation of the river. The structures built between 1917 and 1979
and the water management practices developed by the River Murray Commission during this
time created the Murray-Darling Basin of today, an agricultural food bowl that supports diverse
communities that have grown up to support these industries.
For more than 60 years the objective of the River Murray Waters Agreement was focussed on
developing the water resources of the River Murray and supporting economic development
associated with the use of the water. In 1982 in the midst of one of the worst droughts on record
a new Agreement gave the River Murray Commission its first environmental responsibilities – to
monitor and investigate water quality issues. In 1987 the River Murray Waters Agreement was
replaced by the Murray-Darling Basin Agreement. This new Agreement established the MurrayDarling Basin Ministerial Council and the Murray Darling Basin Commission and expanded the
scope of water management to the whole of the Murray-Darling Basin.
3
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Figure 2: Location of regulated and unregulated water sources in the NSW Murray and Lower Darling WRPA
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By the early 1990s further evidence of environmental degradation and changing community
expectations shifted the objective of water management under the Murray-Darling Basin
Agreement to finding a balance between consumption use and conservation in order to support
both economic and environmental purposes (Guest 2016).
2.3.2

Early environmental water management in the NSW Murray River

The River Murray Commission published a comprehensive inventory of wetlands along the
length of the Murray River in 1986 (Pressey 1986). This inventory was the first step in
documenting the wetlands along the river and their water requirements. In the early 1990s the
Department of Water Resources began to address water management issues relating to
wetlands in the NSW Murray Region. This included plans for the hydrologic management of
specific wetlands including Gulpa Creek, Croppers Lagoon and Gol Gol Swamp (Lugg 1992,
Lugg 1993, Lugg 1994) and broader investigations into the impact of river operations on the
condition of wetlands in the Murray Region (Green 1994a, Green 1994b). During this time the
community based Murray Wetlands Working Group were instrumental in obtaining funding and
prioritising sites for wetland management and rehabilitation.
2.3.3 Early environmental water management in the Lower Darling River
The Department of Water Resources began identifying the water requirements of the Lower
Darling River in the early 1990s. Over 269,000 hectares of wetlands and floodplain woodlands
were mapped and documented within the Lower Darling catchment (King and Green 1993). In
1994 the Murray-Darling Basin Commission funded a three year program of investigation into
the environmental flow requirements of the Lower Darling River. This included preliminary
investigations into the flows required to flush and prevent algal blooms (Harriss and Reid 1993),
flows required to inundate selected wetlands (Ardill and Cross 1993) and an investigation of fish
passage at the three weirs on the Lower Darling (Ardill and Cross 1994).
These preliminary studies were expanded upon during a comprehensive investigation of the
environmental flow requirements of the Lower Darling River (Green et al. 1998). This study
included the use of satellite imagery to determine commence-to-flow heights for wetlands over
the entire study area (Shaikh et al. 2001), hydrologic analysis of modelled flow data pre- and
post- Menindee Lakes, and identification of the flow requirements of the major geomorphic and
ecological components of the riverine ecosystem - channel benches, water quality, riparian
vegetation, fish, macroinvertebrates and waterbirds. The study resulted in a number of
recommendations for the management of flows from Menindee Lakes to meet the environmental
requirements of the Lower Darling ecosystem. These recommendations, particularly in relation
to fish passage and water quality management were considered in the management of flows
from Menindee Lakes prior to development of the water sharing plan. The findings of this study
have been used by the Murray-Darling Basin Authority as the basis for setting ecological targets
and site-specific flow indicators for the Lower Darling River (MDBA 2012a).
2.3.4 NSW Government water reforms
In February 1994 the Council of Australian Governments (COAG) endorsed a strategic
framework for the efficient and sustainable reform of the Australian water industry. Following this
meeting the NSW Government released a discussion paper in mid-1994 outlining changes to the
management of the state’s rivers and waterways. Early reforms included the development of
water quality and river flow objectives, embargoes on new licences on regulated and
unregulated rivers in the Murray-Darling Basin to meet an agreed cap on water extractions from
the basin, and a commitment to deliver water to key wetlands.
In 1997 the Government introduced its current program of rural water reforms that aimed to
achieve a better balance in water use by more explicit and careful sharing of water between the
environment and water uses. This program led to the development of the current legislative
framework that defines how water is shared and managed under the Water Management Act
5
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2000. Interim environmental objectives for river flows and water quality were developed for the
Murray and Lower Darling catchments in 1997 (EPA 1997). These objectives provided the basis
for early community discussion about river health and water sharing prior to the development of
statutory plans in the region.
2.3.5

NSW Murray and Lower Darling Regulated Rivers water sharing plan

The Murray Lower Darling Community Reference Committee was established in 1997 to provide
recommendations on environmental flow rules. The Committee included representatives of the
irrigation industry, environmental interests, indigenous communities, the local Catchment
Management Board, local councils and government agencies (the then Department of Land and
Water Conservation, National Parks and Wildlife Service, Environment Protection Authority,
NSW Agriculture, NSW Fisheries and NSW State Forests).
In 2001 the Minister for Land and Water Conservation asked the Committee to advise on water
sharing rules to manage environmental and extractive water through a statutory plan. A draft
water sharing plan was prepared by the Committee and placed on public exhibition by the
Minister in mid-2002. The statutory plan was approved by the Minister for Land and Water
Conservation in February 2003 (DIPNR 2004). It was based on the recommendations of the
Committee; submissions received from the community as a result of the public display of the
draft plan, and agreed Government policy. Some amendments were made to the Plan in
consultation with the Committee and it commenced on 1 July 2004 (DIPNR 2004).
Due to exceptional drought conditions in the catchment, the water sharing plan was suspended
for five years from 10 November 2006 until 17 September 2011. Whilst suspended, decisions
about water management were made by the NSW Office of Water, in consultation with the Office
of Environment and Heritage and State Water Corporation under a critical human water needs
planning process. Although not bound by the rules of the water sharing plans, water
management decisions made during this period reflected plan provisions where ever possible
(NOW 2013).
The Water Sharing Plan for the Murray and Lower Darling Regulated Rivers was amongst the
first plans to be implemented in NSW. All of the 31 plans that commenced in 2004 were subject
to a formal review towards the end of their ten year period of operation. Through this review
process and associated consultation some minor amendments were made to parts of the plan
where there was considered to be no significant impact on water users.
In 2016 the water sharing plan was formally replaced. The Plan will continue operating to ensure
continuity of rights to water while this water resource plan is being developed. All issues that
were raised by stakeholders during the review process are being considered in the development
of the NSW Murray and Lower Darling Water Resource Plan.
1.3.4

Lower Murray-Darling Basin Unregulated and Alluvial water sharing plan

The NSW Office of Water began the preparation of a water sharing plan for the Lower MurrayDarling water sources in 2009. The plan rules were developed by the Lower Murray Darling
Interagency Regional Panel, using the ‘macro-planning’ methodology which is the current
approach of the NSW Government for developing plans for unregulated rivers (NOW 2010). The
Panel consisted of representatives from the then NSW Office of Water, Office of Environment
and Heritage and NSW Department of Primary Industries, and observers from the Lower
Murray-Darling Catchment Management Authority and the Western Catchment Management
Authority.
The plan was based on current government policy for defining water access with refinement of
rules based on the local knowledge and expertise of the panel members. The draft water sharing
rules were discussed with various interest groups in 2010 and were placed on public exhibition
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in December 2010 at eight sites across the plan area. The Water Sharing Plan for the Lower
Murray-Darling Basin Unregulated and Alluvial Water Sources commenced on 30 January 2012.
1.3.5 Murray Unregulated and Alluvial water sharing plan
At the same time as water planning commenced in the Lower Murray-Darling, the NSW Office of
Water also began preparing a water sharing plan for the NSW Murray unregulated and alluvial
water sources. The rules for this plan were developed by the Murray Interagency Regional
Panel, which comprises representatives from the NSW Office of Water, OEH and NSW DPI with
the participation of the Murray CMA (as an observer). As with the Lower Murray-Darling, the plan
was developed using the macro-planning approach (NOW 2010). The Panel was also
responsible for resolving a number of policy matters associated with water management in the
Albury metropolitan area.
The Office of Water managed the public consultation process, and ensured that all stakeholders
and interested parties had an opportunity to examine and comment on the proposed water
sharing rules. Consultation with key stakeholders began in 2010 and discussions with water
users’ associations continued through the plan development process to the public exhibition
period. The draft water sharing plan was placed on public exhibition in December 2010 and
three public meetings were held in January 2011. The Water Sharing Plan for the Murray
Unregulated and Alluvial Water Sources commenced on 30 January 2012.
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2.

Regional setting

2.1 Climate
There is a wide variation in climate across the NSW Murray and Lower Darling WRPA due to the
extent and topography of the Plan area. The climate varies dramatically from the headwaters of
the Murray River which experience a cool alpine climate to the semi-arid conditions of the
riverine plains and the arid climate of the Lower Darling.
Rainfall
The average annual rainfall varies across the WRPA from 200 mm in the far west to 1700 mm in
the east (Figure 3). At Hume Dam rainfall is greatest in the winter and early spring months
(Figure 4). This is typically due to the passage of frontal systems during these cooler months
(OEH 2014a). In the headwaters of the Murray River some of the winter rainfall is received as
snow on the Alps. Monthly rainfall at Hume Dam ranges from around 75 mm during July and
August to 40-50 mm during the summer months.
Rainfall across the rest of the catchment is much less seasonal. At Deniliquin on the riverine
plains the monthly rainfall varies from 28-40 mm with May to October receiving slightly higher
rainfall than the rest of the year. The Lower Darling catchment receives some of the lowest
rainfall in NSW. Monthly rainfall at Menindee varies from 16-24 mm with the annual total being
just 245 mm.
Figure 3: Average annual rainfall in the NSW Murray and Lower Darling WRPA
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Figure 4: Average monthly rainfall for selected stations
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Climate change modelling predicts that there will be seasonal changes in rainfall in the near
future (2030) and the far future (2070) across the WRPA. In the Murray region it is predicted that
rainfall will decrease in winter and spring by up to 20 per cent by 2070. However summer and
autumn rainfall is likely to increase by up to 20 per cent over this time (OEH 2014a). Similar
seasonal trends are predicted for the Far West Region, which encompasses the Lower Darling
catchment. Modelling predicts that in the near future spring rainfall is likely to decrease by 10-20
per cent while autumn and summer rainfall will increase by up to 20 per cent by 2070 (OEH
2014b).
Evaporation
Evaporation in the NSW Murray and Lower Darling WRPA has a strong east-west gradient.
Average Class A pan evaporation varies from around 1,100 mm/year in the east, to over 2,500
mm/year in the north-west (Figure 5) and is strongly seasonal throughout the year, particularly in
the west.
Figure 5: Average annual evaporation across the NSW Murray and Lower Darling WRPA
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At Hume Dam mean monthly evaporation ranges from 30 mm in winter to more than 200 mm in
summer, while on the riverine plains at Deniliquin evaporation is typically more than 250 mm per
month in summer (Figure 6). In the Lower Darling region the low rainfall and high summer
temperatures result in very high evaporation rates of over 300 mm per month in summer, more
than six times the monthly rainfall.
Figure 6: Average monthly evaporation at selected stations
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Temperature
Temperatures vary considerably across the Plan area from the cool to mild conditions of the
Snowy Mountains to the dry and hot conditions of the western plains.
The Murray region experiences a very distinct seasonal variation in temperature. Average
maximum temperatures during summer range from 32°C on the riverine plains to 14°C in the
Snowy Mountains. In winter, the average maximum temperature is between 14-16 °C on the
plains and 11-12°C in the mountains. At Menindee in the Lower Darling region maximum
temperatures range are typically 30-34°C in summer and a mild 17-19°C in the winter months
(BOM 2017).
Long term temperature trends indicate that temperatures across the WRPA have been
increasing since about 1950, with the largest increase in temperature experienced in recent
decades (OEH 2014a, OEH 2014b). This warming is predicted to continue over the next 50
years with maximum temperatures projected to increase by 0.7°C in the near future (2030) and
by 2.0-2.1°C in the far future (2070). Spring and summer are projected to experience the
greatest increases in maximum temperatures, increasing by 2.4-2.5°C by 2070 (OEH 2014a,
OEH 2014b).
The number of hot days (>35°C) is predicted to increase, while the number of cold nights is likely
to decrease. Across the region there is expected to be an additional 10-20 hot days per year by
2030 and an additional 20-30 hot days per year by 2070 (OEH 2014a, OEH 2014b).
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2.2 Land use
Grazing is the most common agricultural business in the Upper Murray occupying around 30 per
cent of the catchment above Hume Dam. It occurs on the slopes and valley floors downstream
of Khancoban, in the lower Mitta Mitta valley, and the high country near Omeo. The rugged
nature of the landscape means that less than one percent is used for cropping or irrigation.
Conservation and forestry account for the remaining 70 per cent of land use in the upper Murray
catchment. Extensive areas of National Park in the east conserve the alpine environments
where the headwaters of the Murray River begin. There are also large areas of State Forest in
the Tumbarumba region and in Woomargama State Forest.
Agriculture including grazing, dryland cropping, and irrigation, is the dominant land use along the
Murray River downstream of Hume Dam, accounting for around 90 per cent of the land area.
Crops produced include wheat, rice, barley, vegetables, oats for grain, and pastures for hay.
Extensive irrigation occurs in the mid-lower reaches of the Murray River within three private
irrigation areas (Murray Irrigation, West Corurgan Irrigation, and Moira Irrigation) and through
private diversions from the Murray, Edward and Wakool Rivers.
Rice farming is a major industry with the Murray region producing around 50 per cent of
Australia’s rice crop. The crops are processed locally at a mill in Deniliquin and the majority of
the processed grain is transported by rail to Melbourne for export (EBC Consortium 2011). Other
industries that have developed around irrigation include dairying around Finley, citrus orchards
around Barham, and irrigated winter and summer crops (EBC Consortium 2011).
Important areas of forestry occur along the Murray and Edward Rivers. In 2010 large areas of
State Forest were converted to National Park to create the largest river red gum conservation
area in Australia.
Land use in the Lower Darling catchment is focussed on pastoral industries. Sheep grazing for
wool production is the most extensive land use however there are also beef cattle and goat
enterprises. Some of the lake beds in the catchment are used permanently or opportunistically
for cropping. Lake Tandou, previously part of the Menindee Lakes system, has been under
permanent cultivation since 1972. Cotton, wheat and barley are grown under rotation with other
crops including sorghum, corn, soybeans, sunflowers, chickpeas and canola. In years of good
water availability the farm produces around 8,700 hectares of cotton which it processes in its
own cotton gin (The Australian 2014). The lakes of the Great Darling Anabranch are also subject
to cropping when they are dry. Small areas of irrigation occur along the Darling River at
Menindee and Wentworth although many of these have been severely affected by recent water
shortages. These include horticulture, orchards and vineyards.
Tourism is important to the local economy, with inland waterways providing a focus for camping,
fishing and boating. The large national parks in the Plan area such as Kinchega and Mungo are
popular outback touring destinations.
Table 1: Land use in the NSW Murray and Lower Darling WRPA
Land use

2

Area (km )

Area (%)

5,531

4%

Grazing

97,992

78%

Irrigation

2,832

2%

20

<1%

14,666

12%

176

<1%

4,206

3%

Dryland cropping and horticulture

Mining
Forestry and conservation
Residential and urban
Water
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Figure 7: Land use of the NSW Murray and Lower Darling WRPA
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Source: Australian Bureau of Agricultural and Resource Economics and Sciences, National scale land use 2010-11
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2.3 Topographic description
The NSW Murray and Lower Darling WRPA can be divided into three main areas based upon
the topography and flow characteristics of the water sources (Figure 8). These are based upon
the extraction management units used for managing the unregulated streams in the WRPA: The
Upper Murray, Middle Murray and the Lower Murray Darling water source.
Figure 8: Sub-regions of the NSW Murray and Lower Darling WRPA

2.3.1 Upper Murray
The headwaters of the Murray River begin at an elevation of 1800 m in the Australian Alps,
where they flow through alpine grassland and the steep forested slopes of Kosciusko National
park. After leaving the alpine plateau it flows in a north-easterly direction through steep gorgelike country, forming both the border between NSW and Victoria, and the western border of
Kosciuszko National Park for about 50 km. In these upper reaches the river flows within a rocky
boulder filled channel and is known as the Indi River, the local name for the Murray River above
the Swampy Plain River junction.
Near Biggara the river emerges from the mountains and flows through an open farmland. The
Swampy Plain River, the first major tributary of the valley, enters the Murray River north-west of
Khancoban. Other major tributaries in NSW are the Geehi River, Tooma River and Tumbarumba
Creek. The Mitta Mitta River is a major tributary from Victoria that flows into Hume Dam.
After joining with the Swampy Plain River the floodplain of the Murray broadens considerably.
The river flows through a broad well-developed floodplain that has been extensively cleared for
agriculture. Riparian vegetation is generally limited to a narrow strip along the river banks and
the associated small lagoons and channels that are adjacent to the river. The Murray River flows
into the upper reaches of Hume Dam approximately 30 km south west of Holbrook.
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The Snowy Mountains Hydroelectric Scheme involves complex and significant inter-valley
diversions amongst the upper catchments of the Snowy, Murrumbidgee and Murray Rivers.
Geehi Dam receives approximately 875 GL per annum via the Snowy Mountains Scheme from
the Tooma, Snowy, Eucumbene and upper Murrumbidgee Rivers. From Tooma Dam,
approximately 30 per cent of the catchment, averaging 295 GL per year, is released to the
Murrumbidgee River. As a result of these diversions, net flows in the Upper Murray River have
increased by an average of 580 GL annually (NOW 2012).
Ten unregulated water sources are found within this zone (described in detail in NOW 2012).
They are:
•
•
•
•
•
•
•
•
•
•

Indi Water Source
Swampy Plain Water Source
Upper Murray River Water Source
Tooma Water Source
Maragle Water Source
Tumbarumba Water Source
Mannus Water Source
Jingellic Water Source
Dora Dora Water Source
Hume Water Source.

Photo 1: The Murray River at Tom Groggin on the Alpine Way
Dayle Green
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2.3.2

Middle Murray

The middle Murray extraction unit extends from Hume Dam to the confluence with the
Murrumbidgee River and includes a complex network of anabranches, creeks, billabongs and
lagoons. The four unregulated water sources in this zone (described in NOW 2012) are:
•
•
•
•

Albury Water Source
Majors Water Source
Lower Wangamong Water Source
Murray-below-Mulwala Water Source

Murray River
Downstream of Hume Dam the floodplain of the Murray River begins to widen with small river
flats on the valley floor bounded by gently undulating hillsides. The floodplain widens further
downstream of Albury (Photo 2), ranging in width from 1.5-5 km. Numerous billabongs and
lagoons occur adjacent to the river, some permanently inundated due to the regulated flows.
Between Albury and Yarrawonga two major tributaries from Victoria, the Kiewa River and the
Ovens River, contribute significant natural winter flows to the Murray River.
Near Tocumwal, the floodplain of the Murray River is generally 2-3 km wide, but as the river
progresses downstream the floodplain increases and is up to 25 km wide near the Edward River
off-take. Major tributaries entering this reach from Victoria are the Goulburn, Campaspe and
Loddon Rivers.
The River Murray Channel is a Living Murray Icon Site which flows through this zone from Hume
Dam to Wentworth at the confluence of the Darling River. The River Murray supports extensive
aquatic, riparian, floodplain and estuarine habitats along its course, including Ramsar-listed
wetlands and a diversity of species including native fish, vegetation, vertebrates (e.g. birds,
frogs), invertebrates and crustaceans (SKM 2009). Expansive river red gum forests and some
black box stands are supported by periodic flooding, including the Central Murray State Forests
Ramsar listed Werai Forest, Gunbower–Koondrook–Perricoota Forest, and in Victoria the
Barmah–Millewa Forest.

Photo 2: Murray River at Corowa
Dayle Green
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Downstream of Yarrawonga Weir, a complex series of effluent channels break away from the
river, distributing water across the northern floodplain via the Edward-Wakool river system.
These effluent streams are the result of a geological event about 30,000 years ago when a
north-south ridge (the Cadell Fault) formed across the channel of the river, diverting the waters
of the Murray River northwards. Eventually the river cut a new path through the fault line and
linked up with the nearby Goulburn River. The current channel of the Murray between Barmah
and the Wakool River represents the old bed of the Goulburn River. The channel capacity within
this reach is much less than the upstream or downstream reaches, resulting in restrictions to the
volume of flow that can pass through this section of the river, which is known as the ‘Barmah
Choke’. This smaller channel capacity increases the frequency of floodplain inundation
compared to other parts of the Murray floodplain which has led to the formation of the river red
gum forests and associated wetlands of the Barmah-Millewa forest.
Edward-Wakool River
The Edward River leaves the Murray River near Mathoura and flows in a north and then westerly
direction, joining the Wakool River before flowing back into the Murray downstream of Swan Hill.
In major flood events the Edward River takes over half of the Murray River flows which pass
Tocumwal. Downstream of Deniliquin (Photo 3) the Edward River emerges onto a broad, flat
floodplain featuring an extensive network of high level anabranches which are fed by the Edward
River. The largest of these are the Wakool and Niemur Rivers, while smaller streams include the
Colligen, Yallakool, Yarrein and Merran Creek systems. Diversions to these systems are
controlled by Stevens Weir on the Edward River about 25 km downstream of Deniliquin.
The Wakool River and Yallakool Creek leave the Edward River upstream of Stevens Weir.
Under major flood conditions around half of the total flow passing Deniliquin leaves the Edward
River via these two waterways. The Wakool River is joined further downstream by high flows
from the Murray River through Thule, Barbers and Merran Creeks. It then flows roughly parallel
to the Edward River for about 200 km before entering the Murray at Kyalite. Flows not entering
the Wakool River system continue along the Edward River and its effluent the Niemur River.
Colligen Creek leaves the Edward River from the Stevens Weir pool and is the main water
supply to the Wakool Irrigation District. A portion of its flood flows remain in the Creek and pass
through the Werai State Forest, while the remainder flows south west into Cochran and
Jimaringle Creeks which enter the Niemur River further west.

Photo 3: Edward River at Mclean Beach, Deniliquin
Dayle Green
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2.3.3

Lower Murray Darling

The Lower Murray Darling water source extends from the confluence of the Murrumbidgee River
on the Murray River, and from Tilpa on the Darling River, to the South Australian border. It
includes the Menindee Lakes, the Great Darling Anabranch and Lake Victoria.
Lower Darling River
The Lower Darling River flows for 530 km from the Menindee Main Weir to the Murray River
near Wentworth. The river has a meandering, complex channel structure with many adjacent
wetlands and in-channel benches (Green et al. 1998).
Downstream of Menindee the river has a well-developed floodplain that is 2-4 km wide (Photo
4). Immediately downstream of Menindee several high level effluents leave the river on the
western side and on the eastern side the river is joined by the bottom end of the Talyawalka
Creek system (which begins upstream near Wilcannia). About 100 km south of Menindee the
Darling River takes a distinct change in direction, flowing to the south east. The floodplain
increases to up to seven kilometres wide and there are extensive areas of wetlands including
lignum swamps, lagoons and shallow floodplain depressions.
At Pooncarie the Darling takes another distinct turn this time flowing to the south-west. The
channel loses the large complex meanders that characterise the previous reaches and the
floodplain is much narrower ranging from 1-3 km wide. Many lignum swamps have formed in
older shallow billabongs.
About 40 km downstream of Pooncarie the channel of the Darling becomes restricted by
underlying bedrock which is exposed within the channel at Burtundy. The floodplain is less than
1 km wide, the channel is relatively straight and there are no wetlands or lagoons. Downstream
of Burtundy the geologic restrictions are removed and the river returns to its previous
meandering nature with a floodplain up to six kilometres wide and many lagoons adjacent to the
channel.

Photo 4: Darling River upstream of Weir 32
Dayle Green
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Great Darling Anabranch
The Great Darling Anabranch is the ancestral path of the Darling River. It extends for 460 km,
leaving the Darling about 40 km south of Menindee and entering the Murray River downstream
of Wentworth. Moderate to high flows enter the Anabranch through Tandou Creek (and then
Redbank Creek) which leaves the river downstream of Weir 32 in large floods.
The dominant feature of the Anabranch is a series of large overflow lakes which fill at relatively
low flood levels. The Anabranch Lakes provide extensive and productive waterbird habitat and
are listed in the Directory of Important Wetlands in Australia (DEE 2017). Some of these lake
beds are used for commercial cropping when dry.
A pipeline for delivery of stock and domestic water supplies along the Anabranch was completed
in 2007. The pipeline significantly increases the efficiency of delivering water supplies along the
Anabranch, with 47 GL of water savings from seepage and evaporation being committed to
environmental flows for the Lower Darling through the Living Murray Program (Photo 5).
Menindee Lakes
The Menindee Lakes Scheme opened in 1960. It comprises four main lakes (Menindee,
Cawndilla, Pamamaroo and Wetherell) which together have a total storage volume of 1,678,000
ML. Water from the lakes is used to supply Broken Hill, replenish the Lower Darling
environment, and provide water supplies to users in NSW, Victoria and South Australia, mainly
for irrigation. Further information on the lakes is provided in Section 6 on river operations and
management.

Photo 5: River red gums on the Great Darling Anabranch benefitting from environmental flows in April 2017
Dayle Green
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2.4 Streamflow characteristics
The NSW Murray and Lower Darling catchment is highly regulated. The volume and pattern of
flows in the Murray River has been significantly altered by the construction of three major
storages in the valley (Hume Dam in NSW and Dartmouth and Eildon dams in Victoria). The
Menindee Lakes Scheme has similarly altered the natural volume and pattern of stream flows
along the Lower Darling River.
2.4.1 Upper Murray River
In the upper Murray catchment, Geehi Dam receives approximately 875 GL per annum via the
Snowy Mountains Hydroelectric Scheme from the Tooma, Snowy, Eucumbene and upper
Murrumbidgee Rivers. On average, 295 GL of this is released each year from Tooma Dam to the
Murrumbidgee catchment. As a result of these diversions, net flows in the Upper Murray River
have increased by an average of 580 GL annually (NOW 2012).
A continuous streamflow record is available for the Upper Murray River at Biggara since 1948.
The average annual flow here is 494,000 ML (Figure 9). The highest annual flow was recorded
in 1956 with over 1,450,000 ML and the lowest annual flow occurred in 2006 with 132,700 ML.
Figure 10 and Figure 11 illustrate the strong seasonal pattern that affects the upper Murray
catchment and therefore the inflows to Hume Dam. Annual flow peaks occur in the winter and
spring months as a result of winter rains and spring snow-melt. This is followed by rapid
recession of flows during summer and continued low flows in autumn. The pattern of winter
spring peaks occurs even in the drought years, as shown in the inset in Figure 10, although to a
lesser extent. The most recent flood peaks recorded in September 2010 and March 2012
represent the highest and third highest flows recorded at Bingara, respectively.
The median daily flow is highest from August through to November typically reaching around
2,500 ML/d by September-October. Low flows (represented by the 80th percentile) are typically
around 200 ML/d in summer and up to 1,500 ML/d during spring (Figure 11).
Average annual inflow to Hume Dam is around 2,550 GL per year (Burrell et al. 2017a).
Unregulated inflow (excluding contributions from the Snowy Hydro scheme) was below average
in 2015-16 for the third consecutive year with 1,412,881 ML arriving at the storage.

Figure 9: Annual flow in the Murray River at Biggara
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Figure 10: Daily flow in the Murray River at Biggara
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Figure 11: Seasonal variations in high, median and low daily flows in the Murray River at Biggara
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2.4.2

Regulated River Murray

The impact of river operations on seasonal flows in the Murray River differs depending upon the
distance from of the dam, the location of the major irrigation diversions and the mediating effect
of tributary inflows. Floods in the Murray River typically occur in late winter and early spring as a
result of winter rainfall and spring snowmelt. During this time diversions for irrigation can usually
be met from natural flows in the system. Under a natural unregulated regime stream flows would
typically recede over the hot dry summer months, however the high demand for water during this
time results in elevated water levels over the summer and autumn months.
Figure 12 shows the highly regulated nature of the Murray River between Hume Dam and
Yarrawonga, particularly since enlargement of Hume Dam in 1961. Within this section of the
river, the channel is unable to carry more than 25,000 ML/d without overbank flooding so the
river often runs at this capacity during the time of peak demand over summer and autumn.
This change in seasonality is illustrated in Figure 13 by the sustained high flows from December
through April compared to the natural recession of flows that occurred prior to the completion of
Hume Dam (also shown in Figure 11 at Biggara). Regulated daily flows at Corowa are typically
in the range of 10,000-25,000 ML/d which is high enough to flood low-lying areas of the
floodplain and wetlands with naturally low inlets (Green 1994b). The drop in demand for
irrigation water in April and May sees the river return to more natural levels of flow during the
winter.
The volume of flow passing through the river during spring is higher than under pre-Dam
conditions. Previously the median daily flow at Corowa was within the range of 5,000-10,000 ML
in spring while under the current regulated regime it is 12,000-18,000 ML (Figure 13). At Euston,
downstream of the major diversions, inflows from unregulated tributaries maintain the seasonal
pattern of flow but at a much reduced volume compared with natural conditions.
Figure 12: Daily flows in the Murray River at Corowa
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Figure 13: High, median and low daily flows in the Murray River at Corowa pre- and post-Hume Dam
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2.4.3

Lower Darling River

The Lower Darling River has been regulated by the Menindee Lakes Scheme since 1960. Some
of the key impacts of this regulation are (Green et al. 1998):
•

Significant reductions in monthly and annual flow volumes

•

Changes to the seasonality of flows, with greater flows during mid-summer as a result of
transfers and releases from storage

•

Reduction in the peak flow for all sized flow events

•

More persistent low flows

Weir 32 is the first stream gauging station downstream of the Menindee Lakes. Flows have been
recorded here since February 1958 just prior to completion of work on the Lakes Scheme. Mean
daily flow is 4,248 ML while the average annual flow is 1,563,000 ML. The highest annual flow
was recorded in 1976 (8,760,000 ML) while the lowest was recorded in 2003 with only 31,784
ML (Figure 14). Recent years have seen some of the lowest flows in the Lower Darling River
with the annual flow for 2015 being the third lowest on record (44,578 ML).
The plot of daily flows in the Darling River shows that moderate to large sized flood events occur
on average every 5-10 years. Apart from the very large floods of the 1970s most floods in the
lower Darling River have been moderate in size with peak flows of around 40,000 ML/d. This
sized event results in major overbank flooding and inundation of all wetlands along the river.
Smaller flood peaks of 20,000 ML/d typically occur every 5 years or less and result in at least 70
percent of wetlands along the river being inundated (Green et al. 1998).
In 2010 widespread flooding in the north of the Murray-Darling Basin filled the Menindee Lakes
and delivered the first significant flows to the Lower Darling in 12 years. Flows of up to 22,000
ML/d were reached at Weir 32 in December 2010, with a second flood peak of around 38,000
ML/d occurring in March 2011 after further floodwaters from Queensland entered the system.
Releases from Lake Cawndilla to the Great Anabranch commenced in October 2010 providing
the first flows down the Darling Anabranch in ten years.
After a six year drying phase which saw the lakes reduce to less than 5 per cent capacity, the
Menindee Lakes were again replenished by a flood event during October and November 2016.
Environmental releases to the Darling Anabranch commenced in February 2017.
Figure 14: Annual flows in the Darling River at Weir 32
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Figure 15: Daily flow in the Darling River at Weir 32
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3 Environmental assets
3.1 Parks and reserves
There is over 6,000 km2 of land conserved within national parks and nature reserves within the
Murray and Lower Darling WRPA. Much of this area is contained within extensive national parks
on the arid western plains.
The largest conservation area is Kosciuszko National Park which covers 1,670 km2 of the NSW
portion of the upper Murray catchment (around one quarter of the total area of the park).
Kosciuszko is recognised nationally and internationally as a UNESCO Biosphere Reserve. It
preserves extensive areas of wilderness and its alpine and sub-alpine habitats contain plant
species found nowhere else in the world. The park is also home to many rare animal species
including the mountain pygmy possum, corroboree frog and spotted tree frog (NPWS 2016).
Woomargama National Park and its associated State Conservation Area is another large
conservation area in the upper Murray catchment. Located 30 km north east of Albury,
Woomargama National Park covers 233 km2 and protects the largest remnant of box woodland
community on the south-west slopes. It also provides important habitat for a large number of
threatened and endangered species, such as the regent honeyeater, superb parrot, powerful
owl, Booroolong frog and carpet python (DECCW 2009).
Murray Valley National Park is the largest conservation area on the Murray floodplain. It was
established in 2010 from previous State Forests to provide permanent protection for the
Ramsar-listed river red gum forests of the Barmah-Millewa forest. Along with Murray Valley
Regional Park, it covers nearly 500 km2 of floodplain and is part of the largest river red gum
forest in the southern hemisphere. The forest ecosystem supports over 60 threatened native
animal species and 40 threatened plant species and is an important place for Aboriginal people
(OEH 2014c).
At the western end of the Plan area, Mallee Cliffs National comprises 580 km2 of sandy red
plains and linear sand dunes that were formed 350,000 to 500,000 years ago. The park has
restricted public access and protects a number of isolated and relict plant communities. To the
south of Mallee Cliffs and on the Murray River is Kemendok National Park, another new park
created in 2010. It conserves 109 km2 of floodplain forests that were formerly managed as
Mallee Cliff State Forest.
Mungo National Park is the second largest conservation area in the Murray and Lower Darling
WRPA. Covering around 1282 km2 of arid desert landscapes, the park is part of the Willandra
Lakes World Heritage Area. Much of the park consists of the relict lakebeds of Lake Mungo,
Leaghur and Garnpang and their associated lunettes which are surrounded by undulating
sandplains and dunes. The landscapes of Mungo National Park are of international and national
significance for their archaeology, geomorphology and palaeontology features. The
archaeological finds that have been uncovered from the Lake Mungo lunette have been of global
importance in understanding the story of human evolution and occupation in Australia (DEC
2006). As well as containing evidence of 40,000 years of Aboriginal occupation, they have also
revealed the fossil remains of Australia’s megafauna and evidence of a reversal of the earth’s
magnetic field (DEC 2006).
Kinchega National Park near Menindee is the largest conservation area in the Lower Darling
catchment. Covering over 440 km2 it extends for 62 km along the western side of the Darling
River and surrounds Lakes Menindee and Cawndilla. The park includes substantial areas of
river red gums, rare acacia shrublands, and significant examples of bluebush shrubland, while
the Menindee Lakes are important waterbird habitat. The park has significant heritage values
inlcuding Aboriginal burial sites, carved trees, stone caches and ceremonial sites, as well as
European heritage associated with the old Kinchega pastoral station (NPWS 1999).
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3.2 Wetlands
3.2.1 Alpine wetlands
The alpine wetlands of Kosciusko National Park are considered to be of national and
international importance. Blue Lake is Australia’s only alpine wetland to be listed as a site under
the Ramsar Convention. Blue Lake is the deepest of the four cirque lakes found on the mainland
of Australia. All of the alpine fens, bogs and lakes within the park are listed in the Directory of
Important Wetlands in Australia (DEE 2017). These include Blue Lake, Hedley Tarn, Club Lake,
Lake Albina and Lake Cootapatamba. These lakes are largely in a natural condition and contain
the freshest water in Australia (DEE 2017). They are covered by ice for 5-6 months of the year.
3.2.2 River Murray wetlands
The well-developed floodplain of the Murray River results in many wetlands along the river
downstream of Hume Dam. Pressey (1986) identified 2,608 wetlands between Albury and the
Wakool River junction (including the Edward-Wakool system) and covering an area of 30,440
hectares. The most common wetland types are oxbow lakes, anabranches and distributary
channels, and floodplain depressions, many with a direct hydrologic connection to the river
system.
Over 262,000 hectares of wetlands have been mapped within the Murray Riverina catchment by
Kingsford et al. 2003. This includes 2,360 hectares of freshwater lakes and 20 hectares of saline
wetlands (the Wakool-Tullakool evaporation basins).
Many wetlands along the Murray River have been affected by changes to their natural
hydrology, either receiving too much or too little water. Permanent inundation of wetlands due to
regulated river flows is a threat to the health of many wetlands, particularly along the upper
reaches of the river. Seventy per cent of wetlands between Albury and Yarrawonga are flooded
within the range of regulated flows while many others are affected by permanently elevated
water levels behind Yarrawonga and Torrumbarry weirs (Green 1994b). Other wetlands have
been affected by the construction of regulators and block banks which have significantly reduced
the frequency of flooding.
Human activity in the catchment has also resulted in the addition of new wetland areas in the
form of impoundments and evaporation basins. The Wakool-Tullakool Evaporation Basins were
built in the 1980s to dispose of saline groundwater from the Wakool and Tullakool Irrigation
Districts. They cover an area of 2,100 ha and are among the largest of their type in Australia
(Crabb 1997). These artificial wetlands are listed in the Directory of Important Wetlands in
Australia (DEE 2017). Up to 60 species of waterbirds have been recorded using the basins
including 18 species of migratory waders.
3.2.3 River red gum forests
The river red gum forests of the Murray are listed as wetlands of international importance under
the Ramsar Convention, as well as being listed in the Directory of Important Wetlands in
Australia. The Barmah-Millewa Forest is the largest river red gum forest in Australia covering
around 66,000 hectares. The floodplain forest includes a variety of wetland ecosystems
including low lying marshes, rushland, lakes, billabongs and moira grassland plains (MDBA
2012). On the Victorian side of the river, Barmah Forest covers 29,500 hectares while the
Millewa Forest covers 36,500 hectares on the NSW side of the river. Barmah Forest was listed
as a Ramsar Site in 1982 while Millewa Forest was listed in 2003 as part of the NSW Central
Murray State Forests Ramsar site. The Barmah–Millewa Forest is a Living Murray Icon Site and
is widely recognised as one of the most ecologically valuable sites within the Basin (MDBA
2012).
Moira Lake and Gulpa Creek (both in NSW) are two of the most important wetlands within the
Barmah–Millewa Forest. The Gulpa Creek wetlands consist of Reed Beds Swamp and Duck
Lagoon, which together cover 580 hectares. Reed Beds Swamp is an important waterbird
27

DPI Water, February 2018

NSW Murray and Lower Darling Water Resource Plan: Surface water resource description

nesting site (Photo 6) while Moira Lake is a 1,500 hectare body of open water that is an
important foraging area for waterbirds (Leslie 2001).
The hydrology of the Barmah-Millewa Forest is defined by flow in the Murray River at the
Barmah Choke. When the flow downstream of Yarrawonga Weir is greater than 10,400 ML/d,
the flow exceeds the capacity of the Murray River through the Barmah–Millewa Forest (GHD
2009). Flows of up to 15,000 ML/d inundate large areas of open wetlands and moira grass plains
while river red gum forest is flooded at flows of 25,000–35,000 ML/d. Higher flows of up to
60,000 ML/d or more are needed to inundate the red gum/black box woodland which is found at
higher elevations on the floodplain (Water Technology 2009).
The Gunbower-Koondrook-Perricoota Forest covers approximately 50,000 hectares along the
Murray River between Torrumbarry Weir and Barham. It is the second largest river red gum
forest in Australia after the Barmah-Millewa Forest. The Gunbower Forest is a separate Ramsar
site, while the Koondrook and Perricoota Forests are part of the NSW Central Murray State
Forests Ramsar site. The forests are important breeding areas for colonial waterbirds. They
contain threatened plant and animal species, and are visited by migratory birds listed under
international treaties with Japan (JAMBA), China (CAMBA) and the Republic of Korea
(ROCKAMBA).
The Werai Forest covers 9,000 ha of the Edward River floodplain north-west of Deniliquin. The
main forest species is river red gum, while low-lying marshes are typically dominated by giant
rush, spike rush, water milfoil and spiny mud grass. After flooding, the forest supports large
numbers of waterbirds including species listed under JAMBA, CAMBA and ROCKAMBA
agreements (DEE 2017).
For the major wetlands and floodplain forests along the Murray River, water resource
development has approximately doubled the average period between significant inundation
events (to at least 3.5 years). Flood volumes have also been greatly reduced, with the average
annual flood volume now less than a quarter to one fifth of the volume under withoutdevelopment conditions (CSIRO 2008a).

Photo 6: Reed Bed Swamp in Millewa Forest
Nicole Maclaughlin, DPI
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3.2.4

Lower Darling wetlands

The sinuous nature of the Darling River and its anabranch has resulted in the formation of
numerous lagoons adjacent to the channel which are typically surrounded by river red gum
woodland. They retain water for up to two years depending on their size and depth. Older,
shallower lagoons typically support dense lignum swamps. Over 269,000 hectares of wetlands
and floodplain woodlands have been identified within the Lower Darling catchment (King and
Green 1993).
The ephemeral lakes of the Great Darling Anabranch provide extensive areas of productive
waterbird habitat. Listed as a nationally important wetland complex in the Directory of Important
Wetlands in Australia (DEE 2017), the lakes have a combined area of 43,000 hectares and are
capable of holding water for up to five years. The lunettes of the Anabranch lakes contain
numerous Aboriginal sites including shell middens, campsites and stone artefacts. Aboriginal
burial sites and stone arrangements are also present at several of the lakes (Lloyd 1992). Water
resource development has increased the average period between significant flood events from
one in 2-3 years to one in eight years (CSIRO 2008b).
Also listed in the Directory of Important Wetlands, the Menindee Lakes system provides semipermanent aquatic habitat in the region. In its pre-development state, the Menindee Lakes
system was a series of nine ephemeral lakes which filled or partially filled with rising floodwaters
through a series of small creeks. Flood frequencies of the different lakes varied from 1 in 2 years
to 1 in 20 years (Kingsford et al. 2002).
Despite modification of the hydrology of the lakes, and partly because of it, these wetlands
provide valuable waterfowl habitat, particularly as drought refuge when other lakes in the region
are dry. The two largest lakes, Lake Cawndilla and Menindee Lake can support up to hundreds
of thousands of waterbirds, including migratory shorebirds. The greatest number of birds are
observed when the lakes are drying - in January 1996 when Menindee and Cawndilla Lakes
were almost dry, over 220,000 waterbirds were counted including 34 species and 40,000 small
wading birds (Kingsford et al. 2002). The lakes are also highly valued as a water-based
recreational area for the people of western NSW.

3.3 Hydrologic indicator sites
The Murray-Darling Basin Authority has identified three sites within the Murray and Lower
Darling WRPA as key environmental assets which are important for determining the
environmental water requirements of the Basin:
•

Barmah-Millewa Forest

•

Edward-Wakool River System

•

Lower Darling River System

The Barmah-Millewa Forest is considered to meet all five of the criteria for identification as a key
asset. The Edward-Wakool River system meets four of the criteria while the Lower Darling River
System is considered to meet three of the criteria (Table 2).
The Authority has undertaken a detailed eco-hydrological assessment of the in-channel water
requirements for each of these environmental assets (MDBA 2012a, MDBA 2012b, MDBA
2012c). Along with the flow requirements of other hydrologic indicator sites, these water
requirements were integrated within the hydrological models used to determine the
Environmentally Sustainable Level of Take (the ESLT) for the Basin Plan.
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Table 2: Criteria for identifying key environmental assets in the WRPA
Criterion

Ecological values that support the criterion

Barmah-Millewa Forest
1. The water-dependent
ecosystem is formally recognised
in international agreements or,
with environmental watering, is
capable of supporting species
listed in those agreements.

Formally recognised in, or is capable of supporting species listed in, the JAMBA,
CAMBA or ROKAMBA Migratory Bird Agreements.
The site contains the Barmah Forest Ramsar site and includes part of the NSW
Central Murray State Forests Ramsar site

2. The water-dependent
ecosystem is natural or nearnatural, rare or unique.

Supports the largest area of red gum forest in Australia (DSE 2008; GHD 2009).
The forests can be considered ‘near natural’, as they retain trees older than
European settlement and areas that are structurally equivalent to undisturbed
forest, despite 150 years of timber harvesting (GHD 2009).
Barmah–Millewa Forest is a significant area for native fish conservation, with
extensive wetland, creek and river habitats for fish now relatively rare in the
region (King et al 2007).

3. The water-dependent
ecosystem provides vital habitat.

Because it floods more frequently than other sites, Barmah–Millewa Forest
provides drought refuge for waterbirds (Victorian DSE 2008).
54 waterbird species have been recorded breeding in the NSW Central Murray
State Forests Ramsar site, including 25 colonial nesting species (GHD 2009).

4. Water-dependent ecosystems
that support Commonwealth,
state or territory listed threatened
species or communities.

Species and communities listed as threatened under both Commonwealth and
state legislation have been recorded at the site (see MDBA 2012a Appendix B).

5. The water-dependent
ecosystem supports or with
environmental watering is capable
of supporting, significant
biodiversity.

381 indigenous flora species and 221 indigenous vertebrate species have been
recorded in Barmah Forest. Barmah Forest meets the Ramsar wetland criteria for
waterbirds because it regularly supports 1% of the population of Australian white
ibis and straw-necked ibis (Victorian DSE 2008).
Millewa Forest supports similar biodiversity with 5,508 pairs of 13 colonially
nesting waterbird species recorded during a breeding event in 2000/01.

Edward-Wakool River System
1. The water-dependent
ecosystem is formally recognised
in international agreements or,
with environmental watering, is
capable of supporting species
listed in those agreements

The Edward–Wakool River System is formally recognised in, or is capable of
supporting species listed in, the Japan–Australia Migratory Bird Agreement, the
China–Australia Migratory Bird Agreement or the Republic of Korea – Australia
Migratory Bird Agreement. The site contains Werai Forest, which is part of the
NSW Central Murray State Forests Ramsar site.

3. The water-dependent
ecosystem provides vital habitat

Provides important breeding/spawning habitat for native birds and fish, migratory
routes between instream and floodplain habitats, a highly significant drought
refuge during dry seasons and favourable habitat during wet seasons.
Due to the presence of large populations of conservationally significant native fish,
the Edward–Wakool is an important drought refuge to aid in the post-drought
recovery of the River Murray (Gilligan et al 2009).

4. Water-dependent ecosystems
that support Commonwealth,
State or Territory listed
threatened species or
communities

Species and communities listed as threatened under both Commonwealth and
state legislation that have been recorded at the site (see MDBA 2012b Appendix
B).
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5. The water-dependent
ecosystem supports, or with
environmental watering is
capable of supporting, significant
biodiversity

The Edward–Wakool River System, including Werai Forest, has been assessed
as a 'site of high biodiversity for native fish' (data sourced from freshwater fish
research database, NSW Industry and Investment). Similarly, the Sustainable
Rivers The fish community of these anabranches includes large populations of the
conservation significant Murray cod and silver perch (Davies et al. 2008).

Lower Darling River System
1. The water-dependent
ecosystem is formally recognised
in international agreements or,
with environmental watering, is
capable of supporting species
listed in those agreements.

The Lower Darling River System is formally recognised in, or is capable of
supporting species listed in the Japan–Australia Migratory Bird Agreement, the
China–Australia Migratory Bird Agreement or the Republic of Korea – Australia
Migratory Bird Agreement.

3. The water-dependent
ecosystem provides vital habitat

A number of water-dependent ecosystems within the Lower Darling River System
provide drought refuge for waterbirds when other lakes in the region are dry
(NPWS 2007). During field surveys in 1992, when western NSW was in drought,
waterbirds were concentrated on the deeper anabranch lakes, Lake Nearie and
Little Lakes, suggesting their value as drought refuges (King & Green 1993).

4. Water-dependent ecosystems
that support Commonwealth,
State or Territory listed
threatened species or
communities

The Lower Darling River System supports species listed as threatened under
state legislation (listed in MDBA 2012c Appendix B).
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3.4 High ecological value aquatic ecosystems
The High Ecological Value Aquatic Ecosystem (HEVAE) framework consists of five key criteria
(diversity, distinctiveness, naturalness, vital habitat and representativeness) that can be used at
a range of scales to map and prioritise aquatic assets for water management (Aquatic
Ecosystems Task Group 2012).The HEVAE framework was applied by DPI Water to assign an
ecological value to instream assets across NSW using four of the five criteria (the
representativeness criteria was not used due to insufficient data).
The NSW Murray and Lower Darling WRPA support significant aquatic ecological values:
•

•

Significant wetland sites (listed under Ramsar and Directory of Important Wetlands in
Australia) including:
o Alpine fens, bogs and lakes in Kosciuszko National Park (NSW and Victoria)
o Barmah Forest (28,525 ha) (Victoria)
o Millewa Forest (33,636 ha) (Victoria)
o Gunbower Forest (19,931 ha) (Victoria)
o Koondrook Perricoota Forest (31,150 ha) (NSW)
o Hattah-Kulkyne lakes (955 ha) (Victoria)
o Menindee Lakes (47,500 ha) (NSW)
o Great Darling Anabranch Lakes (269,000 ha) (NSW)
o Riverlands (30,640 ha) (South Australia)
o Coorong, Lakes Alexandrina and Albert Wetlands (140,500 ha) (South Australia).
Habitat for threatened and endangered bird species including the regent honeyeater,
Australian bustard, diamond firetail, superb parrot, bush tone curlew, freckled duck and
migratory waders.

•

Native fish species under threat including Murray cod, silver perch, rainbow fish,
southern pygmy perch, trout cod, Murray hardyhead, purple spotted gudgeon, Murray
jollytail, and the river snail.

•

Three aquatic endangered ecological communities (EEC):

•

Lower Murray River Aquatic EEC containing 23 native fish species and over 400
recorded native invertebrate species
o Lowland Darling River Aquatic EEC including 21 native fish species and hundreds
of species of native invertebrates
o the Montane Peatlands and Swamps EEC of the New England Tableland, NSW
North Coast, Sydney Basin, South East Corner, South Eastern Highlands and
Australian Alps bioregions.
Supports numerous vegetation endangered ecological communities (EEC), including:
o

o
o

o
o
o
o
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Halosarcia lylei low open-shrubland EEC in the Murray Darling Depression
Bioregion;
Myall Woodland EEC in the Darling Riverine Plains, Brigalow Belt South, Cobar
Peneplain, Murray-Darling Depression, Riverina and NSW South Western Slopes
bioregion;
Inland Grey Box Woodland EEC in the Riverina, NSW South Western Slopes,
Cobar Peneplain, Nandewar and Brigalow Belt South Bioregions;
Allocasuarina luehmannii Woodland EEC in the Riverina and Murray-Darling
Depression Bioregions;
Sandhill Pine Woodland EEC in the Riverina, Murray-Darling Depression and NSW
South Western Slopes bioregions; and
Acacia melvillei Shrubland EEC in the Riverina and Murray-Darling Depression
bioregions.
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•

10 threatened River Styles including chain of ponds, anabranching gravel, low sinuosity
and meandering gravel and sand, bank controlled sand and dune controlled
anabranching (DPI Water, unpub. data).

The River Murray Channel is a Living Murray Icon Site which covers the length of the river from
Hume Dam to Wellington in South Australia. Along its course the River Murray supports aquatic,
riparian, floodplain and estuarine habitats, including Ramsar-listed wetlands and diverse species
including native fish, vegetation, vertebrates, invertebrates and crustaceans (SKM 2009).
3.4.1

Results of ecological value assessment

The HEVAE analysis for the NSW Murray and Lower Darling WRPA shows that most of the
regulated river has medium ecological value, with parts of the central regulated Murray system
having high to very high values, corresponding to high to very high distinctiveness, naturalness,
vital habitat and diversity high instream values (Figure 16).
This is due to a number of factors including:
• Medium to high fish diversity
• Presence of threatened and endangered fish species and populations
• Large tracts of riparian vegetation, particularly in the central Murray with a widespread
distribution of endangered ecological communities
The highest instream values are associated with the central Murray River and Edward-Wakool
River system which are both classed as having high to very high instream value. Medium to low
instream values occur through most of the remaining Murray and Lower Darling river systems.
Most of the unregulated rivers in the WRPA have low ecological value, primarily due to low vital
habitat and low diversity (Figure 16). Fish data from the Murray-Darling Basin Sustainable Rivers
Audit (Davies et al. 2012) and other sources shows that there is a significant spread of
threatened fish species or endangered populations in the Murray and Lower Darling WRPA
(Figure 17). Murray cod and silver perch were widespread, with a cluster of trout cod in the
central section of the regulated Murray River. There were several records of southern pygmy
perch throughout the Plan area while eel-tailed catfish occurred in isolated sites in the Lower
Murray River and the Lower Darling River. Fish biodiversity was highest in the central reaches of
the regulated Murray and on the Murray River between Mildura and the Darling confluence, and
lowest in the Upper Murray and Menindee Lakes (Figure 17).
The distribution of EECs known or predicted to occur in the WRPA are shown in
Figure 18. Montane Peatlands Swamp EEC occurs throughout the Upper Murray catchment,
and the Lower Murray River EEC occurs along the length of the Murray River downstream of
Hume Dam. Various nationally important or Ramsar-listed wetlands occur in the Alps, the central
Murray River, the Menindee Lakes, and the Darling Anabranch.

3.5 Other environmental values
The vast areas of irrigation throughout the central Murray region provide artificial aquatic habitat
for many waterbirds and other aquatic species. Research in the nearby Murrumbidgee irrigation
areas (Herring et al. 2015) has shown that rice crops in the Riverina support up to 53 waterbird
species and seven frog species including threatened species such as the southern bell frog,
Australian painted snipe, and Australasian bittern. Fifteen waterbird and three frog species have
been recorded breeding in rice crops including the endangered Australasian bittern which has
been the focus of the ‘Bitterns in Rice’ project since 2012 (BIRP 2015). This project has revealed
the largest known breeding population of Australasian bittern in the rice fields of Coleambally
(Herring et al. 2015). Observations to date indicate that Australasian bitterns are also found in
rice crops in the Murray region although in lesser numbers. Further information will be revealed
when the Bitterns in Rice project expand to the Murray Irrigation Area in 2017-18.
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Figure 16: Instream values for the NSW Murray and Lower Darling WRPA
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Figure 17: Distribution of threatened fish species within the NSW Murray and Lower Darling WRPA
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Figure 18: Endangered ecological communities in the NSW Murray and Lower Darling WRPA
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4 Water quality
4.1 Background
Degradation of water quality can put stress on a range of aquatic organisms, affect Aboriginal
cultural and spiritual uses of water, increase the cost of drinking water treatment, contribute to
public health risks, and decrease the suitability of water for irrigation (DPI Water 2017).
Water quality condition in the NSW Murray and Lower Darling WRPA varies from poor to good.
The water quality status map ( Figure 20) provides an overview of water quality condition within
the plan area. Water quality condition index scores are an integrated indicator of total nitrogen,
total phosphorus, pH, turbidity and dissolved oxygen at main monitoring locations in the plan
area. The scores were calculated using the frequency and amplitude of exceedance of water
quality targets listed in the Basin Plan between the years 2010-11 and 2014-15. Specific indices
were also included for thermal pollution, harmful algal blooms, and salinity for irrigation water.
Changes to land use and natural river flows are the main causes of poor water quality within the
catchment. The following sections provide a summary of the water quality status and issues in
the different areas of the plan during the period of analysis (from DPI Water 2017). The future
water quality management plan will describe the water quality issues in the NSW Murray and
Lower Darling WRPA including possible management strategies.
Figure 19: Water quality index scores for sites in the NSW Murray and Lower Darling WRPA
WaQI Scores: Blue = Excellent (100-95), Green = Good (94-80), Orange = Fair (79-60), Red = Poor (59-1).
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4.2 Upper Murray
Condition: Poor to Good

Dissolved oxygen concentrations were mostly within the target ranges as were pH levels.
Salinity in the upland was mostly low and negatively related to discharge, ie. the highest
salinities occur during the lowest flow periods.
Nutrient levels (nitrogen and phosphorus) and suspended sediments were mostly low in the
Murray River but were occasionally elevated in the Tooma River. Elevated nutrient and turbidity
levels may be due to a number of factors including the conversion of land for cropping, river
bank and riparian condition, and grazing practices.
Harmful algal blooms are rare in the rivers and creeks of the upper catchment, but sometimes
occur in Hume Dam during the warmer months.
Cold water pollution occurs in the Murray River for up to 120 km below Khancoban Dam. Water
is released from the storage into Swampy Plains River which then enters the Murray River. This
results in water temperatures below natural during the summer months and above natural during
the winter months. Temperature has a wide range of influences on biological processes. The
release of cold water can interrupt important biological cues such as spawning in fish and other
fauna. It can also reduce the growth rate of fish and increase mortality (Lugg and Copeland
2014).
Although Khancoban Dam is relatively shallow with a mean depth of 4.6 m, the storage is quite
cold during summer. Most inflow to the storage is cold water transferred from Island Bend
Pondage, Lake Eucumbene and Jindabyne which is then quickly released to the river. The short
retention times provide limited opportunity for atmospheric heating resulting in releases which
are much colder than natural (Preece 2004).

4.3 Middle Murray
Condition: Poor to Good

Dissolved oxygen levels in the Middle Murray were mostly within the target range, although
hypoxic blackwater events are known to occur in the Edward-Wakool River system. The pH level
is mostly within the target range. Figure 20: Water quality condition of the NSW Murray and
Lower Darling WRPA
Salinity, nutrients and suspended sediments are all generally low in the Murray River. However
nutrients (nitrogen and phosphorus) frequently exceeded the target value in the Edward-Wakool
River system. Turbidity may be elevated due to a number of factors including the conversion of
land for cropping, riverbank and riparian condition, the presence of carp and grazing practices
(DPI Water 2017). Harmful algal blooms occur in some years in the Murray River, EdwardWakool River system and in Lake Mulwala.
Cold water pollution occurs for up to 200 km below Hume Dam on the Murray River. The
storage experiences annual thermal stratification however its large surface area encourages
thermal mixing by the wind. Therefore the level of temperature disturbance downstream of the
dam is not as great as other similar sized large dams. However due to the extremely large
discharges being released during the summer months lowered temperatures will often persist
down to the headwater of Lake Mulwala (Preece 2004).

4.4 Lower Murray-Darling
Condition: Poor to Good

Dissolved oxygen levels within the western part of the WRPA are frequently outside of the target
range and can be unpredictable in the Darling River during periods of low flow. Releases from
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Menindee Lakes into the Darling River when it is not flowing can cause fish kills due to the low
levels of dissolved oxygen.
The pH level in the Lower Murray-Darling was mostly within the target range, but is sometimes
elevated in the Darling River at Burtundy. Salinity is mostly low with occasional spikes of higher
salt levels.
Nutrients (nitrogen and phosphorus) and suspended sediments are mostly low in the Murray
River but frequently exceed the target values in the Darling River. In the Darling River fine clay
particles remain suspended in the water column even during low flows, resulting in continually
high turbidity levels (DPI Water 2017).
Harmful algal blooms occur in some years during the warmer months in the Menindee Lakes,
the Lower Darling River and the lower part of the Murray River.
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5 Riparian condition
Riparian vegetation is a key attribute connecting rivers and terrestrial ecosystems. It is important
for controlling river bank stability, mitigating runoff, influencing instream processes and providing
habitat for a range of biota (Lovett and Price 2007). Leaf litter derived from riparian vegetation is
a key contributor of allochthonous energy sources into rivers, driving primary production and
stimulating the development of food chains (Robertson et al. 1999; Westhorpe et al. 2010).
Native riparian vegetation cover greater than 60 per cent and a riparian buffer zone width of up
to 30 metres are considered to be important for influencing good riparian condition (Jansen et al.
2003).
River Styles® recovery potential is related to geomorphic condition. It gives an indication of the
capacity of a stream to return to good condition or to a realistic rehabilitated condition (Brierley
and Fryirs 2005). Streams rated as having conservation or rapid recovery potential are likely to
be the most stable and in a good condition, whereas streams with low recovery potential may
never recover to a natural condition or may continue to decline quickly without intervention
(Cook and Schneider 2006).
Figure 21 and Figure 22 provide a general overview of riparian and geomorphic condition for the
NSW Murray and Lower Darling WRPA. There has been extensive clearing of riparian
vegetation on the riverine plains in the centre of the WRPA and in the Lower Murray-Darling
catchment. The highest areas of remaining riparian vegetation occur in the upper catchment of
the Murray River, and in the floodplain forests of the central Murray and Edward-Wakool river
systems.
For river recovery potential, river reaches identified as being ‘strategic’ can be in good, moderate
or poor geomorphic condition. These reaches are often undergoing rapid change and should be
a focus for action to control degradation. The recovery potential within the central Murray is
assessed as being low to moderate while the Lower Darling River and Darling Anabranch are
considered to have medium to high recovery potential (Figure 22).
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Figure 21: Native riparian vegetation cover in the NSW Murray and Lower Darling WRPA

Figure 22: Geomorphic recovery potential in streams in the NSW Murray and Lower Darling WRPA

6 River operations and management
6.1 Storages and regulating structures
In 1912 the River Murray Agreement committed the state and Commonwealth governments to a
major program of ‘water conservation’ that resulted in the construction of four major storages in
the Murray valley and many other weirs and regulators to control the flow of water along the
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river. The largest storages of these storages are in Victoria. Dartmouth Dam (3,906,000 ML) on
the Mitta Mitta River (within the catchment of Hume Dam) is the largest storage in the valley. It is
operated in conjunction with Hume Dam to supply water users along the Murray River. Eildon
Dam (3,390,000 ML) is located in the headwaters of the Goulburn River and is used to supply
the Goulburn-Murray Irrigation District in Victoria.
The following sections provide some information on the major storages within the NSW Murray
and Lower Darling WRPA.
6.1.1 Hume Dam
Hume Dam is the main regulating storage on the Murray River in NSW, capturing water from
over 15,000 km2 of the upper Murray catchment. Located 16 km upstream of Albury at the
junction of the Murray and the Mitta Mitta rivers, the dam was the largest water storage in the
southern hemisphere when it was completed in 1936 (WaterNSW 2017). It was enlarged in 1961
to its current operating capacity of 3,005,156 ML. In addition to flows from Dartmouth Dam,
Hume Dam also receives transfers of water from the Snowy Mountains Scheme.
Hume Dam supplies water across three states for irrigated agriculture, environmental flows,
town supplies, industry and domestic requirements, flood mitigation and recreation. In a typical
year almost four million megalitres of water is supplied to State and private irrigation schemes
and individual pumpers on both the NSW and Victorian sides of the river. Energy is produced by
a 60 megawatt hydroelectric power station which is shared between NSW and Victoria.
The general operation of Hume Dam follows an annual cycle of supplying water during the
summer and autumn and refilling the storage during winter and spring. In 2 out of 3 years the
dam is full by the end of spring and has been drawn down to less than half full by the end of
autumn. Severe drought conditions across south-eastern Australia saw the storage remain
below 30 per cent capacity for five years between 2006 and 2011 (Figure 23).
Figure 23: Daily storage volume at Hume Dam 1970-2017
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6.1.2 Menindee Lakes
Work on the Menindee Lakes Scheme commenced in 1949 but was suspended during the wet
years of 1952-1957. The construction of the major works occurred from 1958 to 1960 and the
scheme was officially opened in November 1960. The scheme comprises four major lakes and a
number of smaller lakes (Figure 23).
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The four large lakes – Wetherell, Pamamaroo, Menindee and Cawndilla - have a combined
surface area of 457 km2, a storage capacity of 1,678,000 ML at full supply level and a maximum
storage capacity of 2,284,580 ML at maximum surcharge levels. Around 13,500 ML of dead
storage volume exists within the scheme, the majority of this being in Lake Menindee and Lake
Cawndilla (Green et al. 1998). The shallow nature of the lakes combined with the hot dry climate
means that the lakes lose an average of 400,000 ML of water to evaporation every year (Water
NSW 2017).
Releases can be made to the Darling River through outlet regulators from Lake Wetherell, Lake
Pamamaroo and Lake Menindee, as well as from the Main Weir. Lake Cawndilla can only drain
to the Darling River when it is connected to Lake Menindee. The main outlet from Lake
Cawndilla is to Tandou Creek from where water can be diverted to the Lake Tandou irrigation
development or released downstream to Redbank Creek and the Darling Anabranch.
The scheme is owned by the NSW Government but is leased to the Murray-Darling Basin
Authority who manages the scheme under normal operating conditions. Regulated water supply
is released from the lakes for irrigation, stock and domestic, town water supply and South
Australian entitlement flows. South Australia receives an annual entitlement of 1,850,000 ML
which is delivered in monthly quantities. In the peak of summer this generally requires releases
of up to 7,000 ML/d. This volume exceeds the outlet capacity of any of the regulators other than
the Main Weir and is usually supplied from two or more lakes (Green et al. 1998). When the total
storage volume within the Menindee Lakes Scheme falls to 480,000 ML the storage falls into
drought operations and all rights to the remaining water reverts to NSW.
Figure 24: The Menindee Lakes Scheme

Inflows to the Menindee Lakes Scheme are measured at Wilcannia on the Darling River. Given
the semi-arid nature of its catchment the storage often experiences lengthy drying phases of 3-4
years before the storage is completely replenished (Figure 25). The storage was last full in 2013
and experienced three years of drought until major inflows were received in October 2016. In
2014-15 total annual inflow was just 65,218 ML compared to the long term average of 1,902,561
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ML (Burrell et al. 2015). This resulted in the storage almost completely drying in 2015-2016.
Similar critically low levels were also reached in 2003-2004 (Figure 25).
Figure 25: Daily storage volume in Menindee Lakes Scheme 1980-2016
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6.1.2 Lake Victoria
Lake Victoria is an off-river storage located 70 km west of Wentworth. In 1919 the River Murray
Commission approved the construction of the storage in the natural bed of Lake Victoria. This
included 52 km of levee banks and three regulators which doubled the capacity of the lake to
680,000 ML. The construction works were completed in 1928. Lake Victoria is operated by the
SA Water Corporation on behalf of the Murray-Darling Basin Authority to serve communities
along the Murray River in NSW, Victoria and South Australia.
Water enters the storage from the Murray River via Frenchman's Creek upstream of Lock 9.
Water is released through the outlet regulator into the Rufus River and returns to the Murray
River downstream of Lock 7. Lake Victoria covers 12,200 hectares but is quite shallow, having a
maximum depth of about 5.5 m when full (MDBA 2017).
The primary purpose of Lake Victoria is to ensure that South Australia receives its full water
share as defined in the Murray–Darling Basin Agreement. If there is insufficient water arriving
from upstream via the Murray River, the flow to South Australia is supplemented with water from
Lake Victoria. Conversely if there is surplus water arriving from upstream, a portion of the water
is diverted and stored in Lake Victoria (MDBA 2017).
Generally Lake Victoria is filled during winter and spring which sometimes involves the transfer
of water from Hume Dam to Lake Victoria. This is generally prior to the main irrigation season
when there is spare capacity in the Murray River. The travel time is around three and a half
weeks. The lake is used to supply water to South Australia when it is not practical to deliver
water along the full length of the Murray (such as during peak irrigation season). As a result, the
majority of releases from Lake Victoria are made during late summer and early autumn.
Since 1988, Lake Victoria has been operated in harmony with the Menindee Lakes. Water may
be transferred from Menindee down to Lake Victoria instead of being released from Hume Dam.
Storing water in Lake Victoria instead of the Menindee Lakes reduces evaporation losses.
Maximum drawdown of the lake commences in autumn which enables the storage to be refilled
using surplus Murray River flows in the following winter-spring period (MDBA 2017).
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Lake Victoria is also used to buffer the flow of saline water to South Australia by a process of
diversion and dilution. When water passing through Lock 9 becomes more saline than the water
in Lake Victoria, flow through the lock is minimised forcing water up Frenchman's Creek and into
the lake. The saline water is then diluted by the lake water and flows back into the Murray.
6.1.4 Other storages and regulators
There are 16 weirs along the length of the Murray River however the majority of these are
located in South Australia. Operation of these weirs is coordinated by the Murray-Darling Basin
Authority, with direct operation and maintenance being the responsibility of each state.
Major weirs and regulating structures in the NSW portion of the river are listed in Table 3.
Yarrawonga Weir is the first weir downstream of Hume Dam and the largest on the river. The
weir was completed in 1939 forming a large on-river storage called Lake Mulwala which has a
capacity of 118,000 ML. The storage allows for diversions of water through major irrigation
canals to NSW and Victoria. The Mulwala Canal delivers up to 10,000 ML per day to the Murray
Irrigation Area. At 155 km long, it is the largest irrigation channel in the southern hemisphere.
Torrumbarry Weir on the Murray River between Moama and Barham is the main diversion point
for water supplies to Victoria. The weir provides for the diversion of around 500,000 ML per year
into the Torrumbarry Irrigation Area via the National Channel.
Stevens Weir is located on the Edwards River about 25 km downstream of Deniliquin (Photo 7).
It provides gravity fed diversions to Colligen Creek, the Wakool Irrigation District, Tullakool
Irrigation Area, Yallakool Creek and the Wakool River. Approximately 350 ML per day is
released from the weir to supply downstream water user requirements and town water supplies
for Moulamein. Each of the main watercourses has a regulator to further control the flow of water
through the system.

Photo 7: Stevens Weir on the Edwards River
Dayle Green

Table 3: Other regulating structures in the NSW Murray and Lower Darling WRPA

Regulating structure

Location

Purpose

Yarrawonga Weir

Murray River at Yarrawonga

Diversion to major irrigation
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developments in NSW and Victoria
Torrumbarry Weir

Murray River downstream of
Echuca-Moama

Diversion to Torrumbarry Irrigation Area

Euston Weir (Lock 15)

Murray River at Euston

Navigation and water supply

Mildura Weir (Lock 11)

Murray River at Mildura

Navigation and water supply

Wentworth Weir (Lock 10)

Murray River at Wentworth

Navigation and water supply

Lock 9

Murray River downstream of
Wentworth

Regulation of water supply for South
Australia; Diversion of water to Lake
Victoria; Navigation.

Lock 8

Murray River downstream of
Wentworth

Navigation and regulation of water supply
for South Australia

Lock 7

Murray River downstream of
Wentworth

Navigation and regulation of water supply
for South Australia

Stevens Weir

Edward River near Deniliquin

Irrigation diversions to the EdwardWakool system

Yallakool Creek Regulator

Yallakool Creek offtake from
Edward River

Regulation of flow to Yallakool Creek

Collagen Creek Regulator

Collagen Creek offtake from
Edward River

Regulation of flow to Collagen Creek

Niemur Regulator

Niemur River offtake from
Edward River

Prevents regulated flow from passing into
the Niemur River, and used to water
Werai Forest when surplus flows are
available

Weir 32

Darling River downstream of
Menindee

Town water supply; stock and domestic,
irrigation

Pooncarie Weir

Darling River at Pooncarie

Town water supply; stock and domestic;
irrigation

Burtundy Weir

Darling River (midway between
Pooncarie and Wentworth)

Private irrigation and water supply

More than 50 water management structures are present throughout the Barmah–Millewa Forest
(MDBA 2006). Primary regulators (discharging >100 ML/d) occur in anabranch streams near
their exit point from the River Murray, Edward River and Gulpa Creek. These structures
regulated inflows, allowing river freshes and floods to pass into the forest. Secondary and
tertiary regulators (discharging <100 ML/d) are mostly situated in drainage features within the
forest, and include pipes, culverts, regulators, and earth banks. These minor structures distribute
the water within localised areas. A similar series of regulators control the flow of water into the
Koondrook-Pericoota forest.
There are three small weirs along the Darling River downstream of the Menindee Lakes. Weir 32
near Menindee was constructed in 1958 to conserve water for Menindee’s town water supply
and the Broken Hill pumping station. Pooncarie Weir was constructed in 1968 to provide a water
supply for the town of Pooncarie. Burtundy Weir is a privately owned dam built in 1942 and later
raised in 1956 which is used for domestic and irrigation purposes.
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Figure 26: Location of weirs in the Murray and Lower Darling WRPA
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6.2 Inter-valley transfers
The construction of storages in the Upper Murray catchment as part of the Snowy Mountains
Scheme results in transfers of water into the catchment from the Snowy River, and out of the
catchment to the Murrumbidgee River.
Water is transferred from the Snowy River as part of the Snowy-Murray Development which
consists of four power stations and 17 generating units. Water from the upper Snowy River is
diverted at Guthega Dam through Guthega Power Station and then flows into Island Bend
Pondage. In times of high flows water from Island Bend is diverted to Lake Eucumbene for
storage and transferred to the Murray catchment at a later time. During low to moderate inflows
water from Island Bend is diverted to Geehi Reservoir through a trans-mountain tunnel. From
here, the water passes through Murray 1 and Murray 2 power stations into Khancoban Pondage,
and is then released to the Swampy Plain River which flows into Hume Dam. During an average
year transfers from the Snowy Scheme contribute about eight per cent of inflows to Hume Dam
but can contribute up to 33 per cent of inflows during drought years (Snowy Hydro Limited
2015).
Under the Snowy Water Licence 2010 Snowy Hydro Limited provides an annual fixed release,
known as the Required Annual Release of up to 1,062,000 ML/year to the Murray valley.
However in years of severe drought the licence allows for variation to the volume of this release
with the shortfall in delivery to be repaid when inflows to Hume Dam improve. Further
adjustments may also occur if there have been pre-releases made in the previous year or for
water savings in the Murray that have been dedicated to Snowy River environmental flows. The
minimum Required Annual Release is a complex calculation which is prescribed in the Snowy
Operating Licence. In 2015-16 this amount totalled 931,000 ML (Snowy Hydro Limited 2017).
Transfers from the Murray to the Murrumbidgee valley occur from Tooma Reservoir, on the
upper Tooma River. This dam is part of the Snowy-Tumut Development which consists of five
power stations and 16 generating units. The Snowy-Tumut Development collects the
headwaters of the upper Murrumbidgee, Tooma and Eucumbene Rivers, and diverts these
through trans-mountain tunnels to Tumut Pond. From here they join the waters of the Tumut
River and flow through Tumut 1 and Tumut 2 power stations before being discharged into
Talbingo Reservoir. Water from Talbingo Reservoir then passes through Tumut 3 Power Station
into Jounama Pondage and then Blowering Dam (Snowy Hydro Limited 2015).

6.3 Irrigation schemes
Murray Irrigation Limited supplies irrigation water to over 2,000 farms on the north side of the
Murray River between Mulwala in the east and Moulamein in the west. Water is supplied through
almost 3,000 km of gravity fed earthen channels to an area of almost 750,000 ha. In 2015 the
company held 1,029,417 ML of general security regulated river entitlements (MIL 2015)
representing almost 62 per cent of all general security entitlement on the NSW Murray River.
Water is used to produce rice, annual and perennial pasture and winter cereals.
West Corurgan Private Irrigation District serves around 300 properties covering an area of
some 212,000 ha between the Murray River and Billabong Creek. The district is bounded by the
towns of Corowa, Daysdale, Jerilderie, and Berrigan with more than half of the irrigation district
extending into the neighbouring Murrumbidgee WRPA. The scheme holds an annual water
allocation of 80,828 ML which is extracted from the Murray River downstream of Corowa. The
irrigation district supports the production of sheep and beef cattle, rice, vegetables, oilseeds and
cereals (West Corurgan PID 2016).
Moira Private Irrigation District near Mathoura supplies water to 94 irrigation farms and 56
stock and domestic clients. It holds 36,361.7 ML of general security water, 1,151 ML of stock
and domestic water and 521 ML of supplementary water.
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6.4 Licensed water use
6.4.1

Regulated entitlement

The Murray and Lower Darling catchment uses around 36 per cent of all surface water diverted
for irrigation in the Murray-Darling Basin (CSIRO 2008). This figure includes diversions from
South Australia and parts of Victoria. Water from the four main storages in the valley is released
on an annual basis to meet the needs of general security and high security irrigators, stock and
domestic users, and town water supplies.
More than 2,500,000 ML of regulated entitlement exists within the WRPA (Table 4). Of this total,
86 per cent is attached to the Murray River. Licences are located along the full length of the
Murray and Lower Darling Rivers however the largest volumes of entitlement occur along the
mid-Murray between Mathoura and Euston including the Edward-Wakool River system (Figure
23).
The majority of these are general security irrigators who account for 70 per cent of the regulated
entitlement in the WRPA. The availability of General Security water is less reliable and is
affected by storage levels. Available water determination announcements at the beginning of
each water year are used to determine the proportion of entitlement that is allocated to general
security water users
Around 199,331 ML of high security entitlement currently exists within the WRPA for irrigation.
The availability of high security water is guaranteed (unless exceptional drought conditions
occur) and must be provided for prior to allocating water to other users. In addition there is
33,497 ML allocated to local water utilities which also receive priority over general security water
users.
Supplementary water accounts for around 20 per cent of all regulated river share components,
with around 250,000 ML of supplementary water attached to both the Murray and Lower Darling
Rivers. All of the supplementary water in the Lower Darling is for environmental use.
Table 4: Regulated share components for the NSW Murray and Lower Darling WRPA 2016
Access licence category

Murray River share
components (ML)

Lower Darling share
components (ML)

TOTAL (ML)

Domestic and Stock

17,102

1,370

18,472

Local water utility

33,497

0

33,497

1,672,226

78,099

1,750,325

Regulated river (high security)

191,698

7,633

199,331

Supplementary water

252,597

250,000

502,597

2,167,120

337,102

2,504,222

Regulated river (general security)

TOTAL
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Figure 27: Distribution of regulated licences in the NSW Murray and Lower Darling WRPA
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Murray River water availability and use
General security water users on the Murray River are allowed to carry over up to 0.5 ML per
share but total account usage cannot exceed 110 per cent of the share component. All other
categories have an account limit of 100 per cent of the share component and cannot carryover
water between water years (Burrell et al. 2017a).
Long term modelling indicates that General Security water users in the Murray River rarely
receive access to their full share component at the start of the water year. However by the end
of the water year 100 per cent entitlement or more has been made available in 71 per cent of
years (Figure 28).
Figure 28 shows the water available in the Murray River since the water sharing plan
commenced in 2004. Between 2010-11 and 2013-14 excess water was available and general
security water users were able to carry-over water into the next accounting year. Reduced water
availability in drought years such as 2007-08 and 2008-09 is reflected in the lower levels of
water usage during these years (Figure 30). Since 2004 water users have extracted an average
of 1,030,581 ML from the Murray Water Source. Water usage in 2015-16 was 969,029 ML, the
lowest in four years (Burrell et al. 2017a). Supplementary water usage was highest in the period
2010-2014 when around 140,000 ML of water was used from the supplementary accounts each
year (Figure 31).
Figure 28: Long term simulated water availability for the Murray River
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Figure 29: Water availability in the regulated Murray River
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Figure 30: Water usage in the regulated Murray River (excluding supplementary water)
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Figure 31: Total supplementary water use in the Murray River
Share Component
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Lower Darling water availability and use
On the Lower Darling River general security users may carry over up to 0.5 ML per share but
total account usage cannot exceed 100 per cent of the share component. All other categories
have an account limit of 100 per cent of the share component and cannot carryover water
between water years.
Long term modelling indicates that General Security water users along the Lower Darling River
have access to their full share component at the start of a water year 64 per cent of the time on
average. However in 25 per cent of years there is no water available at all at the start of the
year. By the end of the water year 100 per cent entitlement or more has been made available in
93 per cent of years (Figure 32).
As on the Murray River, excess water was available for carry-over between 2010-11 and 201314 for general security accounts (Figure 33). This resulted in significantly higher amounts of
water use during these years compared to years when no water was carried over (Figure 34).
The lowest levels of water availability were in 2008-09 and 2009-10 which is reflected in the
lower levels of water use in these years. The average annual extraction from the Lower Darling
River since 2004 is 42,822 ML. To date there has been no use of supplementary water in the
Lower Darling River which is all held for environmental purposes.
Figure 32: Long term simulated water availability for the Lower Darling River
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Figure 33: Water availability in the Lower Darling River
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Figure 34: Water usage in the Lower Darling River
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6.4.2

Unregulated river entitlement

Water users located on the various unregulated tributaries throughout the WRPA are entitled to
extract water with an unregulated water licence. These licences are subject to a range of access
conditions, including cease to pump triggers that protect the health of the watercourses. Detailed
water use is not available in the unregulated rivers because there is not yet broad scale metering
in these water sources. Water is also extracted from these water sources through basic
landholder rights which do not require a licence.
There is approximately 45,889 ML of entitlement allocated to water users on unregulated
streams in the NSW Murray and Lower Darling WRPA (Table 5). These water users are
currently managed through two separate water sharing plans – Water Sharing Plan for the
Lower Murray-Darling Basin Unregulated and Alluvial Water Sources 2012 and the Water
Sharing Plan for the Murray Unregulated and Alluvial Water Sources 2012.
The majority of water use occurs in the unregulated catchment above Hume Dam, and in the
Murray below Mulwala Water Source which covers unregulated creeks in the central Murray and
Edward-Wakool river system (Figure 35). Extraction is highly variable, depending on seasonal
conditions, market influences and cropping opportunities.
Only 1 per cent of unregulated entitlement within the WRPA is allocated for town water supplies.
All of the 639 share components are held by Tumbarumba Shire Council which extracts up to 49
ML/year from Burra Creek (the preferred water supply) and from Tumbarumba Creek (secondary
water supply) to supply the township of Tumbarumba. The council also extracts up to 140
ML/year from Khancoban Creek to supply water for Khancoban (NOW 2012).
In some of the unregulated water sources competition for water during low flows can be an issue
between agricultural users and the local water utility. In recognition of the role of local water
utilities in meeting “critical human needs” the water sharing plans currently operating in the
WRPA allow access to very low flows for town water supply purposes (below the cease-to-pump
level), while other licensed holders are prohibited from extracting.
Detailed water use is not available in the unregulated rivers as there is not yet broad scale
metering in these water sources. Metering of some of the larger water users has commenced
through the Water Use Monitoring Program. In addition some 1,200 water meters in the upper
Murray catchment were upgraded or replaced between 2010 and 2012 as part of the
Commonwealth’s Water for the Future plan. This is estimated to save 10,200 ML of water
annually in this region (NOW 2012).
Table 5: Unregulated share components for the NSW Murray and Lower Darling WRPA 2016

Access licence category

Murray Unregulated
share components (ML)

Lower Murray-Darling
Unregulated share
components (ML)

TOTAL

Domestic and Stock

720

29

749

Local Water Utility

639

0

639

Unregulated River Access

42,077

2,424

44,501

TOTAL

43,436

2,453

45,889
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Figure 35: Distribution of unregulated entitlement in the NSW Murray and Lower Darling WRPA
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6.5 Water trading
In 1983-84 the temporary transfer of water licences (allocation trade) was introduced in
regulated systems to facilitate business flexibility and optimise the benefits of water use to the
NSW economy. In 1989 permanent trades (entitlement trade) in regulated systems were
provided for, and the NSW water market commenced to rapidly grow. The implementation of
water sharing plans has removed barriers to the efficient operation of these water markets,
facilitating more efficient and better informed trades. This has been achieved through the
inclusion of clear rules for trading in water sharing plans, the separation of the water licence from
the land title in 2004, and the establishment of public registers in 2004, showing the volume and
price paid for access licences.
6.5.1

Permanent trading (entitlement trade)

Permanent trades include both share assignments and the sale of the licence entitlement. These
trades may be for commercial use by other water users or acquired for environmental use.
Environmental share components were first acquired in the Murray valley under NSW and
Commonwealth buy-back schemes in 2007-08 when over 100,000 shares were purchased
(Figure 36). The majority of these shares that were traded to the environment during this year
were supplementary water. Since then the majority of permanent trades have been general
security water and smaller amounts of high security water.
Trading of share assignments on the Lower Darling has been less active than on the Murray
River. A large share of supplementary water was purchased for environmental purposes in
2008-09 and 492 ML of general security water was acquired in 2010-11 for environmental
purposes. The remainder of permanent trades have been general security, high security and
domestic and stock access licences (Figure 37).
Figure 36: Permanent trades for environmental and commercial use in the Murray River
120,000

Environmental Purchases

Non Environmental Purchases

Shares assigned (ML)

100,000
80,000
60,000
40,000
20,000
0
2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 2015-16
Figure 37: Permanent trades for environmental and commerial use in the Lower Darling River

Environmental Purchases
5000

Shares assigned (ML)

Non Environmental Purchases

250,000

4000
3000
2000
1000
0
2004-05 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 2015-16

59

DPI Water, February 2018

NSW Murray and Lower Darling Water Resource Plan: Surface water resource description

6.5.2

Temporary trading (allocation trade)

Temporary trades are temporary assignments of shares where water in a licence holder’s
account is sold, but ownership of the licence is retained. Figure 38 and Figure 39 show
temporary water licence trades within the Murray and Lower Darling regulated water sources.
Variations between years are generally related to climatic conditions and the volume of water
made available to different licence categories. Water that is traded into water accounts (credits)
is shown as ‘assignments in’ while water that is traded out of water accounts (debits) is shown
as ‘assignments out’. The net assignment is the balance on all water accounts after all
assignments in and assignments out.
In 2015-16, allocation assignments into the regulated Murray River exceeded assignments out of
the water source for the first time in four years. A net volume of 19,044 ML was traded in from
the Murrumbidgee water source while the water traded out was to South Australia and Victoria
(Burrell et al. 2017a). There has been limited temporary trade in the Lower Darling for the past
two years due to low water levels in the Menindee Lakes and water restrictions throughout much
of 2016 (Figure 39):
Figure 38: Temporary entitlement trades in and out of the Murray River
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Figure 39: Temporary entitlement trades in and out of the Lower Darling River
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6.6 Environmental water
Water sharing plans allow for two types of environmental water. Held environmental water is an
entitlement that is held by a licence-holder for environmental watering purposes. Planned
environmental water is water that is prescribed under the rules of a water sharing plan.
6.6.1 Held environmental water
Held environmental water (HEW) is a licensed entitlement that is used for environmental
watering. Although a water sharing plan facilitates the HEW, the use and volumes of HEW are
generally not defined by the plan. A small amount of environmental water (1,050 ML) was held in
the Murray valley before the water sharing plan commenced in 2004. Since then the volume of
HEW in the Murray River has gradually increased to 620,625 ML (Figure 40) of which nearly 74
per cent is general security water.
HEW share components are held by the Commonwealth Environmental Water Holder and the
NSW Office of Environment and Heritage. Twenty-five sites benefited from environmental
watering in the Murray and Lower Darling in 2015-16. Ecological outcomes included providing
and enhancing habitat for the southern bell frog, improved condition of mature river red gum and
black box trees and supporting juvenile river red gum and black box communities (OEH 2017a).
The majority of HEW in the Lower Darling River is held as supplementary water (250,000 ML)
with the additional 50,000 ML comprising general security water. HEW was first acquired in the
Lower Darling in 2008-09 but has only been used twice. Between September and December
2013 over 55,000 ML of water was delivered from the Menindee Lakes to support the Darling
Anabranch. These flows improved the condition of riparian trees as well as increasing the
diversity of understorey vegetation (OEH 2014d). A recent delivery of 70,000 ML was released
to the Darling Anabranch between February and May 2017 (not yet reflected in Figure 39). This
flow connected the Anabranch to the Murray River to support fish passage along the Anabranch
(OEH 2017b).
Figure 40: Held environmental water shares and usage in the NSW Murray and Lower Darling WRPA
(including supplementary)
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6.6.2

Planned environmental water

Planned environmental water is defined in a water sharing plan according to rules. There a
number of provisions provided for within the NSW Murray and Lower Darling regulated water
sharing plan with the aim of enhancing environmental benefits.
Long-term extraction limit
A long term extraction limit ensures the growth in diversions is contained and the requirements
set out under schedule F of the Murray Darling Basin Agreement are maintained. If long term
average annual diversions exceed this limit, provisions are in place to implement a reduction in
the available water determinations until the average diversions are bought back under the
required limit.
Barmah-Millewa Environmental Water Allowance and Overdraw
An environmental water allowance (EWA) and overdraw availability has been established for the
Barmah-Millewa forest and other wetlands and to increase the frequency of high flows during
spring and early summer in the Murray River. These rules are designed to complement those
applied by Victoria. The Barmah-Millewa EWA provides a volume of up to 75,000 ML each year
to build up a reserve of planned environmental water (to a maximum of 350,000 ML) for the
maintenance of the Barmah-Millewa forest. Under specific circumstances (water restrictions) the
water may be borrowed and made available to regulated Murray River access licence holders.
The volume is required to be payed-back once the available water determination for general
security licence holders exceeds 0.30 ML per share (Burrell et al. 2017a).
The Barmah-Millewa overdraw is an additional account that provides a volume of up to 50,000
ML per year for Barmah-Millewa forest provided that sufficient water reserves are available to
NSW and available water determinations to any of the licence categories will not be constrained.
The overdraw has never been used as the triggers stipulated for crediting the water have not
been met since the water sharing plan commenced (Burrell et al. 2017a).
Water in the Barmah-Millewa EWA and overdraw accounts is made available from Hume Dam.
In 2015-16 220,130 ML was credited to the Barmah-Millewa EWA (including 172,480 ML carried
forward from 2014-15) however, due to low general security allocations the water was withdrawn
(borrowed) and made available to licence holders in line with the conditions set out in the water
sharing plan (Burrell et al. 2017a). Figure 41 shows that in 8 of the 12 years since the water
sharing plan commenced the EWA has been made available to water users. The allowance was
used in 2005-06, 2010-11 and 2011-12.
Figure 41: Barmah Millewa environmental water allowance
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Murray Additional Allowance
The Murray additional allowance (MAA) is an additional environmental account that is credited
annually with a volume equivalent to 0.03 ML per share of the total share component of NSW
Murray high security licences (Burrell et al. 2017a). Releases from the MAA may be requested
by the Office of Environment and Heritage for any environmental purpose consistent with the
objectives of the water sharing plan. The water is forfeited when the amount of water spilling
from Hume Dam exceeds the volume in the account. The allowance has been used twice in
2014-15 and 2015-16 (Figure 42).
Figure 42: Murray additional environmental allowance
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Lower Darling Environmental Contingency Allowance
The water sharing plan provides for a Lower Darling Environmental Contingency Allowance
(Lower Darling ECA). This account is not credited if the volume stored in Menindee Lakes is less
than 480,000 ML. Once the volume in storage begins to rise above 480,000 ML the account
cannot be credited until the total storage volume exceeds 640,000 ML. In years when the
storage criterion is met the account is maintained at 30,000 ML minus any usage that has
occurred in that water year. The water is intended to target blue-green algae and other
associated water quality issues in the Lower Darling River but there has been no usage of the
allowance since the water sharing plan commenced (Burrell et al 2017b).
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Glossary
Aquatic ecosystems

Ecosystems that are dependent on flows, or periodic or sustained
inundation/waterlogging for their ecological integrity. Examples include
wetlands, rivers, karst and other groundwater-dependent ecosystems,
saltmarshes, estuaries and areas of marine water not exceeding 6 m
deep at low tide.

Allocation

The volume of water assigned to water allocation accounts in a given
season, defined according to rules in the relevant water plan.

Allocation
assignment

The transfer of water between licence holder allocation accounts as a
result of a trade agreement. The assignment becomes part of the
receiver’s allocation account water for the current water year.

Available water
determination (AWD)

A determination referred to in section 59 of the Water Management Act
2000 that defines the proportion of the share component that will be
available for extraction under each category of water access licence.

Basic Landholder
Rights

Domestic and stock rights, harvestable rights or native title rights that
do not require a licence or approval to take or use water.

Cold water pollution

An artificial decrease in the temperature of water in a natural river.

Dissolved oxygen

Measured concentration of oxygen dissolved in water.

Domestic
consumption

Consumption of water for normal household purposes in domestic
premises on the land.

Ecological value

The perceived importance of an ecosystem which is underpinned by
the biotic and/or abiotic components and processes that characterise
that ecosystem.

Ecosystem

A specific composition of animals and plants that interact with one
another and their environment.

Ecosystem functions

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

Effluent

An effluent stream is one which leaves the main river and does not
return.

Endangered
ecological community

Ecological communities as listed in Schedule 1 of the Threatened
Species Conservation Act 1995 or Schedule 4 of the Fisheries
Management Act 1994.

Eutrophication

The process where an accumulation of nutrients in water bodies leads
to rapid growth of aquatic plants.

Farm dams

Private dams that are used to intercept catchment runoff that would
otherwise contributed to streamflow or recharge of aquifers. Primarily
located on hillsides (does not include floodplain harvesting dams).

General security
licence

A category of water access licence implemented under the Water
Management Act 2000. Forms the bulk of the water access licence
entitlement volume in NSW and is a low priority entitlement i.e. only
receives water once essential and high security entitlements are met in
the available water determination process.
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Groundwater

Water that occurs beneath the ground surface in the saturated zone.

Groundwater
dependent
ecosystems

1

Harmful algal bloom

An algal bloom that causes negative impacts to other organisms
through the production of natural toxins, mechanical damage, or other
means.

High flows

Also called bankfull events, these reshape the channel, creating
habitats such as pools, bars and benches.

High security licence

A category of licence water access licence implemented under the
Water Management Act 2000. Receives a higher priority than general
security licences but less priority than essential requirements in the
available water determination process.

Instream value

Ecological condition value of river reaches based upon High Ecological
Value Aquatic Ecosystems (HEVAE). In NSW HEVAE was calculated
using four criteria: distinctiveness, diversity, naturalness and vital
habitat.

Long term average
annual extraction
limit (LTAAEL)

The long term average volume of water (expressed in megalitres per
year) in a water source available to be lawfully extracted or otherwise
taken.

Low flows

Flows that are confined to the lower part of the channel; also often
called base flows. These flows are between pools and riffle areas
between pools. Generally defined as the 80th percentile flow.

Nitrogen and
phosphorous

Chemical nutrients essential for growth and added to many fertilisers.

Overbank flows

High flows that connect the river to floodplain and wetlands allowing
the exchange of nutrients and sediment to these areas.

Regulated river

Gazetted under the NSW Water Management Act 2000 and is a river
where downstream flows are regulated by a major state-owned
storage. Downstream licence holders can order water against a held
entitlement.

Replenishment flows

Flows provided along effluent systems to supply water for household,
town use and stock.

Riparian

Relating to or living or located on the bank of a natural watercourse,
such as a river stream.

Salinity

The concentration of sodium chloride or other dissolved minerals in
water, usually expressed in EC units or milligrams of total dissolved
solids per litre. Conversion factor is 0.64 mg/l TDS = 1000 µS/cm = 1
dS/m.

Seasonality

The timing of flooding and low flow events.

Ecosystems that require access to groundwater to meet all or some of
their water requirements so as to maintain their communities of plants
and animals, ecological processes and ecosystem services.

1

Kuginis L., Dabovic, J., Byrne, G., Raine, A., and Hemakumara, H. 2016, Methods for the identification of high probability
groundwater dependent vegetation ecosystems. DPI Water, Sydney, NSW.
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Share component

An entitlement to water specified on the access licence, expressed as
a unit share or in the case of specific purpose licences, a volume in
megalitres (eg. local water utility, major water utility and domestic and
stock).

Stock watering

The watering of stock animals being raised on the land but does not
include the raising of stock animals on an intensive commercial basis
that are housed or kept in feedlots or buildings for all (or a substantial
period) during which the stock animals are being raised.

Stratification

The formation of separate water layers.

Supplementary water

Formerly known as off-allocation water, this is surplus flow resulting
from storm events that cannot be captured in storages or weirs. When
the water is not needed to meet current demands or commitments,
then it is considered surplus to requirements and a period of
Supplementary Access is announced. Supplementary Water Access
Licence holders can only pump water against these licences during
these announced periods. Other categories of licence holders may
also pump water during these periods.

Water access
entitlement

A water product (licence) issued under the Water Management Act
2000.

Water resource plan

2

A plan made under the Commonwealth Water Act 2007 that outlines
how a particular area of the Murray–Darling Basin’s water resources
will be managed to be consistent with the Murray–Darling Basin Plan.
These plans set out the water sharing rules and arrangements relating
to issues such as annual limits on water take, environmental water,
managing water during extreme events and strategies to achieve
water quality standards and manage risks.

Water sharing plan

A plan made under the Water Management Act 2000 which sets out
the rules for sharing water between the environment and water users
within whole or part of a water management area or water source.

Water source

3

The whole or any part of:
•

one or more rivers, lakes or estuaries, or

•

one or more places where water occurs naturally on or below
the surface of the ground

and includes the coastal waters of the State.

2

https://www.mdba.gov.au/basin-plan-roll-out/water-resource-plans

3

As defined in the Water Management Act 2000
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