The Murray–Darling Basin

Chapter 2

Phragmites australis, the common reed,
at Lake Wetherell, Menindee Lakes, New South Wales

The Water Act 2007 (Cwlth) (s. 22(1) item 1) requires the Basin Plan to
include information on all aspects of the water resources of the
Murray–Darling Basin, and specifies that the plan must describe:
(a) the size, extent, connectivity, variability and condition of the
Basin water resources; and
(b) the uses to which the Basin water resources are put (including
by Indigenous people); and
(c) the users of the Basin water resources; and
(d) the social and economic circumstances of Basin communities
dependent on the Basin water resources.

This chapter discusses all these aspects of Basin water resources in detail.

2.1 A description of the Basin
The Murray–Darling Basin is Australia’s most iconic river system, defined
by the catchment areas of the Murray and Darling rivers and their many
tributaries. Table 2.1 summarises some key facts about the Basin.
Comprising 23 river valleys, the Basin extends over 1 million km2 of southeastern Australia, covering three-quarters of New South Wales, more than
half of Victoria, significant portions of Queensland and South Australia, and
all of the Australian Capital Territory. Figure 2.1 shows the 19 regions of the
Basin used for the Basin Plan. The regions used by CSIRO for its Murray–
Darling Basin Sustainable Yields Project (CSIRO 2008), also used as the basis
for some of the statistics presented in the Guide to the proposed Basin Plan, are
shown in Figure 2.2.
A consequence of the extent of the Basin is the great range of climatic and
natural environments; however, most of the Basin is arid or semi-arid, with a
narrow humid region along the east and south. The environments range from
the rainforests of the cool eastern uplands, to the temperate mallee country of
the south-east, the inland subtropical areas of the far north, and the hot, dry
semi-arid and arid lands of the far western plains. In the north are semi-arid
ephemeral river systems, while in the south, highly regulated river systems are
fed from the Australian Alps.
To the east and south, the highlands of the Great Dividing Range form
the limit of the Basin, while in the north, west, and south-west the
boundaries are much less distinct. By far the greater proportion of the Basin
comprises extensive plains and low undulating areas, mostly below 200 m
above sea level.
Table 2.1 Fast facts: Murray–Darling Basin
Attribute

Murray–Darling Basin

Areaa

1,042,730 km² (14% of mainland Australia)

Average annual rainfall (1997–2006)b

469 mm

Long-term average annual rainfall (1895–2006)c

457 mm

Populationd

2,100,000 (10% of the Australian population)

Gross value of agricultural productiond

$14,991 million (39% of the national value)

Average annual inflows (includes inter-Basin transfers)e

32,800 GL

Major water storage capacitye

22,663 GL

Average annual outflows (modelled)e

5,105 GL

a MDBA calculation based on GIS data
b Potter et al. (2008)
c CSIRO (2008)
d ABS, ABARE & BRS (2009)
e MDBA unpublished modelled data
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The headwaters of the Murray and Darling rivers and most of their
tributaries rise in the Great Dividing Range. These mountains are not high
by world standards and the rivers have a low gradient for most of their
length as they flow across extensive riverine plains. This is especially the
case in the catchment of the Darling in the north, where the mountains in
which the rivers rise are lower than in the Murray catchment in the south
(Young et al. 2001).
The natural environment of the Basin includes vast floodplains at the heart
of a system of over 30,000 wetlands that supports biodiversity of national
and international significance. The Basin has one World Heritage site
(the Willandra Lakes Region), 16 wetlands listed under the Convention
on Wetlands of International Importance (the Ramsar Convention), and
in excess of 200 listed in A directory of important wetlands in Australia
(Environment Australia 2001; CSIRO 2008). The Basin is also home to
around 45 species of native fish (Lintermans 2007), 35 endangered species
of birds and 16 endangered species of mammals (Department of the
Environment, Water, Heritage and the Arts 2010a).
Across the Basin from the south and
east to the north and west, average
annual rainfall decreases, and
evaporation and climate variability
generally increase. Overall, the climate
of the Basin varies greatly from year
to year, which means that flows in the
rivers of the Basin are highly variable
and unpredictable, and the Basin has
a long history of floods and droughts
(Puckridge et al. 1998; Young et al.
2001; Arthington & Pusey 2003).
Water run-off in the Basin is very
low compared with other major
river systems around the world; river
systems in the Basin also experience
much higher flow variability than
those of any other continent. Inflows
from rainfall to the rivers of the Basin have ranged from around 117,907 GL
in 1956 to around 6,740 GL in 2006 (MDBA unpublished modelled data).
The average annual flow of the River Murray is only about 16% of that of
the Nile, 3% of the Mississippi and just 0.25% of the Amazon (McMahon
et al. 1992). See Figure 2.3 and Figure 2.4 for information on run-off and
evapotranspiration in the Basin.

Pelicans on the Goolwa Barrage
near the mouth of the River Murray,
South Australia

Australia’s social and economic development owes much to the Basin’s
water resources. For thousands of years, the Basin’s land and waters have
provided natural resources for its Aboriginal peoples, for whom these
resources have always held deep spiritual significance. The health of
the Basin’s environmental assets is therefore of great consequence to its
original inhabitants.
By 2006, 2.1 million people living in the Basin were directly reliant on
Basin water resources, with 1.3 million outside the Basin also fully or partly
dependent on this supply (ABS 2009). For example, River Murray water is
supplied to many communities, both within and outside the Basin. Many
towns on the river draw water directly, but major pipeline systems now
transport water great distances.
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Figure 2.1 Basin Plan regions
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Figure 2.2 CSIRO Murray–Darling Basin Sustainable Yields Project regions
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Figure 2.3 Mean annual run-off, 1895–2008
Source: Mean annual run-off modelled using the method in the CSIRO Murray–Darling Basin Sustainable Yields Project (Chiew et al. 2008; CSIRO 2008)
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Figure 2.4 Annual average potential evapotranspiration, 1895–2008
Source: Mean annual potential evapotranspiration calculated from SILO gridded data using Morton’s wet environment algorithms (Morton 1983; Chiew & McMahon 1991)
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In Victoria, the Northern Mallee Pipeline Project, which started in 1992
and was subsequently extended, provides water from the River Murray to
communities from Swan Hill to Ouyen, and surrounding districts. The
Wimmera Mallee Pipeline system draws water from the Murray for the
Berriwillock–Culgoa area (Department of the Environment, Water, Heritage
and the Arts 2010c). More recently, with construction starting in 2007, the
Goldfields Superpipe has been built to connect Ballarat and Bendigo to
the Goulburn River system (Victorian Department of Sustainability and
Environment 2010a). The Sugarloaf Pipeline, completed in 2010, connects
Melbourne’s water supply to the Goulburn River (Victorian Department of
Sustainability and Environment 2010b).
South Australia has long depended on the River Murray for regional and
Adelaide water supply. Construction of the Morgan – Port Augusta –
Whyalla Pipeline was completed in 1944. Extensions were made from the
original pipeline from Port Augusta to Woomera, with branches serving
Iron Knob, Jamestown, Peterborough and numerous other country towns
and farming areas. In 1962, construction began on a duplicate pipeline to
Whyalla. The Mannum–Adelaide Pipeline has operated since 1955 to supply
River Murray water to Adelaide. A second pipeline to Adelaide, from Murray
Bridge to the Onkaparinga River, was constructed from 1968 to 1973.
The Swan Reach – Stockwell Pipeline supplements supplies to the Barossa
Valley, Lower North and Yorke Peninsula areas. Thirteen towns and a large
agricultural area in South Australia’s upper south-east region are supplied
with water via the Tailem Bend – Keith Pipeline (Atlas of South Australia
2000–2010).
The Basin contains approximately 40% of all Australian farms, and produces
wool, cotton, wheat, sheep, cattle, dairy products, rice, oilseeds, wine, fruit
and vegetables for domestic and overseas markets (ABS 2009). Agriculture
also provides the raw materials for most of the manufacturing activity within
the Basin and for many processing companies outside the Basin. Today,
farming, forestry and pastoral industries cover nearly 80% of the land in the
Basin and, with inland fisheries, generate more than 40% of the gross value of
Australian agricultural production. The Basin also generates 3% of Australia’s
electricity and 33% of its hydro-electricity (ABS 2008).
Since before Federation, successive governments have championed the use of
water for agriculture to encourage economic and social development within
the Basin. There has been considerable investment in water storage and
delivery infrastructure by the Australian and state governments, and through
private investment, over more than 100 years (Martin 2005). As a result,
agriculture is the primary water user in the Basin, accounting for around
83% of consumptive water use in 2004–05 (ABS, ABARE & BRS 2009,
p. vi). The storage, release and use of water to meet the needs of irrigated
agriculture are increasingly understood to conflict with the needs of natural
ecosystems (Davies et al. 2008).

Historical setting
The Basin landscape has been home to Aboriginal people for at least
50,000 years, sustaining their cultural, social, economic and spiritual life.
Trade routes, major gathering places and sacred sites exist across the length
and breadth of the Basin.
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In 1824, explorer Hamilton Hume and navigator William Hovell crossed the
Murrumbidgee River and ventured into mountainous country, eventually
reaching the Murray (which they named the Hume); they were the first
Europeans to set eyes on the river. They then headed south-west, and crossed
the Ovens River and the Goulburn River (which they named the Hovell).
Captain Charles Sturt reached the Hume River in 1830 and named it the
Murray after the British secretary of state for the colonies, Sir George Murray
(Australian Dictionary of Biography 2006).
The Murray Mouth area was explored by Captain Collet Barker in
1831. Cattle drovers followed after 1838, bringing cattle and sheep from
New South Wales to Adelaide. Squatters settled along the riverfronts and
established pastoral runs and homesteads (Wood, Edmonds & Westell 2005).
In 1852, Francis Cadell became the first European to travel the whole length
of the River Murray. Six years later, Victorian Government zoologist William
Blandowski, with Gerard Krefft, explored the lower reaches of the Murray
and Darling rivers, compiling a list of birds and mammals found there
(Blandowski 1858).
In the north of the Basin, botanist
Allan Cunningham (1791–1839)
was the first European to explore the
Darling Downs region in 1827 and
1828. He found a pass through the
Great Dividing Range, subsequently
named Cunninghams Gap, leading
from the penal settlement and the
coast at Moreton Bay to the inland
(Powell 1991). Early squatters
and then pastoralists established
large sheep and cattle properties
throughout the northern parts of
the Basin.
European farming practices and
industries changed the landscapes
of the Murray–Darling Basin
and diminished the ready availability of natural food and other resources.
Encroachment on Aboriginal lands by Europeans reduced Aboriginal
peoples’ access to spiritually and culturally significant sites and areas (Long &
Edmonds 1997).

Construction of Lock 8 on the River
Murray west of Wentworth, 1935,
New South Wales

The paddle-steamer trade on the River Murray had its origins in 1853 when
the South Australian Government offered a prize of £2,000 for each of the
first two iron boats to sail from Goolwa to the Darling River junction. The
steamboat trade was soon established (MDBC 2003a) and thrived until the
railway reached Echuca in 1864 (Department of the Environment, Water,
Heritage and the Arts 2008a).
In the late 1890s and early 1900s, major rail lines were extended to regional
towns, boosting the Basin’s economic development by providing access to
the growing townships and transport for inbound and outbound goods
and services. Trains also transported water supplies to the towns that
were without their own water during drought (Ward & Associates 1986).
The expanding regional rail network led to a decline in shipping along the
river (Painter 1993; Powell 1993).
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Harnessing the water resources
Since European settlement of the Murray–Darling Basin in the mid1840s, water resources have been controlled for consumption, including for
agriculture, irrigation, manufacturing and domestic use. This, combined with
the subsequent growth in the dependent population and economy, has placed
increasing pressure on the Basin’s water resources.
Small-scale pumps began drawing water from the Murray in the 1850s, and
the first large-volume pumps for irrigation were constructed by the Chaffey
brothers at Renmark and Mildura in 1887 and 1888 (Painter 1993). The
introduction of pumping stations along the river and the major tributaries
promoted an expansion of farming and led ultimately to the development
of many irrigation areas. There was early concern expressed by other users
who relied on the river system for shipping, and for domestic and stock water
supply; from the late 1800s, water levels in the region around the Lower
Lakes were said to be adversely affected (Sim & Muller 2004).
The Federation drought (1895–1902) increased the use of large-scale
irrigation, both to alleviate the effects of drought and to support regional
development and settlement
(Boughton 1999).

Release of water from Jounama
Dam into Blowering Dam,
New South Wales

Following World War I, state
governments (and after World War
II, the Australian Government)
set up schemes in the southern
Basin to settle returned soldiers
on smallholdings in irrigation
areas (Powell 1993). The irrigation
schemes of the early 20th century
aimed to increase agricultural
productivity in the dry hinterland
of the Basin and were seen by the
governments of the day as ‘nation
building’. From the 1960s, extensive
private investment resulted in further
expansion in irrigated areas.
In the north of the Basin, the irrigation industry boomed in the 1980s and
1990s. Cotton was the major commodity; other crops included cereals,
oilseeds and fodder (Crabb 1997).
During the 1880s the importance of the Great Artesian Basin and its
water supply was recognised. In 1882, hydraulic engineer John Henderson
successfully bored for subartesian water near Cunnamulla in southern
Queensland (Powell 1991). By 1890, pastoralists had proved that groundwater
could be found at various depths across the entire Western Downs area
(Powell 1991) and by 1892 a government artesian bore had been created at
Muckadilla, west of Roma, with a depth of 994 m and a daily yield of 0.1 ML
(Powell 1991). Most bore drains were left as large open distribution drains.
The tapping of the Great Artesian Basin in the early 1880s and 1890s
provided an alternative water supply for sheep and cattle.
Widespread development of groundwater resources began in the 1960s with
the advent of rotary drilling technology (CSIRO 2008). To date, the most
developed areas of groundwater use are in the Lower Murrumbidgee, Lower
Murray, Namoi, Lower Lachlan, Lower Macquarie and Upper Condamine.
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Major infrastructure
Major water supply and water regulation infrastructure has been built by
Australian and state governments on the river systems and in the headwaters
over more than 100 years.
Most of the major tributaries of the Murray and Darling rivers have
headwater storages, with dams on the Macintyre Brook and Pike Creek
(both in Queensland), the Macintyre, Gwydir, Namoi, Macquarie, Lachlan
and Murrumbidgee rivers (in New South Wales), the Murray (on the New
South Wales and Victorian border), and the Mitta Mitta and Goulburn rivers
(in Victoria). Several are described further in this chapter.
In New South Wales a comprehensive scheme was approved in 1906 that
included the building of Burrinjuck Dam and Berembed Weir in the
Murrumbidgee region. By 1912 the scheme was supplying water for irrigation
to the Murrumbidgee Irrigation Area in the New South Wales Riverina
region (Boughton 1999).
In Victoria, Lake Eildon (then known as Sugarloaf Reservoir) was built
between 1915 and 1929. There followed a series of enlargements, the first
immediately following its construction, and again in 1935, increasing the
storage capacity to 377 GL. Further expansion took place between 1951 and
1955, taking the capacity to today’s 3,334 GL, six times the size of Sydney
Harbour. The enlarged reservoir was renamed Lake Eildon (Goulburn–
Murray Water 2007a).
On the Murray, the Hume Dam, now jointly managed by Victorian and
New South Wales authorities on behalf of the Murray–Darling Basin
Authority (MDBA), was constructed between 1919 and 1936. Initially named
the Mitta Mitta Dam, it was renamed in 1920 in honour of Hamilton Hume
(Goulburn–Murray Water 2007b). Between 1934 and 1939 a diversion weir
was constructed at Yarrawonga, the point of greatest diversion of water from
the River Murray (MDBC 2006a).
In 1915 New South Wales, Victoria and South Australia also agreed to
construct 26 weirs and locks on the Murray; only 14 were in fact constructed.
A further two were constructed on the Murrumbidgee (of the agreed nine
weirs and locks) to maintain more than 1,600 km navigable waters all
year round — from the river’s mouth near Goolwa to Echuca and on the
Murrumbidgee as far as Hay. Lake Victoria, in the south-western corner of
New South Wales, was built in the mid-1920s on a large natural wetland to
provide mid‑river storage on the River Murray system (Connell 2007).
In South Australia, barrages were completed by 1940 in an attempt to prevent
saltwater intrusion from the ocean to the freshwater lakes Alexandrina and
Albert, and the lower reaches of the Murray (Penney 1993).
By the 1930s, rising watertables and the resulting increase in salinity were
causing major problems in the Murray Mallee region. Between 1934 and
1938, drainage outfall systems for irrigation areas were constructed in the
Mildura, Merbein and Red Cliffs areas (Hallows, Lucas & Thompson 1995).
Following World War II, the northern part of the Basin continued to develop.
In 1948, building of the Jack Taylor Weir started on the Balonne River
to supply water to the township of St George and for irrigation schemes
(Powell 1991). The weir was completed in 1953; however, the first associated
irrigation farms were not occupied until 1957 (Powell 1991). Irrigation
development in the St George and Dirranbandi districts was hampered by
a lack of permanent water supply until the introduction of large on-farm
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storages. Water could now be pumped into the storages when the rivers
flowed, and then used on the irrigated crops as required.
In the 1950s and 1960s, weirs, levees, regulators and channels were installed
in the Menindee Lakes to improve the ability of the lakes to store and release
water. This increased the reliability of supply for the surrounding area,
including Broken Hill (Moore et al. 2002).
In South Australia, pipelines were constructed to deliver River Murray
water into regional areas and Adelaide — the Morgan–Whyalla pipeline
in 1944 (duplicated in 1962); Mannum–Adelaide in 1954; Murray Bridge
– Onkaparinga in 1973; and Swan Reach – Stockwell and Tailem Bend –
Keith in the 1960s (Government of South Australia 2004). In Victoria, the
Goulburn River – Melbourne pipeline was completed in 2010.
In 1950, work started on enlarging Hume Dam, eventually increasing the
storage capacity of Lake Hume from 1,540 to 3,038 GL. This provided more
flexibility for river operators and increased security of supply for irrigators
(Boughton 1999).

Tumut 3 power station, part of the
Snowy Mountains Scheme near
Talbingo, New South Wales

The Snowy Mountains Hydroelectric Scheme was constructed
between 1949 and 1974. The scheme
generates power by making use of
the steep drop that several major
snow-fed rivers undergo to reach
the plains (Water Conservation and
Irrigation Commission 1971). The
scheme has two separate parts, the
Snowy–Tumut and the Snowy–
Murray developments. In the
Snowy–Murray section, the waters of
the Geehi and Snowy rivers (partly
diverted at Island Bend Dam) are
combined and, after going through
two power stations, are released
to the Khancoban storage on the
River Murray more than 762 m
below (Water Conservation and Irrigation Commission 1971). Similarly,
the Snowy–Tumut section diverts the Eucumbene, Upper Murrumbidgee and
Tooma rivers to the Tumut River to generate electricity before being released
back to the Murrumbidgee River.
During the 1960s and 1970s, elevated levels of salinity emerged as a problem,
prompting investigations into salinity across the Basin. Studies included the
Murray Valley Salinity Investigation in 1970 and the release of the River
Murray Working Party Report in 1975. In response, governments invested in
dilution flows, and the building and operation of salt interception schemes.
Salinity action plans and land and water management plans were prepared
(Chartres et al. 2003) and from around 1990, salt interception schemes were
constructed along the Murray between Waikerie in South Australia and
Euston in New South Wales.
Dartmouth Dam on the Mitta Mitta River in north-east Victoria was
constructed between 1973 and 1979, creating Lake Dartmouth which has
a storage capacity of 3,906 GL. Construction costs were shared equally by
the Commonwealth and the governments of Victoria, New South Wales
and South Australia.
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More recently, in response to growing awareness of environmental issues
across the Basin, new infrastructure has been developed. This includes
the construction of fish passages from Hume Dam to the sea to support
implementation of the Native Fish Strategy; and an infrastructure investment
program to facilitate water distribution and application at six sites of high
ecological value, known as ‘icon sites’, under The Living Murray river
restoration program.

2.2 The Basin economy
Much of the Basin economy is based on the use of surface water and
groundwater. The consumptive use of water increased steadily over the
20th century, particularly in the decades following World War II, with
the spread of irrigated agriculture, manufacturing and other industries,
and the increase in the Basin’s population. In particular, the development
of irrigated agriculture was a central part of settlement and national
development policies in the 20th century (Quiggin 2001). While the
consumptive use of water continued to increase throughout the century,
its rate slowed somewhat in the 1980s and 1990s (ABS 2007). As a result of
drought and low annual inflows, agricultural use of Basin water has declined
since 2002 (Figure 2.5).
While there are various competing demands for water within the Murray–
Darling Basin, the consumptive use of water is dominated by the irrigated
agriculture sector. In 2004–05, agriculture accounted for 7,204 GL (83%)
of water use in the Basin (Figure 2.6), while the mining and manufacturing
sectors together used around 73 GL of water, equating to less than 1% of
total water consumption in the Basin (ABS 2008). Households in the Basin
consumed approximately 2% of water resources in 2004–05 (ABS, ABARE
& BRS 2009). The remaining 13.8% is accounted for by transmission losses,
mainly due to agriculture.

Figure 2.5 Surface-water use, 1983–84 to 2008–09: Murray–Darling Basin
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Figure 2.6 Consumptive water use, 2004–05: Murray–Darling Basin
Source: ABS (2008)

Agriculture
The 2005–06 agricultural census (ABS 2009) recorded that the Murray–
Darling Basin contributed 39% ($15 billion) to national agricultural
production, representing just over half the agricultural production of the
Basin states.
In dollar terms, the most significant commodities produced in the Basin
during 2005–06 were grain ($3.4 billion), beef cattle ($2.8 billion), and sheep
and other livestock ($1.7 billion). The recent prolonged drought significantly
curtailed both cotton and rice production (ABS 2009). The Basin was
responsible for 45% ($5.5 billion) of Australia’s total 2005–06 irrigated
production ($12.2 billion) (ABS 2009).
The Basin is home to a number of important irrigation areas; for example,
all of Australia’s irrigated rice is produced in the Murrumbidgee and NSW
Murray irrigation regions, and 90% of the nation’s cotton comes from the
northern Basin. The Basin also provides 56% of Australia’s total grape crop,
42% of Australia’s total fruit and nut production, and 32% of Australia’s total
dairy production (ABS 2009).
Table 2.2 gives details on water use for irrigation in the Basin compared
to the whole of Australia, and Table 2.3 shows the gross value of irrigated
agricultural production, broken down by key commodities, for the Basin and
for the whole of Australia. The dairy industry in the Basin is facing multiple
pressures affecting production. Before the global financial crisis, high world
prices led to a 150% increase in dairy-farm cash income to an average of
$109,000 per farm, despite increases in expenditure on hay and grains to
increase production or, in areas of low water availability, maintain production
(ABARE 2009a). Since then, lower world demand has reduced world prices
and led ABARE (2009a) to forecast farm cash income to fall to around
$74,000 for 2008–09 and a continuing decline in farm-gate milk price
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Table 2.2 Key irrigation statistics, 2008–09: Murray–Darling Basin and Australia
Murray–Darling Basin

Outside the Basin

Australia

Number of agricultural businesses

54,098

81,899

135,997

Total businesses irrigating

15,077

24,863

39,940

Water use

ML

Irrigation

6,500,577

260,129

524,928

785,057

3,752,535

Purchases of extra water

3,533,098

ML

$,000

On a temporary basis

500,850

138,166

51,679

On a permanent basis

60,767

90,189

14,506

Sales of water

ML

3,008,170

Other uses
Total water use

ML

3,492,407

ML

7,285,633
$,000

ML

$,000

8,520

552,529

146,686

17,033

75,273

107,222

ML

$,000

ML

ML

$,000

On a temporary basis

452,018

134,209

44,328

4,414

496,346

138,623

On a permanent basis

282,384

402,315

19,389

18,017

301,773

420,332

Irrigation
Expenditure
Value of equipment and infrastructure

$,000

$,000

$,000

$,000

819,280

595,881

1,415,161

5,007,488

3,483,562

8,491,050

Source: ABS (2010)

Table 2.3 G
 ross value of irrigated agricultural production, 2000–01, 2005–06 and 2006–07:
Murray–Darling Basin and Australia
Gross value of irrigated agricultural production ($ million)
Murray–Darling Basin
Commodity
Cereals for grain and seed
Hay
Pastures for seed

2000–01

Australia

2005–06

2006–07

2000–01

2005–06

2006–07

148.7

180.3

79.9

160.5

190.8

167.6

200.3

223.2

175.7

133.8

240.0

295.4

3.5

–

–

9.4

–

–

1,110.6

797.9

456.9

1,220.5

869.8

485.8

349.2

273.6

55.0

350.3

273.7

55.0

Sugar cane

–

–

–

308.3

496.9

583.1

Other broadacre activities

–

–

–

102.8

65.7

52.6

Fruit and nuts

701.2

1,011.0

1,207.1

1,454.6

2,137.2

2,913.2

Grapes

785.2

720.8

650.5

1,319.6

1,251.5

1,040.5

Vegetables for human consumption and seed

467.7

554.5

556.3

1,625.5

2,453.2

2,677.9

90.3

149.8

128.7

536.5

1,165.9

1,187.4

Dairy production

803.6

901.4

762.8

1,553.9

1,877.7

1,697.1

Beef cattle

382.8

592.5

559.1

697.2

968.1

989.0

Sheep and other livestock

125.3

143.3

163.9

189.2

257.2

287.3

5,048.0

5,485.6

4,906.8

9,669.2

12,257.2

12,487.5

Cotton
Rice

Nurseries, cut flowers and cultivated turf

Total
Source: ABS (2009)
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in 2009–10. Compounding the pressure on the industry is the current high
Australian dollar, which reduces farm prices. To the degree that current
market conditions persist, the irrigated dairy industry is under pressure,
which will continue to drive structural adjustment, including reducing herd
size and selling water entitlements (Frontier Economics 2010).
Rice production in the Basin has decreased significantly in the face of low
seasonal water allocations as a result of drought conditions. At the same time,
commodity prices have increased due to increasing global demand, rising
from $328 per tonne of rice in 2007–08 up to $550 per tonne in 2009–10.
The degree to which rice will remain a viable agricultural product in the
short to medium term depends largely on water availability and the degree to
which processing infrastructure can re-start after a period of low production
(Frontier Economics 2010).
The wine industry in the Basin is facing similar pressures to the dairy
industry, including falling prices, slowing export growth and low water
availability. Farm profitability will also remain a key catalyst of change
in the region, particularly where irrigators, already dealing with low
water availability, are facing declining world prices and increasing
input costs, all of which place increasing pressure on farm profitability
(Frontier Economics 2010).
Cotton production has significantly reduced in recent years in the face of
drought that reduced water availability for irrigation. However, irrigated
cotton remains the most profitable irrigated broadacre crop in traditional
growing areas (ABARE 2009b). Despite smaller areas of planting and
pressures from the global financial crisis, crop yields have improved due
to the use of transgenic crops and technology improvements (Frontier
Economics 2010). Further, ABARE (2009b) expects cotton to remain the
most profitable irrigated crop in traditional growing areas over the medium
term. Production is projected to increase to around 719,000 tonnes by
2013–14 from a projected 494,000 tonnes in 2009–10. However, this relies
on a return to average seasons in terms of water availability.

Mining
The mining industry consumed 0.2% of the total water (around 20 GL) used
for consumptive purposes in the Murray–Darling Basin in 2004–05. Most
water (80%) used for mining is sourced from groundwater, while only 15%
comes from surface water and 5% from mains infrastructure (CSIRO 2009a).
Within the mining industry, the highest consumers of water were the
metal ore mines and coalmines, with 56% and 29% of total mining water
consumption respectively (ABS 2006).
Despite the comparatively low level of water consumption, it is recognised
that mining interests are growing in some regions of the Basin. Where water
systems are approaching, or are at, full allocation, current and future mining
developments could, if not adequately managed and regulated, affect surfacewater or groundwater systems at a regional scale (ABS, ABARE & BRS 2009).
Historic gold fields in Ophir
established in 1851, New South Wales
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General industry
Manufacturing industries in 2004–05 used around 0.5% of the total water
consumed in the Basin (ABS 2008). Within the manufacturing sector, the
food, beverage and tobacco industries used the highest volume of water,
accounting for over a third of total manufacturing water consumption.
The next highest users of water were the metal products sector (24%), and
then the wood and paper products industry (16%) (ABS 2006).
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Recreational use
The Murray–Darling Basin offers many and varied landscapes and features
that are known to all Australians and also internationally. For many,
recreation is based around their attraction to the natural environments
associated with the river (e.g. through pastimes such as bushwalking,
camping, boating, fishing and bird watching). Each year the Basin attracts
significant numbers of visitors to its natural landscapes and regional towns.
Most of those who live on or visit the river engage in some form of passive or
active recreation activity, whether land- or water-based (Lethlean 2003).

Household use
Households use water for drinking, food preparation, bathing, washing, and
for outdoor uses such as gardening or private swimming pools. Household
use of water makes up a small proportion of the use of Basin water
resources, accounting for only 2% of Basin water consumption in 2004–05
(ABS, ABARE & BRS 2009).

2.3 Aboriginal interests in Basin
water resources
Today, more than 30 major Aboriginal nations maintain their traditional
lands within the Basin, and the Basin’s waters, waterways and wetlands
remain significant places. Twenty-one nations in the north of the Basin are
represented by the Northern Murray–Darling Basin Aboriginal Nations, and
10 in the south of the Basin are represented by the Murray Lower Darling
Rivers Indigenous Nations.
The Northern Murray–Darling Basin Aboriginal Nations represents the
Barkindji, Barunggam, Bidjara, Bigambul, Budjiti, Euahlayi, Gamilaroi,
Githabul, Gunggari, Gwamu (Kooma), Jarowair, Kunja, Kwiambul,
Malangapa, Mandandanji, Mardigan, Murrawarri, Ngemba, Ngiyampaa,
Wailwan and Wakka Wakka (Northern Murray–Darling Basin Aboriginal
Nations 2010).
The Murray Lower Darling River Indigenous Nations represents the Barapa
Barapa, Latji Latji, Mutti Mutti, Ngarrindjeri, Taungurung, Wadi Wadi,
Wamba Wamba, Wergaia Wiradjuri and Yorta Yorta (Murray Lower Darling
Rivers Indigenous Nations n.d.).
Aboriginal people have diverse and multiple interests in the water resources of
the Murray–Darling Basin, including consumptive and commercial interests,
along with social, cultural and environmental interests.
In the Murray–Darling Basin, the concept of cultural flows is an emerging
water management consideration of importance to Aboriginal people
and organisations.
Aboriginal people all along the Murray and Darling rivers, and throughout
the Basin, talk of their deep relationship to the Rivers. People like Ngiyampaa
Elder Beryl Carmichael say:
[The river] it’s like the blood in my veins. Without it, with no water,
mate, we will die. It will kill us. It will kill our spirit. It will kill our
spiritual connections. It will also kill our spiritual selves (Murrundi
ruwe pangari ringbalin (River country spirit ceremony) — Aboriginal
perspectives of river country 2010).
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Ms Carmichael is describing an ancient Aboriginal world view where water
sustains a complex relationship between people, their environment and
their spirits; all these things are one and the same. Euahlayi Elder Michael
Anderson describes what happens when this relationship is affected:
To disturb these ecosystems is to destroy Aboriginal people’s
ancestors; without country and connection we become spiritually
sterile. As a culture and as a people, cultural water flows are
absolutely essential to our wellbeing. (M. Anderson 2010
pers. comm., 10 June).

In this context, ‘culture’ is taken to embrace the full dimensions of social,
environmental and economic values, laws, customs, beliefs and practices
shared by Aboriginal peoples in the Murray–Darling Basin. The concept
of ‘cultural flows’ puts this complex set of relationships that comprise
‘culture’ into the terminology of contemporary water management and,
therefore, it is relatively new to the language of Aboriginal people and natural
resource managers.
The Murray Lower Darling Rivers Indigenous Nations developed the
following definition of cultural flows:
Water entitlements that are legally and beneficially owned by the
Aboriginal nations and are of a sufficient and adequate quality and
quantity to improve the spiritual, cultural, environmental, social
and economic conditions of those Aboriginal nations; this is our
inherent right (Murray Lower Darling Rivers Indigenous Nations
2007; Northern Murray–Darling Basin Aboriginal Nations 2009;
S Ross [Murray Lower Darling Rivers Indigenous Nations] 2010,
pers. comm., 10 June).

This definition was endorsed by the Northern Murray–Darling Basin
Aboriginal Nations (a confederation of 21 Aboriginal nations in the northern
part of the Basin) at the Northern Gathering at Moree on 9–10 December
2009 (Northern Murray–Darling Basin Aboriginal Nations 2009).
The provision of cultural flows has potential benefits for Aboriginal people,
such as improved self-esteem and empowerment from being able to care for
their country, and improved health and wellbeing through being able to see
their country in a healthy state where they can undertake cultural activities,
particularly without witnessing degradation of the environment, which they
see as part of themselves.

2.4 The social fabric of the Basin
The descriptive report Socio-economic context for the Murray–Darling
Basin (ABS, ABARE & BRS 2009) provides a detailed analysis of the
socioeconomic circumstances of Basin communities.
As previously noted, in 2006, 2.1 million people were living within the Basin
and were dependent on its water resources, as were a further 1.3 million
people living outside the Basin, including in Adelaide. The Basin population
grew by 3% from 2001 to 2006, a period which saw relatively strong growth
in the Australian economy amid a continuing drought. This compares to a
6% growth in population nationally. In the Basin, the total rural population
declined by 1.7% between 2001 and 2006, while populations in large
and medium-sized urban centres (with more than 5,000 people) grew by
8%. Overall, the number of Basin residents living in very remote areas fell
by 32%.
The total population of Australia is ageing, and this trend is slightly more
pronounced in the Murray–Darling Basin. In 2001, 13.1% of the Basin
population was aged over 65, and this increased to 14.5% in 2006. Not only
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is there a smaller proportion of younger people in the Basin, but the
proportion is particularly low in the 25–34 age group.
The working-age population (aged 15–64) generally provides social and
economic support to younger and older people in their communities.
In 2006, there were 1.3 million people aged 15–64 in the Basin, representing
64.5% of the Basin population. There were proportionally slightly fewer
people of working age in the Basin compared with the rest of Australia.
In 2006, about 69,500 Aboriginal people lived in the Murray–Darling Basin,
just over 3% of the Basin’s population. This number had increased by 17%
from 2001. During 2001–06, the number of Aboriginal people living in very
remote areas fell by 34%.
There are many places in the Basin — primarily townships in the central
and western parts of New South Wales and south-west Queensland —
with a relatively high proportion of Aboriginal people (more than 20% of
the population).
In 2006, almost a quarter of Australia’s population was born overseas,
compared with only 10.7% of the Basin population. More than half of the
Basin’s overseas-born population lived in Canberra or the inner regional areas
of the Basin. The proportion of overseas-born residents in all regions of the
Basin is consistently lower than in the rest of Australia.

Employment
In 2006, more than 920,000 people were employed across the Basin.
Wholesale and retail trade was the largest employment sector in the Murray–
Darling Basin, employing 161,100 (14.3%) of employed persons. At 98,100
(10.8%) of employed persons, the agriculture sector was also a very large
Basin employer. Other important industry sectors in terms of employment
include public administration, 94,500 (11.7%, with many in Canberra),
education and training services, 71,600 (10.6%), manufacturing, 83,900
(9.1%) and health care and social assistance, 97,600 (8.1%).
In 2006, 80.1% of employed men in the Basin and 49.4% of employed
women worked full time (35 hours or more per week). The figures for
Australia generally were 79.0% for employed men and 50.6% for employed
women. There were higher proportions of women working full time in remote
areas (51.8%) and very remote areas (60.5%) of the Basin.
The unemployment rate for the Basin as a whole was 5.0% in 2006, close
to the prevailing Australian total of 5.2%. Following an Australia-wide
trend, unemployment rates fell across the Basin between 2001 and 2006.
Unemployment rates for youth (aged 15–24) are consistently higher across
Australia, at 10.2% in 2006 — the same rate as in the Basin.
At the national level, professionals formed the largest occupation group in
2006 (1.7 million or 20% of all employed people) and this was also the fastest
growing occupation group between 1996 and 2006. Professionals were the
largest occupation group in Canberra, comprising 28.6% of employed people,
while for the rest of the Basin 14.4% of employed persons were professionals.
This varied according to the remoteness of the area.

Farmers
In 2006, there were 65,472 businesses in the agriculture, forestry and fishing
sector in the Basin, comprising 32% of the Basin total. The largest decline in
Basin employment was in this sector, reducing by 11.9% between 2001 and
2006 (13,300 employees).

Picking apples in an orchard near
Batlow, New South Wales. The trees
are watered using drip irrigation and
a computerised pulse system, which
saves water.
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Australian Bureau of Statistics census figures show that between 1996 and
2006, the number of people identifying themselves as ‘farmer’ or ‘farm
manager’ in the Murray–Darling Basin declined by 10% — from 74,000
to 67,000.
In the 10 years to February 2009, employment across Australia’s agriculture,
fisheries and forestry sectors fell by 14.9%, equating to a decline of
1.6% per annum. Agriculture experienced the largest declines in employment
in any industry. It has the highest proportion of workers aged over 45 years
(56.8%) and over 65 (15.2%). In 2006, 66.8% of Australian farmers were
aged over 45 and 18.1% were over 65. The age profile of farmers in the Basin
was very similar, with 67.6% aged over 45 and 18.6% over 65.

Income
In 2006, 17.1% of the Basin population aged over 15 earned more than
$1,000 a week, a lower proportion than the Australian average, in which 20%
earned over $1,000 a week. Of all the high earners in the Basin, 37.2% lived
in Canberra. Average wages were $37,282 for the Basin in 2004–05, lower
than the Australian average of $40,585.
For the Basin, the average income for business owners was $35,072 in
2003–04, of which an average of $31,544 was generated from unincorporated
businesses. Unlike the steady growth in income for wage and salary
earners, the Basin showed some declines in the average annual growth
of business owners’ income for the period 2001–02 to 2003–04, at a
time when the income of business owners in most of the rest of Australia
showed some growth.
Between 2001 and 2006 there was an increase in the agricultural areas
of the Basin declared to be experiencing ‘exceptional circumstances’ due
to the drought.

2.5 Basin environment
The Basin can be divided topographically into five different river section
types. These can be divided again by climate into northern rivers
(Darling catchment) and southern rivers (Murray catchment). In the north,
rainfall is less seasonal, but greater in summer, more influenced by tropical
systems and producing higher peak flows. The northern Basin is also hotter,
with higher evaporative demand, and flow is less predictable, with more
frequent and longer periods of very low flow (Young et al. 2001).
The ecology of the Basin’s rivers is determined by the high variability of
their natural flow regimes (Puckridge et al. 1998; Boulton 1999; Kingsford
2006). Flows define the Basin’s physical and ecological processes, creating
diverse river and floodplain forms and functions, and great ecological
variability (Young 2001).

Shearing on a property near Blighty,
New South Wales

The distribution of wetlands and flood-dependent vegetation on floodplains
is a result of flooding from rivers (Hughes 1988; Young 2001). The life
cycles of many aquatic plants, eucalypt forests and woodlands, invertebrates,
waterbirds, amphibians, reptiles and fish, as well as many terrestrial species,
are tied to, and dependent on, high variability in flow regimes (Boulton 1999;
Young 2001; Jenkins & Wolfenden 2006; Kingsford 2006).
The Basin contains 16 of Australia’s Ramsar-listed wetlands (Table 2.4).
Ramsar sites are listed under the Convention on Wetlands of International
Importance (the Ramsar Convention) in recognition of their international
importance in one or more of the following areas: ecology, botany, zoology,
limnology or hydrology. All Ramsar sites in the Basin have been included
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in the Murray–Darling Basin Authority’s list of key environmental assets
(see Appendix A). The Basin also has one World Heritage site — the
Willandra Lakes Region.
The water-dependent ecosystems in the Basin provide critical habitat for
95 state- and Commonwealth-listed fauna species. Their distribution across
the Basin Plan regions is shown in Table 2.5.
Table 2.4 Ramsar-listed wetlands: Murray–Darling Basin
Ramsar site name

Basin Plan region

Banrock Station Wetland Complex

Murray

Barmah Forest

Murray

Currawinya Lakes

Paroo

Fivebough and Tuckerbil Swamps

Murrumbidgee

Ginini Flats Subalpine Bog Complex

Murrumbidgee

Gunbower Forest

Murray

Gwydir Wetlands: Gingham and Lower Gwydir (Big Leather) Watercourses

Gwydir

Hattah–Kulkyne Lakes

Murray

Kerang Wetlands

Murray

Lake Albacutya

Wimmera–Avoca

Macquarie Marshes

Macquarie–Castlereagh

Narran Lake Nature Reserve

Condamine–Balonne

NSW Central Murray State Forests

Murray

Paroo River Wetlands

Paroo

Riverland

Murray

The Coorong, Lake Alexandrina & Lake Albert

Murray

Source: Department of the Environment, Water, Heritage and the Arts (2009a)

Table 2.5 B
 asin-wide distribution of state- and Commonwealth-listed
fauna species
Basin Plan region
Barwon–Darling

Number of state- and Commonwealth-listed
endangered/threatened species
9

Border Rivers

23

Campaspe

23

Condamine–Balonne

20

Eastern Mount Lofty Ranges

28

Goulburn–Broken

41

Gwydir

17

Lachlan

21

Loddon

25

Lower Darling

24

Macquarie–Castlereagh

23

Moonie

2

Murray

58

Murrumbidgee

34

Namoi

20

Ovens

32

Paroo

8

Warrego
Wimmera–Avoca

9
27

Source: MDBA, unpublished
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The Basin supports a great number of plants, animals and ecosystems that
are nationally and internationally significant. More than half its native
fish species are considered threatened or of conservation significance
(Lintermans 2007). Many species of waterbirds breed in large numbers
only during flooding of wetlands and lakes. The large wetlands on the
lower reaches of the Condamine–Balonne, the Gwydir, the Macquarie, the
Lachlan and the Murrumbidgee rivers are among the most important sites
of their type in Australia for species of waterbirds that breed in large colonies
(Kingsford & Johnson 1998; Kingsford, Curtin & Porter 1999; Kingsford &
Thomas 2004; Kingsford & Auld 2005).
The Murray–Darling Basin is the most heavily regulated river basin in
Australia, with 24 of its 26 major rivers regulated by dams and weirs
(Kingsford 2000; Arthington & Pusey 2003). This regulation has affected the
flow regime of these rivers and that of the entire Basin. Because of the critical
dependence of so many plants and animals on the natural flow regime, these
changes have affected flood- and flow-dependent species and ecosystems
(Boulton 1999; Kingsford 2000; Kingsford & Thomas 2004).
Regulation of rivers causes major changes in geomorphological and ecological
processes downstream of dams (Kingsford 2000; Sheldon et al. 2000).
For example, construction of barrages has caused erosion, declining water
quality, and loss of wetlands in Lake Alexandrina and Lake Albert (Bourman
& Barnett 1995). In 1991 the Darling River suffered a bloom of blue-green
algae more than 1,000 km long, caused partly by river regulation (Bowling
& Baker 1996; Arthington & Pusey 2003). At least 90% of the Gwydir
Wetlands, 75% of the wetlands of the Lower Murrumbidgee floodplain, and
40–50% of the Macquarie Marshes have been lost (Keyte 1994; Kingsford &
Thomas 1995, 2004).
River regulation and extraction of water have reduced the breeding of
colonially nesting waterbirds in the Barmah–Millewa Forest on the Murray
(Leslie 2001), and the number of waterbirds and waterbird nests, and the
frequency of waterbird breeding in the Macquarie Marshes (Kingsford &
Thomas 1995; Kingsford & Johnson 1998). Native fish populations have also
suffered damaging effects, and their resistance to invasion by alien species has
been lowered (Gehrke et al. 1995; Gehrke 2001). Changing flow patterns and
degraded riparian zones increase bank erosion, turbidity and sedimentation,
filling pools and smothering habitat. Changes to seasonal flows have affected
fish breeding, and constant low flows reduce ecosystem productivity by
removing the high-flow and low-flow cues that trigger and sustain aquatic
cycles (Poff et al. 1997; Humphries, Serafini & King 2002; MDBC 2003b).

Little friarbird at Black Swamp in
the Gunbower–Koondrook–Pericoota
Forest, Victoria
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The health of riparian and wetland vegetation, which plays a key part in
riverine ecology, has declined. Many areas remain under significant pressure
from the combined effects of human activity and the drought. For example,
in 2003, 80% of remaining river red gums on the River Murray floodplain
in South Australia were stressed to some degree, and 20–30% were severely
stressed. In the Macquarie Marshes, over half the river red gum forest and
woodland has more than 40% dead canopy, and over 40% has more than
80% dead canopy (Bowen & Simpson 2009).
The National Land & Water Resources Audit 2000 Assessment of River
Condition indicated that the ecological health of Basin rivers was poorer than
that required for ecological sustainability (Norris et al. 2001).
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The Sustainable Rivers Audit provides a comprehensive assessment of the
ecosystem health of 23 river valleys in the Basin. On the basis of the first
assessment, the Paroo valley in the north-west of the Basin was the only one
to achieve a health rating of ‘good’. The Condamine and Border Rivers valleys
were rated as being in ‘moderate health’, and all others were rated ‘poor’ or
‘very poor’, with the lowest ranked being the Murrumbidgee and Goulburn
valleys (see Table 2.6) (Davies et al. 2008).
The Sustainable Rivers Audit reported that the condition of the native fish
population in the Basin was at best moderate, and most macroinvertebrate
populations showed a lower diversity than expected, especially in the
Campaspe, Castlereagh, Wimmera and Avoca valleys. More than two-thirds
of sites were rated as being in moderate to good condition in terms of longterm hydrologic regimes (i.e. not including the current dry period). Sites that
were rated as being in poor hydrologic condition are in the lowland reaches
of the major river systems and on reaches affected by river regulation and
extraction for irrigation (see Table 2.7) (Davies et al. 2008).
Table 2.6 S
 ustainable Rivers Audit ecosystem health assessments by
valley, 2004–07: Murray–Darling Basin
Health rating

Valley

Good

Paroo

Moderate

Border Rivers, Condamine
Namoi, Ovens, Warrego

Poor

Gwydir
Darling, Murray Lower, Murray Central
Murray Upper, Wimmera

Very poor

Avoca, Broken, Macquarie
Campaspe, Castlereagh, Kiewa, Lachlan, Loddon, Mitta Mitta
Murrumbidgee, Goulburn

Source: Davies et al. (2008).

Table 2.7 S
 ustainable Rivers Audit hydrologic health assessments by
valley, 2004–07: Murray–Darling Basin
Health rating
Good
Moderate to good
Moderate
Poor to moderate
Poor
Very poor

Valley
Castlereagh, Kiewa, Mitta Mitta, Namoi, Ovens, Paroo, Warrego
Avoca, Border Rivers, Broken, Condamine, Gwydir,
Lachlan, Macquarie, Upper Murray
Campaspe, Loddon, Central Murray
Murrumbidgee
Darling, Goulburn, Lower Murray, Wimmera
–

Note: ‘Hydrologic health’ measures ecologically significant aspects of the flow regime including volume,
variability, extreme flow events and seasonality.
Source: Davies et al. (2008).
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Stock watering trough on a property
near Beechworth, Victoria

2.6 Basin water resources
Rainfall
The long-term average annual rainfall (1895–2006) for the whole Basin is
457 mm; however, this figure does not reflect climate variability throughout
the Basin. Across the Basin from west to east, the average annual rainfall
increases from as little as 200 mm on the plains to more than 2,000 mm
along parts of the Great Dividing Range (Jeffrey et al. 2001). Potential
evaporation plays a significant role, ranging from 950 mm per year in
the south to 1,700 mm in the north (Morton 1983; Chiew & McMahon
1993). See Figure 2.7 for 10-year average annual rainfall, and Figure 2.8 for
long‑term average annual rainfall in the Basin.
In addition to these broad differences, the northern and southern parts of
the Basin display markedly different seasonal patterns. The northern Basin
experiences intense and sporadic summer-dominated rainfall, as opposed
to winter-dominated rainfall in the south. Due in part to these climate
characteristics, most rainfall evaporates or is transpired by vegetation.

Surface-water resources
Water availability
Rainfall in the Basin varies widely between years, producing variation in
inflows and water availability. This variability is measured by the coefficient
of variation, which measures the relative range of modelled annual water
availabilities (shown for selected catchments in Table 2.8). A low value
(e.g. the Murrumbidgee coefficient of variation, 0.5) indicates a relatively
reliable year-to-year value, whereas a high value (e.g. the Barwon–Darling
coefficient of variation, 3.1) reflects a large inter-annual variation.
Table 2.8 also reflects the difference in climate between north and south.
Water availability in the northern regions is generally less reliable than in the
southern regions.
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Table 2.8 V
 ariation in water availability in
selected catchments
Catchment
Barwon–Darling

Coefficient of variation
3.1

Border Rivers

0.9

Broken

0.8

Campaspe

0.7

Condamine–Balonne

1.1

Goulburn

0.5

Gwydir

1.0

Lachlan

0.9

Loddon

0.7

Macquarie–Castlereagh

0.9

Moonie

1.4

Murray

0.4

Murrumbidgee

0.5

Namoi

1.3

Nebine

0.7

Ovens

0.5

Paroo

0.9

Warrego

1.2

Wimmera–Avoca

0.5

Whole Murray–Darling Basin

0.5

Source: MDBA unpublished modelled data

The development of the Basin Plan requires a measurement of the size of
the surface-water resource, both at regional and Basin scale. Fundamentally,
the amount of available water is determined by the volume of inflows
entering rivers and streams. The long-term (1895–2009) average rainfall
across the Basin is in the order of 500,000 GL/y. Much of this water
evaporates, recharges groundwater through seepage, or is used by the natural
environment through transpiration. Rain that finds its way into creeks,
streams and eventually into the rivers of the Basin is the inflow. One way to
estimate available water in the Basin river system is to sum the total inflows,
prior to any instream losses. The Murray–Darling Basin Authority (MDBA)
has adopted a best estimate of surface-water run-off across the Basin using
modelled inflows, incorporating where necessary the effects of interception
activities (e.g. farm dams and forestry plantations).
Accordingly, MDBA estimates that under without-development conditions
(conditions prior to significant human development), 31,800 GL/y
(or about 6% of average rainfall) would occur as run-off and flow into
rivers and streams.
Farmscape near Stuart Town,
New South Wales
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Figure 2.7 Ten-year average annual rainfall (mm), 1996–2005
Source: MDBA
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Figure 2.8 Long-term average annual rainfall (mm), 1900–2005
Source: MDBA
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On average, an additional 997 GL/y is transferred into the Basin from
external sources, comprising transfers into the Murray and Murrumbidgee
rivers from the Snowy Mountains Hydro-electric Scheme, and transfers
into the Wimmera region from the Glenelg River. Therefore, the Basin
receives average annual inflows of 32,778 GL. As about 2,735 GL run-off
is intercepted each year, it is estimated that 30,043 GL/y flows into rivers
and streams.
The Basin can be broken into component systems. The total inflows into the
Darling River and its tributaries are 13,547 GL/y. Total inflows into the River
Murray and its tributaries are 15,959 GL/y. A further 2,155 GL/y flows into
the disconnected systems (the Lachlan and Wimmera–Avoca systems) and
120 GL/y flows into the Eastern Mount Lofty Ranges.
The CSIRO Murray–Darling Basin Sustainable Yields Project (CSIRO
2008) adopted a different approach to measuring the size of the surface-water
resource. The surface water available for a region, and for the Basin as a whole,
was assessed at the ‘point of maximum flow’ under without-development
conditions. A point of maximum flow typically aggregates all inflows and
is at a location in the system with a long and reliable historical record and
is thus a robust measure of long-term average water availability. This is a
different measure to the total average inflows, as a fraction of inflows leave
the river system naturally (via evaporation, environmental use or seepage into
groundwater) and some water use occurs prior to the inflows entering streams.
MDBA adapted the sustainable yields project modelling framework for the
Basin Plan requirements. The updated estimated long-term average (1895–
2009) water availability in the Murray–Darling Basin using this modelling
is 23,313 GL/y, which is approximately 71% of the average annual inflows
across the Basin, as described earlier.
Water availability between 1999 and 2009 has been approximately 40% less
than the long‑term average — this is the driest 10-year period in the past
114 years. This trend is particularly pronounced in the southern Basin; water
availability in the Campaspe, Loddon and Wimmera regions since 1999 has
been approximately 75% less than the long-term average (based on MDBA
unpublished modelled data).

Water storages
From the early 20th century, government and private investors constructed
water storage infrastructure across the entire Basin to mitigate the high
natural inter-annual flow variability of Basin river systems and provide a
secure water supply for a developing nation. Primarily driven through growth
of irrigated agriculture, most large public dams were constructed between
1950 and 1980, and today they combine to provide the Basin with a storage
capacity of 22,663 GL (using the approach described in MDBA 2010b).
Most of the largest storages exist in the southern connected system and
eastern ranges where high annual rainfall, cooler temperatures and
topography provide conditions suitable for locating large and efficient
storages (see Table 2.9).
In contrast, the storage capacity in the northern Basin is dominated by
large‑scale, private on-farm storages that capture highly variable, monsoonal
floodwaters for irrigation. In the Barwon–Darling, Paroo, Warrego,
Condamine–Balonne and Moonie regions, 90% or more of the total storage
capacity is private storage (CSIRO 2008). Although individual capacities of
on-farm storages are generally low, the impact on inflows of their continued
growth is a significant risk to Basin water resources.
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Table 2.9 The nine largest reservoirs in the Murray–Darling Basin
Major on-stream storage

Basin Plan region

Dartmouth Reservoir

Murray

Completion date

Storage capacity (GL)

1979

3,906

Eildon Reservoir

Goulburn–Broken

Hume Reservoir

Murray

1955

3,334

1936–61

3,038

Menindee Lakes

Lower Darling

1960–68

1,730

Burrendong Reservoir

Macquarie–Castlereagh

1967

1,188

Blowering Reservoir

Murrumbidgee

1968

1,631

Copeton Reservoir

Gwydir

1973–76

1,361

Wyangala Reservoir

Lachlan

1968–71

1,220

Burrinjuck Dam

Murrumbidgee

1928–57

1,026

Source: MDBA

Surface-water use
The surface-water resources of the Basin are diverted or intercepted for a range
of consumptive purposes, including irrigation, urban supplies, stock water,
domestic supplies and industry.
Most consumptive water users in the Basin (such as irrigators and water
supply authorities) hold a licence to take water, referred to as an ‘entitlement’.
Entitlements are of several types and have varying reliabilities, e.g. New
South Wales’s high security, general security and supplementary access, and
Victoria’s high reliability and low reliability water shares.
Based on the amount of water available in the system at a given time, water
authorities announce an ‘allocation’, which specifies what proportion of an
entitlement can be taken in that year. Allocated water is one form of water
authorised for use. Other forms of water authorisations include water trade,
carryover, supplementary access, and unregulated uses.
Total surface-water use includes diversions from watercourses and associated
floodplains, and interception activities such as farm dams and plantation
forestry. However, data on interception activities is limited and available
annual water-use data does not include these activities.
The available data shows that annual surface-water use has been decreasing
and in recent years has been quite low due to drought conditions (see
Table 2.10 and Figure 2.9). For example, total water use was around 5,260 GL
in 2006–07, 4,514 GL for 2007–08 and 4,119 GL for 2008–09 (MDBA
2010c), which is around a 60% reduction from the water used in an average
year. Usage totals are dominated by extractions in the Murray, Murrumbidgee
and Goulburn–Broken regions.

Interception activities
Interception activity is defined in the Water Act 2007 (Cwlth) as the
interception of surface water or groundwater that would otherwise flow,
directly or indirectly, into a watercourse, lake, wetland, aquifer, dam or
reservoir that is a Basin water resource. There is some regulation of farm
dams in the Basin. However, the interception effects of forestry plantations
and mining are currently mostly outside state water planning frameworks.
There is an expectation under the National Water Initiative that significant
interception activities will be effectively regulated by no later than 2011
(National Water Commission 2009a).
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Table 2.10 Surface-water actual watercourse diversions by region (GL): Murray–Darling Basin
Region

1997–98 1998–99 1999–2000 2000–01 2001–02 2002–03 2003–04 2004–05 2005–06 2006–07 2007–08 2008–09

Barwon–Darling

198

233

175

246

76

20

268

157

157

1

210

149

Border Rivers

388

306

360

536

362

215

323

316

277

217

341

293

Campaspe
Condamine–Balonne
Goulburn–Broken

96

76

73

113

124

74

73

40

22

14

26

26

545

467

366

360

162

123

575

167

186

57

776

190

1,846

1,649

1,477

1,468

1,618

1,043

1,564

1,504

1,524

642

675

624

Gwydir

532

306

448

424

462

238

169

165

230

139

89

154

Lachlan

429

293

301

423

457

253

59

36

128

73

46

40

Loddon

63

49

77

101

82

32

33

49

68

10

9

4

Lower Darling

68

194

85

241

126

107

23

29

41

16

11

9

442

396

437

522

597

411

219

102

224

252

75

106

8

8

8

31

6

6

26

23

2

9

41

29

Murray

4,262

4,465

3,407

4,420

4,624

3,338

3,372

3,333

3,810

2,617

1,450

1,638

Murrumbidgee

2,630

2,529

1,901

2,781

2,384

1,833

1,803

1,645

2,232

985

530

621

Namoi

305

322

350

355

363

294

173

190

234

166

142

188

Ovens

35

28

24

23

26

32

25

21

25

17

17

25

Paroo

0

0

0

0

0

0

0

0

0

2

4

1

Macquarie–Castlereagh
Moonie

Warrego
Wimmera–Avoca
Basin total

5

13

7

12

14

10

14

14

6

24

26

9

184

159

103

68

84

60

66

50

60

19

45

11

12,036

11,494

9,600

12,124

11,567

8,091

8,785

7,842

9,228

5,260

4,514

4,119

Note: No data is available for the Eastern Mount Lofty Ranges region.
Source: MDBA (2010c)

Figure 2.9 Surface-water actual watercourse diversions, 1997–98 to 2008–09: Murray–Darling Basin
Source: MDBA (2010c)
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The storage volume of farm dams across the Basin has been estimated as
2,168 GL (SKM 2007). The assessment used data from previous studies to
estimate the surface area covered by farm dams, and a method for estimating
farm dam volume from surface area. Other studies have arrived at similar
estimates for the volume of farm dams in the Basin (e.g. 2,213 GL from
Agrecon (2005); 2,200 GL from Van Dijk et al. (2006)). Using a relationship
between the volume of farm dams and the impact on catchment water yield
(SKM, CSIRO & BRS 2010), the estimated reduction in run-off across the
Basin due to farm dams is 2,395 GL/y.
Projections by CSIRO (2008) based on historical farm dam expansion and
the policy controls in place when the study was undertaken indicated that
farm dam capacity across the Basin could increase by about 10% by 2030;
however, there is considerable uncertainty in the projection of these increases.
A 10% increase in capacity was estimated to result in an increase of 170 GL/y
in surface-water use across the Basin.
Existing commercial forestry plantations in the Basin cover about 290,000 ha
(CSIRO 2008). These plantations are estimated to reduce run-off by
341 GL/y (SKM, CSIRO & BRS 2010). The assessment of run-off impacts
considered only forestry plantations, mainly for timber production, not the
impacts on catchment water yields where plantations had replaced native
forest or where plantations had been established on land that previously had a
plantation (e.g. second rotation planting).
Bureau of Rural Sciences projections indicate that, with the trends and policy
in place in 2008, commercial forestry plantations could expand by 52,000 ha
or 18% by 2030 (CSIRO 2008). The increases would be concentrated in the
Murray (33,000 ha), Murrumbidgee (17,000 ha) and Eastern Mount Lofty
Ranges (2,000 ha).
Forestry plantations significantly reduce local run-off in the areas where they
are located; however, for the projected forestry developments the regional
impacts on run-off are small (CSIRO 2008). The expansion in plantations
was estimated to result in an increase of 28 GL/y in surface-water use
across the Basin (CSIRO 2008). However, the possible future introduction
of an emissions trading scheme could significantly drive the expansion
of plantations.
A summary of the estimated take by interception by farm dams and forestry
plantations is provided in Chapter 4 (see Table 4.14).
Of the approximately 320 mines listed as operating throughout Australia in
2009, around 10% were in the Murray–Darling Basin (ABS, ABARE & BRS
2009). Around half of all mines in the Basin were mining metallic minerals
(largely gold and copper) with a further one-third mining black coal.
While direct consumptive use of water is relatively small, mining activities
can have a large, localised incidental water use or impact associated with
ore production or oil and gas extraction (Natural Resource Management
Ministerial Council 2010), although precise quantities are difficult to
determine. Table 2.11 provides a qualitative assessment of the potential
impact on the water balance of a range of mining activities (National Water
Commission 2010a).
It is expected that mining activities will continue to expand in the Basin,
although is it difficult to predict the extent of this future growth.

Low water levels in a farm dam
near Urana, New South Wales,
during drought
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Table 2.11 Evaluation of mining activities that can intercept water
Potential impact on
water balance

Priority for
management

Oil and gas extraction,
coal seam methane gas extraction

High

Higha

Open-cut mining

High

High

Medium

Medium

High

High

Activity

Pit lakes and mines wastewaters
Dewatering, mine voids

a Much of this activity relates to non-Basin resources beyond the responsibility of the Basin Plan and MDBA
Source: National Water Commission (2010a)

Groundwater resources
The Basin has large groundwater resources in three main aquifer types:
alluvial, porous rock and fractured rock. Covering the largest area are the
alluvial and porous rocks of the sedimentary basins. The storage in these
aquifers is significant, but only a small percentage is accessible in terms of
yield and quality. While the Great Artesian Basin is a major groundwater
resource under the Basin, its management is not included in the Basin Plan.
There is limited data on groundwater use in the Basin, as metering has
historically not been widespread, and groundwater use in many areas is
estimated. Groundwater extraction is metered in irrigation areas and other
sites of intense extraction. Larger individual extractions (including for some
irrigation, town water supply and industrial purposes) are also metered. Most
groundwater use, by volume, is metered. However, most bores throughout the
Basin are used for stock and domestic purposes and are not metered.
Use for the most highly developed groundwater systems is summarised in
Table 2.12. According to current MDBA estimates, total groundwater use in
the Basin is approximately 1,700 GL/y. Figure 2.10 shows the areas currently
covered by a groundwater plan.
Table 2.12 E
 stimated groundwater use in highly developed
groundwater systems
SDL area

Entitlement (GL)

Angas Bremer

6.5

6.7

Lower Gwydir Alluvium

32.3

32.3

Lower Lachlan Alluvium

108

117.9

Lower Macquarie Alluvium

69.3

41.9

Lower Murray Alluvium (shallow)

39.5

39.5

Lower Murray Alluvium (deep)

83.7

86.3

Lower Murrumbidgee Alluvium

280.1

303.7

Lower Namoi Alluvium
Mid-Murrumbidgee Alluvium
Peel Valley Alluvium

86

99.4

80.4

44

9.3

7.3

Upper Lachlan Alluvium

183

77.1

Upper Macquarie Alluvium

13.7

13.7

Upper Murray Alluvium

41

11

Upper Namoi Alluvium

122.1

95.0

128

117.1

Victorian Riverine Sedimentary Plain (shallow)

221.2

83.3

Victorian Riverine Sedimentary Plain (deep)

177.6

89.6

Upper Condamine Alluvium

Note: SDL areas are described in Section 3.2 of this volume.

40

Average use
(2003–04 to 2007–08)

Guide to the proposed Basin Plan Technical background Part I

Figure 2.10 Areas currently covered by a groundwater plan: Murray–Darling Basin
Source: MDBA
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Groundwater use
Groundwater is used across the Basin, primarily for agriculture. However, it
is also important for stock and domestic, industrial, mining and other uses.
Groundwater represents less than 20% of the total water use across the Basin.
However, groundwater is locally important, particularly in the large riverine
plains, where it plays a major role in irrigated agriculture, and in the western
parts of the Basin where, although volumetrically small, it may provide
the only source of water. There has been a marked increase in groundwater
use across the Basin since the introduction of the Cap on surface-water
diversions in 1995.
During dry periods, a greater proportion of the water used in the Basin is
groundwater. For example, in the three-year period when use of surface water
was lowest, groundwater use was about 15% of total water use in the Border
Rivers region compared to 10% in times of moderate use. In the Lachlan
region the difference was more dramatic, with groundwater use at more than
80% of total water use in dry times, and 50% in times of more moderate
use (CSIRO 2008).
Modelling undertaken by CSIRO
(2008) indicated that continuation
of the current extraction rates in
seven of the Basin groundwater
management units — the
Condamine, Border Rivers, Lower
Namoi, Lower Macquarie, Lower
Lachlan, Upper Lachlan and
mid–Murrumbidgee — could
result in large reductions in
groundwater levels.

Connectivity

Hovells Creek, south-east of Cowra,
New South Wales

The availability of water resources
within the system needs to be
considered in terms of how they
are connected. The understanding
of connectivity between surface water and groundwater is increasing, as is
appreciation of the need to manage the use of these resources as a whole
rather than separately.

Surface water and groundwater connectivity
Surface-water and groundwater systems are not separate resources but are
components of one system. Where the connection is strong, groundwater
extraction may directly affect surface-water streamflow by inducing leakage
to groundwater, or intercepting groundwater-derived base flow over short
and long time frames. Similarly, surface-water extraction and management
regimes may affect the availability of groundwater.
Stream losses and groundwater-derived base-flow reductions as a result of
past and current groundwater extraction will increase in future due to the
delayed response of the movement of water in groundwater systems. The time
lag between groundwater extraction and observation of its impact on surfacewater flows can range from instantaneous to several decades.
Research shows that the potential impact of past and current groundwater
extraction on streamflow is one of the key uncertainties in determining Basin
water resources (Evans 2007). The CSIRO Murray–Darling Basin Sustainable
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Yields Project (CSIRO 2008) reported that groundwater extraction at the
2004–05 level of development would reduce streamflow across the Basin by
447 GL/y by 2030 and therefore 24% of the 2004–05 level of groundwater
extraction would eventually come from surface water through induced river
recharge. This represents a 4% reduction in surface-water availability at
2004–05 levels of development.
The separate management of surface-water and groundwater resources has
often led to the same water being counted twice: once as groundwater and
a second time as the base flow of rivers (Evans 2007). The result has been a
reduction in the security of supply to surface-water users and reduced flow
in rivers, in some cases causing the complete drying out of streams. Double
accounting is often not recognised because of the time lag between extraction
of groundwater and reduction in streamflow (Evans 2007).
Surface-water and groundwater connectivity assessments by Parsons,
Evans & Hoban (2008) identified the interaction between surface-water
and groundwater systems in terms of whether the river is losing or gaining
groundwater and at what rate. This is the relationship at its most basic and
represents only a ‘snapshot’ of the current state of interactions. In practice
such interactions are dynamic, fluctuating both seasonally and over the
long term in response to climatic variability and the delayed impact of
groundwater extractions.
In some areas, groundwater extraction is significantly affecting the
interactions between surface water and groundwater. Virtually all river
reaches in the Basin that are losing water at the maximum rate (i.e. where
groundwater levels have fallen below the base of the stream) are in areas of
the greatest and most concentrated groundwater development. This suggests
that maximum losing river conditions in the Basin may largely be caused by
intensive groundwater development (Parsons, Evans & Hoban 2008).
Over the critical dry-season low-flow period, groundwater discharge may
represent 100% of the streamflow, particularly in upper catchments. This
underscores the importance of groundwater discharge in maintaining the
health of most streams and rivers in the Basin.

Hydrologic connectivity
Hydrologic connectivity is the level of capability for two sources to be
connected for a given period of time such that water can be diverted from
one of the sources to the other without unacceptable incremental losses
or adverse third-party impacts (SKM 2009). It is a function of both river
connectivity (where the water can flow naturally) and the connectivity of
water infrastructure in the system.
Surface-water delivery efficiency is one indicator of connectivity, quantifying
the average loss that naturally occurs between regions. This delivery efficiency
indicator has been used in the CSIRO Murray–Darling Basin Sustainable
Yields Project (CSIRO 2008) to show what proportion of the run-off
generated in the region naturally makes it to the Murray Mouth.
As shown in Table 2.13, the level of connectivity is highly variable between
the regions of the Basin, with the percentage of flow that reaches the Murray
Mouth ranging from 3% for the Warrego to 84% for the Murray (CSIRO
2008). (The regions are those used in the CSIRO Murray–Darling Basin
Sustainable Yields Project, which differ from the Basin Plan regions). The
Paroo, Lachlan and Wimmera rivers terminate in floodplain wetlands, and
only in very large floods contribute any flow to the Darling, Murrumbidgee
or Murray rivers respectively (CSIRO 2008).
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Table 2.13 H
 ydrologic connectivity: Murray–Darling Basin
Regiona

Fraction of flow reaching
Murray Mouth

Barwon–Darling
Bourke

0.46

Menindee

0.54

Border Rivers

0.32

Campaspe

0.75

Condamine–Balonne

0.18

Eastern Mount Lofty Ranges

–

Goulburn–Broken

0.75

Gwydir

0.17

Lachlan

–

Loddon–Avoca
Avoca

–

Loddon

0.45

Macquarie–Castlereagh
Castlereagh

0.25

Macquarie

0.17

Moonie

0.34

Murray

0.84

Namoi

0.36

Ovens

0.70

Paroo

–

Warrego

0.03

Wimmera

–

a The regions are those used for the CSIRO Murray–Darling Basin Sustainable Yields
Project (CSIRO 2008)

The level of connectivity of the system will differ between wet and dry
years. While in wet years a river ‘loses’ water to the floodplain, lakes and
wetlands, in dry years river flow is subject to increased losses due to seepage
and evaporation.
The average delivery efficiency does not fully describe whether wet or dry
years have a larger impact in each region. Drier years have a bigger impact on
the connectivity of regions that connect to the Murray only in times of high
flow or flood, such as the Warrego, Wimmera, Paroo, Condamine–Balonne
and Moonie, or where zero flows have been observed through history, such as
the Border Rivers, Barwon–Darling and Lower Darling (SKM 2009).
In addition, some channel capacity constraints reduce the connectivity of the
rivers in the system at high flow, for example the Barmah Choke. The Barmah
Choke, a naturally occurring narrow stretch of the River Murray, restricts
the capacity for delivering water from the upper Murray to the lower Murray,
forcing flows of more than 8,500 ML/d to spill into the Barmah Forest.
The Barmah Choke is currently a significant constraint to trade between the
upper and lower Murray at the peak of the irrigation season. Other known
constraints in the system include the channel capacity of:
• the Mitta Mitta River between Dartmouth and Hume dams
• the River Murray between Hume Dam and Yarrawonga
• the Lower Darling (SKM 2009).
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In addition, infrastructure capacity sometimes constrains the transfer of
water from one location to another for trading or environmental purposes.
Some identified constraints include:
•
•
•
•
•

all major offtakes to irrigation areas
the Edward River and Gulpa Creek offtakes
inlet and outlet channels to Lake Victoria
release rates from Menindee Lakes
the outfall from Mulwala Canal to the Edward River, and other
escapes (SKM 2009).

Environmental connectivity
Environmental connectivity consists of links between water-dependent
ecosystems that allow migration, colonisation and reproduction of species.
These connections also enable nutrients and carbon to be transported
throughout the system to support the healthy functioning and biodiversity of
rivers, floodplains and wetlands.
There are two types of links caused by flow: downstream (or longitudinal)
movement between different sections of a river; and lateral movement
between the river and the floodplain. Water, sediment and nutrients flow
downstream and support processes in downstream river sections. Lateral
flows in a river exchange water, sediment and nutrients between the river and
its floodplain.
As flows increase, the river overflows its banks, inundating previously dry
areas of floodplain, backwaters and billabongs, connecting them with the
river channel, depositing suspended material on previously dry areas, and
picking up nutrients and organic matter. Inundation reorganises the plant
community and stimulates the growth of invertebrate populations (Boulton
1999). As water levels subside, organic material, including bacteria, other
microorganisms and dissolved nutrients, is carried back to the main stream.
Connections upstream and downstream, and between a river and its
floodplains and wetlands, are important for transferring energy and nutrients,
and in the life cycles of many plants and animals. For example, plant seeds
are dispersed downstream; many species of Australian fish move upstream
to reproduce; and a river free of barriers is important for fish to maintain the
health of their populations.
River regulation has greatly reduced these environmental connections. The
effectiveness of exchanges between rivers and their floodplains is reduced
by floodplain development and by floodplain fragmentation and isolation
caused by levee construction. In some cases the frequency and duration of the
wetting phase has declined, while in other cases wetlands that previously used
to dry out are permanently wet. Overall, this has led to a reduction in the
amount and frequency of nutrient exchange between rivers, floodplains and
wetlands (Young et al. 2001).

Water quality
The beneficial uses of water in the Basin, such as irrigation, drinking,
recreation and watering aquatic ecosystems, depend on acceptable water
quality. Threats to this water quality include salinity, algal toxins, high
nutrient and suspended sediment loads, cold-water pollution, toxicants,
pH and low dissolved oxygen levels.

The Barmah Choke, a narrow part
of the River Murray upstream of
Echuca, Victoria
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Salinity is arguably the best known threat to water quality in the Basin.
Risks are most pronounced during extremes of climate: extended dry periods
when surface-water storage levels are low, providing little opportunity for
dilution of saline groundwater inflows; and in wet periods when increased
salt is mobilised from tributary valleys, irrigation areas and floodplains
(MDBA 2009a).
High-salinity events are related to:
• the location of major sources of salt
• hydrologic loading on the landscape (including both rainfall
and irrigation)
• salt mobilisation processes
• the flow regime available to dilute the impacts of salt loads on overall
water quality (MDBA 2009a).
Understanding the salinity threat therefore involves a detailed appreciation of
the groundwater and surface-water hydrology within the various landscapes,
and the instream salt transport mechanisms that affect the water resources of
the Basin (MDBA 2009a).
Salinity across the various landscapes, particularly the southern Basin, is
managed through the Basin Salinity Management Strategy 2001–2015
(MDBC 2001). The strategy holds the Basin states accountable for land and
water management actions that significantly affect river salinity. The strategy
has delivered some significant achievements, including building and operating
salt interception schemes, introducing and maintaining salinity registers,
and creating an environmental accountability framework to track the
impacts of Basin state actions that cause significant increases or decreases in
river salinity. The strategy also includes river salinity targets and a salinitymonitoring network (MDBA 2009a). The Basin states and the Australian
Government report each year on their activities in relation to the strategy.
The salt interception schemes are primarily located in the lower Murray
region where groundwater is most saline. Every year they collectively divert an
estimated half a million tonnes of salt away from the river to salt management
basins (MDBA 2009a). These schemes, together with other initiatives such
as managed dilution flows, have provided significant water quality benefits
to the river in recent years, reducing river salinity by up to 800 electrical
conductivity units during 2007–08 — a year when salinity levels would have
reached an estimated 1,300 electrical conductivity units if not for mitigation
works and measures (MDBA 2009a).
Instream salinity targets have been established in the Basin Salinity
Management Strategy for most of the tributary valleys and within the River
Murray. A Basin target is set at Morgan in South Australia. These instream
targets are based on long-term salinity levels over a defined variable climate
(currently the period 1975–2000) rather than on day-to-day levels. The
Basin target is intended to maintain river salinity at Morgan at less than
800 electrical conductivity units for 95% of the time over the defined variable
climate. Tributary valley targets include those for the River Murray within
the Mallee zone and aim to address local sources of salt mobilisation.
Catchment actions initiated by Basin states with support from
Commonwealth funding programs have been targeted variously towards
land-based salinity and instream water quality. Generally, programs to
address salinity have been incorporated into regional catchment strategies,
and therefore consider trade-offs between salinity outcomes and other
natural resource management outcomes. Implementing regional-scale actions
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associated with salinity mitigation has included improved irrigation systems
and on-farm water-use efficiencies, groundwater pumping, revegetation,
and the incorporation of deep-rooted rain-fed grasses or fodder crops into
agronomic systems to reduce groundwater recharge, which is the principal
driver of salt mobilisation to rivers and streams (MDBA 2009a, 2010a).
When the Basin Salinity Management Strategy was being developed, the
legacy of increased recharge as a result of land clearance was considered
likely to cause future increases in salt loads to the river (National Land
& Water Resources Audit 2001). More recently, a review of groundwater
and salinity data within NSW tributary valleys indicated that future salt
mobilisation from dryland catchments is unlikely to realise these predictions
(NSW Department of Environment and Climate Change 2009). For many
catchments, local stream salt loads reflect the changing nature of shortand medium-term rainfall patterns, rather than long-term increases in
salt exports.
Nevertheless, major salinity threats to the Basin’s water quality remain.
In particular, large floods in the
lower Murray are known to mobilise
significant salt loads. This occurred
during the wetter years of the
1970s, 1980s and early 1990s, when
large floods from both the Darling
and Murray rivers inundated the
lower Murray floodplain. These
floods caused a fall in river salinity
during the flood, but when the
flood receded, salinity levels rose
dramatically as a consequence of the
primed groundwater system leaking
highly saline groundwater back to
the river. Following larger floods,
such changes have been recorded
in water salinity monitoring for 12
or more months, depending on the
magnitude of the flood event.
High nutrient and suspended solids loads are widespread stressors on the
environmental health of waterways in the entire Murray–Darling Basin.
The only reaches where there are no major water quality effects are in the
upper parts of the catchments and the western Queensland part of the Basin.

Algal bloom at Lake Mokoan
before decommissioning

Most of the sediment loads are generated in the upland and mid-slope areas,
but the impact is seen in lowland rivers, weir pools and reservoirs where the
sediment is deposited and where high nutrient levels can lead to algal blooms
(National Land & Water Resources Audit 2001).
Algal blooms have always been present in the river system and are a natural
phenomenon, with their recorded history dating back to 1830. In 1878
the blue-green algae (Nodularia spumigena) bloomed in Lake Alexandrina,
killing animals that drank the water (Sim & Muller 2004). Blooms of
blue-green algae in the River Murray in South Australia have been recorded
intermittently since records began in 1947 (MDBA 2010d). In the Darling
River in 1991, a toxic bloom of blue-green algae occurred over a distance
of 1,000 km and caused the NSW Government to declare a state of
emergency (Crabb 1997).
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Barwon River near Walgett, northern
New South Wales

During recent periods of very low flow, blooms have probably become more
intense and possibly more frequent. The regulation of the River Murray
system ensures that the river continues to flow through most summers when
blooms would otherwise have been most likely. However, during severe
drought, the reduction or stopping of river flow, combined with the additional
nutrients now present from eroded soils and waste discharges, means that
intense blooms are more likely. The decay of algal blooms and associated low
levels of dissolved oxygen can have catastrophic ecological effects.
Release of cold water from the bottom of large dams also remains a significant
water quality problem, as it hinders the recovery of native fish populations
in the Murray–Darling Basin (Boys, Miles & Rayner 2009). For example,
in the Macquarie River during summer when ambient water temperatures
average around 25 °C, the temperature of water in the river downstream
of Burrendong Dam is around 13 °C (Astles et al. 2003). These suppressed
temperatures persist for more than 300 km downstream. Similar examples
of cold-water pollution include downstream of Lake Eildon in the Goulburn
valley, and the Keepit Dam in the Namoi valley. Up to 3,000 km of river
channel in the Basin is estimated to be affected by cold-water pollution
(Gehrke, Gawne & Cullen 2003).

Water trade
The water market provides a mechanism for water users to adapt to limited
water availability. Trade provides benefits to the buyer and seller, including
income and the ability to manage risk. Trade benefits the Basin as a whole,
as it allows for water to move to more productive uses. However, it can
potentially affect communities through a shift in wealth from one area
to another, which may lead to a reduction of goods and services required in
one area, but an increase in goods and services required in another area.
Trade is constrained by trading rules and the degree of hydrologic
connectivity between locations.

Surface-water trade
In 2008–09, the bulk of Australia’s water-trading activity was in the
southern connected Basin. More than 1,000 GL of water entitlements were
permanently traded between market participants. A further 1,739 GL of
water allocations were temporarily traded.
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Figure 2.11 summarises the net interstate trade of allocations from
2006–07 to 2008–09. The graph illustrates the movement of water
downstream from New South Wales to Victoria and South Australia.

Figure 2.11 Net interstate trade of allocations, 2006–07 to 2008–09: Murray–Darling Basin

Groundwater trade
The proportion of trading is small compared with overall groundwater
extraction, but groundwater trading has increased since 2002–03 and
allocation trade has been substantial, particularly in recent years.
Allocated volumes of groundwater traded within the New South Wales
portion of the Murray region have increased each year since 2006. In recent
years, allocation volumes traded have been a substantial part of the overall
groundwater resource management arrangements for New South Wales.
These include structural adjustment mechanisms that allow irrigators to
trade allocations in response to restricted entitlements under the relevant
water sharing plan (National Water Commission 2009b). In the Lower
Gwydir Groundwater Source, 33 groundwater allocations totalling 5.39 GL
were traded in 2008–09. For the same year, 5.9 GL were traded in the
Lower Namoi Groundwater Source, and 4.32 GL in the Upper Namoi
Groundwater Source. In 2008–09, the total volume of groundwater traded in
the Lower Macquarie and Lower Lachlan regions was 5.42 GL and 36.45 GL,
respectively (National Water Commission 2009b).
Groundwater trading is negligible in all groundwater management units
in the Victorian portion of the Murray catchment, other than the Katunga
Water Supply Protection Area, where volumes traded have increased each year
since 2004.
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In the Mid-Loddon Groundwater Management Unit, volumes of allocation
trade range between zero and around 3.5 GL/y, which is about 15% of
peak annual diversions. Trade in the Mid-Loddon increased substantially
during 2006–07, which coincided with an increase in diversions (National
Water Commission 2009a). Groundwater trading in the Campaspe region
did not start until 2003–04, and the volumes traded were less than 1 GL/y
and limited to the Campaspe Deep Lead Groundwater Management Unit.
Trading of groundwater allocations has been increasing steadily, with volumes
ranging up to 5 GL/y. The total groundwater diversions (including trade) in
this management unit are managed within a water sharing plan framework,
and it is apparent that the extreme drought conditions and relaxed controls
of the past few years have coincided with trade volumes exceeding 5 GL/y
(National Water Commission 2009c).
Groundwater trading in all other areas of the Basin is considered
to be negligible.

2.7 M
 anagement of Basin
water resources
Australians have been aware for many generations of the significance of the
Basin’s water resources, an awareness that is reflected in a long history of
management initiatives — from before Federation to the present day.

Before Federation
In the years before Federation, the water of the River Murray and its
tributaries was recognised as critical for the socioeconomic development
of the Basin’s southern colonies, and there was much debate and argument
on its management and sharing. The Murray was also a major conduit for
transport, which explains the presence of several clauses relating to trade in
the Australian Constitution of 1901 (Wright 1978).
One of the first discussions on managing the Basin took place in 1863 at
a conference in Melbourne, where New South Wales, Victoria and South
Australia discussed placing locks on the rivers to improve navigability. The
conference concluded that the commerce, population and wealth of Australia
could be largely increased by rendering navigable, and otherwise making use
of, the great rivers of the interior such as the Murray, Edward, Murrumbidgee
and Darling (Eastburn 1990).
Many other conferences were held over the next 40 years, but little
progress was made, largely due to the parochialism of the three colonies.
With the first diversions of water from the Murray for irrigation in the
1880s, conflict developed between those parties concerned with use of the
river for navigation and those with an interest in irrigation development
(Eastburn 1990).

Effects of salinity near Wellington,
New South Wales
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River flows and the need to provide water for irrigation had become political
issues by the 1880s. The reduction in River Murray flows was raised in the
South Australian Parliament from 1878. In 1885, the colonies of New South
Wales and Victoria signed an agreement to share the waters of the Murray
evenly between those two colonies, without provision for the downstream use
or needs of South Australia. By 1887, concerns were raised in South Australia
that extraction for irrigation would cause intrusion of salt from the ocean into
the lower River Murray because river flows could no longer hold back the sea
(Sim & Muller 2004).
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Federation
On Federation in 1901, the states of Victoria, New South Wales and South
Australia were focused on ensuring the security of their own water resources
to meet their respective population and economic development needs.
The Murray was the subject of many inquiries and commissions relating to
its administration, to the use of the river for navigation and other purposes,
and particularly to ensure that South Australia received guaranteed minimum
flows throughout the year (Powell 1993).
The severe Federation drought between 1895 and 1902 largely brought
the states together. A non-government-organised conference in Corowa in
1902 provided the catalyst that eventually resulted in a workable agreement
between the states. After Federation in 1901, South Australia was also able
to use the leverage provided by its participation in the federal process to
force the up-river states to take a more cooperative approach to future River
Murray management (Blackmore 2001).
The result was the River Murray Waters Agreement, approved in 1915;
effectively a treaty supported by parallel legislation passed by each of the
parliaments. It took a further two years to establish the River Murray
Commission which had the task of putting the River Murray Waters
Agreement into effect (MDBC 2006b).

River Murray Waters Agreement
In keeping with government policy of the day, the River Murray Commission
managed the waters of the River Murray for use during periods of water
shortage; using federal funds, it constructed a number of major water
conservation works along the Murray (Martin 2005). For much of the
20th century, management of the Basin’s water flows equated to control,
principally for diversion for human needs and supply for agriculture.
The main provisions in the River Murray Waters Agreement for regulation of
the River Murray were:
• the construction of a storage on the Upper Murray
• the construction of a storage at Lake Victoria
• the construction of 26 weirs and locks on the Murray between
Blanchetown in South Australia and Echuca in Victoria
• the construction of 9 weirs and locks on the lower part of either
the Darling or Murrumbidgee rivers (the Murrumbidgee was
selected) (Eastburn 1990).
Over the 70 years it was in operation, various amendments were made to
the River Murray Waters Agreement, reflecting shifts in community values
and changes in economic conditions. By no means were all the changes
free of conflict, including some actions of the River Murray Commission,
in particular the abandonment of the Chowilla Dam proposal and the
construction of Dartmouth Dam (Wright 1974). The powers of the
commission were gradually extended both by amendment and informal
practice (see Table 2.14), but its prime concern remained water quantity.
In the late 1960s, the River Murray Commission conducted salinity
investigations in the Murray Valley. This ultimately led to the further
amendment of the River Murray Waters Agreement in 1982 and the
broadening of the commission’s role to take account of water quality issues
in its water management responsibilities. With the increasing evidence that
successful management of the Basin’s river systems was directly related to
land use throughout the catchment, further amendments to the agreement in
Chapter 2 The Murray–Darling Basin
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1984 enhanced the commission’s environmental responsibilities, but only in a
very limited way (MDBC 2006b).
In spite of the changes made to the River Murray Waters Agreement in the
early 1980s, it was recognised that the agreement and the River Murray
Commission were increasingly unable to meet the needs of the Basin’s
management and its growing resource and environmental problems. This was
also a time when important changes were taking place in water resources
administration at both state and Commonwealth levels. Further, individual
agencies within the separate states were unable to tackle the developing
problems of environmental degradation, including such issues as rising water
salinity and irrigation-induced land salinisation. It was gradually realised that
critical issues were no longer confined within distinct states, but extended
across state boundaries (MDBC 2006b).
There were also increasing calls for action from individuals and groups within
the wider community, especially the predecessor of the Murray Darling
Association (Wells 1994).
Table 2.14 Evolution of the River Murray Waters Agreement, 1914–81
Matters beyond the powers of the River Murray Commission in 1914
Problems arising on tributary rivers
Problems caused by adjacent land use
Problems of flood mitigation and protection
Problems of erosion and catchment protection
Problems of water quality and pollution from agricultural and other sources
Problems of influent and effluent waters
The needs of flora and fauna
Possible recreational, urban or industrial use
The environment or aesthetic consequences of particular proposals
Matters permitted by previous amendments and informal practice before 1976
Limited powers of catchment protection
Power to initiate future proposals
Provision of certain dilution flows to maintain water quality
Lock maintenance work, improving navigability
Provision of recreational facilities
Expenditure on salinity investigations
Expenditure on redesigned works to protect fish
Construction and operation of storages on tributaries
Principal innovations in agreement reached in October 1981
Power to consider any or all relevant water management objectives, including water quality, in the
investigation, planning and operation of works
Power to monitor water quality
Power to coordinate studies concerning water quality in the River Murray
Power to recommend water quality standards for adoption by the states
Power to make recommendations to any government agency or tribunal on any matter that may affect
the quantity or quality of River Murray waters
Power to make representations to any government agency concerning any proposal that may
significantly affect the flow, use, control or quality of River Murray waters
Power to recommend future changes to the agreement
New water accounting provisions
Source: Clarke (1982)
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In 1981–83, the River Murray mouth closed for the first time since regulation
of the river system, leading to an increased awareness of environmental
water requirements.

Murray–Darling Basin Agreement
The River Murray Waters Agreement was first amended in 1987 and then,
in 1992, replaced by the Murray–Darling Basin Agreement. This agreement
aimed to promote and coordinate effective planning and management, so that
the water, land and other environmental resources of the Basin could be used
in an equitable, efficient and sustainable way. Under the agreement, managing
the quality as well as the quantity of the Basin’s water resources became a
priority (MDBC 2006b).
The agreement established the Murray–Darling Basin Ministerial Council.
In 1988 the Murray–Darling Basin Commission succeeded the River Murray
Commission to act as the executive arm of the Ministerial Council. The new
commission was to advise the council on land and environmental matters
in the Basin, in addition to its traditional role of managing and distributing
the waters of the River Murray and lower Darling River. The agreement also
established the council’s Community Advisory Committee (Martin 2005).
However, the effect of the agreement was largely restricted to resolving the
Murray’s salinity and surface-water sharing issues; it did not establish an
integrated management plan for surface-water and groundwater resources
with Basin-wide sustainability objectives (Martin 2005).
In 1996 Queensland became a signatory to the agreement, and in 1998 the
Australian Capital Territory formalised participation through a memorandum
of understanding.

The Cap on diversions
From 1988 to 1994, water diversions from the Basin increased significantly —
by nearly 8% (Murray–Darling Basin Ministerial Council 1995). Combined
with changed river flow regimes, the rise in water diversions reduced the
number of healthy wetlands and affected native flora and fauna, such as fish,
with a commensurate increase in salinity levels and blue-green algal blooms.
These negative effects were confirmed in a Murray–Darling Basin Ministerial
Council report, An audit of water use in the Murray–Darling Basin (1995),
which outlined the decline in Basin river health and pointed to significant
future problems if the Basin’s health issues were not addressed effectively.
In 1995 the Murray–Darling Basin Ministerial Council introduced an
interim Cap on water diversions from the Basin; this Cap became permanent
from 1 July 1997 (MDBC 2008a). However, while the Cap restrained
further increases in surface-water diversions, it did not restrain groundwater
development (MDBC 2008a). Implementation of the Cap was hampered
by the continued reliance on consensus-based governance rather than
enforcement powers.

Natural resource management initiatives
The Ministerial Council had established a framework for management of
the Murray–Darling Basin’s water, land and other environmental resources,
which included Basin-wide policies and strategies, along with on-ground
management actions underpinned by scientific investigations. The Natural
Resources Management Strategy, developed under the framework in 1989
(Murray–Darling Basin Ministerial Council 1990), was supported by issuespecific strategies, some of which included the Barmah–Millewa Forests

The Loddon River at Loddon Falls
Scenic Reserve near Glenlyon, Victoria
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Water Management Strategy, the Floodplain Wetlands Management Strategy,
the Human Dimension Strategy and the Fish Management Plan.
During this period, concern mounted over dryland salinity. In 1999 the
Murray–Darling Basin Commission carried out a salinity audit to predict
the impacts of both dryland and irrigation salinity on the Basin, and in 2001
the Ministerial Council adopted the Basin Salinity Management Strategy
2001–2015.
Over the decade 2000–09, the Murray–Darling Basin Ministerial Council
initiated a number of other natural resource management initiatives: in native
fish recovery, water for the environment, water trade, salinity management,
and natural resource auditing (MDBA 2009b).
Native fish species in the Basin have suffered serious decline in both
distribution and abundance, perhaps to only 10% of pre-European-settlement
levels. This decline is due to many factors, including habitat deterioration,
predation and competition from alien fish, reduction of water quality and
human-made barriers to fish movement. The Native Fish Strategy (formerly
the Fish Management Plan) aims to
return native fish communities in the
Basin back to 60% of their estimated
pre-European-settlement levels, after
50 years of implementation. The
strategy has been in place since 2004
(MDBA 2009b).

A fishway at Torrumbarry Weir
on the River Murray

In response to evidence showing the
declining health of the River Murray
system, the Australian, New South
Wales, Victorian, South Australian
and Australian Capital Territory
governments agreed to recover 500
GL of water over 2004–09 under
The Living Murray program, to
improve the ecological health of
the River Murray system and to
contribute to a healthy, working
River Murray. The water recovery
objective has been achieved (MDBA 2009b).
The Water Trade Program seeks to ensure the effective and efficient operation
of an interstate water market within the southern connected Murray–Darling
Basin. The program arrangements and rules are codified in Schedule D to the
Murray–Darling Basin Agreement.
The Basin Salinity Management Strategy was adopted by the Ministerial
Council in 2001; some aspects of the strategy, including salinity credits and
debits, and the salinity registers, are codified in Schedule B to the Murray–
Darling Basin Agreement.
The Sustainable Rivers Audit provides a long-term assessment of the
condition and health of the 23 river valleys in the Murray–Darling Basin. It is
overseen by a panel of ecologists, the Independent Sustainable Rivers Audit
Group, which reports to the Murray–Darling Basin Authority (MDBA).
Data collection uses scientific methods that are applied consistently across the
Basin. The audit group has published its first Basin-wide assessment of river
health, based on data collected in 2004–07 on three environmental themes:
fish, macroinvertebrates and hydrology (MDBA 2009b).
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In response to the continuing drought, the Ministerial Council approved an
Integrated Catchment Management Policy statement in 2000, and a House of
Representatives inquiry was held into management of the catchment.

Water reform framework
In 1994 the Council of Australian Governments adopted a strategic water
reform framework, which was incorporated into the National Competition
Policy agreements. The main objectives of the strategic framework were
to establish an efficient and sustainable water industry, and to arrest
widespread natural resource degradation partly caused by consumptive
water use. The strategic framework covered pricing, the appraisal of
investment in rural water schemes, the specification of, and trading in, water
entitlements, resource management (including recognising the environment
as a user of water through formal allocations), institutional reform and
improved public consultation. The Council of Australian Governments
reinforced and extended these strategic water reforms in 2004 through the
Intergovernmental Agreement on a National Water Initiative (National Water
Commission 2010b).
In particular, the National Water Initiative includes specific commitments to
returning overallocated and overused systems to environmentally sustainable
levels of extraction; the creation of perpetual share-based water access
entitlements; a risk allocation framework to be applied once overallocation
and overuse are dealt with; removal of barriers to trade; and improved
water accounting (National Water Commission 2010c).

Water management today
The Water Act 2007 (Cwlth) was enacted to deal specifically with the
management of the water resources of the Murray–Darling Basin. The
Water Act established MBDA and its powers and functions, and specified
that MBDA must prepare a Basin Plan for the management of the Basin
water resources. In 2008, the Prime Minister and the premiers of the Basin
states (supported by the Chief Minister of the Australian Capital Territory)
reached agreement on a referral of certain powers to the Commonwealth.
The Water Act and the Murray–Darling Basin Agreement were amended,
and MDBA took over the responsibilities of the former Murray–Darling
Basin Commission.
In concert with the Water Act, the Australian Government in 2008
announced a new national initiative, Water for the Future. This initiative
aimed to address increasing concerns regarding water scarcity in the face of
climate change through a comprehensive national response to meet water
availability challenges in both rural and urban areas. An ongoing program, it
has four key priorities: taking action on climate change, using water wisely,
securing water supplies and supporting healthy rivers (Department of the
Environment, Water, Heritage and the Arts 2010a).
These priorities will be delivered through an investment over 10 years of more
than $12.6 billion in strategic programs, including infrastructure investment,
to help water users adapt to a future with less water, for the purchase of water
for the environment and a renewed commitment to water reform nationally.
The funds include $5.8 billion for rural water use and infrastructure projects
to improve the efficiency of water use on farms and in irrigation delivery
systems, and $3.1 billion for purchasing water entitlements. Other aspects
include securing water supplies for cities and towns through projects such
as recycling, desalination and stormwater harvesting (Department of the
Environment, Water, Heritage and the Arts 2010a).
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In addition to Commonwealth initiatives, the Basin state governments have
also legislated for the regulation and protection of water resources as part of
wider management initiatives.
At the time the Basin Plan comes into effect, a number of state transitional
and interim water resource plans will also be in effect. These plans are listed
in Tables 2.15 and 2.16.
A transitional water resource plan is an existing Basin state plan that is either
listed in Schedule 4 of the Water Act or is recognised by a regulation under
the Water Act. The transitional water resource plans listed in Schedule 4 will
cease to have effect from late 2012 through to mid 2017 (see Table 2.15).
Water management arrangements in Victoria are intended to be prescribed as
transitional water resource plans through regulation; these plans will continue
to have effect until 2019.
An interim water resource plan is one that is made under a state water
management law on or after 25 January 2007 and before the Basin Plan first
takes effect. Interim water resource plans cease to have effect at the end of
2014, or five years after they are made, whichever is later (see Table 2.16).
While a transitional or interim water resource plan is in effect, it prevails
over the Basin Plan where there is any inconsistency. This means that the
proposed long-term average sustainable diversion limits and other provisions
of the Basin Plan will not take effect in a water resource plan area until the
transitional or interim water resource plan for the area expires.

Queensland
Water resources are managed in Queensland under the Water Act 2000 (Qld).
Under this Act, provisions are made for the planning and management of
water via a two-stage process — preparation of a water resource plan followed
by a resource operations plan.
Water resource plans are the fundamental allocation planning instruments
that advance the sustainable management of water by establishing a sharing
framework between human and environmental needs. These plans are
generally catchment based, and manage water in watercourses within that
catchment. They also include subartesian water and overland flow water if
deemed necessary (Hamstead & O’Keefe 2009). Overland flow is defined in
Queensland as water flowing over land, other than in a watercourse or lake,
after having fallen as rain. The regulation of overland flow is included in all
water resource plans in the Queensland part of the Basin.
Water resource plans are required to take account of relevant national, state
and regional strategies, policies and priorities. Of particular significance to
the development of these plans are the Intergovernmental Agreement on a
National Water Initiative, the Queensland State Water Plan and regional
water supply strategies (Hamstead & O’Keefe 2009).
Water resource plans include the following provisions (Hamstead &
O’Keefe 2009):
Wetlands by the side of the
Gore Highway on the Darling
Downs, Queensland
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• outcomes, including ecological outcomes for sustainable management of
water for the plan area
• environmental flow and water allocation security objectives for specified
performance indicators
• strategies to achieve the outcomes
• water and natural ecosystem monitoring and reporting to assess the
effectiveness of management strategies
• an implementation schedule.
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Resource operations plans are the means for implementing water resource
plans. They are structured to ensure that water in a plan area is managed
in a way that is consistent with the objectives and outcomes specified in the
water resource plan for that area. Resource operations plans include detailed
rules and requirements for water sharing (Hamstead & O’Keefe 2009),
including for:
•
•
•
•
•

seasonal water assignment
environmental flow management
operation of infrastructure
grant, amendment or conversion of water entitlements
issue of resource operations licences and distribution operations licences
where applicable
• water allocation change (water trading)
• water and natural ecosystem monitoring and reporting.
Queensland has finalised transitional
water resource plans for surface
water and associated resource
operations plans for all its Murray–
Darling Basin valleys, providing a
framework that limits diversions
from watercourses, lakes, springs and
overland flows.
Water resource planning has
not been undertaken for any
Basin groundwater resource in
Queensland. To do so, existing
surface-water plans must be
amended to include all groundwater
(excluding the Great Artesian Basin)
underlying the plan area or part
of the plan area. The Queensland
Department of Environment
and Resource Management has
announced its intention to amend the Condamine–Balonne Water Resource
Plan to include the groundwater resources of the Central Condamine
Alluvium.

Low water levels in a farm dam near
Tumut, New South Wales

New South Wales
The two key pieces of state legislation for the management of water in
New South Wales are the Water Management Act 2000 (NSW) and the
Water Act 1912 (NSW). The objective of the Water Management Act is the
sustainable and integrated management of the state’s water. The Act provides
for water sharing plans as the main tool for managing surface water. As these
are introduced, the Water Act 1912 (NSW) is being phased out.
The water sharing plans are used to set out rules for sharing a particular
water source between water users and the environment, rules for granting
and managing access licences, rules for allocating available water, rules
for operating water supply systems, rules for trading water entitlements,
and requirements for monitoring the performance of the plan. Various
regulations, proclamations and orders assist in implementing and
defining the provisions of the Act, for instance the Water Management
(General) Regulation 2004.
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Water sharing plans have been completed for most of the state’s major
regulated river systems and groundwater systems — the areas of most
significant water extraction. Water sharing plans were prepared for only
20 out of 500 unregulated subcatchments in New South Wales as part of
the first round of water sharing plans developed in 2003. Given the number
of unregulated subcatchments still to be completed, New South Wales has
adopted a broad approach to the development of water sharing plans, covering
much larger areas than the previous single subcatchment units. Macro
water sharing plans will cover the remaining unregulated catchments and
groundwater systems across the state, and New South Wales has indicated to
MDBA that these will be finalised before the Basin Plan comes into effect.
Where floodplain harvesting occurs it is included in plan limits, but the plans
do not include specific provisions relating to floodplain harvesting. A statewide floodplain harvesting policy is being developed to bring floodplain
harvesting activities into a statutory framework for water management under
the Water Management Act.
In 2005, in recognition of the unsustainable levels of water extraction from
some groundwater systems, the New South Wales and Australian governments
agreed to a joint program to target groundwater overallocation in these
systems. Where groundwater entitlements in a system were identified as
exceeding the defined sustainable yield, they were termed ‘overallocated’.
The Achieving Sustainable Groundwater Entitlements program was set up to
help groundwater users in the Upper and Lower Namoi, Lower Macquarie,
Lower Lachlan, Lower Murray, Lower Gwydir and Lower Murrumbidgee
groundwater sources to manage the reduction in their entitlements. Water
sharing plans have been developed for these areas.

Australian Capital Territory
The Water Resources Act 2007 (ACT) establishes the regulatory framework for
the management of water in the Australian Capital Territory. Water access
entitlements (the right to an amount of surface water or groundwater within
a water management area) are generally required for the taking of water
from rivers and groundwater in the territory. The amount must be stated
(Water Resources Act s. 19) as the lesser of:
• a percentage of the total amount of the surface water or groundwater
available for taking from time to time in the water management area stated
in the entitlement
• a stated maximum volume.
A licence to take water is required to extract water under a water access
entitlement. The licence states the location from which water can be taken and
used, and conditions related to the taking and use of that water.
The Water Resources Act does not provide for the making of a statutory water
resource management plan, but for specific instruments for the management
of water, which can be amended from time to time. When considered as
a whole, these instruments constitute the main elements of a typical water
allocation plan.
These instruments are:
• the limits on water available in defined management areas
• the environmental flow guidelines.
Under the Water Resources Act (s. 16), the minister declares water
management areas for the purpose of managing the water resources of the
territory. An order was made in July 2007 declaring 14 areas, based on
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watershed boundaries. While plans as such are not made for each of these
areas, the areas are used as the unit for defining limits on water available
under water access entitlements.
The environmental flow guidelines describe the flows that are to be protected
and water infrastructure operation rules for each water management area in
the Australian Capital Territory. Licences are issued subject to conditions to
provide compliance with these guidelines. The issue of additional water access
entitlements is subject to there being water available within the prescribed
available water determinations for the relevant water management area.

Victoria
In Victoria, the primary water legislation is the Water Act 1989 (Vic.), which
provides the basis for the state’s allocation and entitlement framework.
Under the Act, the Minister for Water may grant bulk entitlements to
urban and rural water corporations, giving them the right to surfacewater resources in regulated and
unregulated waterways for the
purposes of supplying customers in
their delivery area. The Minister for
Water may also issue environmental
entitlements to the Minister for
Environment for the purposes of
meeting environmental objectives
and improving environmental
values. These bulk entitlements
and environmental entitlements
specify relevant conditions, such
as limits on the volume, rate and
timing of water extraction, supply
restriction rules, infrastructure
operating arrangements,
passing flow requirements,
cost-sharing arrangements and
reporting requirements.
Following the unbundling of water entitlements in northern Victorian
regulated systems on 1 July 2007, individuals may be issued with a water
share (high or low reliability), which entitles the owner to a share of the
available water resource in a particular regulated water system. Water shares
are specified as a maximum volume of seasonal allocation, and apply to
diversions directly from regulated waterways as well as within irrigation
districts. Individuals must hold a water-use licence to use water for irrigation,
or a water-use registration for purposes other than irrigation (e.g. for domestic
and stock use). Water shares are all supplied by the relevant rural water
corporation under its bulk entitlement. Individuals in irrigation districts
may also hold a delivery share, which provides an entitlement to have water
delivered to certain land, and allows access to a share of the flow when the
delivery system is congested (for individuals drawing direct from waterways,
this entitlement is called an extraction share) (Hamstead & O’Keefe 2009).

Irrigation pipes extending into the
Ovens River, eastern Victoria

Entitlements within unregulated systems remain bundled. In these areas,
the Minister for Water (or the minister’s delegate) may issue individuals with
a licence under the Water Act 1989 (Vic.) (s. 51), allowing diversion from a
waterway or aquifer. These licences may specify a range of conditions, such as
a volumetric limit, maximum rate of take, limiting take to certain months,
and other access rules. The total take from an area is limited by restricting
the issuing of new licences and by limiting the trade and transfer of licences
between different areas in order to protect certain peak and base flows.
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Generally, the relevant limits and rules for unregulated systems are set out
in local management rules (Victorian Department of Sustainability and
Environment 2009). In the case of unregulated rivers declared as water supply
protection areas, more detailed studies are done and separate plans prepared.
The Act defines two types of statutory documents which, along with
bulk entitlements and environmental entitlements, form part of the water
management and planning framework (Hamstead & O’Keefe 2009), namely:
• regional sustainable water strategies, which provide for the strategic
planning of the use of water resources at a regional level, integrating
urban and rural water supply planning with river and aquifer
sustainability planning
• streamflow management plans for stressed or highly used unregulated
surface waterways that are declared as water supply protection areas;
these plans may reduce the total licensed volume and set out detailed
water sharing arrangements that balance the rights of diverters and
the environment.
Further, the Act also provides for statewide 15-year reviews of water resources,
which allow entitlements to be adjusted if required (Hamstead & O’Keefe
2009). The first such review is due to take place in 2019.
Victoria has also developed the Northern Region Sustainable Water Strategy,
which identifies and analyses threats to water availability and quality from
Victoria’s share of the River Murray and the major Victorian rivers that flow
north into it (Victorian Department of Sustainability and Environment
2010c). The strategy sets out actions to secure the water future for all uses
(including environmental) for the next 50 years, and provides more choice
and flexibility for entitlement holders to manage the risks associated with
drought and climate change.
For groundwater, Victoria has declared areas of intensive extraction as
groundwater management areas and has set permissible annual volumes for
these areas. When extraction grows to reach the permissible annual volume,
more detailed management arrangements are put in place. There are five of
these areas in Victoria.

South Australia
The Natural Resources Management Act 2004 (SA) governs the management
and protection of water resources within South Australia. In response to water
management and usage pressures, the Act provides for declaration of defined
water resources to be ‘prescribed water resources’. Once a water resource is
prescribed, it triggers a series of actions leading to the regulation of water
extraction by a licensing regime, and the development and implementation
of a water allocation plan to set out how the prescribed water resources
will be managed. Water licensing is administered in accordance with water
allocation plans.
Water allocation plans are developed in the context of the relevant regional
natural resources management plan and, when made, are taken to be part of
that regional natural resources management plan.
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The regional natural resources management plan manages some aspects of
water interception and extraction through the section on water-affecting
activity permit policy. In particular, a water-affecting activity permit is
required to construct or enlarge a dam or other water diverting structure,
or to drill a well. The natural resources management plan applies across the
whole region, so provides some management of these activities for water
resources that are not prescribed. The controls provided by water-affecting
activity permits are limited, as the permit is required only for the activity of
dam or well construction (or forest planting), and so cannot directly control
the volume taken. However, the permit can:
• control the allowable dam capacity (and hence total volume that could
be intercepted)
• require the dam to be constructed such that it will bypass low flows
• set rules on where and how the dam can be constructed (e.g. avoid
ecologically important areas)
• set rules on where a well can be drilled (e.g. to set buffer zones to avoid
interference to groundwater-dependent ecosystems, including watercourses
that interact with groundwater)
• set rules on area and location of plantation forestry that recognise impact
on run-off and recharge (e.g. the volumetric equivalent of the impact of
the forest on run-off and recharge would be determined, and forestry
allowed only if there is room in the diversion limit).
South Australian water allocation plans generally work on the basis of
restricting allocation as a means of limiting actual diversion, on the
assumption that the volume allocated will all be taken. Added to this are
measures to limit localised impacts, such as limits on extraction rates and
buffer zones.
Where ‘interception’ activities such as farm dams and forestry are considered
to be a significant risk to future water availability, the South Australian
approach is to bring them into the water allocation regime, or address them
through water-affecting activity permits. For unregulated rivers, additional
measures are added to protect very low flows. These are developed on the
basis of scientific assessments of water requirements of ecosystems, and
models. Trade-offs of risk are included when limits are set, where scientific
requirements are not fully met.
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Table 2.15 Transitional water resource plans (Water Act 2007 (Cwlth) Schedule 4)
Basin state

Name of plan

Type of plan

Date plan ceases
to have effect

New South Wales
New South Wales
New South Wales
New South Wales
New South Wales
New South Wales
New South Wales
New South Wales
New South Wales
New South Wales
New South Wales

Adelong Creek Water Source 2003 — Water Sharing Plan
Castlereagh River above Binnaway Water Source 2003 — Water Sharing Plan
Gwydir Regulated River Water Source 2002 — Water Sharing Plan
Lachlan Regulated River Water Source 2003 — Water Sharing Plan
Lower Gwydir Groundwater Source 2003 — Water Sharing Plan
Lower Macquarie Groundwater Sources 2003 — Water Sharing Plan
Lower Murray Groundwater Source — Water Sharing Plan
Lower Murrumbidgee Groundwater Sources 2003 — Water Sharing Plan
Macquarie and Cudgegong Regulated Rivers Water Source 2003 — Water Sharing Plan
Mandagery Creek Water Source 2003 — Water Sharing Plan
Murrumbidgee Regulated River Water Source 2003 — Water Sharing Plan
New South Wales Murray and Lower Darling Regulated Rivers Water Sources 2003 —
Water Sharing Plan
Phillips Creek, Mooki River, Quirindi Creek and Warrah Creek Water Sources 2003 —
Water Sharing Plan
Rocky Creek, Cobbadah, Upper Horton and Lower Horton Water Source 2003 —
Water Sharing Plan
Tarcutta Creek Water Source 2003 — Water Sharing Plan
Tenterfield Creek Water Source 2003 — Water Sharing Plan
Upper and Lower Namoi Groundwater Sources 2003 — Water Sharing Plan
Upper Namoi and Lower Namoi Regulated River Water Sources 2003 — Water Sharing Plan
Water Resource (Border Rivers) Plan 2003
Water Resource (Condamine and Balonne) Plan 2004
Water Resource (Moonie) Plan 2003
Water Resource (Warrego, Paroo, Bulloo and Nebine) Plan 2003
Angas Bremer Prescribed Wells Area Water Allocation Plan
Mallee Prescribed Wells Area Water Allocation Plan
Noora Prescribed Wells Area Water Allocation Plan
River Murray Prescribed Watercourse Water Allocation Plan

Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional

1 June 2014
1 July 2014
1 July 2014
1 July 2014
30 June 2017
30 June 2017
30 June 2017
30 June 2017
1 July 2014
1 July 2014
1 June 2014

Transitional

1 July 2014

Transitional

1 July 2014

Transitional

1 July 2014

Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional

1 July 2014
1 July 2014
30 June 2017
1 July 2014
1 September 2014
1 September 2014
1 September 2014
1 September 2014
2 January 2013
21 December 2012
2 January 2013
1 July 2014

New South Wales
New South Wales
New South Wales
New South Wales
New South Wales
New South Wales
New South Wales
Queensland
Queensland
Queensland
Queensland
South Australia
South Australia
South Australia
South Australia
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Table 2.16 Interim water resource plans
Basin state

Name of plan

New South Wales

Proposed water sharing plan for the Barwon–Darling
unregulated and alluvial water sources

New South Wales

Proposed water sharing plan for the Intersecting Streams
unregulated and alluvial water sources

New South Wales

Water Sharing Plan for the New South Wales Border Rivers
Regulated River Water Source 2009

New South Wales

Proposed water sharing plan for the New South Wales
Border Rivers unregulated and alluvial water sources

New South Wales

Proposed water sharing plan for the Gwydir unregulated and
alluvial water sources

New South Wales

Proposed water sharing plan for the Lachlan unregulated
and alluvial water sources

New South Wales

Proposed water sharing plan for the Lower Murray–Darling
unregulated and alluvial water sources

New South Wales

Proposed water sharing plan for the Macquarie and Bogan
unregulated and alluvial water sources

New South Wales

Proposed water sharing plan for the Castlereagh
unregulated and alluvial water sources

New South Wales

Proposed water sharing plan for the Murray unregulated and
alluvial water sources

New South Wales

Proposed water sharing plan for the Murrumbidgee
unregulated and alluvial water sources

New South Wales

Proposed water sharing plan for the Lower Murrumbidgee
unregulated water sources

New South Wales

Water Sharing Plan — Peel Valley regulated, unregulated,
alluvial and fractured rock water sources

Interim

1 July 2015

New South Wales

Proposed water sharing plan for the Namoi unregulated and
alluvial water sources

Interim (when finalised by New
South Wales — proposed date
December 2010)

Approximately December 2015
(5 years from when plan is made)

Interim

18 January 2015

This plan is not recognised as an
interim or transitional plan for the
purposes of the Water Act

2019

A draft plan is currently under
development. An adopted
plan is expected to become an
interim plan

If a draft plan is adopted before the
end of 2010, it would cease to have
effect towards the end of 2015

South Australia

South Australia

South Australia

Water Allocation Plan for the Marne Saunders Prescribed
Water Resources Area
Regional natural resources management plan for the South
Australian Murray–Darling Basin
This is an integrated natural resources management
plan that manages some aspects of water interception
and/or extraction via the water-affecting activity permit
policy section
A water allocation plan for the Eastern Mount Lofty Ranges
Prescribed Water Resources Area is proposed, but a draft
has not yet been released for comment

Type of plan

Date plan ceases to have effect

Interim (when finalised by New
South Wales — proposed date
December 2010)
Interim (when finalised by New
South Wales — proposed date
December 2010)
Interim

Approximately December 2015
(5 years from when plan is made)
Approximately December 2015
(5 years from when plan is made)
31 December 2014

Interim (when finalised by New
South Wales — proposed date
December 2010)
Interim (when finalised by New
South Wales — proposed date
December 2010)
Interim (when finalised by New
South Wales — proposed date
December 2010)
Interim (when finalised by New
South Wales — proposed date
December 2010)
Interim (when finalised by New
South Wales — proposed date
December 2010)
Interim (when finalised by New
South Wales — proposed date
December 2010)
Interim (when finalised by New
South Wales — proposed date
December 2010)
Interim (when finalised by New
South Wales — proposed date
December 2010)
Interim (when finalised by New
South Wales — proposed date
December 2010)

Approximately December 2015
(5 years from when plan is made)
Approximately December 2015
(5 years from when plan is made)
Approx December 2015
(5 years from when plan is made)
Approximately December 2015
(5 years from when plan is made)
Approximately December 2015
(5 years from when plan is
proposed to be made)
Approximately December 2015
(5 years from when plan is
proposed to be made)
Approximately December 2015
(5 years from when plan is made)
Approximately December 2015
(5 years from when plan is made)
Approximately December 2015
(5 years from when plan is made)
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